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Abstract

Increasing the proportion of unsaturated fatty aqidFA) in milk is believed to be
beneficial in terms of human health, thereby insieg the nutritional quality of milk. The
proportion of UFA in milk is mainly dependent oretbroportion of UFA in the diet, the
degree of biohydrogenation of UFA in the rumen, amdactivity of the stearoyl-CoA
desaturase (SCD) enzyme in the mammary gland. fheisis focuses on SCD in the
mammary gland of dairy cows, and how SCD can bkiénted by nutrition. In the first
study it was shown that supplementing the dietaifydcows with soybean oil significantly
decreases mammary SCD1 expression compared widseag oil or linseed oil and this
was partly reflected by the lower desaturase irgdinemilk. In contrast, mammary SCD5
expression was much lower (S)han that of SCD1 and was not affected by diepdapt
oil supplementation. To study the changes in gerarde expression of genes in response
to dietary UFA supplementation, mammary tissue dasnpf the same experiment were
used for micro-array analysis. It was found thaR @enes were significantly affected
through UFA supplementation, indicating that labgescriptional adaptations occurred in
the mammary gland when diets of dairy cows werglkampented with unprotected dietary
UFA. Since biopsy of the mammary gland is an invasind costly method which presents
a risk of udder infection, the use of milk somat#tls as a non-invasive, alternative source
of mMRNA was investigated in the second experim@&ihce there was a significant
relationship between SCD1 expression in milk soenegils and mammary tissue, it can be
concluded that milk somatic cells can be used a®wce of mRNA to study SCD1
expression in dairy cows. To study the effects oftate (Ac) and3-hydroxybutyrate
(BHBA) as well as various long-chain fatty acid<CEA) on mammary SCD expression, a
bovine mammary epithelial cell line (MAC-T) was dse the third experiment. This study
showed that Ac up-regulates expression of SCDlamedyl-CoA carboxylase in MAC-T
cells, which indicates that Ac may increase desditum andde novo synthesis of fatty acids
in the bovine mammary gland. In addition it waswshdhat expression of sterol regulatory
binding protein 1 (SREBP-1) and insulin-induced @yénprotein (INSIG-1) was related to
the expression of several lipogenic genes, theséteyngthening the support for the role of
SREBP-1 and INSIG-1 as central regulators of lipmgs in the bovine mammary gland.
Overall, it can be concluded that saturated LCFAehdttle or no effect on SCD1
expression in the bovine mammary gland, whereaatursed LCFA inhibit mammary
SCD1 expression. The regulation of SCD1 in the m®whammary gland by LCFA appears
to be, at least partly, regulated by the transionipfactors SREBP-1 and INSIG-1. Based
on thein vitro research it appears that short-chain fatty adidparticular Ac, upregulate
mammary SCD1 expression, although further rese&rateeded to verify if short-chain
fatty acids induce SCD1 expression in the bovinenmary gland. The recently discovered
isoform SCD5 is expressed in bovine mammary tisaliough contribution toA9-
desaturation of fatty acids appears to be quite low
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General Introduction




Chapter 1

General Introduction

Milk fat is one of the most important sources ddtdry fatty acids (FA) in the Western
human diet. In general, about 65-75% of the FA ik are saturated (Jensen, 2002; Heck
et al., 2009), mainly due to the extensive biohgdration of dietary unsaturated fatty
acids (UFA) occurring in the rumen of dairy cow®¢k & Bauman, 2004). It is generally
believed that regular consumption of diets riclsaturated fatty acids (SFA), in particular
C14:0 and C16:0, raise serum total and low-dedigitprotein cholesterol levels, thereby
increasing the risk of cardiovascular disease ama development of the metabolic
syndrome (Mensink et al., 2003; Astrup et al., 2014 addition, high intake of SFA is
related to reduced insulin sensitivity and subsatiy¢o increased type 2 diabetes (Parillo
& Riccardi, 2004). Decreasing the proportion of SHA milk fat may therefore be
beneficial for human health. In the Netherlands éav, the content of even-chain SFA in
milk fat of raw bovine milk was higher in 2005 coampd with 1992, which was related to
changes in composition of diets fed to dairy cottedk et al., 2009). Furthermore, milk
and meat of ruminants contains a wide range ofugaigd linoleic acids (CLA) which are
a mixture of positional and geometric isomers ableic acid with a conjugated double-
bond system. These CLA originate from the rumeraassult of the biohydrogenation
process by rumen microbes. However, the majoritsi®9, trans-11 CLA, the major CLA
isomer found in milk, is endogenously synthesisethe mammary gland by desaturation
of Cl18:1trans-11 (Palmquist et al., 2005). Thes9, trans11 CLA isomer has been
associated with numerous health benefits for comessimincluding prevention of
atherosclerosis, different types of cancer and hgpsion (Wahle et al., 2004,
Bhattacharya et al., 2006).

The proportion of UFA in milk is mainly dependent the proportion of UFA in the
diet, the degree of biohydrogenation in the runaer, on the extent of desaturation of UFA
in the mammary gland (Figure 1). To reduce the qrign of SFA in milk fat, two major
strategies can be adopted. One strategy is toaserthe supply of UFA to the mammary
gland, by reducing the extent of biohydrogenatidnU&A in the rumen. To this end,
various rumen lipid protection technologies haverbaeveloped and evaluated. Such
rumen lipid protection technologies involve eitheodifications of FA structure to resist
the action of microbial enzymes or encapsulatioBA inside a microbial-resistant shell
(Jenkins and Bridges, 2007). The efficacy of thesetection technologies to reduce
biohydrogenation varies widely (Sterk et al., 2010he second strategy to reduce the
proportion of SFA in milk fat is to stimulate theshturation of SFA within the mammary
gland. The present thesis focuses on the latter.
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Figure 1. Simplified schematic overview of the flow of sated fatty acids (SFA) and
unsaturated fatty acids (UFA) from feed to milk.

Stearoyl-CoA Desaturase

Fatty acids can be desaturated by Aedesaturase enzyme, also known as stearoyl-
CoA desaturase (SCD; EC 1.14.19.1) present in wariissues of animals. Stearoyl-CoA
desaturase is a membrane-bound, endoplasmic enagrob introduces a&is-double bond
between carbons 9 and 10 in a wide range of FA. dreéerred substrates of SCD are
C18:0 and, to a lesser extent, C16:0, which areexted to C18:Xkis-9 and C16:1cis-9,
respectively (Ntambi & Miyazaki, 2004). The oxidegireaction catalysed by SCD requires
the electron acceptor cytochrome b5, NAD(P)-cytoohe b5 reductase and molecular
oxygen. The electrons flow from NAD(P)H via cytochre b5 reductase, to cytochrome
b5, to SCD, and finally to £ which is reduced to @ (Figure 2; Paton & Ntambi, 2009).
SCD catalyses the critical committed step in thesymthesis of monounsaturated fatty
acids (MUFA), predominately C18ds-9. These MUFA serve as the main substrates for
the synthesis of membrane phospholipids, triglyteesi cholesterol esters, wax esters and
alkyldiacylglycerols (Paton & Ntambi, 2009). In aiiich, MUFA are thought to serve as
mediators in signal transduction as well as callddferentiation (including neuronal
differentiation) and MUFA may also influence apapsoand mutagenesis in some tumours.
Since endogenous synthesised Ci#8s1 is crucial for these processes, SCD plays & vita
role in metabolism and its activity is expectedrfituence cellular differentiation, insulin
sensitivity, metabolic rate, adiposity, atherosu$és, cancer and obesity (Paton & Ntambi,
2009).
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Figure 2. The pathway of electron transfer in the desatomadf fatty acids by stearoyl-
CoA desaturase (SCD; Paton & Ntambi, 2009).

Regulation of SCD in Rodents

Most of the research on SCD has been conducted wsdents. In mice, four different
isoforms of SCD have been characterized, i.e. SETD?2, SCD3 and SCD4, which are
expressed in different types of tissue. Mouse SGptedominantly expressed in lipogenic
tissues including adipose tissue and liver, wheB@B2 is mainly expressed in brain and
at much lower levels in adipose tissue and livére BCD3 isoform is primarily expressed
in skin, whereas SCD4 is mainly expressed in theth@opeijus et al., 2008). In addition
to the tissue-specific expression, the SCD isofoais® differ in substrate preference.
Whereas SCD1, SCD2 and SCD4 prefer C18:0, andessar extent C16:0, SCD3 appears
to only utilize C16:0 as a substrate (Miyazakilet2006). In the mammary gland, all four
isoforms of SCD are expressed, although relativeNdRbundance is highest for SCD1
(x 70%) and SCD2 (+ 30%), whereas SCD3 and SCDaarely detected (<0.01%) (Han
et al., 2010). This latter indicates that SCD1 aonda lesser extent, SCD2 are the most
important isoforms of SCD in the mammary gland afen

SCD1 is a highly regulated enzyme, at both thestdption and protein level, with a
relative short half-life time of approximately 24dch, as the N-terminus of SCD1 contains a
sequence responsible for rapid degradation of @B1Sprotein (Flowers & Ntambi, 2008;
Popeijus et al., 2008). Mice with a targeted difoup of SCD1 are deficient in
triglycerides, cholesterol esters, wax esters dinddiacylglycerols. In addition, these mice
have reduced body adiposity, increased insuliniteitys and are resistant to diet-induced
obesity (Ntambi & Miyazaki, 2003).
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The expression of SCD1 is affected by numerousadiehormonal and environmental
factors. Nutrients that have been shown to upréguBCD1 in rodents include: glucose,
fructose and cholesterol, whereas polyunsaturattiy &cids (PUFA) downregulate SCD1
(Ntambi & Miyazaki, 2003). Moreover, insulin (Wase& Ntambi, 1994; Frick et al., 2002)
and growth hormone are examples of hormones thetgufate SCD1, whereas leptin
(Cohen et al., 2002) has been shown to downreg@li&@1. Several transcription factors
are involved in the regulation of SCD1. Liver X eptor (LXR), a member of the nuclear
receptor family of transcription factors, upregeaSCD1 by binding to the LXR response
element in the SCD1 promoter, as well as LXR-mediactivation of sterol regulatory-
element binding protein-1 (SREBP-1) transcriptisince SCD1 expression is also induced
by the nuclear fragment of SREBP-1 via the steegjufatory element in its promoter
(Flowers & Ntambi, 2008). There are three differestforms of SREBP, i.e. SREBP-1a,
SREBP-1c and SREBP-2, which have specific rolelpid and cholesterol metabolism.
The SREBP-1c isoform is involved in FA synthesisheweas SREBP-2 is mainly
associated with cholesterol synthesis and SREBR{@ears to be involved in both
pathways (Eberlé et al., 2004). Inactivated fuligih SREBP is bound to the endoplasmic
reticulum coupled with SREBP cleavage-activatingt@in (SCAP) and associated with
insulin-induced gene 1 (INSIG-1) or insulin-inducgene 2 (INSIG-2). When activated,
the SREBP/SCAP complex dissociates from INSIG aadstocates to the Golgi apparatus
where proteases release a nuclear fragment of SREBREBP). Once translocated to the
nucleus, nNSREBP binds to the sterol regulatory eténn the promoter region of target
genes (including fatty acid synthase (FAS), SCDlwadl as SREBP-1 itself), thereby
stimulating their expression (Eberlé et al., 200fjer feeding a high carbohydrate meal,
SCD1 expression is rapidly induced (40-fold ovestifeg), which is thought to be due to
insulin-mediated increases in SREBP-1c activatioh subsequent activation of the SCD1
promoter (Paton & Ntambi, 2009).

Peroxisome proliferator-activated receptors (PPAR) nuclear receptors that function
as ligand-activated transcription factors regutatthe expression of genes involved in
metabolism, cellular differentiation and developméNichalik et al., 2006) and can
interact with LXR (Paton & Ntambi, 2009). Three fmons of PPAR are known, i.e.
PPARy, PPAR and PPAR. The PPAR isoform is highly expressed in liver and plays a
key role in FA oxidation (Pyper et al., 2010), wéms PPAR is mainly involved in FA
catabolism in skeletal muscle and inflammatory oesgs (Grimaldi, 2010). The PPAR
isoform is mainly expressed in adipose tissue witeegulates adipose cell differentiation
(Tontonoz & Spiegelman, 2008). When re-feeding miith a targeted deletion of PPAR
after fasting, the normal SCD1 induction is comglietattenuated, which is likely due to a
loss of LXR/PPAR dimerization (Paton & Ntambi, 2009). The PPARgonist
rosiglitazone upregulates SCD1 (Way et al., 20@1dicating that SCD1 is a target of
PPARy.
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Regulation of SCD in Dairy Cows

In bovine, two isoforms of SCD have been charantekj i.e. SCD1 and SCD5. In
lactating ruminants, SCD1 is abundantly expressethé mammary gland and plays an
important role in the production of milk fat (McDald & Kinsella, 1973; Bernard et al.,
2008; Bionaz & Loor, 2008b). The recently discoweBCD5 appears to be predominantly
expressed in brain and pancreas (Lengi & Corl, 20Q8ntrary to rodents, not much is
known about the nutritional regulation of bovine [ECFeeding cows diets high in
concentrate and low in fibre, which causes milkdapression (MFD), has been shown to
inhibit expression of key lipogenic genes, incligli®CD1, in the mammary gland
(Peterson et al., 2003; Harvatine & Bauman, 20@63ddition, abomasal infusion trns-
10, cis12 CLA, which is the main biohydrogenation intediate responsible for the
inhibition of milk fat synthesis, also inhibits genic gene expression, including SCD1
(Baumgard et al., 2002; Bauman & Harvatine, 200@)s coordinated inhibition of genes
involved in lipogenesis, has been associated wattuced expression of SREBP-1 and
proteins involved in the activation and distributiof SREBP-1 towards the nucleus
(Harvatine & Bauman, 2006), which is a mechaniseady demonstrated in rodents (Jump
et al.,, 2005). However, information regarding SCBd ats regulation in the bovine
mammary gland remains scarce.
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Aim and Outline of This Thesis

The main focus of the research described in thasishwas on the SCD enzyme in the
mammary gland of dairy cows, and how SCD activiap te influenced by nutrition. More
specifically, the effect of FA on mRNA expressionSICD was investigated in the bovine
mammary gland. In addition, a non-invasive altéugato mammary tissue for measuring
SCD expression in the mammary gland of dairy cows @xamined. The overall purpose
of this research was to explore nutritional stretedghat could increase the activity of SCD
in the mammary gland of dairy cows. Increasing S€Ebvity in the mammary gland could
lead to increased MUFA as well as-9, trans-11 CLA content, thereby improving the
nutritional quality of milk. In addition, understdimg the regulation of SCD in the
mammary gland could facilitate this process and teaan improved FA profile of milk.
This thesis describes various experiments aimath@toved understanding of nutritional
regulation of SCD in the bovine mammary gland.

Chapter 2 and3 describe the effect of supplementing the dietaifydcows with various
plant oils differing in FA composition, on gene eggsion in the mammary gland.
Chapter 2 focuses on the effects on mammary SCD expressidmalk FA composition
while Chapter 3 describes the effects on overall mammary geneesgjn using micro-
array analysis.

Chapter 4 describes the use of milk somatic cells as a nwasive, alternative source of
RNA to mammary tissue for measuring SCD expressiotihe mammary gland of dairy
cows.

Chapter 5 describes the effect of acetate galdydroxybutyric acid on SCD expression in
a bovine mammary epithelial cell line (MAC-T). Inldition, the effect of several long-
chain fatty acids on SCD expression was investibate

Chapter 6 contains a general discussion of the results efviirious experiments carried

out in this thesis. This chapter also contains g@neonclusions and describes areas
recommended for further research to improve ouretstdnding and optimize mammary

SCD expression.
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Abstract

Stearoyl-CoA desaturase (SCD) is an important eezynthe bovine mammary gland,
which introduces a double bond at th@ location of primarily myristoyl-, palmitoyl-, and
stearoyl-CoA. The main objective of this study wasompare the effects of various fatty
acids (FA) typically present in dairy cow ratios) the expression of SCD1 and SCD5 in
the mammary gland of dairy cows. Twenty-eight Hailst-riesian cows were randomly
assigned to one of the four dietary treatments. dieéary treatments were a basal diet
supplemented (DM basis) with either 2.7% rapesékdsoa source of C18:4is-9, 2.7%
soybean oil as a source of C18i29,12, 2.7% linseed oil as a source of C18s29,12,15
or 2.7% of a 1:1:1 mixture of the three oils. The supplements were included in the
concentrate, which was fed together with maizegsiland grass silage. In addition, cows
were grazing on pasture, consisting mainly of peiaryegrass, during daytime. Biopsies
from the mammary gland were taken and analysedni@NA expression of SCD1 and
SCD5 by using quantitative RT-PCR. Milk yield aslivees milk protein and fat content did
not differ between the four dietary treatments.t&@e supplementation with rapeseed oil
and linseed oil increased proportions of C18s19 and C18:%is-9,12,15 in blood plasma,
respectively, compared with the other treatmentgpp&mentation with soybean oil and
linseed oil increased milk FA proportions of C18-9,12 and C18:3cis9,12,15,
respectively, but supplementation with rapeseedlioilnot increase C18:dis-9 in milk.
Mammary SCD1 expression was reduced by supplemamtaf soybean oil compared
with rapeseed oil and linseed oil. In contrast, SGRpression did not differ amongst the
four treatments. The C16 and C18 desaturation ésgicepresenting proxies for SCD
activity, were lower for the soybean oil diet, caangd with the diet supplemented with a
mixture of the three oils. In conclusion, our stgiiyws that mammary SCD1 expression is
significantly down-regulated in dairy cows by femgliunprotected soybean oil compared
with rapeseed oil or linseed oil, and this is @lti reflected by the lower desaturase
indices in the milk. Furthermore, mammary SCD5 espion appears to be differently
regulated than that of SCD1.
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Dietary fatty acids and mammary SCD expression

Introduction

The relationship between dietary fat type and wewiehronic diseases in humans,
including cardiovascular disease, has been extelysiwestigated. Although varioisans
fatty acids (TFA) have an unfavourable impact amsbrum lipoprotein profile, conjugated
linoleic acids (CLA) have anti-carcinogenic andiherogenic effects (Lock & Bauman,
2004). Saturated fatty acids (SFA) generally raisaum total and low-density lipoprotein
cholesterol levels and increase the risk of ca@boular disease (Mensink et al., 2003).
Moreover, high intake of SFA is related to reduggsiilin sensitivity and subsequently to
increased type 2 diabetes (Parillo & Riccardi, 20@Eecreasing the proportion of SFA in
milk fat may therefore be beneficial for human fiealn the Netherlands though, the
content of even-chain SFA in milk fat of raw bovimelk was higher in 2005 compared
with 1992, which was related to changes in comositf diets fed to dairy cattle (Heck et
al., 2009).

Stearoyl-CoA desaturase (SCD) converts SFA into ouosaturated fatty acids
(MUFA) by introducing a double bond between carlmoms 9 and 10 in the saturated
carbon chain, but it can also catalyse the dedatoraof a wide spectrum of
monounsaturated fatty acyl-CoA substrates, inclydi8:1trans-11 to generateis-9,
trans-11 CLA (Ntambi & Miyazaki, 2004). Increasing SCtiaity is therefore of interest
to increase the content of various beneficial fattids (FA) in milk. In lactating ruminants,
stearoyl-CoA desaturase 1 (SCD1) is abundantlyesgad in the mammary gland and
plays an important role in the production of mitit {McDonald & Kinsella, 1973; Bernard
et al.,, 2008; Bionaz & Loor, 2008b). Recently, aveloisoform of SCD, designated
stearoyl-CoA desaturase 5 (SCD5), has been ideditifihich appears to be expressed
predominantly in brain and pancreas (Wang et BD52Lengi & Corl, 2007). SCD5 is also
expressed in the bovine mammary gland (Gervaid.e2@09), but the contribution of
SCD5 to mammary SCD activity during lactation antiether its expression can be
influenced by dietary FA remains obscure.

Nutritional regulation of SCD1 expression has beatensively studied in rodents,
primarily in liver and adipose tissue (Ntambi, 1998nd to a smaller degree in the
mammary gland (Lin et al., 2004; Singh et al., 2004 is well established that
polyunsaturated FA (PUFA) supplementation, both ar8 n-6, results in severe down-
regulation of SCD1 in both liver and adipose tisefi¢godents, whereas SFA and MUFA
have little effect (Ntambi, 1999). In dairy cowsjlp a few studies have examined the
effect of nutritional factors on regulation of SGDthe mammary gland (Bernard et al.,
2008). Therefore, knowledge regarding the effechutfition on milk fat synthesis in the
bovine mammary gland and especially the underlyirgghanisms, such as regulation of
key lipogenic genes, is still limited. Most of tl#udies that examined the effect of
nutritional factors on mammary SCD in dairy cowslized diets that cause milk fat
depression (MFD). Harvatine & Bauman (2006) anc:Ren et al. (2003) both reported a
tendency towards reduction of mammary SCD1 expradsi dairy cows with diet-induced

11
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MFD. Addition of fish oil to the diet of dairy cowsvhich also causes MFD, resulted in a
significant reduction of SCD1 mRNA in the mammarlargl (Ahnadi et al., 2002).
Nevertheless, the effects of the major unsaturbed€18:1cis-9, C18:2cis-9,12 or C18:3
€is9,12,15, which are typically present in dairy coations, on mammary SCD1 and
SCD5 expression is still not clear. Consequentlythe present study we investigated the
effects of dietary FA supplementation of C18i49, C18:2cis-9,12 or C18:%is-9,12,15,

by feeding unprotected rapeseed oil, soybean dihseed oil, respectively, or its mixture,
on both SCD1 and SCD5 expression in the mammanydgtd dairy cows and evaluated
the effects of these FA on milk desaturation inglicas indicators of mammary SCD
activity.

Material and Methods

Animals and Diets

This experiment was conducted at the Cranendonaed&eh Farm, the Netherlands,
between 26 September and 14 November 2007. Twéghy-dolstein-Friesian cows were
distributed in order to ensure uniform distribut@mong seven blocks based on parity (2.4
+ 0.63), DIM (153 + 32.8 days), milk yield (25.73:08 kg/d) and milk fat content (4.31 +
0.12 %) (values expressed as mean + SEM). Cowsinwiéhch block were randomly
assigned to one of the four dietary treatments (pei dietary treatment). The dietary
treatments were a basal diet supplemented (DM )bagis either: 2.7% rapeseed oil (RO)
as a source of C18:.dis9, 2.7% soybean oil (SO) as a source of Ck8s2,12, 2.7%
linseed oil (LO) as a source of C1&i3-9,12,15 or 2.7% of a 1:1:1 mixture of the three
oils (MIX). QOil supplements were not protected agaibiohydrogenation in the rumen. The
oil supplements were included in the concentratéclvwas fed, together with maize silage
and grass silage, as a mixed ration (MR). Maizagsil grass silage and concentrates
comprised 52, 12 and 36% of the MR, respectivelyadM basis. In addition to the MR,
the cows received approximately 1 kg of a commeérsiandard concentrate per day,
through automatic feeding stations. Cows were rdilkegice daily at 06:00h and 18:00h
and were grazing on pasture from 08:00h until 16:0%t other times, cows were inside a
free-stall barn and had ad libitum access to the. MIRe pasture used for grazing was
established in September 2006 and consisted phmafriryegrass l(olium perenne L.)
with approximately 20% white cloverTiifolium repens L.). The paddocks were
approximately 5 hectare in size and the total starlkdensity was 16 cows/ha. The
treatment period lasted 23 days and after thentratls ended, cows were fed a post-trial
diet (POST), without oil supplementation, for aipdrof 28 days as control. In the post-
trial period there was no concentrate in the MRilathe concentrate was provided through
automatic feeding stations. Ingredient and chemicamposition of the different
concentrates are presented in Table 1 and cheamnchFA composition of the pasture and
of the different MRs used in this experiment aresented in Table 2. Individual milk
production and MR intake per treatment group weoarded daily.

12



Dietary fatty acids and mammary SCD expression

Table 1.Ingredient and chemical composition of the coneaatfed post-trail (POST) and
the concentrates supplemented with either: rapesié€O), soybean oil (SO), linseed oil

(LO) or a mixture of these oils (MIX).

Item POST RO SO LO MIX
Ingredient, g/kg
Triticale - 333.6 3336 3336 333.6
Rapeseed medhrmaldehyde - 195.0 195.0 195.0 195.0
treated
Soybean meal - 102.0 102.0 102.0 102.0
Dried brewers grain - 79.0 79.0 79.0 79.0
Rapeseed oil - 75.0 - - 25.0
Soybean oil - - 75.0 - 25.0
Linseed oil - - - 75.0 25.0
Rapeseed meal 108.1 68.0 68.0 68.0 68.0
Citrus pulp 370.0 60.0 60.0 60.0 60.0
Soybean meal, formaldehyde - 47.0 47.0 47.0 47.0
treated

Palm kernel expeller

Sugar beet molasses

Coconut expeller

Wheat gluten feed

Wheat middlings

Soybean hulls

Protapet

Calcium carbonate

Sodium chloride

Magnesium oxide 90%

Urea

Monocalcium phosphate

Vitamin mineral premix
Chemical composition, g/kg DM

DM, g/kg

Ash

CP

Crude fat

NDF

ADF

Starch

Sugars

227.3 - - - -
101.0 - - - -
64.8 - - - -
45.0 - - - -
31.0 - - - -
29.3 - - - -
13.7 - - - -
2.0 16.3 16.3 16.3 16.3
2.4 10.5 10.5 10.5 10.5

3.4 4.8 4.8 4.8 4.8
- 4.5 4.5 4.5 4.5
- 2.3 2.3 2.3 2.3
2.0 2.0 2.0 2.0 2.0
911.7 891.1 900.5 904.1 901.0
87.6 81.2 79.3 86.1 84.9
161.2 246.5 296.5 2523 2424
55.6 98.0 89.6 93.8 93.9
326.3 179.8 1484 196.3 1852
249.0 116.8 110.4 122.9 119.3
35.6 2198 1512 1724 2117
120.0 73.0 105.8 87.1 72.3

! Not included? Potato fruit-juice (concentrated) mixed with sogbéuulls (Cehave

Landbouwbelang, Veghel, the Netherlands).
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Table 2. Chemical composition, fatty acid composition amg whatter intake (DMI) of the
pasture used for grazing, the mixed ration usegbasttrial diet (POST) and the four mixed
rations supplemented with either: rapeseed oil (ROybean oil (SO), linseed oil (LO), or

a mixture of these three oils (MIX).

Item

Mixed rations including the various concentrates

Pasture POST RO SO LO MIX
Chemical composition, g/kg DM
DM, g/kg 191.7 560.9 589.4 5745 573.1 593.6
Ash 90.9 66.1 66.2 64.3 66.5 67.4
CP 229.7 132.2 162.8 180.0 1649 1614
Crude fat 55.9 40.5 55.8 52.9 54.3 54.4
NDF 340.4 356.4 3059 294.0 3103 307.7
ADF 191.3 227.7 187.0 181.3 185.1 188.0
Starch -2 182.4  227.4 2147 2234 2242
Sugars 206.4 57.4 48.5 55.7 48.7 48.5
Fatty acid composition,
0/100g fatty acids
C8:0 ND® 1.4 0.3 0.2 0.2 0.3
C10:0 ND 15 0.3 0.2 0.2 0.3
C12:0 ND 16.4 3.5 1.9 1.9 3.7
C14:0 ND 6.0 1.6 0.8 0.8 15
C16:0 13.4 13.2 16.2 13.7 10.2 13.0
C16:1cis(c)-9 ND 0.2 11 0.1 0.2 0.5
C18:0 1.9 2.6 3.9 3.3 3.1 3.4
C18:1¢c9 5.3 16.8 29.2 19.9 20.1 23.3
C18:1c11 ND 0.8 2.1 1.2 1.6 1.8
C18:2 c9cl12 15.0 29.8 31.2 46.4 28.8 34.5
C18:3 c9cl2c15 57.2 7.5 6.4 9.1 30.2 14.5
C20:0 ND 0.4 0.4 0.4 0.3 0.4
C22:0 0.7 0.5 0.4 0.5 0.4 0.5
C24:0 0.7 0.4 0.3 0.3 0.3 0.3
Others 0.7 0.6 0.8 0.5 0.6 0.6
Unidentified 5.1 1.9 2.2 1.3 1.3 1.4
DMI, kg/d 5.5 12.8 15.1 14.4 14.5 14.7

! Including concentrate which was supplied throughautomatic feeding stations.

2 Not determined.
3 ND = not detected.

“ DMI of pasture was 5.5 kg/d during the four digtaratments and was 4.8 kg/d during

POST.
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Dietary fatty acids and mammary SCD expression

Pasture intake was estimated from the differentedsn grass height measurements made
before and after grazing, assuming grass growtimgtine period of grazing is a negligible
proportion of total grass consumption in view o tehort grazing period length and
stocking density (Penning, 2004). Sward surfacetiteivas measured as described in
Abrahamse et al. (2008a) using 40 sward surfagghheieasurements per averaged height
observation.

Sampling and Analysis

A representative sample of individual feedstuffgluding pasture, and of the MR was
taken during the last 3 days of the treatment avst-fial period. All feed samples were
freeze-dried, ground to pass a 1-mm screen angsathfor: DM, ash, CP, crude fat, NDF,
ADF, starch, sugars and FA composition. The DM enttwas determined by drying at
103°C (ISO 6496, ISO, 1999a) and ash content wesrdaed by combustion at 550°C
(ISO 5984, ISO, 2002). Crude protein (6.25 x N) veetermined using the Kjeldahl
method (ISO 5983, ISO, 2005) and the Berntrop nekthith acid hydrolysis (ISO 6492,
ISO, 1999b) was used to determine crude fat. Neudtetergent fibre was determined
according to a modified method of Van Soest e(#)91) with additional incubations in
alpha amylase and protease as described by Goelestha(1998). Acid detergent fibre was
determined according to Van Soest (1973). Starchamalysed using enzymatic hydrolysis
(ISO 15914; 1SO, 2004) and sugar analysis wasezhout using a 40% ethanol solution as
described by Abrahamse et al. (2008b).

For FA analysis of the feedstuffs, fat from freelteed samples was extracted with
chloroform-methanol (2:1 v/v), according to Foldha¢ (1957) with minor modifications
as described by Khan et al. (2009), except nonatestandard was added. Methylation of
FA was done as follows: extracted fat was dissolire® ml hexane and 100 mg of
anhydrous sodium sulphate was added. Next, 50 pl3% sodium methanolate solution
in methanol was added to transesterify the glyesrig their corresponding methyl esters
by vortexing for 2 min. at room temperature. Sulbeadly, 1 ml hydrochloric acid in
methanol solution (1.28) was added to esterify the free FA, followed byt the
mixture for 20 min. at 85°C under constant shakirftge mixture was then cooled down to
room temperature under a flow of cold water andshavigorously and 1 ml of the upper
layer, which contains the FA methyl esters (FAM&#s transferred to a 1.5 ml vial and
used for gas chromatography (GC) analysis.

On the last day of the treatment period and ofttet-trial period, two consecutive milk
samples (a.m. and p.m. milking) were obtained, podled (1:1 ratio) for analysis. One
aliquot was stored at 4°C pending fat, protein #amtose analysis using mid infrared
spectrometry (ISO 9622, 1ISO, 1999c; Qlip NV, Zutphthe Netherlands). Another aliquot
was stored at -20°C pending FA analysis. Milk FArrastion and methylation were
performed as described by van Knegsel et al. (200 some minor adjustments. First,
the milk samples were heated to 45°C and a repiasen milk sample of 20 ml was
centrifuged at 3,000 x g for 10 min. at 4°C. Theeipfat layer was then collected with a
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spatula, dried on filter paper and transferred.®nl tube, which was stored overnight at
-20°C. Next, the milk fat samples were heated fér rhin. at 60°C, followed by
centrifugation at 20,000 x g for 5 min. at 20°Cddhe clear fat fraction was transferred to
a new 1.5 ml tube containing a small amount of dntys sodium sulphate. Afterwards,
the milk fat samples were stored again at -20°Q anglysis. Before analysis, the frozen
samples were heated for 10 min. at 60°C, followgdéntrifugation at 20,000 x g for 5
min. at 20°C. Subsequently, 50 pl of milk fat wadsled to 5 ml of hexane and the glycerol-
bound FA were transesterified to methyl esters loytexing with 100 pl sodium
methanolate in methanol (30%). The solution wasraémed with 1 g sodium hydrogen
sulphate and dried with anhydrous sodium sulpliies solution was then transferred to a
1.5 ml vial and used for GC analysis.

For plasma FA analysis, blood samples (10 ml) wetkcted from the jugular vein in
heparin-containing tubes at the last day of thatnent and the post-trial period. The blood
samples were centrifuged at 3,000 x g for 15 ndrhdrvest plasma, which was stored at -
20°C pending FA analysis. Fat was extracted usimgroeform:methanol (2:1, viv) as
described by Folch et al. (1957). The extractedvis saponified using methanolic sodium
hydroxide and the constituent FA were converted itfiteir methyl esters using boron
trifluoride in methanol according to Metcalfe et £1966) with minor modifications as
described by Khan et al. (2009).

Methylated FA obtained from feed samples, milk si®@nd blood plasma samples
were quantified using a gas chromatograph (TRACE @Gi€a™, Thermo Electron
Corporation, Waltham MA, USA) equipped with a flaimaization detector and auto-
sampler. Methylated FA were separated using a fatied capillary column (100 m x 0.25
mm and 0.2um film thickness; Restek RT-2560, Restek, BellefoRA, USA) using
helium as a carrier gas at a constant flow of 1l8nm. Methylated FA samples of 1 pl
were injected into the GC with a split ratio of @:9 he following program was used for the
GC: starting temperature 140°C for 4 min., follovisdan increase at a rate of 4°C per min.
until 240°C and left for 20 min. at 240°C. Temperatof the flame-ionization detector was
280°C. Peaks were identified by comparing the tetentimes with those of the
corresponding FAME standards (S37, Supelco, Poblerset, UK) and, when no
commercial standard was available, by using pubdsichromatograms obtained via
comparable analytic conditions (Loor et al., 2084ingdfield et al., 2006; Cruz-Hernandez
et al., 2007). Under these conditions, several Cir&ns isomers were not completely
resolved and are therefore listed together. Faity desaturation indices in milk, as proxies
for SCD activity in the mammary gland, were caltedhas the ratio between the product
and the sum of the product and substrate FA (Kedsey., 2003).

Biopsy Procedure

On the last day of the treatment and the posteaiod, approximately 0.7 to 1.0 g of
mammary tissue was obtained from each cow by salrgiopsy from the midpoint section
of a rear quarter, according to the method of earal. (1996). Collected tissues were
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immediately snap-frozen in liquid nitrogen and stbrat -80°C until RNA extraction.
Following biopsy, a single intramammary injectiofi antibiotics (Avuloxil’; active
ingredients: amoxicillin and clavulic acid; Pfiz&nimal Health, Capelle a/d 1Jssel, the
Netherlands) was applied in the affected rear quafn addition, cows received an
intramuscular injection of antibiotics (Excefiehctive ingredient: ceftiofur hydrochloride;
Pfizer Animal Health, Capelle a/d IJssel, the Nd#mls). Cows were subsequently
machine milked as normal and hand-stripped as ©edemove all intramammary blood
clots. No mammary infections were observed aftap$y. The biopsy procedure was
approved by the Animal Care and Ethics CommitteeWsdgeningen UR Livestock
Research, Lelystad, the Netherlands.

RNA Isolation and Real Time PCR

Total RNA was extracted from mammary gland biopsiesh Trizol® reagent
(Invitrogen, Breda, the Netherlands). First-stra&fliNA synthesis was performed from 1
pg of total RNA reaction using Superscript 11l rese transcriptase (200 units; Invitrogen),
dNTPs (0.5 mM; Roche Diagnostics, Almere, the Ne#imels) and random hexamer
primers (250 ng; Roche) in a volume of 20-pl at’60for 1 h. Quantitative RT-PCR was
performed on a LightCycler 1.2 by using FastStakADMaster SYBR Green | reagents
(Roche), according to the manufacturer’s protoddie following gene-specific primers
were used: for SCD1, forward primer 5-GGCGTTCCAGPEBACGTTT-3' and reverse
primer 5-AAAGCCACGTCGGGAATTG -3’ for SCD5, 5'-
GGCACCGGCAGGACATC-3 (forward) and 5'-GAGCAGTCAGGAGAAGCAGAA-
3’ (reverse). 18S RNA and beta-actin (ACTB) wereameed to correct for the input of
cDNA. For 18S RNA, we used the forward primer 5-AGACGGCTACCACATCCAA-
3" and reverse primer 5-GGGTCGGGAGTGGGTAATTT-3. o ACTB, 5'-
GCCCTGAGGCTCTCTTCCA-3' (forward) and 5-CGGATGTCGMICACACTT-3
(reverse). All primer pairs, except for 18S RNA, revelesigned in such a way that they
span an intron of their corresponding genomic secgi®r that its sense or reverse primer
anneals on an exon-intron junction. Templates waenplified after a preincubation for 10
min at 95 °C, followed by amplification for 40 cgsl (10 s at 95 °C, 5 s at 60 °C, 5s at 72
°C). PCR efficiencies were established to be 1004€D1 and SCD5, and 95% for the
two reference (18S RNA and ACTB) genes. All reawtioevealed a single product as
determined by melting curve analysis. Specificifytioe primer sets were verified by
sequencing of the generated amplicons. Expres®wald of SCD1 and SCD5 were
normalized using the geometric mean of 18S and ACTIB: relative RNA expression
levels were calculated using the modified compeealCT method (Pfaffl, 2001). All
measurements were performed in duplicate.

Statistical Analysis
Statistical analyses were carried out by ANOVA gdiine PROC MIXED procedure of
SAS (version 9.1, SAS Institute Inc.) for a randpedi block design. Covariate analysis
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using the post-trial data did not improve the &pito detect differences due to treatment
and therefore, post-trial data was not includethe statistical analysis. Treatment effects
on animal performance, milk FA composition, bloddgma FA composition and mRNA
abundance of the different genes were analyseccamsidered significant at a probability
of P < 0.05, and as a trend at a probability of 0.09? < 0.10. To test pair wise
comparisons, post hoc analyses were carried oth@reast square means adjusted for
multiple comparisons using the Tukey-Kramer tebie Tegression procedure (PROC REG)
of SAS was used to analyse correlations betweettivelabundance of mammary SCD
mRNA and the various desaturase indices calculfxted milk FA during the treatment
period, and to analyse correlations between méks-10, cis-12 CLA and milk fat content
as well as short- and medium-chain fatty acids ($¥)0n milk.

Results

Diet Composition, Intake and Milk Yield

The formulation of the different diets resultedexpected high concentrations of C18:1
cis9, C18:2c¢is9,12 and C18:8is-9,12,15 in the RO, SO and LO diet, respectivelighw
the MIX diet in between (Table ZJotal DMI was 20.6, 19.9, 20.0 and 20.2 kg/d fatsli
RO, SO, LO and MIX, respectively, but could not diatistically evaluated since intake
was not determined per individual animal. Averagé mield was 28.8 (SEM 3.0) kg/d
and did not differ P = 0.99) among the four dietary treatments. In tholdi the four
treatments did not differ in concentration as vasdlyield of milk fat P = 0.19 andP =
0.42, respectively), proteifP(= 0.36 and® = 0.88, respectively) and lactoge £ 0.17 and
P = 0.96, respectively). Mean milk fat, protein dadtose contents were 3.59 (SEM 0.26),
3.51 (SEM 0.13) and 4.40 (SEM 0.07) %, respectiv€lgiculated energy balance was
positive during days of milk sampling.

Fatty Acid Composition of Blood Plasma

The main FA identified in blood plasma were C18:29,12 (mean 29.4 g/100g FA),
C18:0 (mean 15.9 g/100g FA), C1&i%9 (mean 9.0 g/100g FA), C16:0 (mean 9.0 g/100g
FA) and C18:3cis-9,12,15 (mean 5.6 g/100g FA). Feeding the RO distlted in an
elevated blood plasma fraction of C16:0, C1€st9 and C18:Xis9 (Table 3). Cows fed
the LO diet had higher plasma proportions of C18s30,12,15 compared with the other
diets, and higher plasma proportions of Cli8aPs-11, cis-15 compared with RO and SO.

Mammary SCD1 and SCD5 Expression

Figure 1 shows the results from analysis of SCDlafal SCD5 (b) mRNA expression
in the mammary gland using quantitative RT-PCR. €ded the SO diet showed a
significantly reduced mammary SCD1 expression, &ged as fold change compared to
the corresponding control (0.45), compared withR@ (1.00) and LO diet (1.12; SEM =
0.14;P = 0.01). The SCD1 expression of cows fed the Miet (0.70) was in between the
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Table 3. Blood plasma fatty acid composition (g/100 g fatids) of cows fed the post-
trial diet (POST) or the treatment diets supplementvith either: rapeseed oil (RO),
soybean oil (SO), linseed oil (LO), or a mixturetbése three oils (MIX). For the four
dietary treatments n = 7, and for POST n = 28.

Dietary treatments

Fatty acid POST RO SO LO MIX SEM  P-valué¢
C4-C12 ND ND ND ND ND - -
C13:0 0.03 0.04 0.04 0.04 0.05 0.008 0.83
Iso-C13:0 ND ND ND ND ND - -
Anteiso-C13:0 0.13 0.07 0.09 0.08 0.05 0.013 0.21
C14:0 0.68 0.61 0.51 0.57 0.56 0.041  0.29
Iso-C14:0 0.09 0.09 0.10 0.12 0.12 0.018 0.66
Cl4:1cis(c)-9 ND ND ND ND ND - -
C15:0 0.49 0.52 0.49 0.53 0.43 0.050 0.52
Iso-C15:0 0.35 0.33 0.35 0.37 0.33 0.031  0.67
Anteiso-C15:0 0.59 0.57 0.40" 052 0.37 0.037 0.01
C16:0 9.38 9.83 9.04 8.44 8.9¢ 0.188 <0.001
Iso-C16:0 0.22 0.16 0.20 0.20 0.18 0.013 0.11
C16:1 c9 1.08 1.79 0.9 1.03 0.9¢ 0.060 <0.001
C17:0 0.63 0.67 0.63 0.62 0.64 0.026  0.45
Iso-C17:0 0.43 0.3 0.2¢ 037 0.29 0.024 0.002
Anteiso-C17:0 0.15 0.17 0.12 0.13 0.18 0.022 0.15
C17:1¢9 0.25 0.27 0.19 0.20 0.20 0.023  0.07
C18:0 15.36 15.69 16.02 16.00 16.24 0.470  0.86
C18:1¢c9 8.09 11.28 7.74 8.69 8.2d 0.418 <0.001
C18:1 c11 0.42 0.7F 0.49 0.54° 0.66" 0.053  0.02
C18:1c12 0.86 071 1.07 1.10 0.86* 0.086  0.01
C18:1 c13 0.06 0.07 0.04 0.06 0.09 0.012 0.11
C18:1 cl5 0.17 0.16 0.17 0.20 0.21 0.018 0.24
C18:1trans(t)-4 0.04 0.04 0.05 0.04 0.03 0.009  0.47
C18:1t5 0.02 0.03 0.04 0.03 0.03 0.005 0.31
C18:1t6-8 0.09 0.15 0.15 0.14 0.15 0.019 0.93
C18:119 0.11 0.8 017 016 0.23 0.016  0.05
C18:1 t10+t11 0.63 1.14 1.27 1.16 1.64 0.214 0.33
C18:1t12 0.20 0.25 0.30 0.31 0.35 0.032  0.19
C18:1 t13+t14 0.88 0.88 0.77 1.05 1.01 0.084 0.08
C18:1 t16+cl4 0.29 0.24 0.26° 0.35 0.3 0.019 <0.001
C18:2 c9c12 30.30 28.37 3259 27.09 29.06 1.667 0.11
C18:2 t11c15 0.08 0.69 0.08 0.20 0.18* 0.032 0.03
C18:2 t9t12 0.03 0.04 0.04 0.03 0.04 0.005 0.31
C18:2 c9t11 CLA  0.11 0.15 0.14 0.15 0.18 0.019 051
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Table 3.Continued.

Dietary treatments

Fatty acid POST RO SO LO MIX SEM  P-valu¢
C18:2t10c12 CLA 0.07 0.50 0.49 0.59 0.77 0.162 00.6
C18:3¢c9c12cl5  7.59 468 4578 8.08 5.24 0.376 <0.001
C18:3 c6c9c12 0.78 0.59 0.56 0.46 0.37 0.060  0.05
C20:0 0.06 0.07 0.07 0.06 0.07 0.008 0.58
C20:1 c11 0.07 0.7 0.07 0.14 0.09 0.009 <0.001
C20:2 cllcl4 0.09 0.11 0.10 0.09 0.10 0.009 0.43
C20:3 n-3 0.03 0.04 0.05 0.05 0.05 0.007  0.65
C20:3 n-6 2.10 1.83 1.63 1.67 1.55 0.135 0.48
C20:4 n-6 1.94 1.87 1.73 1.54 1.56 0.131 0.24
C20:5 n-3 0.99 0.72 0.72 0.85 0.72 0.050  0.20
C22:0 0.05 0.07 0.06 0.07 0.05 0.015 0.64
C22:1 c13 0.04 0.03 0.04 0.03 0.03 0.006  0.90
C22:2 c13c16 0.03 0.03 0.03 0.03 0.03 0.004 0.8
C22:4 n-6 0.87 1.59 1.87 1.77 1.77 0.326 093
C22:5n-3 0.88 0.88 0.79 0.79 0.89 0.076  0.62
C22:6 n-3 0.59 1.00 1.13 1.12 1.05 0.239 097
C23:0 0.05 0.06 0.06 0.06 0.06 0.010  0.97
C24:0 0.06 0.06 0.07 0.07 0.06 0.008 0.52
C24:1 c15 0.03 0.06 0.05 0.04 0.05 0.011  0.76
Unidentified 11.46 10.62 11.18 12.05 12.72 1.382  0.70
SFA' 28.76 29.35 2855 28.17 2853 0.457  0.30
MUFA?® 13.31 1752 1380 1528 1527  0.641 0.002
PUFA? 46.47 4249 4648 4450 43.53 1.500 0.22
OBCFA’ 3.37 3.23 2.91 3.13 2.80 0.125 0.07
TFA® 2.53 3.69 3.77 4.21 4.90 0.369  0.10

abedMeans within a row without common superscriptefifP < 0.05).
! Values are shown for comparison only and wereénmatided in the statistical analysis.

2 Effect of treatment.
3 ND = not detected.

* Saturated fatty acids (C13:0,is0-C13:0,anteiso-C13:0, C14:0jso-C14:0, C15:0jso-
C15:0,anteiso-C15:0, C16:0js0-C16:0, C17:0jso-C17:0,anteiso-C17:0, C18:0, C20:0,
C22:0, C23:0, C24:0).

®> Mono-unsaturated fatty acids(C16:1 c9, C17:1 ¢9, C18:1 ¢9, C18:1 c11, C182, c1
C18:1 c13, C18:1 c15, C18:1 t4, C18:1 t5, C18:8,t6:18:1 t9, C18:1 t10+t11, C18:1

t12, C18:1 t13+t14, C18:1 t16+c14, C20:1 c11, C22:3, C24:1 c15).
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Table 3. Continued.

® Poly-unsaturated fatty acids(C18:2 c9c12, C18:2 t11c15, C18:2 t9t12, C18:4t9t
CLA, C18:2 t10c12 CLA, C18:3 c9c12c15, C18:3 c6&d220:2 c11cl4, C20:3 n-3,
C20:3 n-6, C20:4 n-6, C20:5 n-3, C22:2 c13c16, €226, C22:5 n-3, C22:6 n-3).

" Odd- and branched-chain fatty acjd$C13:0,is0-C13:0,anteiso-C13:0,is0-C14:0,
C15:0,is0-C15:0,anteiso-C15:0,is0-C16:0, C17:0jso-C17:0,anteiso-C17:0, C17:1 c9).

® Trans fatty acid§’ (C18:1 t4, C18:1 t5, C18:1 t6-8, C18:1 19, C180+t11, C18:1 t12,
C18:1 t13+14, C18:1 t16+cl14, C18:2 t11c15, C18t229C18:2 c9t1l CLA, C18:2
t10c12 CLA).

other diets and did not diffeP(= 0.44) from those diets. Mammary SCD5 expressdidn
not differ (P = 0.12) among the four dietary treatments. Theage mMRNA abundance of
SCD1 (1686 = 174 pg/ul) was substantially highantthat of SCD5 (0.766 + 0.088 pg/ul).

Fatty Acid Composition of Milk

The effects of diet on milk FA composition are meted in Table 4. Compared with
LO, cows fed the MIX diet had lower proportions@3:0 in milk fat. The C16:0 fraction in
milk fat was higher for RO compared with LO and Mi@ompared with the RO and MIX
diet, cows fed the SO diet had a higher proponib@18:0 in milk fat. The RO diet did not
result in a significantly higher proportion of C1&is-9. The SO treatment did result in
increased proportions of C18¢&-9,12 in milk fat compared with RO and LO. Compared
with the other treatments, C18¢8s-9,12,15 was increased for the LO diet. In addition
C18:2trans-11, cis-15 was increased for LO compared with RO and SO.

The proportion of long-chain FA (LCFA) in milk favas higher for MIX, compared
with RO. The SO treatment resulted in less odd- laagched-chain fatty acids (OBCFA)
in the milk fat compared with RO, primarily due tlee lower proportion of C13:0 and
C15:0 for SO. Total SFA was significantly lower #diX compared with RO and SO, and
total PUFA was higher for LO and MIX compared wWRID. Total TFA tended to be higher
for MIX compared with ROF = 0.09).

The four calculated desaturation indices from nkik all showed the same tendency,
with numerically the lowest values for SO and thghbst values for MIX. For the
desaturation indices of C16 and C18, the valueSrwere significantly lower compared
with the MIX diet. The T between the different desaturation indices rarfgeh 0.66 to
0.82.

Correlation between Desaturation Indices and SCD1rad SCD5 Expression

Figure 2a shows the correlation between the Clatdesiion index, calculated from
milk FA, and mammary SCD1 expression of the cowmsnguthe treatment period (C14
index = 0.086 (+ 0.007) + 0.058 (+ 0.017) x SCDpression; 7= 0.35;P = 0.002).
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Table 4. Milk fatty acid composition (g/100 g fatty acidsh cows fed the post-trial diet
(POST) or the treatment diets supplemented witheeitrapeseed oil (RO), soybean oil
(SO), linseed oil (LO), or a mixture of these threds (MIX). For the four dietary

treatments n = 7, and for POST n = 28.

Dietary treatments

Fatty acid POST RO SO LO MIX SEM P-valué
C4:0 2.72 2.52 2.57 2.48 1.94 0.264  0.32
C6:0 2.13 1.80* 186 1.93 1.3%3 0.152 0.04
C8:0 1.42 1.14 1.12 1.22 0.86 0.103  0.10
C10:0 3.16 2.49 2.36 2.65 1.96 0.219 0.18
C11:0 0.45 0.35 0.28 0.35 0.26 0.030  0.08
C12:0 3.91 3.17 2.84 3.27 2.88 0.213 042
C13:0 0.22 020 013 0.18 o017 0.014  0.01
Is0-C13:0 0.03 0.02 0.0 0.05 0.0 0.007  0.02
Anteiso-C13:0 0.12 0.09 0.07 0.10 0.09 0.008  0.06
C14:0 1143 10.46 10.20 1054 9.67 0.368 0.36
Is0-C14:0 0.08 0.06 0.09 0.09* 0.0 0.007 0.01
C14:1cis(c)-9 1.33 1.37 1.02 1.20 1.43 0.124 0.11
C15:0 1.08 115 082 0.9% 0.9% 0.049 <0.001
Iso-C15:0 0.22 0.2¢ 0.23 022 019 0.009 0.01
Anteiso-C15:0 0.50 0.48 0.44 0.47 0.47 0.016  0.32
C16:0 29.36 27.58 26.56° 2384 25.1F° 0.584 <0.001
Is0-C16:0 0.19 015 0.18 0.16* 0.18 0.009  0.01
C16:1 c9 1.90 2.12 1.64 1.81 2.24 0.183 0.11
C17:0 0.62 0.61 0.54 0.60 0.57 0.017  0.05
Iso-C17:0 0.17 0.16 0.15 0.15 0.17 0.012 0.65
Anteiso-C17:0 0.24 0.08 0.12 0.12 0.10 0.015  0.42
C17:1¢9 0.19 0.22 0.17 0.19 0.22 0.018 0.13
C18:0 9.10 8.75 109f 9.7 8.9C 0.506  0.02
C18:1 ¢c9 19.12 21.31 2121 2130 22.65 0.951 0.67
C18:1c11 0.33 0.7 0.46 0.56° 0.76 0.050  0.001
C18:1c12 0.36 0.32 0.67 0.48°  0.48" 0.051  0.004
C18:1 c13 0.08 0.11 0.09 0.11 0.13 0.009  0.05
C18:1 c15 0.26 0.2%’ 0.24 0.5¢ 0.3%’ 0.037 <0.001
C18:1trans(t)-4 0.01 0.03 0.04 0.04 0.03 0.004 0.64
C18:1t5 0.01 0.03 0.03 0.03 0.03 0.007 0.97
C18:1t6-8 0.30 0.57 0.49 0.53 0.64 0.042  0.10
C18:119 0.18 0.40 0.35 0.36 0.47 0.031 0.06
C18:1 t10+t11 1.62 3.34 3.54 3.36 4.64 0.491  0.22
C18:1t12 0.44 0.53 0.5 0.64 0.65 0.025 0.01
C18:1 t13+t14 0.35 0.95 0.97 1.39 1.35 0.207  0.29
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Table 4.Continued.

Dietary treatments

Fatty acid POST RO SO LO MIX SEM P-valuéf
C18:1 t16+cl4 0.54 0.46 0.572 0.68 0.60 0.016 <0.001
C18:2 c9c12 1.49 1.49 1.90 1.47 1.89 0.073 <0.001
C18:2 t11c15 0.21 081 0.20 0.66 0.43" 0.074 <0.001
C18:2 t9t12 0.01 0.01 0.01 0.04 0.04 0.010 0.11
C18:2 c9t11 CLA  0.63 0.91 1.07 1.05 1.15 0.095  0.36
C18:2t10c12 CLA 0.01 0.02 0.02 0.02 0.03 0.004 0.38
C18:3 c9c12c15 0.55 035 0.48° 0.66 0.54 0.026 <0.001
C18:3 c6c9c12 0.02 0.01 0.02 0.02 0.02 0.004 0.45
C20:0 0.12 0.12 0.14 0.11 0.12 0.007  0.09
C20:1 c11 0.04 0.06° 0.04 0.06* 0.07 0.006 0.03
C20:2 cllcl4 0.02 0.02 0.02 0.03 0.02 0.006  0.30
C20:3 n-3 0.01 0.01 0.01 0.02 0.01 0.005 0.14
C20:3 n-6 0.07 0.05 0.06 0.06 0.05 0.005  0.79
C20:4 n-6 0.10 0.09 0.09 0.08 0.08 0.006  0.60
C20:5 n-3 0.05 0.03 0.04 0.04 0.04 0.005  0.56
C22:0 0.05 0.05 0.06 0.05 0.05 0.003 0.12
C22:1c13 0.01 0.01 0.01 0.02 0.01 0.004  0.49
C22:2 c13c16 0.05 0.02 0.0  0.04 0.03 0.004 0.01
C22:4 n-6 0.02 0.02 0.02 0.04 0.01 0.006  0.05
C22:5n-3 0.08 0.0 0.07 0.08 0.06’ 0.006 0.04
C22:6 n-3 0.01 0.01 0.01 0.02 0.01 0.006  0.29
C23:0 0.02 0.01 0.02 0.03 0.02 0.005 0.16
C24:0 0.04 0.03 0.04 0.06 0.0% 0.005 0.001
C24:1 c15 0.01 0.01 0.01 0.02 0.01 0.005  0.30
Unidentified 2.24 223 217 3.06 2.74 0.101 <0.001
SMCFA® 26.09 2295 2199 2328 20.07 1.081 0.18
C16 FA 31.26 29.70 2820 2568 27.33° 0.651 0.002
LCFA® 36.32 41.38 44.39" 44.38" 46.37 1.122  0.03
OBCFA? 4.08 3.78  3.26 3.6% 347 0.105  0.01
SFA’ 67.35 6168 6178 59.3F 56.1F 1493 0.04
MUFA® 27.09 3278 32.04 3329 36.75 1.295  0.08
PUFA’ 3.33 3.37 4.0 434 4.40F 0.201  0.003
TFA™C 4.31 7.45 7.82 8.80 10.04 0.735  0.09
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Table 4. Continued.

Dietary treatments

Fatty acid POST RO SO LO MIX SEM P-valuéf
A9-desaturase indicEs
C14:1 c9 0.11 0.12 0.09 0.10 0.13 0.012 0.11
C16:1 c9 0.07 0.67 o0.08 0.0 0.08 0.006 0.02
C17:1¢c9 0.25 0.26 0.23 0.24 0.28 0.016 0.18
C18:1¢c9 0.69 0.7 0.66 0.6 077 0.014 0.04

abcdneans within a row without common superscriptefiff® < 0.05).

! Values are shown for comparison only and werdmatided in the statistical analysis.

? Effect of treatment.

% Short- and medium-chain fatty acigig(C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, C14:1
c9).

4 C16 fatty acid$’ (C16:0, C16:1 c9).

® Long-chain fatty acid¥ (fatty acids with 18 carbons or more).

® Odd- and branched-chain fatty acjd$C11:0, C13:0is0-C13:0,anteiso-C13:0,iso-
C14:0, C15:0js0-C15:0,anteiso-C15:0,is0-C16:0, C17:0js0-C17:0,anteiso-C17:0,
C17:1 c9).

" Saturated fatty acidg (C4:0, C6:0, C8:0, C10:0, C11:0, C12:0, C18s6,C13:0,
anteiso-C13:0, C14:0js0-C14:0, C15:0js0-C15:0,anteiso-C15:0, C16:0js0-C16:0,
C17:0,is0-C17:0,anteiso-C17:0, C18:0, C20:0, C22:0, C23:0, C24:0).

8 Mono-unsaturated fatty acids(C14:1 c9, C16:1 c9, C17:1 c9, C18:1 ¢9, C18:1, c11
C18:1 c12, C18:1 c13, C18:1 c15, C18:1 t4, C18;CB:1 t6-8, C18:1 19, C18:1
t10+t11, C18:1 t12, C18:1 t13+t14, C18:1 t16+c120Q c11, C22:1 c13, C24:1 c15).

° Poly-unsaturated fatty acids(C18:2 c9c12, C18:2 t11c15, C18:2 t9t12, C18:2t9t
CLA, C18:2t10c12 CLA, C18:3 c9c12c15, C18:3 c6@dl20:2 c11cl4, C20:3 n-3,
C20:3 n-6, C20:4 n-6, C20:5 n-3, C22:2 c13c16, €226, C22:5 n-3, C22:6 n-3).

1% Trans fatty acid§’ (C18:1 t4, C18:1 t5, C18:1 t6-8, C18:1 19, C18:0+t11, C18:1 t12,
C18:1t13+14, C18:1 t16+c14, C18:2 t11cl5, C182A9C18:2 c9t1l CLA, C18:2
t10c12 CLA).

1 A9-desaturase indices are calculated\@sdesaturase product divided by the sum of the
A9-desaturase product and substrate.

The F values of the correlation between mammary SCDTesgon and the other three
desaturation indices were: 0.38 £ 0.002), 0.25F = 0.01) and 0.39R = 0.001) for the
C16, C17 and C18 index, respectively. Figure 2bashthe correlation between the C14
desaturation index and mammary SCD5 expressiohneofdws during the treatment period
(C14 index = 0.102 (+ 0.009) + 0.016 (+ 0.028) xO&Cexpression;’r= 0.02;P = 0.57).
The P values of the correlation between mammary SCD5esgion and the other three
desaturation indices were: 0.2 £ 0.69), 0.02R = 0.56) and 0.01R = 0.57) for the C186,
C17 and C18 index, respectively.
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Discussion

The aim of this study was to compare the effectdifferent unprotected dietary
unsaturated FA on the expression of SCD1 and S@D%ei mammary gland of dairy cows.
Therefore, we supplemented the diets of lactatowgscwith either rapeseed oil, soybean oil
or linseed oil for a period of 3 weeks in ordeirtorease the flow of C18dis-9, C18:2cis-
9,12 and C18:3cis9,12,15 to the mammary gland, respectively. Theodl plasma
proportion of these three FA was indeed primardiated to their supply with the diet.
Addition of unprotected rapeseed oil and linseddeasulted in a significant higher blood
plasma proportion of C18:tis9 and C18:3cis-9,12,15, respectively. Supplementation
with unprotected soybean oil did not significantigrease the proportion of C181-9,12
in blood plasma. This is probably due to the faeit tC18:2cis-9,12 is the most abundant
FA in blood plasma (approximately 30% of total F&)d shows considerable variation.
Although the proportion of C18:2is-9,12 in blood plasma for SO was not significantly
different, the proportion of C18:2is-9,12 in milk fat was significantly higher for SO
compared with RO and LO. This indicates that théakg of C18:2cis-9,12 by the
mammary gland was higher for SO compared with R® laD. Differential uptake of FA
by the mammary gland could be the result of charigethe FA composition of the
different lipid fractions present in blood plasnia.this study, the total lipid fraction in
blood plasma was analysed, which includes cholalstersters, phospholipids,
triacylglycerols and non-esterified FA. Since C18i89,12 and C18:3is-9,12,15 are
preferably incorporated in plasma cholesterol eséérd phospholipids whereas the bovine
mammary gland primarily extracts FA from the trilgdycerols and non-esterified FA
fractions in blood plasma (Loor et al., 2002), ttensfer efficiency of these PUFAs from
diet to milk is generally low in dairy cows.

Since the different unsaturated FA sources wer@add the diet as unprotected oils,
there was most likely an increase in ruminal bigbgénation intermediates, as indicated
by the rather high TFA isomer levels in milk. Soofehese TFA can affect expression of
several genes involved in lipid metabolism in themmmary gland. Thérans-10, cis-12
CLA isomer has been identified as one of the majominal biohydrogenation
intermediates, responsible for the inhibition ofknfat synthesis in dairy cows (Baumgard
et al., 2002). Studies on the mechanisms involvethé inhibition of milk fat synthesis
revealed a coordinated down-regulation of mammaeyegexpression of rate-limiting
lipogenic enzymes, including lipoprotein lipase [P acetyl-CoA carboxylase (ACC),
fatty acid synthase (FAS) and SCD, following aboahdsans-10, cis-12 CLA infusion
(Baumgard et al., 2002; Harvatine & Bauman, 2006jiet-induced MFD (Peterson et al.,
2003; Harvatine & Bauman, 2006). This inhibitoryfeet has been linked to a reduced
expression of transcription factor SREBP-1 and ginst involved in the activation and
distribution of SREBP-1 towards the nucleus (Hanea®& Bauman, 2006). Indeed, milk
trans-10, cis-12 CLA in our study was negatively correlated witfilk fat content (=
0.54; P < 0.001) and proportion of milk SMCFA?(= 0.43;P < 0.001). However, the
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amount oftrans-10, cis-12 CLA in milk fat did not correlate with SCD1 mRN\expression
(r*= 0.001;P = 0.88) or with that of SCD54= 0.009;P = 0.48). Abomasal infusion with
high doses ofrans-10, cis-12 CLA, causing severe MFD, generally reduces tdeston
indices serving as a proxy for SCD activity (Baunagat al., 2001) and SCD expression
(Baumgard et al., 2002). However, lower dosesrafs-10, cis-12 CLA, causing mild
MFD, typically do not affect the proxies for SCDtigity (Peterson et al., 2002a; de Veth et
al., 2004; Kay et al., 2007). Taken together, itikely that in our study the unprotected
dietary oil supplements did increasans-10, cis-12 CLA production in the rumen which
probably inhibited milk fat synthesis to some extdnut this amount was not sufficient to
significantly affect SCD expression.

The higher blood plasma proportion of C16:0 and :C1s-9 for the RO diet, most
likely reflected the higher concentrations of thEgein the RO diet. The higher proportion
of C18:2trans-11, cis-15 in blood plasma observed in cows fed the L@ idien agreement
with previous studies, demonstrating that C18rans-11, cis15 is the primary
biohydrogenation intermediate produced in the rufnrem C18:3cis-9,12,15 (Harfoot &
Hazlewood, 1988; Loor et al., 2005).

In our study, cows on the SO diet showed a sigaifidower SCD1 expression (55%
reduction) in the mammary gland, compared to thescthat received the RO or LO diet.
In rodents, PUFA supplementation, especially of th& and n-6 series, results in
suppression of hepatic SCD1 expression, while SR& MUFA have no or little effect
(Ntambi, 1999). Moreover, Singh et al. (2004) fouthdt dietary supplementation of
safflower oil, high in C18:Zis-9,12, decreased both SCD1 mRNA levels and totdd SC
activity in the mammary gland of lactating mice.doats however, Bernard et al. (2005b)
reported that dietary soybean supplementation ( Z3.8:2cis-9,12 /kg DM) decreased
SCD1 expression in subcutaneous adipose tissu@obirt the mammary gland, indicating
that the mammary gland might be less sensitive isfay manipulation by PUFA
compared to subcutaneous adipose tissue. In additiovas shown by Murrieta et al.
(2006) that feeding high-linoleate safflower se¢#tis18 g C18:2cis-9,12 /kg DM) to
lactating beef cows did not affect SCD1 mRNA abunugsin the mammary gland.

Contrary to SO, we found no differences in mamm@GbD1 mRNA levels between
cows receiving the RO, LO or MIX diet. This is igraement with Delbecchi et al. (2001),
who found no differences in mammary SCD1 expres&iokairy cows in response to
dietary supplementation of protected or unproteatadola oil (+ 38 g C18:tis9 /kg
DM). Moreover, data from Enjalbert et al. (1998)osled no significant effect on
mammary gland desaturation rate of C18:0 in laugatiolstein cows, when C18ds-9
was duodenally infused. In goats however, dietappementation with oleic sunflower oil
or formaldehyde-treated linseed both reduced SC{ptession in the mammary gland £
0.07 andP < 0.05 respectively; Bernard et al., 2005a). Thesensistent results could be
due to species-specific differences in the regufatf SCD1 gene expression, or because
we used a lower level of FA supplementation (1218:Ccis-9 /kg DM or 12 g C18:8is
9,12,15 /kg DM in our study versus 30 g C1&8%9 /kg DM or 25 g C18:8is-9,12,15 /kg
DM in the study of Bernard et al. (2005a)).
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Figure 1. Patterns of mammary SCOa) as well as SCD%h) mRNA expression in cows

fed diets supplemented with either: rapeseed dil)(Roybean oil (SO), linseed oil (LO),

or a mixture of these three oils (MIX). Mammary geexpression was determined with
Real Time PCR and expressed as fold change compardide corresponding control

values. Vertical lines represent the standard eofothe mean and treatments without
common superscript diffeP(< 0.05). For SO and LO n=7, and for RO and MIX n=6.
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Figure 2. Correlation between the C14 desaturation index taedrelative abundance of
mammary SCD1 mRNAa) or SCD5 mRNA(b) of cows in the treatment period (n=24).
The desaturation indices were calculated from fiaitly acids as: C14:dis-9 / (C14:1cis-

9 + C14:0). For SCD1: the C14 index = 0.086 (+ @)0& 0.058 (+ 0.017) x SCD1
expression; = 0.35;P = 0.002 and for SDC5 the C14 index = 0.102 (+ 9)060.016 (+
0.028) x SCD5 expressiorf, ¥ 0.02;P = 0.57.
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Mammary SCD5 expression did not differ between fher dietary treatments,
indicating that SCD5 and SCD1 are differently reged. In line with this, it was
demonstrated recently that mammary SCD1 mRNA egmestended to be reduced in
dairy cows by intravenous infusion triins-10, cis-12 CLA, while there was no effect on
the expression of mammary SCD5 (Gervais et al.9200he knowledge that SCD5 lacks
N-terminal PEST sequences typically found in SCDé&ngi & Corl, 2007), which are
considered to be a signal for protein degradati@achsteiner & Rogers, 1996), may
suggest that SCD5 exhibits a higher protein stghitian SCD1, and that SCD5 might be
less sensitive to nutritional regulation at the n#fRIdvel than SCD1. This is in accordance
with our observation that the mRNA abundance foD$Gvas much higher (>#pthan
that for SCD5 in the mammary tissue biopsies. lmitaah, the fact that SCD5 is
abundantly expressed in brain, a tissue enrichdtlJURA, may suggest that the expression
of transcripts for SCD5 is less sensitive to PURAt that for SCD1 (Lengi & Corl, 2007).
Further studies are needed to provide compellingleexe that SCD1 and SCD5 are
differentially regulated at their transcriptionadddor protein level in the bovine mammary
gland.

The higher proportion of C16:0 in milk fat for tfRO diet was most likely caused by
the somewhat higher proportion of C16:0 in the R&.dn contrast to our expectations, the
proportion of C18:1cis9 in milk fat was not higher for the RO diet, atlygh the
proportion of C18:1cis-9 in blood plasma was significantly higher for R@mpared with
the other diets. A lower SCD activity is not supgpdrby our findings, because mRNA
levels of SCD1 and SCD5 as well as desaturatioitésdin milk for the RO diet did not
differ compared with LO and MIX. Therefore, we saggthat the uptake of C18&cils-9 by
the mammary gland is somewhat low or that the ddesbrC18:1cis9 is utilized for
processes other than milk fat synthesis.

Several pairs of FA that represent a product/satestelationship for SCD are present
in milk fat, and are frequently used to estimateivo SCD activity within the mammary
gland. The desaturase indices which are typicadlgduare the C14, C16, C17 and C18
indices and theis-9, trans-11 CLA index. The C14 index is considered the ldicator
of SCD activity, since generally most of the Clgr@sent in milk originates frome novo
FA synthesis in the mammary gland and desaturati@4:0 is the major source of C14:1
cis9 (Peterson et al., 2002b; Lock & Garnsworthy, 20Bernard et al., 2008). Indeed,
blood plasma levels of C14:0 were low (0.6 £ 0.0209 g FA) and C14:tis-9 was not
detected. In contrast, the absorption of varioué @id C18 FA from the duodenum and
from mobilized adipose tissue can be significantgSer et al., 2008), and proportions of
C16:1 cis9, C17:1cis9, and in particular C18:kis9 in blood plasma FA were
substantial. Since no distinction between C18ahs-10 andtrans-11 could be made in our
study, thecis-9, trans-11 CLA index was not calculated. The SO diet im study, which
caused a down-regulation of SCD1 mRNA compared \lith other unprotected oil
supplements, indeed resulted in the lowest valoetheé C16 and C18 desaturation indices.
This suggests that the lower SCD1 expression @IS0 diet caused a reduction in SCD1
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activity in the mammary gland. There were positiséhough not strong, relationships
between SCD1 mRNA levels and the four differentati#mse indices. Feng et al. (2007)
reported a significant relationship between the @ddaturase index and relative abundance
of SCD mRNA in milk somatic cells from dairy cowndicating that both produce similar
estimates of relative SCD activity in the mammarfgng. Also in goats, moderate
relationships were found among SCD mRNA leviaisiitro SCD activity and milk proxy
ratios for SCD activity (Bernard et al., 2005a).wéwer, there are also some indications
that desaturase indices do not always reflect h&G® activity in bovine adipose tissue
(Archibeque et al., 2005) or in the bovine mammglgnd (Bionaz & Loor, 2008b).
Differences between the mammary SCD mRNA levels #mel desaturase indices
calculated from milk FA could be due to effectstla protein level of SCD, or because
SCD1 has additional physiological functions like gynthesis of phospholipids (Scaglia &
Igal, 2005).

Contrary to SCD1, we found no relationship betw8&D5 mRNA abundance and the
four desaturase indices. Together with the relaiiwve mRNA levels of SCD5, our data
suggest that the contribution of mammary SCD5 toegate milkA9 unsaturated FA is
relatively small. However, further research on SUBHecessary to determine its role in
A9 desaturation of milk FA in the bovine mammaryngla

Conclusions

This study showed that mammary SCD1 mRNA expressias significantly down-
regulated in dairy cows by feeding unprotected sayboil compared with rapeseed oil or
linseed oil. In addition, SCD5 expression was nghificantly affected by the four dietary
treatments. This inhibitory effect on mammary SC&pression by feeding unprotected
soybean oil was partially reflected by the lowesaterase indices calculated from milk FA.
Mammary expression of SCD1 transcripts appear® tmére sensitive to dietary supply of
C18:2cis9,12 than to C18:tis-9 or C18:3cis-9,12,15. Our data also support the idea that
SCD1 and SCD5 expression in the bovine mammarydglaspond differentially to dietary
FA.
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Abstract

The aim of this study was to determine the effe€tsupplementing unprotected dietary
unsaturated fatty acids (UFAs) from different plamits on gene expression in the
mammary gland of grazing dairy cows. A total ofl28Istein—Friesian dairy cows in mid-
lactation were blocked according to parity, daysitk, milk yield and fat percentage. The
cows were then randomly assigned to four UFA saudgased on rapeseed, soybean,
linseed or a mixture of the three oils for 23 dafter which, all 28 cows were switched to
a control diet for an additional 28 days. On th& [day of both periods, mammary gland
biopsies were taken to study genome-wide differennegene expression on Affymetrix
GeneChiff Bovine Genome Arrays (no. 900493) by ServiceXSdée, the Netherlands).
Supplementation with UFAs resulted in increasedkngield but decreased milk fat and
protein percentages. Furthermore, the proportiodeafovo fatty acids (FAs) in the milk
was reduced, whereas that of long-chain FAs inecka8pplying a statistical cut-off of
false discovery rate of g-values < 0.05 togetheh wn absolute fold change of 1.3, a total
of 972 genes were found to be significantly affdctarough UFA supplementation,
indicating that large transcriptional adaptatiorecwred in the mammary gland when
grazing dairy cows were supplemented with unpretkdietary UFA. Gene sets related to
cell development and remodelling, apoptosis, notrimetabolic process, as well as
immune system response were predominantly dowreigiduring UFA supplementation.
Such molecular knowledge on the physiology of treemmmary gland might provide the
basis for further functional research on dairy cows
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Introduction

The growing awareness over the last decade ofgbecation between diet and health
has led nutritional quality to become a relevaotdain consumers’ food choices. A major
development has been the recognition that cerigidisl in dairy milk, such as oleic acid,
some isomers of the conjugated linoleic acid (Clakid a-linolenic acid (ALA), can
improve human health status and prevent diseasmsn{&n et al., 2006). Supplementing
the diet of lactating dairy cows with different ahsrated fatty acids (UFA) is a significant
attempt to improve milk fat composition for humaonsumption (Mansbridge & Blake,
1997; Harvatine & Bauman, 2006). Recently functloganomics studies, based on
quantitative real-time polymerase chain reactidRTdPCR), have described the effects of
dietary UFA on the expression of a number of camdidyenes in the mammary gland
involved in lipid metabolism (Harvatine & BaumarQ(®; Bauman et al., 2008; Bionaz &
Loor, 2008a and 2008b; Harvatine et al., 2009; l§adela et al., 2009b). There is
significant evidence that feeding cows with UFAhridiets reduces the mammary mRNA
abundance of acetylcoenzyme A (CoA) carboxylase ABE), fatty acid synthase
(FASN), and stearoyl-CoA desaturase 1 (SCD1), dkagethe transcription factor sterol
regulatory element binding factor 1 (SREBP1) andoxisome proliferator-activated
receptor-g (PPARG; Bauman et al., 2006; Theringlet2009). However, information on
the genome-wide expression of genes in the mammagd tissue of dairy cows
supplemented with different dietary unprotected UBAstill lacking. Therefore, it is not
known yet whether dietary unprotected UFA supplesatim also affects processes not
related to lipid metabolism and the expressiores$ lobvious genes.

Although gRT-PCR is a powerful approach to obtaiquantitative and highly precise
estimates of gene expression; interest in micrgateghnologies for measuring gene
expression has exploded in recent years (Siniazbpi., 2007). The biggest advantage of
microarray technology is its unbiased approachthadarge number of transcripts that can
be quantified in a single experiment. Microarraydsts provide the ability to monitor the
genome-wide expression of genes and to discovgett@renes that would not have been
detected by other more focussed methods (Siniabal., 2007). In addition, they provide
a holistic view of the molecular events that ocedren the mammary gland adapts to
changes in the supply of dietary lipids, and conset] changes in the milk yield and
composition through feeding strategies. Thereftine, recent development of microarray
platforms for bovines in combination with biocinfoatics has gained much attention in
dairy science to discover genes and molecular patbwelated to changes in the
environment and/or phenotypic characteristics. Hiwese developments have been used to
determine the effects of unprotected dietary UFdnirdifferent plant oils on the global
expression pattern of genes in the mammary glasdéiof grazing dairy cows in order to
improve our understanding of mammary gland physiplo
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Material and Methods

Animals and Diets

A total of 28 Holstein-Friesian dairy cows in maktation were blocked according to
parity (2.4 + 0.63 births), days in milk (153 + 8ays), milk yield (25.7 + 1.08 kg/day)
and milk fat percentage (4.3% + 0.12%). Cows waentrandomly assigned to treatment
groups based on one of the four dietary treatm@nts?7 per dietary treatment). The dietary
treatments consisted of a basal diet supplemenit&deither 2.7% of rapeseed oil, 2.7% of
soybean oil, 2.7% of linseed oil or 2.7% of a pmipmal mixture of the three oils on a dry
matter (DM) basis (Table 1). Rapeseed oil was ahdmzause it is an oil rich in c9-18:1
(oleic acid), whereas soybean oil was chosen agilaith in ¢9,c12-18:2 (linoleic acid)
and the linseed oil as an oil rich in ALA. Overatie concentration and the different oil
sources used in the experiment are typically ptesendairy cows rations. The oil
supplements were included in the concentrate, whiak fed, together with maize silage
and grass silage, as a mixed ration (MR; Table Maize silage, grass silage and
concentrates represented 52%, 12% and 36% of théDWRbasis). In addition to the MR,
each cow received 1 kg of a commercial standard¢emnate per day through automatic
feeders in the milking parlor. Cows were fed the MRBoors at night, and were grazed on
pasture composed of ryegrag®l{um perenne L.), with approximately 20% white clover
(Trifolium repens L.) during the day (from 0800 h to 1600 h). Theerage paddock size
was 5 ha and the stocking rate was 16 cows/ha. @ess fed the MR at a level of about
14.5 kg of DM/cow per day, and grazed at a dailsbhge intake of approximately 5.5 kg
of DM/cow. After the first 23 days (experimentalrioel 1), all cows were switched to a
control diet without oil supplementation for an #ishal 28 days (experimental period II;
Tables 1 and 2). This design, in which, each cowbgth of the intervention in sequence,
was chosen because it reduces variability of gexmression between cows due to
heterogeneity in genetic background, and increabes statistical power to detect
differential gene expression to a specified Typeror rate. A disadvantage of this design is
that the effects attributed to UFA supplementatizay be confounded with effects due to
difference (of 28 days) in lactation stage (seession). Cows were milked twice a day in
the milking parlor at the facility. Each of the fogroups of cows was kept indoors in
separated pens. Individual milk production and MRake per treatment group were
recorded daily during both experimental periodse pasture intake estimation was limited
by the variation in the sward heights before grgZet 0800 h) and after grazing (1600 h)
on the last 3 days of each period, using a rislatepmeter (weight: 350 g, diameter: 0.5 m,
standing pressure ca. 17.5 NjnEijkelkamp, Giesbeek, the Netherlands). Samples o
individual feedstuffs, including pasture and MR &eaken during the last 3 days of the
experimental periods, and were then analysed fofemi composition and fatty acid (FA)
profile. Ingredients of the concentrates and MRmesented in Table 1, whereas chemical
composition of concentrates and the chemical ana@dAposition of the MR are presented
in Table 2. The chemical and FA composition offilasture are presented in Table S1.
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Table 1. Ingredients of the experimental diets and the entrates offered in the mixed
ration.

UFA-enriched treatment

Item Control  Rapeseed Soybean Linseed Mixture
treatment oil oil oil 1:1:1

Ingredients in the mixed rations, g/kg
Maize silage 520.0 520.0 520.0 520.0 520.0
Grass silage 120.0 120.0 120.0 120.0 120.0
Concentrate 360.0 360.0 360.0 360.0 360.0

Ingredients in the concentrates, g/kg
Triticale - 333.6 333.6 333.6 333.6
Rapeseed meal, - 195.0 195.0 195.0 195.0

formaldehyde treated
Soybean meal - 102.0 102.0 102.0 120.0
Dried brewers grain - 79.0 79.0 79.0 79.0
Rapeseed oll - 75.0 - - 25.0
Soybean oil - - 75.0 - 25.0
Linseed oil - - - 75.0 25.0
Rapeseed meal 108.1 68.0 68.0 68.0 68.0
Citrus pulp 370.0 60.0 60.0 60.0 60.0
Soybean meal, - 47.0 47.0 47.0 47.0
formaldehyde treated

Palm kernel expeller 227.3 - - - -
Sugar beet molasses 101.0 - - - -
Coconut expeller 64.8 - - - -
Wheat gluten feed 45.0 - - - -
Wheat middlings 31.0 - - - -
Soybean hulls 29.3 - - - -
Protapet 13.7 : : : :
Calcium carbonate 2.0 16.3 16.3 16.3 16.3
Sodium chloride 2.4 10.5 10.5 10.5 10.5
Magnesium oxide 90% 3.4 4.8 4.8 4.8 4.8
Urea - 4.5 4.5 4.5 4.5
Monocalcium phosphate - 2.3 2.3 2.3 2.3
Vitamin mineral premix 2.0 2.0 2.0 2.0 2.0

UFA = unsaturated fatty acids.

!Including the concentrate supplied through the matic feeding station.

2 Concentrated potato fruit juice mixed with soybé&aiis (Cehave Landbouwbelang,
Veghel, the Netherlands).
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Table 2. Chemical composition of the concentrates and ct&ngind FA composition of

the mixed rations (MR).

UFA-enriched treatment

ltem Control  Rapeseed Soybean Linseed Mixture
treatment oil oil oil 1:1:1

Chemical composition of

concentrates (g/kg DM)
DM (g/kg) 911.7 891.1 900.5 904.1 901.0
Ash 87.6 81.2 79.3 86.1 84.9
CP 161.2 246.5 296.5 252.3 242.4
Crude fat 55.6 98.0 89.6 93.8 93.9
NDF 326.3 179.8 148.4 196.3 185.2
ADF 249.0 116.8 110.4 122.9 119.3
Starch 35.6 219.8 151.2 172.4 211.7
Sugars 120.0 73.0 105.8 87.1 72.3

Chemical composition of

MR (g/kg DM)
DM (g/kg) 560.9 589.4 574.5 573.1 593.6
Ash 66.1 66.2 64.3 66.5 67.4
CP 132.2 162.8 180.0 164.9 161.4
Crude fat 40.5 55.8 52.9 54.3 54.4
NDF 356.4 305.9 294.0 310.3 307.7
ADF 227.7 187.0 181.3 185.1 188.0
Starch 182.4 227.4 214.7 223.4 224.2
Sugars 57.4 48.5 55.7 48.7 48.5

FA composition of MR (g/100g FA)
Cc8:0 15 0.3 0.2 0.2 0.3
C10:0 15 0.3 0.2 0.2 0.3
C12:0 16.8 3.6 2.0 1.9 3.8
C14.0 6.1 1.7 0.8 0.8 15
C16:0 135 16.7 13.9 10.3 13.3
C16:1cis(c)-9 0.2 1.1 0.2 0.2 0.5
C18:0 2.7 4.0 3.3 3.2 3.5
C18:1¢c9 17.3 30.1 20.3 20.5 23.8
C18:1cl1 0.9 2.2 1.3 1.6 1.8
C18:2 c9cl12 30.6 32.2 47.2 29.3 35.2
C18:3 c9cl2cl5 7.7 6.6 9.3 30.7 14.8
C20:0 0.5 0.4 0.5 0.3 0.4
C22:0 0.5 0.5 0.5 0.4 0.5
C24.0 0.4 0.3 0.3 0.3 0.3

FA = fatty acid; UFA = unsaturated fatty acids; BMiry matter.
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In addition, on the last day of experimental pesibénd Il, two consecutive milk samples
(0700 h and 1700 h milking) were obtained and pib@®6 : 0.4 ratio). One aliquot was
stored at 4°C until analysis of fat, protein anctdae percentage, and another aliquot was
frozen at -20°C until analysis for FA composition dl|as chromatography. Fat, protein and
lactose percentage was determined using mid-irdrspectrometry (International

Standard Organisation (ISO) 9622, 1999c; Qlip N\tphen, the Netherlands).

On the last day of both experimental periods, begpsvere carried out before the
afternoon milking. A core of secretory tissue (4601000 mg) of mammary tissue from
each cow was obtained by surgical biopsy from thdpoint section of a rear quarter
according to the method of Farr et al. (1996). Thpsular end of the core was deleted to
reduce the gene expression heterogeneity as & adsits greater amount of connective
tissue (Farr et al., 1996). Tissue biopsies weapHrozen in liquid nitrogen and stored at
-80°C until RNA extraction.

To prevent local infection, a single intramammanjgction of amoxicillin and clavulic
acid (Avuloxil®; Pfizer Animal Health, Capelle a/d 1Jssel, theHéetands) was applied in
the affected rear quarter. Furthermore, a singleammuscular dose of ceftiofur
hydrochloride (Excen&| Pfizer Animal Health, Capelle a/d 1Jssel, the Héefands) was
given immediately after the biopsy. Within 2 h bEtbiopsy, cows were machine-milked
and hand-stripped as needed to remove all intranzaynimlood clots, according to the
method of Farr et al. (1996). This experiment waisdeicted at the Cranendonck Research
Farm, the Netherlands, between September 26 aneérmer 14, 2007, and procedures
were approved by the Animal Care and Ethics Corasitif Wageningen UR Livestock
Research, Lelystad, the Netherlands.

Chemical Analysis

Composite samples of feeds from the last 3 daysagh experimental period were
analysed for DM content (ISO 6496, 1999a), ash (6884, 2002), Kjeldahl N (ISO 5983,
2005), ADF (Van Soest, 1973) and NDF according taaified method of Van Soest et
al. (1991) with additional incubations in a-amylasel protease as described by Goelema
et al. (1998). Crude fat was determined by Berntmgthod with acid hydrolysis (ISO
6492, 1999b).

Fatty Acid Analysis

The FA of milk and feedstuffs were extracted witthotoform—methanol (2 : 1, v/v) and
transesterified to fatty acid methyl esters (FAMg)vortexing with sodium methanolate in
methanol (30%). Then, FAME were used for gas chtography analysis (Trace GC
Ultra,Waltham, MA, USA). Specific details with ragato the analysis of FA in milk and
feedstuffs are presented in the Supplementary ratterThe proportion of de novo
synthesis of FA was estimated based on the assumibtat all FAs from 4-carbon to 14-
carbon and 50% of 16-carbon FAs were synthesisathidynammary gland (Delamaire &
Guinard-Flament, 2006). In addition, the proportafniong-chain fatty acid (LCFA) was
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calculated by the sum of 50% 16-carbon and allliBeto 24-carbon FA (Delamaire &
Guinard-Flament, 2006).

RNA Isolation, Processing and Microarray Analysis

Total RNA from mammary gland tissue (50 to 100 mgjs isolated using TRIZBI
reagent (Invitrogen, Breda, the Netherlands), foilhgy the manufacturer’s instructions. The
RNA purity and concentrations were determined usiag NanoDrop ND-1000
spectrophotometer (Isogen, Maarssen, the Nethesjaadd the RNA quality was assessed
using the BioAnalyzer 2100 (Agilent Technologiesngterdam, the Netherlands). The
RNA was judged as suitable for array hybridizatimecause they showed intact bands
corresponding to the 18S and 28S ribosomal RNA sitdyudisplayed no RNA degradation
products, and presented an average RNA integritybeun of 8.32 + 0.05. The RNA of each
biopsy was amplified, biotinlabeled and hybridizedsingle dye Affymetrix GeneCHip
Bovine Genome Array (no. 900493) by ServiceXS (eeidthe Netherlands), as described
in the users’ manual (Affymetrix GeneCHifxpression Analysis Technical Manual, Santa
Clara, CA, USA). As the factorial design and analysf the microarray experiment is a
reliable method to identify the influence of muléigactors on the expression profiles of the
probe sets in the microarray (Xu & Faisal, 2010)}total of 56 one-color arrays were
prepared, one array per RNA sample. Briefly, t®RAIA (2 mg per sample) was reverse
transcribed to cDNA using a T7-oligo(dT) primer. llBwing second strand cDNA
synthesis, the double-stranded cDNA was purified smmplate for the subsequent in vitro
transcription reaction. Linearly amplified biotiaHeled cRNA was synthesised in the
presence of a biotin-labeled nucleotide analog/RNA. The labeled cRNA was purified,
fragmented and hybridized to the arrays at 45°CLébh with constant rotational mixing at
60 r.p.m. Washing and staining of the arrays wasieth out using the Affymetrix
GeneChif Fluidics Station 450 (Santa Clara, CA, USA). Thegs were scanned using an
Affymetrix GeneChif§ Scanner 7G (Santa Clara, CA, USA) and Affymetrien€Chify
Operating Software version 1.4, following the Gehig& specifications. After scanning,
the Affymetrix GeneChip Command Console Softwargomatically acquired and
analysed image data and computed an intensity Vfalueach probe cell. A number of
quality control parameters associated with assay laybridization performance were
closely monitored. Specific details with regard tteese quality control parameters are
presented in the Supplementary materials.

Validation of Differential Gene Expression by qRT-FCR

In order to validate microarray analysis, the fallog four genes measured by
microarray analysis were confirmed by qRT-PCR: FA&ity acid desaturase 1 (FADS1),
fatty acid desaturase 3 (FADS3) and SCD1. Bria#yerse transcription of 1 mg of the
isolated total RNA (see section ‘RNA isolation, pessing and microarray analysis’) was
performed in a 20-ml reaction using Superscriptditerse transcriptase (Invitrogen, Breda,
the Netherlands), deoxynucleosides (Roche Diagrgmsthimere, the Netherlands) and
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random hexamer primers (Roche Diagnostics, Almtre,Netherlands) for 1 h at 50°C
according to the manufacturer’s protocol (Invitrog8reda, the Netherlands). Templates
were amplified after a preincubation for 10 mirR&fC, followed by amplification for 40
cycles (10 s at 95°C, 5 s at 60°C and 5s at 727Ca dightCycler 1.2 Real-Time PCR
System by using FastStart DNA Master SYBR Greeredgents (Roche Diagnostics,
Almere, the Netherlands). All reactions revealesingle product as determined by melting
curve analysis. Quantitative measurement was thkesstablishing a linear amplification
curve from serial dilutions of cDNAs for correspamglgenes, and efficiencies of the used
sets of primers were calculated to be at least 9&#ues were calculated according to the
comparative threshold cycle method using 18SRN#hasndogenous reference gene.

Microarray Data Analysis

All microarray analysis including preprocessingrmalization and statistical analysis
was carried out using Bioconductor packages (vergi®) in R programming language
(version 2.11). Data were quality assessed befudeafier normalization using a number of
built-in quality control methods implemented in tlgoconductor affycoretools and
associated packages to identify eventual irredidariof array hybridization, RNA
degradation and data normalization.

Arrays were considered to be of sufficient qualitien they showed not more than
10% of specks in Bioconductor’s Fitting Probe LeMgdel (fitPLM) images, were not
deviating in RNA degradation and density plots, avete not significantly deviating in
Normalized Unscaled Standard Errors Plot and irafR@& Log Expression plots (data not
shown). Upon rigorous examination of the resultiiggnostic plots, all 56 microarrays
were included in further analysis. Affymetrix Gereg® uses a set of 11 to 20
oligonucleotide probes, each 25 bases long, tesept a single gene (Gautier et al., 2004).
The expression level for a single gene is the sumpmithe data from the entire probe set
(Gautier et al., 2004). In this study, the expmsdevels of probe sets were summarized
using the library GeneChip content-corrected robuslttichip average algorithm ( Wu et
al., 2004), employing the empirical Bayes approactbackground correction followed by
quantile normalization. As many of the original atations for the Affymetrix GeneCHip
Bovine have been found to be erroneous (Gautiak,e2004), a custom chip definition file
(CDF; Bovine_Bt REFSEQ version 12.0.0), available t a
http://brainarray.mbni.med.umich.edu/Brainarraydbatse/ CustomCDF/12.0.0/refseq.asp
was used to re-annotate the probes to new prolse Be¢refore, the original probe set
definitions were discarded and all probes weremgmused into new probe sets by mapping
each probe via their sequence to unique genesabimiin Refseq genomics resources. As
these custom CDFs are based on the latest genomiglédge, the newly defined probe
sets perform better, and allow for more reliablmparison of gene expression. In addition,
as genes are uniquely represented in a custom ®I35,toward genes represented by
multiple probe sets is avoided in gene-set enrictirfee Leeuw et al., 2008). This resulted
in gene expression values for 11,495 known gendéis wiique identifiers from 24,128
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transcripts. All microarray experiment data are MIB (Minimum Information About a
Microarray Experiment) compliant and has been diégpdbsn gene expression omnibus
(GEO; http://www.ncbi.nlm.nih.gov/geo/; accessianmbers GSE20909).

Statistical Analyses

Milk yield and composition, as well as FA compasitj were analysed using a mixed-
effects ANOVA (release 9.1; Statistical AnalysisftB@re Institute Inc. Cary, NC, USA).
The model included UFA sources, UFA supplementafexperimental periods), and the
interaction between UFA sources and UFA supplentiemtaexperimental periods), as
fixed effects and cow within pen as a random eff§¢hen differences between UFA
sources were significanP(< 0.05), Tukey's test was used to compare meahs.shme
model was used to analyse gene expression. Thedraifects ANOVA was chosen
because when there are more than two conditiogsnmare, the application of ANOVA
F-test is much powerful than a t-test (Cui & Chuitct2003). ANOVA considers the
variability of the expression levels within and amotreatments. If the variability of the
expression of a gene among treatments is subdtamgi@ater than the variability within
treatments, this indicates that the gene is diffialy expressed. Lastly, the mixed-effects
ANOVA allows to treat the cow as a random effechick captures variability between
individual cows within the same condition (Churth2004). Ollier et al. (2009) also
analysed genome-wide expression in the mammandglagoats fed with diets differing
in forage-to-concentrate ratio supplemented orwith lipids by ANOVA, including diet,
period and animal group effects. However, in owrdgt the expression of genes in
mammary gland was not significantly affected by tliferent dietary unprotected UFA
sources. Therefore, this statistically insignificaariable and the interaction between UFA
sources and UFA supplementation (experimental ggyisvere removed from the model.
The final statistical model included UFA supplenagiain (experimental periods) as fixed
effect and cow as a random effect. The P-valueg werrected for multiple testing using a
false discovery rate (FDR) method, which provideseatimate of the fraction of false
discoveries among the significant terms (Bungealet 2007). The list of differentially
expressed genes was generated using a FDR < 5%luyg-« 0.05) together with an
absolute fold change (FC) threshold of 1.3. In &oldj three complementary methods were
applied to relate changes in gene expression tctilmal changes. One method, provided
via the ErmineJ software program, was based orremersentation of gene ontology (GO)
terms (Lee et al., 2005). Another approach waggthree-set enrichment analysis (GSEA).
The GSEA derives its power by focusing on gene, skéd is, groups of genes that share
common biological functions (e.g. biochemical, rbelec or signal transduction routes),
chromosomal location or regulation. The GSEA mettiad calculates an enrichment score
(ES) that reflects the degree to which a set obgéas overrepresented at the extremes (top
or bottom) of the entire list of genes. Then afteestimates the significance level of ES by
using an empirical phenotype-based permutationpiestedure that preserves the complex
correlation structure of the gene expression datal lastly there is an adjustment for
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multiple hypothesis testing (Subramanian et alQ530Gene set size filter considered a
minimum of 15 and a maximum of 500 genes, and tivalrer of permutation was set to
1000. Gene sets were considered significantly badcat a FDR < 5%. Normalized
enriched scores of significantly enriched pathwasgse calculated. Both applied methods
have the advantage that it is unbiased, becaugem® selection step is used, and a score is
computed based on all genes in a GO term or gen&lse last method used the Ingenuity
Pathways Analysis (IPA; version 5.5, Ingenuity 8ys$, Redwood City, CA, USA) to
identify the relevant molecular and cellular fuoas, canonical pathways, biological
functions and the biological interaction networknoag significant genes. For IPA
analysis, the data set containing gene identifiacs corresponding to an absolute threshold
of FC of 1.3 and FDR g-values < 0.05 was upload¢al the application. Each identifier
was mapped to its corresponding gene object imnpenuity knowledge base. To study the
biological interaction networks, genes were ovedrlanto a global molecular network
developed from information contained in the InggnuPathways Knowledge Base.
Networks of these genes were then algorithmicadlgegated based on their connectivity.
Network analysis returns a score that ranks netsvadcording to their degree of relevance
to the network eligible molecules in the data €=lyano et al., 2005). The network score
is based on the hypergeometric distribution anchlsulated with the right-tailed Fisher’s
exact test. The score is the negative log of Bhiglue. A score of 1.3 thus indicate®a
value of 0.05 and is considered statistically digant. Only those molecules that show
relationships to other genes, proteins or endogembemicals were integrated into the
analysis.

Results

DM Intake, Milk Production and Composition

Total estimated MR intake was 12.5 + 1.50 kg/daymicows were fed with control
diet and 14.7 + 1.50 kg/day when cows were suppiéadewith UFA. Total DM intake
(DMI) was 15.1, 14.4, 14.5 and 14.7 kg/day for sliebhriched with rapeseed oil, soybean
oil, linseed oil and a proportional mix of them, altspectively, but the differences in DMI
could not be statistically evaluated as intake was determined per individual animal.
Average pasture intake was 5.80 * 0.5 kg/day favscted on control diet and 5.52 + 0.5
kg/day for cows fed on UFA-enriched diet. The myikld was 15% greate(< 0.05)
when supplementing dairy cows with UFA (27.6 + 1K2fday) relative to the same cows
fed the control diet (23.4 £ 1.26 kg/day), irregpex of the UFA sourceR < 0.10). Milk
fat and protein yield did not differ between treatits (1.00 + 0.05 and 0.91 + 0.05 kg/day,
respectively). Although lactose yield was greakek(0.01) for cows fed on UFA-enriched
diet (1.21 + 0.04 kg/day) compared with cows fedcontrol diet (1.02 + 0.04 kg/day), the
total milk fat percentage was lower by over 2095936 v. 4.30% * 0.60%? < 0.05) and
protein percentage was lower by over 6% (3.51%7%6% + 0.41%§P < 0.05) for the same
comparison. Lactose content was not different amimagments (4.37% * 0.05%).
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Table 3. FA profile of milk when comparing dairy cows supplented with UFA relative
to the same cows fed a control diet.

UFA-enriched

ltem (n = 28 cows) Control diet e s.e P-valué
De novo FAs (%) 41.2 35.6 1.03 ok
LCFA (%)® 50.0 56.1 0.98 wk
Total trans—FAs (%) 3.33 7.53 0.56 *rx
c9,t11-CLA 0.57 0.99 0.093 ok
t10,c12-CLA 0.01 0.02 0.003 kel

FA = fatty acid; UFA = unsaturated fatty acids; LALE Long Chain Fatty Acid; CLA =
Conjugated Linoleic Acid.

! p-value = effect of UFA supplementation; *** leved$ significance indicat® < 0.001.

2Denovo FA include all FA from C4 to C14 and 50% of C16.FA

%Long Chain Fatty Acids include all FA with 18 carbatoms or more.

In addition, throughout supplementation of dietalyA, the proportion ofde novo FA
decreasedR < 0.001), and the proportion of LCFAs anédns-18 FA in the milk increased
(P < 0.001; Table 3). Further information of dietaffects on milk FA profiles are given in
the Supplementary materials (Table S2 and Table S3)

Differential Expression of Genes in the Mammary Glad

We identified a total of 972 genes differentialypeessed in the mammary gland tissue
of cows fed on a diet supplemented with UFA comgawith the same cows receiving the
control diet. The list of differentially expressgdnes was generated using a cut-off of FDR
g-values < 0.05 together with an absolute FC thuleslof 1.3 and further refined by
selecting those probe sets mapping to unique EnGene identifiers. The gene
identification, symbol and description of these ggare shown in Supplementary material
(Table S4). Within these 972 genes, 312 upregulatel 660 downregulated genes were
found when cows were supplemented with UFA compavitd when cows were fed the
control diet. As gene expression was not signitigaaffected in mammary gland of cows
fed on diets differing in the sources of dietarpraiected UFA sources, we focused on the
effect of UFA supplementation (experimental period)gene expression in the mammary
gland tissue, instead of the effect of differentAources. To validate the microarray gene
expression data, mammary gland tissue RNA sampées analysed by qRT-PCR for the
genes FASN, FADS1, FADS3 and SCD1. The gqRT-PCRiteesanfirmed the microarray
expression levels for the selected genes (Suppl@amematerial, Table S5). In addition,
correlations between qRT-PCR and microarray germgessions was consistently high,
with most genes having values > 0.70.
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Figure 1. Ingenuity Pathways Analysis (IPA) networks detdctehen comparing dairy
cows supplemented with unsaturated fatty acidivelab the same cows fed a control diet.
(a) IPA network 1 included genes involved in cell ®ctancer, cellular assembly and
organization and presented a score of 46 and 3B&fgenes(b) IPA network 2 included
genes involved in cell-mediated immune responskylae development and amino acid
metabolism, with a score of 43 and 30 focus genbks. network displayed graphically as
nodes (gene/gene products) and edges (the biologilzionship between nodes). The
node colour intensity indicates the expression @a&hes: red upregulated, green
downregulated in animals supplemented with UFAtnetato the same cows fed a control
diet. The shapes of nodes indicate the functiolzescof the gene product. The fold value
and false discovery rate g-values are indicate&uadch node.
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Figure 1. Ingenuity Pathways Analysis (IPA) networks detdctehen comparing dairy
cows supplemented with unsaturated fatty acidixgldab the same cows fed a control diet.
(c) IPA network 3 included genes involved in skeletall muscular disorders, cell death,
dermatological disease, with a score of 40 andd®d genes; an(d) IPA network 4
included genes involved in connective tissue dguaknt and function, as well as tissue
morphology and antigen presentation, with a scér&ocand 24 focus genes. The network
displayed graphically as nodes (gene/gene prodacts)edges (the biological relationship
between nodes). The node colour intensity indicates expression of genes: red
upregulated, green downregulated in animals supgiésd with UFA relative to the same
cows fed a control diet. The shapes of nodes itelitlae functional class of the gene
product. The fold value and false discovery ratalyes are indicated under each node.
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Functional Clustering of Differential Expressed Gems in the Mammary
Gland

To gain insight into the mammary gland tissue psees that were altered during UFA
supplementation, we tested the list of differehtiabxpressed genes using GO term
enrichment analysis (Supplementary material; T&88g GSEA (Supplementary material;
Table S7) and IPA (Figure 1). One major findingadif these approaches was that UFA
supplementation mainly reduces expressions of géameslved in cellular growth and
proliferation, cytoskeleton organization and celtulhomeostasis, apoptosis, nutrient
metabolism, as well as molecular transport andrefeesponse (Figure 2a). Most of the
genes included in these molecular and cellulartfans were downregulated during UFA
supplementation (Figure 2b). A specific examinatibtthe lipid metabolism IPA molecular
and cellular function revealed that the SREBP-1 wisvnregulated during UFA
supplementation (Table 4). Consequently, the esmaof gene sets regulated by SREBP-
1 were also downregulated (Table 4). Interestinghg canonical signalling pathways
significantly modulated in the mammary gland tissok dairy cows fed on diets
supplemented with UFA relative to the same cowsofedontrol diet were mainly involved
in cellular growth, proliferation and developmentr émmune system response
(Supplementary material; Figure S1). Those pathwassociated with cellular growth,
proliferation and development, included the mamamlitarget rapamycin (MTOR)
signalling pathways, the Janus kinases and sigaasfers and activators of transcription
(JAK/STAT) signalling pathways, as well as the gdaayte-macrophage colony-
stimulating factor (GM-CSF) pathway (Supplementargterial, Figure S2a). Most of the
genes included in these canonical pathways were ndmulated during UFA
supplementation (Supplementary material; Figure)SBEb addition, the main canonical
pathways involved in immune response were relaiédtérleukin (IL) IL-2, IL-3, IL-8 and
IL-6 signalling, as well as natural killer cell sglling (Supplementary material; Figure
S3a). Remarkably, most of these canonical pathwaysded downregulated genes when
cows were supplemented with UFA compared with wbews were fed with control diet
(Supplementary material; Figure S3b). The IPA neksowith the highest significance
score (network score >35) are represented in Figjareo d. The first network (Figure 1a)
presented a score of 46 and 33 focus genes. Tl maje that was identified during UFA
supplementation: tumor protein P53 (P53), is a #anscription factor associated with
mammary development in ruminants (Piantoni et2008). The second network (Figure
1b), having a score of 43 and 30 focus genes, atelic gene clusters centred on the
serine/threonine-protein phosphatase 2A, and pgptlylisomerase. This network
presents functions related to immune responseylaelidevelopment and amino acid
metabolism. The third IPA network (Figure 1c), hmyia score of 40 and 28 focus genes,
centred on Ras. Members of the Ras family of si®@dlPases function downstream of
mitogenic growth factor receptors and interact vithumber of effectors to regulate cell
proliferation and survival (Swarbrick et al., 2008he last network (Figure 1d) involved
genes associated with connective tissue developamehtunction, as well as tissue
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Figure 2. (a) Molecular and cellular functions significantly mddted in the mammary
gland tissue when comparing dairy cows supplemewidd unprotected unsaturated fatty
acids (UFAs) relative to the same cows fed cortdiel. Statistical significance of pathway
modulation was calculated via a right-tailed Fishé&xact test in Ingenuity Pathway and
represented as —log (P-value): 2log values excgetiB0 were significant false discovery
rate g-values < 0.05b) The downregulated and upregulated genes for eadbcuiar
pathway are presented. The colour intensity ind&athe expression of genes: red
upregulated, green downregulated in animals supgrésd with UFA relative to the same
cows fed a control diet.
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Table 4. Lipid metabolism genes in mammary gland when campadairy cows
supplemented with UFA relative to the same cows decbntrol diet. Lipid metabolism
genes were identified by Ingenuity Pathways Analysid they presented an absolute FC
threshold of 1.3 and a FDR < 5%.

Enrez ID Symbol Gene title FC AR
g-valué

NM_001046190 ABCD1 ATP-binding cassette, sub-family D, -1.43 ik
member 1

NM_001034319 ACAAl acetyl-Coenzyme A acyltransferase -1.31 *xx

NM_174224 ACACA acetyl-coenzyme A carboxylase alpha  -2.10 *kk

XM_590080 ACOT4 acyl-CoA thioesterase 1.32 *xx

XM_613318 ACSM3 acyl-CoA synthetase medium-chain  1.62 **
family member 3

NM_174746 ACSS1 acyl-CoA synthetase short-chain -1.37 rrx
family member 1

NM_001105339 ACS? acyl-CoA synthetase short-chain -1.48 *
family member 2

NM_001034055 ADIPOR1 Adiponectin receptor 1 -1.36 *xx

NM_177518 AGPAT1 1-acylglycerol-3-phosphate O- -1.96 ok
acyltransferase 1

NM_174233 AGTR1 angiotensin Il receptor, type 1 1.36 i

NM_173986 AKT1 v-akt murine thymoma viral oncogene-1.99 k
homolog 1

NM_001076293 ALOX5AP 5-lipoxygenase activating protein 1.45 *xx

NM_001034523 AP2M1 adaptor-related protein complex 2, -1.64 ok
mu 1 subunit

NM_174242 APOA1 apolipoprotein A-l 1.37 i

NM_173991 APOE apolipoprotein E -1.65 **

NM_001040469 C3 Complement 3 -1.72 ik

NM_174008 CD14 CDh14 -1.65 ok

NM_001001601 CDH5 cadherin 5, type 2 -1.37 ok

NM_173902 CLU Clusterin -1.49 *

XM_876020 CNTFR cystic fibrosis transmembrane -1.78 *kx
conductance regulator

NM_174035 CYBB cytochrome b-245, beta polypeptid 1.39 ok

NM_001014927 DHCR7 7-dehydrocholesterol reductase -1.36 *kx

NM_174308 EDNRA endothelin receptor type A 1.40 rrk

NM_174537 FCER1G Fc fragment of IgE, high affinity | -1.49 *kx

NM_001076014 FIG4 SACL1 lipid phosphatase domain 1.45 rkk

NM_001034322 FKBP4 FK506 binding protein 4 -1.33 *kx

NM_176608 GHR Growth hormone 1.45 rkk
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Table 4. Continued.

Enrez ID Symbol Gene title FC AR
g-valué
NM_001034627 GSN Gelsolin (amyloidosis, finnish type) -1.45 ok
NM_174087 IGF2 insulin-like growth factor 2 -1.31 **
XM_869739 IL18BP interleukin [IL]-18-binding protein -1.39 **
NM_001077909 INSG1 insulin induced gene 1 -1.49 rkx
NM_175782 LGALSL lectin, galactoside-binding, soluble, 1 1.36 e
NM_001034768 LGALSA lectin, galactoside-binding, soluble, . -1.62 rrx
NM_001103323 LIPA Lipase A 1.31 o
NM_174103_at LIPF lipase, gastric 1.31 rrx
XM_586851 LIPG Lipase G -1.79 ok
XM_865119 LPIN1 Lipin 1.59 ik
XM_614220 LRP5 low density lipoprotein receptor- -1.76 ik
related protein 5
NM_180998 LTF lactotransferrin -1.46 *xx
NM_001080362 LYPLA2 lysophospholipase |l -1.35 i
NM_175793 MAPK1 Mitogen-activated protein kinase 1 -1.59 *xx
XM_001255254 MAPKAPK2 mitogen-activated protein kinase- -1.33 k
activated protein kinase 2
NM_001033608 MIF Macrophage migration inhibiting -3.61 *xx
factor
NM_001081605 MTMR3 Homo sapiens myotubularin related -1.31 k
protein 3
NM_174119 NCF1 Neutrophil Cytosol Factor 1 -1.33 *xx
NM_001014883 NR1H2 nuclear receptor subfamily 1, group -1.57 ok
H, member 2
NM_001083509 PCCA propionyl Coenzyme A carboxylase, 1.35 rrx
NM_001017953 PDGFB platelet-derived growth factor beta  -1.48 el
polypeptide
NM_174577 PI4KA phosphatidylinositol 4-kinase -1.53 *xx
NM_174783 PI14KB phosphatidylinositol 4-kinase -1.31 rkk
NM_174560 at PLA2G15 phospholipase A2, group XV 1.31 *xx
NM_001035390 POR P50 cytochrome oxidoreductase -1.36 il
NM_001046005 PNPLA2 patatin-like phospholipase domain  -1.52 *kx
containing protein 2
NM_174161 PSAP sphingolipid activator protein-1 -1.63 *kx
NM_174791 PTGDS prostaglandin D2 synthase -1.51 **
NM_174443 PTGES prostaglandin E synthase -1.67 ok
NM_001034310 PTTG1 pituitary tumor-transforming 1 1.35 *rx
NM_001100348 PXMP3 peroxisomal membrane protein 3 1.37 ik
NM_001035081 RAB7A member RAS oncogene family -1.67 *rx
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Table 4.Continued.

Enrez ID Symbol Gene title FC AR
g-valué
NM_174161 PSAP sphingolipid activator protein-1 -1.63 il
NM_174791 PTGDS prostaglandin D2 synthase -1.51 **
NM_174443 PTGES prostaglandin E synthase -1.67 i
NM_001034310 PTTG1 pituitary tumor-transforming 1 1.35 *xx
NM_001100348 PXMP3 peroxisomal membrane protein 3 1.37 ok
NM_001035081 RAB7A member RAS oncogene family -1.67 *xx
NM_001076945 SCD5 stearoyl-CoA desaturase 5 1.30 i
NM_174598 SCNN1A Socidum channel -2.84 *xx
NM_173882 SERPINA1  serpin peptidase inhibitor, clade A -1.63 i
NM_174821 SERPING1  serpin peptidase inhibitor, clade G~ -1.51 *xx
NM_001082443 SGIRR single immunoglobulin and toll- -1.54 ok
interleukin 1 receptor (TIR) domain
NM_174782 S C12A2 solute carrier family 12 1.35 rrx
NM_001034041 SNCA synuclein, alpha 1.52 kk
XM_870939 SPHK1 sphingosine Kinase -1.35 rrx
NM_001099137 SRD5A1 steroid-5-alpha-reductase, alpha -1.48 ik
polypeptide 1 (3-oxo0-5 alpha-steroid
delta 4-dehydrogenase alpha 1)
NM_001113302 SREBP1 sterol regulatory element binding -1.48 rrx
transcription factor 1
NM_173960 SST somatostatin 1.38 ok
NM_174617 STAT5B signal transducer and activator of -1.58 *xx
transcription 5
NM_174674 TNFRSF1A  tumor necrosis factor receptor -1.52 ik
superfamily, member 1A
XM_583785 TNFSF10 tumor necrosis factor (ligand) -1.82 *xx
superfamily, member 10
NM_174703 TNXB tenascin XB -1.41 i
NM_174201 TP53 tumor protein p53 -1.48 ok
NM_175776 TSPO translocator protein -1.38 *kx

UFA = unsaturated fatty acid; FC = fold change; FDfalse discovery rate; CoA =

coenzyme A.

' FCs were calculated considering gene expression wiws were fed with UFA-enriched
diet compared with the same cows fed control diet.
2FDR g-value = effect of UFA supplementation.

** *** |layels of significance indicateP < 0.01 and® < 0.001, respectively.
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morphology and antigen presentation, with a scdr@5oand 24 focus genes. Figure 1d
shows how UFA supplementation could be relatecetteg that modulate the nuclear factor
kappa-light-chain-enhancer of activated B cells KB)f; which is a transcription regulator

of genes encoding cytokines, cytokine receptors @t adhesion molecules that drive
immune and inflammatory responses (Sigal, 2006).

Discussion

Milk Production and Composition

Our study suggests that supplementing grazing daiwys with different unprotected
UFA sources increases the milk yield by 15%. Thigiagreement with the study of Bu et
al. (2007), who reported that supplementing balwith either 4.0% soybean oil, 4.0%
linseed oil or 2.0% soybean oil and 2.0% linseddresulted in a milk yield increase of
16.7% compared with the control treatment. Thetgreznergy density, protein content and
starch content in the enriched-UFA diet could haxereased the availability of glucose
precursors for lactose synthesis in the mammanydgl@his, followed by the reduced NDF
content, probably stimulated milk production. Howgvbecause the control period was
conducted 28 days after UFA supplementation, tfecef attributed to diet supplemented
with UFA may be confounded with effects due to ffedénce of 28 days in lactation stage.
Therefore, isolation of the specific effects of UBApplementation on milk production and
composition may be complex and challenging to drkear conclusions.

The reduction in milk fat and protein percentageaws fed with UFA supplementation
most likely resulted from a dilution effect. Howey¢he decreased milk fat and protein
contents, without modifications in lactose contewgre coupled with the decreased
expression of genes associated with the transpoxepses of nutrients, and with the
reduction of fat, and protein metabolism (see secttffects of UFA supplementation on
nutrient metabolism’). Therefore, these resultsgested that the modification of milk
components cannot be only accounted for the iner@asnilk production but also for the
decreased activities per cell. Interestingly, tkeefgrmance of cows fed on different plant
oil treatments were the same, suggesting thatrals in oleic (rapeseed oil), linoleic
(soybean oil), ALA (linseed oil) affected the perfance of animals in a similar way.
Furthermore, cows fed on diets supplemented wilergint unprotected UFA sources had
increased proportion of LCFA and c9,t11-CLA in milkt reducedle novo FA synthesis,
which in turn, improved the nutrition quality aspeof their milk (Table 3, S2 and S3). Itis
well established that feeding dairy cows with plaifg results in a reduction in tlue novo
FA, and increases LCFA (Bauman & Griinari, 2003yri&e&d et al., 2008; Thering et al.,
2009). Altered fermentation of these plant oilsulss in rumen outflow of unique
biohydrogenation intermediates, some of which redligid synthesis in the mammary
gland (Bauman & Griinari, 2003; Bauman et al., 2008 particular, theérans-18:2 FA has
emerged as an important factor associated withirthébition of de novo FA synthesis
(Bauman et al., 2006; Harvatine et al., 2009).Bhigly found similar results. Therefore, it
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is likely that in our study the different unprotedtUFA sources had undergone ruminal
biohydrogenation, increasing thans-FA and CLA isomers reaching the mammary gland,
which could be considered as an important factahéinhibition of the milk synthesis of
de novo FA proportion in milk. These observations, togetivith several gene expression
effects (see section ‘Effects of UFA supplementatan nutrient metabolism’) are the
major factors in leading us to believe that thaatie UFA supplementation, together with
the higher energy and protein content, was indeedrtain factor affecting milk yield and
composition, rather than the lactation stage.

Differential Gene Expression of Genes in the MammarGland

A total of 972 genes were differentially expresgedhe mammary gland tissue when
supplementing grazing dairy cows with UFA compavath when cows were fed with a
control diet, suggesting a large degree of trapsmmic adaptation to the dietary UFAs.
Similar to the milk production and composition \anfes, we acknowledge that the effects
of UFA supplementation on gene expression mightdrfounded by lactation stage, but
also by the different amount of dietary protein amrgy that was utilized by the cow.
There are no studies that report the effects ofingrdietary protein and energy levels on
the genome-wide expression in the mammary glandaof/ cows. Further, there are no
studies that describe the genome-wide expressidheirmammary gland of mid-lactation
cows. However, Bionaz & Loor (2008b) observed tila¢ expression of 45 genes
associated with lipid synthesis and with well-definroles in mammary lipid metabolism
peaked at 60 days post-partum, and thereafter, tifeNA abundance decreased following
the lactation curve. As the mRNA expression of mafsthe genes in our study presented
different pattern from the so-called lactation &rit may be assumed that there is an effect
of enriched-UFA diet on their expression. Surpddm expressions of genes in the
mammary gland were not significantly different beem UFA sources. A possible
explanation for these results might be that thdabdity in the FA profile among the
dietary treatments was not sufficient because tipratected UFA sources had undergone
extensive biohydrogenation by rumen microorganisf@illiard et al., 2007); and
therefore, the contrast in absorbed FA compositienveen supplements was probably too
small to cause large differences in mammary glésslié gene expression. In agreement,
Ollier et al. (2009) supplementing mid-lactation ltimarous goats with oil from whole
intact rapeseed or sunflower did not find significahanges in the expression of 8,382
genes in the mammary gland, despite changes in coitikposition. However, the lack of
differently expressed genes between UFA sourceddcalso be the result of a high
variability in the expression levels of genes im thhammary gland within groups of
treatments, as biological variation is intrinsicatborganisms (Churchill, 2002).
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Functional Clustering of Differential Expressed Gems in the Mammary
Gland

The functional clustering of differentially expreslsgenes by GO analysis, GSEA and
IPA showed that supplementation of UFA leads to mi@gulation of hundreds of genes
that modulate cellular growth proliferation and epment cell death, connections
between cells and morphology (cytoskeleton orgdiomp apoptosis, cell cycle, nutrient
metabolism, as well as immune system response.

Effects of UFA Supplementation on Cellular Growth Roliferation and
Development, Cellular Death, Cytoskeleton Organizabn and Apoptosis

The downregulation of the expression of key geR&8( PPP2R1A and Ras) associated
with cellular growth, cell cycle, remodelling angagtosis, as well as canonical pathways
such as mTOR and JAK/STAT signalling, suggestechgbés in mammary gland tissue
integrity and cell adhesion when cows were suppieate with UFA-enriched diets. The
mTOR controls cellular metabolism, growth and geséition (Panasyuk et al., 2009), and
the JAK/STAT pathway is the principal signalling chanism for a wide array of cytokines
and growth factors resulting in cell proliferatiodjfferentiation, cell migration and
apoptosis (Rawlings et al., 2004). These cellulenes are critical to mammary gland
lactation (Rawlings et al., 2004). The informatiarnth regard to the effect of UFA
supplementation on regulation of genes functionimgemodelling of the mammary gland
in dairy cows is lacking. However, Connor et aD@8) studying the specific mechanisms
controlling the increase in milk production in daicows during the first few weeks of
lactation, reported a downregulation of genes fonatg in remodelling of the mammary
gland. Therefore, it can be suggested that inbibitielated to cell proliferation and
remodelling could be mainly occurring in responséJEA-enriched diet that promoted an
increase in milk synthesis.

Effects of UFA Supplementation on Immune System Rpsnse

We present some of the first data in the boviné rineeal changes in the expression of
defence, inflammatory and immune-related genesespanse to UFA supplementation.
Cows fed with UFA-enriched diet revealed downregiotaof many key genes known to be
involved in cellular and humoral immune responsssyell as pathogen-induced signalling
and cellular stress and injury (Supplementary,ntefigure S3). It featured a number of
genes involved in cytokine and IL signalling, whigxert potent chemokinetic and
chemotactic activity on leukocytes and enhancebtericidal activity of phagocytes in
dairy cows (Pfaffl et al., 2003), as well as T aBdcell receptors, natural killer cell
signalling, GM-CSF signalling, C-C chemokine recgptype 3 (CCR3) signalling in
eosinophils, CXC chemokine receptor 4 (CXCR4) digma and integrin signalling.
Lessard et al. (2003) suggested that cellular imiywf the dairy cows was affected by
dietary supplementation of UFA. They observed thaays after calving, the lymphocyte
proliferative response of cows allocated to linséreétment was reduced. Connor et al.
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(2008) reported that increasing milk yield througfilking frequency resulted in a

downregulation of several genes that function imate immune response and
inflammation. Furthermore, one major finding of atudy was the downregulation of
genes associated with NFkB response after UFA sopghtation (Figure 1d). In

agreement, Lessard et al. (2003) reported thaangiddFA can affect the regulation of
cytokine gene expression by modulating the activatif transcription nuclear factors such
as NFkB. Though little is known about the expressaf defence, inflammatory and
immune-related genes in response to dietary UFAplsumentation in dairy cows, the
results presented here suggest that enriched-U&# diay affect immune functions of the
mammary gland and thus may modify the susceptibiitit mastitis in lactating cows and
the resulting quality of milk. However, experimerdpecifically designed to test these
hypothesis are warranted to verify the roles of UstAgenes involved in immune system
response pathways and networks, together withcgele, cell growth and certain apoptotic
pathways.

Effects of UFA Supplementation on Nutrient Metabolsm

Our microarray data provide insight into the nuttienetabolism adaptations in the
mammary gland as a result of UFA supplementatiam. finding suggested that through
feeding UFA-enriched diets, the mammary gland reduaverall fat and protein metabolic
activity, but increased carbohydrate metabolism.sMaf the transcripts involved with
biological process related to carbohydrate metabo(glycolysis and gluconeogenesis, and
pentose phosphate pathway) were upregulated (FRlureGlucose is the major precursor
for synthesis of lactose, which controls milk volitmy maintaining the osmolarity of milk
(Finucane et al.,, 2008). Consistent to increasegression of genes associated with
carbohydrate metabolism, lactose and milk yield@#s fed with enriched-UFA diet was
greater relative to cows fed with control diet. @ndhe conditions of this experiment,
increasing the fermentable energy content of tle, diy reducing NDF and increasing
starch was also likely to stimulate the carbohyaraetabolism. In contrast, supplementing
basal diet of dairy cows with unprotected UFA walsaracterized by substantial
downregulation of the mRNA expression of geneshe mammary gland involved in
protein synthesis, protein trafficking, protein dilg and the regulatory pathways
controlling these processes, as well as lipid, adsport processes of nutrients. These
changes may explain the reduction of fat and pmoparcentages in milk of these dairy
cows. The most prominent functional characterisfidipid metabolism category was the
downregulation of the transcription factor SREBRshen cows were supplemented with
dietary unprotected UFA. Therefore, these resultgyssted that increasing the LCFA and
trans-FA reaching mammary gland from blood may affegbression of key transcription
regulator genes and their response genes. Togettiethe downregulation of SREBP-1,
ACACA, which catalyses the carboxylation of ace®dA to produce malonyl-CoA
(Bernard et al., 2008), was found to be downregdlaluring supplementation of UFA
(Table 4). These results support the hypothesisrdnulation of genes involved de novo
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synthesis of FA is under control of SREBP-1 (Bior&az.oor, 2008b). However, the
observed downregulation of de novo lipid biosynihiés bovine mammary gland could
also be influenced by the downregulation of thailinsinduced gene (INSIG-1; Raghow et
al., 2008). When cells have sufficient sterol |lsyéNSIG-1 retains the SREBP-1 cleavage-
activating protein (SCAP)-SREBP-1 in the endoplasmeticulum and consequently
inhibits SREBP-1-mediated gene expression. On #séstof the above observations, it is
tempting to speculate that UFA reaching the mamngdapd addresses the expression of
both SREBP-1 and INSIG-1 to inhibit SREBP-1-mediatgene expression and
consequently, at least partially, reduce lipogeutivity in the mammary gland. This is in
agreement with Harvatine & Bauman (2006), who reggbthat dietary treatments causing
milk fat depression decreased expression of SREBRelthe INSIG-1, consistent with
decreased abundance of active SREBP-1. Similarly; findings underscore that
supplementation of dietary UFA decreased the esmmrsof gene sets regulated by
PPARG, including those associated with FA imporg.(eacetyl-CoA acyltransferase 1
(ACAAL)), activation and intracellular channelinf) IéA (e.g. acyl-CoA synthetase short-
chain family member 1 and 2 (ACSS1 and ACSS2)) dadovo FA synthesis (e.g.
ACACA). Furthermore, the genes related to the fdimmaof triglyceride (TG) such as the
acylglycerol phosphate acyl-transferase (AGPAThpught to be involved in catalyzing
the initial step in the synthesis of TG, were dosgulated (Table 4). But on the contrary,
our data indicated that supplementation of dietanprotected UFA upregulated the
expression of stearoyl-CoA desaturase 5 (SCD5)sa@form of theA-9 desaturase family
(Lengi & Corl, 2007). The role of SCD5 in the mamgnéissue remains elusive, although
Gervais et al. (2009) reported important differenbetween SCD1 and SCD5 regulation
and physiological roles when Holstein cows wereigefl with a lipid emulsion enriched
with t10,c12-CLA. However, no effects on the expies of SCD1 were found in this
study (Supplementary material; Table S8). Thisnisagreement with Delbecchi et al.
(2001), who reported no differences in the expaessevels of SCD1 in the mammary
gland when mid-lactation Holstein cows were fedotlt MR supplemented with either
4.8% canola meal, 3.3% unprotected canola seeds plb% canola meal or 4.8%
formaldehyde-protected canola seeds. Furthermongridda et al. (2006) also did not
report differences on SCD1 mRNA expression in treemmary gland of crossbred beef
cows supplemented with cracked safflower seed sapghts. However, most of the studies
that examined the effect of milk fat depressingsd@n SCD1 expression in the mammary
gland, reported a tendency toward reduction of margrexpression of SCD1 (Harvatine
& Bauman, 2006; Gervais et al., 2009).
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Conclusions

The results of our study suggest that supplementiegliets of grazing dairy cows with
different unprotected UFAs decreases milk fat aratgin percentage, and increases milk
yield. Due to the UFA supplementation, the promortiof LCFAs in milk increases,
whereasde novo FA synthesis decreases, which in turn, improves rthtrition quality
aspects of dairy milk. The UFA supplementation tedobust transcriptional adaptations
with 972 genes affected, suggesting a strong impacinetabolism and other cellular
functions in the mammary gland. In particular, tfliectional analysis on these genes
indicated that inclusion of dietary UFAs not onlgduces the expression of genes
associated with lipid and protein metabolism, boéxpectedly also of genes involved in
cell-cell interactions, cells morphology (cytoskefeorganization), cell death and immune
response. The large-scale transcriptional adapwtioccurring in mammary tissue in
response to dietary lipids might provide the bésismore detailed functional studies for
future research.
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Supplementary Material

Fatty Acid Analysis

For fatty acid (FA) analysis of the feedstuffs, fabm freeze dried samples was
extracted with chloroform-methanol (2:1 v/v), aatiog to Folch et al. (1957). The
homogenized extracts were filtered (595%, 125 mameter, Whatman Sleicher and
Schuell, Dassel, Germany), and water was added fdear separation. The upper phase
was completely removed by repeated washing (3 Jiméh a solution containing 30 mL
chloroform, 480 mL methanol and 470 mL sodium ddersolution (7.3 g/L water).
Approximately 3 mL of the lower fat containing pkawas collected and solvents were
evaporated by vacuum centrifugation. The residatlvas dissolved in 2 mL hexane and
100 mg of anhydrous sodium sulphate was addedy Baitls were transesterified using
both acid and base catalysed methods. For bastytagon, 50uL sodium methanolate in
absolute methanol (2 mol ). was added. Subsequently, 1 mL hydrochloric acid
methanolic solution was added for acid methylationd the mixture was heated for 20
minutes at 85°C under constant shaking. The mixtuas then cooled down to room
temperature under a flow of cold water and shakigoreusly. After that, 1 mL of the
upper layer, which contains the fatty acid mettstees (FAME), was transferred to a 1.5
mL vial and used for gas chromatography analysis. rRilk FA analysis, milk samples
were heated to 45°C and directly centrifuged a0@,9 g for 10 min at 4°C. The upper
layer (fat and cream) was collected, filtered olddd filter paper, and stored overnight at -
20°C. Then, the mixture was heated for 10 min &6@he oil substance was centrifuged
twice at room temperature (5 min at 20,000 x gyl Hre fat fraction was transferred to a
tube containing a small amount of anhydrous sodiulphate. Subsequently, 50 pL of milk
fat was added to 5 mL of hexane and the glycerohte FA were transesterified to FAME
by vortexing for 1 min with 100 pL of sodium metladate in absolute methanol (2 mol
LY. The solution was neutralized with 1 g of sodibgdrogen sulphate and dried with
anhydrous sodium sulphate. The FAME from feedsanfi milk were injected into a gas
chromatograph (TRACE GC ULTRA, Thermo Electron Gogiion, Waltham, MA, USA)
equipped with a flame-ionization detector and aaoipler. The carrier gas was helium.
Samples (1 pL) were injected by split injectionlifs@tio 1:50). Separation of FAME was
performed with a fused silica capillary column (180« 0.25 mm x 0.2 um film thickness;
Restek RT-2560, Restek, Bellefonte, PA, USA). Themotemperature was programmed
from 140°C for 4 min, followed by an increase o€45er min to 240°C, and held for 20
min. The FAME concentrations were measured by uslimg Supelco FAME standards
(S37, Supelco, Poole, Dorset, UK).

Quality Control Analysis of Affymetrix GeneChip® Bovine Genome Array

All array images were inspected for the presenceanéfacts visible without
magnification of the image (i.e., high/low intemysispots, scratches, high regional, or
overall background, etc.). Subsequently, the boriesl@f the probe area were checked for
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fluorescent presence of B2 oligo, which was spikdéd each hybridization cocktail. The
B2 Oligo serves as a positive hybridization contiotl is used to place a grid over the
image. Furthermore, Noise Values were compared dmtvechips. Noise (Raw Q) was a
measure of the pixel-to-pixel variation of probdlc®n a GeneChip array. Additionally,
Poly-A RNA controls were used to monitor the entaeget labelling process. Further, to
monitor the hybridization process, Affymetrix 20xlaryotic Hybridization Controls were
used, composed of a mixture of biotin-labelled cRi¥#&nscripts of.coli genes prepared
in staggered concentratiorBi@B, bioC andbioD) andcre, the recombinase gene from P1
bacteriophage. The hybridization controls were epiknto the hybridisation cocktalil,
independent of RNA sample preparation, and weres theed to evaluate sample
hybridization efficiency on eukaryotic gene expressarrays. Lastly, the-actin and
GAPDH were used to assess RNA sample and assagyqddle Signal values of the 3’
probe sets for actin and GAPDH were compared tdSigaal values of the corresponding
5’ probe sets. The ratio of the 3’ probe set to3hprobe set were generally no more than
3.

References
Folch, J., M. Lees, and G. H. S. Stanley. 1957.ilApte method for the isolation and
purification of total lipids from animal tissues.Biol. Chem. 226: 497-509.

Table S1.Chemical analyses and fatty acid composition efgthsture.

Item Pasture

Chemical composition, (g/kg DM)
DM (g/kg) 191.7
Ash 90.9
CP 229.7
Crude fat 55.9
NDF 340.4
ADF 191.3
Sugars 206.4

FA composition, (g/100g FA)
C16:0 13.4
C18:0 1.9
C18:1 c9 5.3
C18:2 c9c12 15.0
C18:3 c9cl12c15 57.2
C22:0 0.7
C24:0 0.7
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Table S2.Fatty acid profile of milk when comparing dairyve® fed with unprotected unsaturated fatty acid (YF#ative to the same cows
fed a control diet.

Control diet UFA-enriched diet
UFA source$ P- valué
Fatty acid4s A B C D A B C D s.e. UEAS UFAL UUFIfASLX
0/100 g total fatty acids
Denovo FA° 4157 4153 4141  40.42 37.34 3587 3578 33.06 1.03 0.13 ok 0.48
LCFA’ 49.46 50.38 49.66 50.57 54.07 56.70 55.32 58.14 098 0.09 Hkk 0.46
18:0 863 9.8% 913 874 874 109G 9.7 890 0576 * 0.26 0.80
c9-18:1 1856 18.98 19.19 19.75 21.3  21.21 21.3 2264 0.863 0.46 0.96
c9,c12-18:2 138 138 13% 147 1.36¢ 178 138 1.8 0.075 = i
18:3n3 0.51° 0.58° 0500 056 0.3°° 042 063 052 0.027 = 0.004  ***
Totaltrans-FA  3.05 2.88 3.43 4.05 6.31 6.75 7.74 9.32 056 0.12 Hokk 0.38
c9,t11 CLR 0.58 0.49 0.55 0.68 0.85 1.02 0.99 1.11 0.09 0.148 = 0.43
t10,c12 CLA  0.008  0.001 0.01 0.01 0.01 0.01 0.02 0.02  0.003 0.09 0.77

L Within UFA-enriched diet, A = rapeseed oil; B 3ybean oil; C = linseed oil; and D = proportionakrof them all. Within control diet, group
A, B, C and D were fed with the same control diet.

2 UFAS = effect of UFA-sources, UFAL = effect of URével; *, ** *** |evels of significance indicaté < 0.05,P < 0.01 and® < 0.001,
respectively.

® Included n = 28 cows; **°Within rows, mean values not bearing a common rsapiet differ @ < 0.05), and*® within rows, mean values
not bearing a common superscript differq 0.01);> Only the most relevant fatty acids (FA) are préséninformation related to the
complete milk FA profile can be found in Chapter 2.

® De novo FA include all FA from C4 to C14 and 50% of C16.FA

" Long Chain Fatty Acids include all FA with 18 carbatoms or more.

8 CLA = Conjugated Linoleic Acid.
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Table S3.Fatty acids concentration of milk (mg/L) when caripg dairy cows fed with
unprotected unsaturated fatty acid (UFA) relativéhie same cows fed a control diet.

Iten C?j?ef:m enriléﬁsd die P- value
s.e.

De novo FA®, mg/L 11,343 8,035 418.5 wkk
C16, mg/L 13,200 9,780 416.7 e
LCFA*, mg/L 15,282 15,412 467.9 0.84
Unsaturated Fatty Acids, mg/L 12,023 12,397 349.6 0.45
Saturated Fatty Acids, mg/L 28,393 21,160 938.6 bl
Polyunsaturated Fatty Acids, mg/L 1,393 1,388 43.1 0.93
n-3 Fatty Acids, mg/L 269.3 201.7 9.28 rxk
n-6 Fatty Acids, mg/L 721.1 652.46 20.01 CE3
Trans-octadecenoic Fatty Acids, mg/L 1,798 2,900 72.5 bl
cis9, trans-11-CLA®, mg/L 263.9 368.8 18.80 e
trans-10,cis-12-CLA, mg/L 3.56 6.4 0.46 rxk

! Effect of UFA level; *, **, ** |evels of significance indicatd® < 0.05,P < 0.01 and

P < 0.001, respectively.
2 Included n = 28 cows.

3Denovo FA include all FA from C4 to C14 and 50% of C16.FA

* Long Chain Fatty Acids include all FA with 18 carbatoms or more.

® CLA = Conjugated Linoleic Acid.
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Table S4. Gene identification, symbol, description, and faldange of the 972 genes
differentially expressed in the mammary gland g&ssthen supplementing grazing dairy
cows with unprotected unsaturated fatty acid (UESinpared with when cows were fed
with a control diet. The differentially expresseshgs were identified applying a statistical
cut-off of false discovery rate (FDR) g-values €&tbBgether with an absolute Fold Change
(FC) of 1.3.

. . FDR
Unigene ID Symbol Gene title qualué
NM_001034271 ARPC3 actin related protein 2/3 complex, subunit 2.70 *xx

21kDa
NM_001100373 LOC515994 hypothetical LOC515994 2.03 *
NM_001075370 CCBL2 cysteine conjugate-beta lyase 2 1.89 i
XM_001250172 SFRS12IP1 SFRS12-interacting protein 1 1.80 ¥
NM_205786 LOC404103 spleen trypsin inhibitor 1.79 i
NM_001076109 TIAl TIA1 cytotoxic granule-associated RNA  1.75  ***
binding protein
XM_864367 SFRSI2IP1  SFRS12-interacting protein 1 1.74 ok
NM_001014386 RNASEL ribonuclease 1.74 *x
NM_001098875 MUTED muted homolog (mouse) 1.72 il
NM_001034488 BDH2 3-hydroxybutyrate dehydrogenase, type : 1.71  ***
NM_001046164 FBP2 fructose-1,6-bisphosphatase 2 1.64 i
NM_001102165 1YD iodotyrosine deiodinase 1.63  ***
NM_001075225 NTRK2 neurotrophic tyrosine kinase, receptor, typd..63 *
2
NM_001101265 SHISA2 shisa homolog 2 (Xenopus laevis) 1.63 *
XM_613318 ACSM3 acyl-CoA synthetase medium-chain family 1.62 *
member 3
XM_584098 FIGNL1 fidgetin-like 1 1.62 %
XM_598984 MED1 mediator complex subunit 1 1.61 *rx
NM_001102017 CCDC88C coiled-coil domain containing 88C 1.61  **
NM_001033619 RPL18A ribosomal protein L18a 1.61 ok

NM_001024499 POLR3D polymerase (RNA) Il (DNA directed) 1.61  **
polypeptide D, 44kDa

XM_865119 LPIN1 lipin 1 1.59 *

NM_173936 MIA melanoma inhibitory activity 1.59 *x

XR_028430 LOC524776 similar to chromodomain helicase DNA  1.57 *rx
binding protein 6

NM_001109962 DCLK1 doublecortin-like kinase 1 1.57 *x
NM_175801 FST follistatin 1.56 *
NM_001024500 MRPS17 mitochondrial ribosomal protein S17 1.55 *x
NM_001003902 MRPS14 mitochondrial ribosomal protein S14 1.54 *rx
XM_592516 CLDN23 claudin 23 1.54 *
XM_588956 NA NA 1.54 ok
NM_176649 ATP5G1 ATP synthase, H+ transporting, 1.54  **
mitochondrial FO complex, subunit C1
(subunit 9)
XM_001252404 NA NA 1.53 ik
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Table S4.Continued.

. . FDR
Unigene ID Symbol Gene title qualué
NM_001105485 NT5DC1 5'-nucleotidase domain containing 1 1.53 il

XR_027421 NA
NM_174079 HAS2
XM_867376 ENPP1

NM_001034041 SNCA

NM_001075992 TSC1
NM_001076133 PDE12
NM_001038054 HMG20B
NM_175800 NDUF$4

AFFX-r2-Ec- NA
bioB-3
NM_001040472 CD3G

NM_001046120 C2H1orf14

4

NM_001114608 C2H1orf14
4

XM_586239 LOC509304

NM_001038192 THEX1
NM_001045995 MCEE
XM_001256926 MCEE
NM_001079798 PHYHIPL

NM_001076092 DZIP3
XM_582415 NA

XM_001251905 LOC783266

XR_027629  NA

NM_001099139 MGC15737

2
XM_593333 MYO9A
NM_001110001 KRAS

NM_001099030 KLHL28
NM_001034596 PSMIB3

XM_583018 PB1
NM_174672 SLC25A16
XM_593524 LRP10

NA 152 ¥

hyaluronan synthase 2 1.52 Fkk
ectonucleotide 1.52 *x
pyrophosphatase/phosphodiesterase 1

synuclein, alpha (non A4 component of  1.52 *rx
amyloid precursor)

tuberous sclerosis 1 152  *=*
phosphodiesterase 12 1.51 k
high-mobility group 20B 151 %

NADH dehydrogenase (ubiquinone) Fe-S 1.51 *rx
protein 4, 18kDa (NADH-coenzyme Q

reductase)

NA 1.50 *
CD3g molecule, gamma (CD3-TCR 1.50 *
complex)

chromosome 1 open reading frame 144 1.50 @ ***
ortholog

chromosome 1 open reading frame 144 1.50 *rx
ortholog

hypothetical LOC509304 150  ***
three prime histone mRNA exonuclease 1 1.49 *
methylmalonyl CoA epimerase 1.49  ***
methylmalonyl CoA epimerase 1.49 rrx

phytanoyl-CoA 2-hydroxylase interacting 1.49 *

protein-like

DAZ interacting protein 3, zinc finger 1.49 **
NA 1.48 *
similar to holocarboxylase synthetase 1.48 rkx
NA 1.48  ***
hypothetical LOC614796 1.48 *kx
myosin IXA 1.48  ***
v-Ki-ras2 Kirsten rat sarcoma viral 1.47 ok
oncogene homolog

kelch-like 28 (Drosophila) 1.47  **

proteasome (prosome, macropain) subunitl.47 il
beta type, 3

polybromo 1

solute carrier family 25 (mitochondrial
carrier /// Graves disease autoantigen),
member 16

low density lipoprotein receptor-related
protein 10

1.47  »*
1.47 b

146  **
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Table S4.Continued.

Unigene ID Symbol Gene title ¢ FDR
qualué

NM_001024490 CDC45L CDCA45 cell division cycle 45-like (S. 1.46 ik
cerevisiae)

NM_173985 AlIF1 allograft inflammatory factor 1 1.46 *x

NM_001079801 GGPS1 geranylgeranyl diphosphate synthase 1 1.46 *kx

NM_001098024 AKAP10 A kinase (PRKA) anchor protein 10 1.46  ***

XM_612699 LOC533324 similar to Protein FAM126B 1.45 *kk

NM_001075618 PPIH peptidylprolyl isomerase H (cyclophilin H 1.45  ***

NM_174635 CS\NK2A1 casein kinase 2, alpha 1 polypeptide 1.45 **

XM_001256068 LOC789682 similar to Mast cell antigen 32 precursor 1.45 — ***
(Mast cell Ag-32) (MCA-32)

NM_001076014 FIG4 FIG4 homolog (S. cerevisiae) 1.45 e

NM_176608 GHR growth hormone receptor 1.45 *x

NM_001076293 ALOX5AP  arachidonate 5-lipoxygenase-activating  1.45 **
protein

NM_001001156 ADAM12 ADAM metallopeptidase domain 12 1.45  ***

NM_001075259 PDCD10 programmed cell death 10 1.44 **

NM_001046333 CAMK2D  calcium/calmodulin-dependent protein 1.44  **
kinase Il delta

NM_001079774 LOC514330 MMP37-like protein, mitochondrial 1.44 ok

XR_028714 LOC788997 similar to LOC785621 protein 1.44 *

XM_868564 LOC616529 similar to TRD@ protein 1.44 ik

NM_001076878 S.C39A12 solute carrier family 39 (zinc transporter), 1.44 *x
member 12

XM_581573 NA NA 1.43 i

NM_001076997 FMC1 formation of mitochondrial complexes 1~ 1.43  ***
homolog (S. cerevisiae)

XM_001249856 RNASE12  ribonuclease, RNase A family, 12 (non-  1.43 *
active)

XM_001251339 NA NA 1.43 *

XR_028227 LOC785233 similar to postmeiotic segregation 1 1.43 i

XM_591634 SRBD1 S1 RNA binding domain 1 1.43  ***

NM_001037469 H2B histone H2B-like 1.43 *

NM_001046257 NOSTRIN  nitric oxide synthase trafficker 1.43 *

NM_001038034 UBE2T ubiquitin-conjugating enzyme E2T 1.43 il
(putative)

NM_001075531 TPMT thiopurine S-methyltransferase 1.43  **

XR_027447 LOC782348 similar to Frizzled-3 precursor (Fz-3) 1.43 il
(hFz3)

XM_601152 LOC522864 similar to KIAA1370 142  **

NM_176659 NDUFA3 NADH dehydrogenase (ubiquinone) 1 alph&.42 *rx

NM_001076107 C13H100R
F97
NM_001079582 S.C15A2

subcomplex, 3, 9kDa

chromosome 10 open reading frame 97

ortholog

solute carrier family 15 (H+/peptide

transporter), member 2

142 »*

1.42 *
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Table S4.Continued.

. . FDR
Unigene ID Symbol Gene title qualué
NM_001081535 ENPP4 ectonucleotide 1.42 *x

pyrophosphatase/phosphodiesterase 4
(putative function)
NM_001104975 LOC512150 similar to Myeloid-associated 1.42 *x
differentiation marker
NM_001034453 CCDC104 coiled-coil domain containing 104 1.41 *
NM_175816 ATPIF1 ATPase inhibitory factor 1 1.41  **
XM_001252335 BLOC1S2  biogenesis of lysosomal organelles 1.41 *rx
complex-1, subunit 2
XM_597385 BLOC1S2 biogenesis of lysosomal organelles 1.41  **
complex-1, subunit 2
NM_001100330 FKBP7 FK506 binding protein 7 1.41 *
XM_580552 MERTK c-mer proto-oncogene tyrosine kinase 1.41  **
NM_001098079 RPE ribulose-5-phosphate-3-epimerase 1.41 ok
NM_001080353 PI3 peptidase inhibitor 3, skin-derived 1.41 *x
(SKALP)
NM_001037600 FAM82B family with sequence similarity 82, membed.41 il
B
NM_001113723 UCRC ubiquinol-cytochrome c reductase comple 1.41  ***
7.2 kDa protein
XM_001251797 LOC783161 similar to LOC152217 protein 1.40 *rx
NM_001037597 NT5C3 5'-nucleotidase, cytosolic IlI 1.40 *x
XM_591447 NA NA 1.40 i
XM_867971 LOC616011 similar to zinc finger, CCHC domain 1.40 *x
containing 17
NM_174308 EDNRA endothelin receptor type A 1.40 **
XR_028112 LOC784517 similar to cationic amino acid transporter 1.40 *x
NM_001024573 PPAPDC2 phosphatidic acid phosphatase type 2 1.40 **
domain containing 2
NM_001101161 CNOT6 CCRA4-NOT transcription complex, subun 1.40  ***
6
XR_027516 LOC782395 similar to malignant fibrous histiocytoma 1.40 il
amplified sequence 1
XR_028193 NA NA 1.39  **
NM_001038056 TM2D2 TM2 domain containing 2 1.39 ok
NM_001077834 SNW1 SNW domain containing 1 1.39  *x*
XM_001252075 NA NA 1.39 ik
NM_001034754 TAF12 TAF12 RNA polymerase Il, TATA box 1.39  **
binding protein (TBP)-associated factor,
20kDa
NM_001101858 FOLH1 folate hydrolase (prostate-specific 1.39 **
membrane antigen) 1
NM_001034247 GADD45A growth arrest and DNA-damage-inducible 1.39 *x
alpha
NM_174035 CYBB cytochrome b-245, beta polypeptide 1.39 *x
NM_001109807 PPIG peptidylprolyl isomerase G (cyclophilin G 1.39 *x
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Table S4.Continued.

Unigene ID Symbol Gene title ¢ FDR
qualué
NM_001080313 CCDC53 coiled-coil domain containing 53 1.39 *rk
NM_173960 SST somatostatin 1.38 *
NM_177502 GOT1 glutamic-oxaloacetic transaminase 1, 1.38 i
soluble (aspartate aminotransferase 1)
NM_001077002 GPR171 G protein-coupled receptor 171 1.38 *x

NM_001101934 PDK3

XM_614941 ATP8B1
XM_603355 TRD@
XM_593269 LOC515280
NM_001046266 GLT8D2
XM_581642 WFDC1
XM_603252 PIBF1

XM_001256260 NA
NM_001076113 RIMKLB

NM_001075566 FRG1

XM_583699 LOC507141
XM_001249876 MRPL23
NM_174242 APOA1

NM_001025350 SF3B5
NM_001013601 BOLA-
DQAL
XM_595995  SNX7
XM_865687  NA
XM_001251264 SETDIA
XM_595033  IPCEF1

NM_001077924 RPP14
NM_001100348 PXMP3
XM_001250900 NA
XM_586922 NA
NM_001077981 PMSL

XM_001250072 NA
NM_001101887 ADHFE1

XM_587832 SRRM2
XM_581525 LOC505265
XM_583884 HEATR5A
NM_174233 AGTR1
XM_581489 FGD4

XM_001249764 NA
XM_001249812 NA

pyruvate dehydrogenase kinase, isozyme 3 1.38 *

ATPase, class |, type 8B, member 1 1.38 *x
T-cell receptor delta chain 1.38 *
similar to hepatocellular carcinoma antige 1.38 *x
gene 520

glycosyltransferase 8 domain containing 2 1.38 **
WAP four-disulfide core domain 1 1.38 *

progesterone immunomodulatory binding 1.38 *rx
factor 1

NA 1.38  *x*
ribosomal modification protein rimK-like  1.38 **
family member B

FSHD region gene 1 1.38  *x*
CES5 protein-like 1.37 *x
mitochondrial ribosomal protein L23 1.37 *x
apolipoprotein A-I 1.37 **
splicing factor 3b, subunit 5, 10kDa 1.37  **
histocompatibility complex, class Il, DQ  1.37 *

alpha, type 1

sorting nexin 7 1.37  **

NA 1.37 ok
SET domain containing 1A 1.37  **
interaction protein for cytohesin exchange 1.37 o
factors 1

ribonuclease P/MRP 14kDa subunit 1.37 **
peroxisomal membrane protein 3, 35kDa 1.37 Fkk
NA 1.37 *

NA 1.37 *

PMS1 postmeiotic segregation increased 1.37  ***
(S. cerevisiae)

NA 1.37 ok
alcohol dehydrogenase, iron containing, . 1.37  ***
serine/arginine repetitive matrix 2 1.37 **
similar to tripartite motif protein 5 alpha  1.36 *x
HEAT repeat containing 5A 1.36 *rx
angiotensin Il receptor, type 1 1.36 *x
FYVE, RhoGEF and PH domain containingdl.36 **

4

NA 1.36  ***
NA 1.36 ok
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Table S4.Continued.

. . FDR
Unigene ID Symbol Gene title qualué
XM_614337 BRWD3 bromodomain and WD repeat domain 1.36 il

containing 3
NM_001046563 MRPL438 mitochondrial ribosomal protein L48 1.36  ***
XM_606442 CRLF3 cytokine receptor-like factor 3 1.36 *
NM_001040514 THOC7 THO complex 7 homolog (Drosophila) 1.36  ***
XM_001249315 LOC780994 hypothetical LOC780994 1.36 ok
XM_866139 FAM96B family with sequence similarity 96, memb 1.36  ***
B
XR_028190 LOC514474 similar to tumor protein p53 binding 1.36 *rx
protein, 2
XM_868233 NA NA 1.36 %
NM_001034615 TPD52L2  tumor protein D52-like 2 1.36 ok
XM_001251369 NA NA 1.36 ¥
NM_001034517 HBXIP hepatitis B virus x interacting protein 1.36 *kk
NM_001034805 MRPL13 mitochondrial ribosomal protein L13 1.36 *x
NM_001080317 MRPL3 mitochondrial ribosomal protein L3 1.36 il
NM_175782 LGALSL lectin, galactoside-binding, soluble, 1 1.36 *x
NM_001034338 CNIH4 cornichon homolog 4 (Drosophila) 1.36 ok
XM_863865 LOC613274 hypothetical protein LOC613274 1.36 ¥
NM_001038515 CETN2 centrin, EF-hand protein, 2 1.36 o
NM_001101256 LOC616371 hypothetical LOC616371 1.36 *
NM_001082448 COPG2 coatomer protein complex, subunit gammal.36 *
2
XM_866738 NA NA 1.36 *
XM_866635 EML4 echinoderm microtubule associated proteirl.36 *
like 4
NM_001076213 ZNF45 zinc finger protein 45 1.36  ***
NM_001102365 HSD17B1  hydroxysteroid (17-beta) dehydrogenase 1 1.36 il
XM_001253407 LOC785989 similar to Hydroxysteroid (17-beta) 1.36  ***
dehydrogenase 1
NM_001076909 CUL2 cullin 2 1.36 ok
NM_001076103 TRIB3 tribbles homolog 3 (Drosophila) 1.35 *x
XM_001252263 NA NA 1.35 ok

XM_603768 LOC525415 similar to C-C motif chemokine 3-like 1  1.35  ***
precursor (Small-inducible cytokine A3-
like 1) (Tonsillar lymphocyte LD78 beta
protein) (LD78-beta(1-70)) (GO/G1 switct
regulatory protein 19-2) (G0S19-2 proteir

(PAT 464.2)
NM_001083509 PCCA propionyl Coenzyme A carboxylase, alphal.35 il
polypeptide
XM_586889 CCDC112 coiled-coil domain containing 112 1.35 *x
XM_581267 NA NA 1.35 *
XM_582278 C9HB60ORF1 chromosome 6 open reading frame 115 1.35  ***
15 ortholog
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Table S4.Continued.

Unigene ID Symbol Gene title Fct PR
qualué
XM_001255988 C29H11orf chromosome 11 open reading frame 10 1.35 il
10 ortholog

NM_174455 RPL24 ribosomal protein L24 1.35 ¥

XM_610489 FAMB86A hypothetical protein LOC531984 1.35 *

NM_174320 FXYD2 FXYD domain containing ion transport 1.35 ¥
regulator 2

NM_001034310 PTTG1 pituitary tumor-transforming 1 1.35 *x

XM_584118 NA NA 1.35  w*

XM_001253146 NA NA 1.35 *

NM_174782 S.C12A2  solute carrier family 12 1.35 *x
(sodium/potassium/chloride transporters)
member 2

XM_001251104 PARP14 poly (ADP-ribose) polymerase family, 1.35 **
member 14

XM_613140 NA NA 1.35 *

NM_001101845 THEM2 thioesterase superfamily member 2 1.34 e

NM_001034582 WARS?2 tryptophanyl tRNA synthetase 2, 1.34  *x*
mitochondrial

NM_001076849 OBFC1 oligonucleotide/oligosaccharide-binding  1.34 il
fold containing 1

NM_001034218 FETUB fetuin B 1.34 ¥

XM_001250957 BNIP3L BCL2/adenovirus E1B 19kDa interacting 1.34 il
protein 3-like

XM_001252613 NA NA 1.34 **

XM_001252642 TAOK3 TAO kinase 3 1.34 *

XM_614451 TAOK3 TAO kinase 3 1.34 **

NM_001076048 C11H90ORF chromosome 9 open reading frame 78 1.34 *rx

78 ortholog

XM_616395 MTHFD2L methylenetetrahydrofolate dehydrogenas 1.34 *x
(NADP+ dependent) 2-like

NM_001014931 ORMDL2  ORMZ1-like 2 (S. cerevisiae) 1.34 ok

NM_001103173 NBEAL1 neurobeachin-like 1 1.34 *x

XR_028137 NA NA 1.34 ok

XM_001256659 MEGF8 multiple EGF-like-domains 8 1.34  wx*

XR_028792 LOC615688 similar to multiple EGF-like-domains 8 1.34 il

NM_174594 RNASE6 ribonuclease, RNase A family, k6 1.34 *

NM_174323 GNA14 guanine nucleotide binding protein (G 1.33 i
protein), alpha 14

NM_001014875 DUSP11 dual specificity phosphatase 11 1.33  *x*

NM_001034273 GTSF1 gametocyte specific factor 1 1.33 **

XM_588490 HLTF helicase-like transcription factor 1.33  *x*

XM_600747 UBR1 ubiquitin protein ligase E3 component n- 1.33 o
recognin 1

NM_001003905 C160rf80  chromosome 16 open reading frame 80 1.33 *x

XM_584692 NA NA 1.33 ok

66



Supplementary material

Table S4.Continued.

. . FDR
Unigene ID Symbol Gene title qualué
XR_027545 LOC781969 similar to BCL2/adenovirus E1B 19kDa  1.33 rxk

interacting protein 3-like
XM_864087 NA NA 1.33  **
XM_588295 ELP2 elongation protein 2 homolog (S. 1.33 *rx
cerevisiae)
NM_001076015 MRPS31 mitochondrial ribosomal protein S31 1.33 *x
NM_001080903 RFC2 replication factor C (activator 1) 2, 40kDa 1.33 ***
NM_001035055 CLDN11 claudin 11 1.33 *
NM_001075447 SP140 SP140 nuclear body protein 1.33 **
NM_001034801 CEBPG CCAAT/enhancer binding protein (C/EBF 1.33  ***
gamma
NM_001015656 NME7 non-metastatic cells 7, protein expressed i1.32 *
(nucleoside-diphosphate kinase)
XM_001251303 MGC12798 hypothetical protein MGC127989 1.32  **
9
NM_001075525 C5H120RF chromosome 12 open reading frame 57 1.32 il
57 ortholog
XM_584232 LOC539014 hypothetical LOC539014 1.32  **
NM_176626 PAG18 pregnancy-associated glycoprotein 18 1.32 *kk
NM_001035439 METTL7A  methyltransferase like 7A 1.32  *x*
XM_001249762 METTL7A  methyltransferase like 7A 1.32 rrk
XM_001249805 NA NA 1.32  **
NM_001034529 BXDC2 brix domain containing 2 1.32 *x
XM_590080 ACOT4 acyl-CoA thioesterase 4 1.32  *x*
NM_001034764 POLB polymerase (DNA directed), beta 1.32 *
NM_001035458 SUMO1 SMT3 suppressor of mif two 3 homolog 1 1.32  ***
(S. cerevisiae)
XM_001253763 SUMOL1 SMT3 suppressor of mif two 3 homolog 1 1.32 *rx
(S. cerevisiae)
NM_001045899 BLZF1 basic leucine zipper nuclear factor 1 1.32 *
NM_001076072 NCK1 NCK adaptor protein 1 1.32 kk
XM_870116 NA NA 1.32 *
NM_177508 UMPS uridine monophosphate synthetase 1.32 **
NM_001077936 SLC25A20 solute carrier family 25 1.32  **
(carnitine/acylcarnitine translocase),
member 20
NM_001015620 TYW3 tRNA-yW synthesizing protein 3 homolog 1.32 o
(S. cerevisiae)
NM_001113319 CK*2 CDC28 protein kinase regulatory subunit 1.32 *x
NM_001046361 PAPD4 PAP associated domain containing 4 1.32 ok
NM_001075964 ZADH?2 zinc binding alcohol dehydrogenase dom 1.32  ***
containing 2
XR_027926 NA NA 1.32 i
NM_001098867 NARS2 asparaginyl-tRNA synthetase 2, 1.32 *x

mitochondrial (putative)
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NM_001075162 FMO2 flavin containing monooxygenase 2 (non- 1.32 il
functional)

NM_205813 PAICS phosphoribosylaminoimidazole 1.32 *x
carboxylase,
phosphoribosylaminoimidazole
succinocarboxamide synthetase

XM_001250433 NA NA 1.32 *

NM_001102137 ACSS3 acyl-CoA synthetase short-chain family — 1.32 *x
member 3

NM_001046321 MRPL44 mitochondrial ribosomal protein L44 1.32 o

NM_001034239 CCT2 chaperonin containing TCP1, subunit2  1.32 *x
(beta)

NM_175798 CD38 CD38 molecule 1.32 *

XR_027415 LOC781730 similar to ecto-NAD+ glycohydrolase 1.32 *x

NM_001102358 PIR pirin (iron-binding nuclear protein) 1.31 **

XM_001250844 SOX6 SRY (sex determining region Y)-box 6 1.31  *x*

XM_614052 SOX6 SRY (sex determining region Y)-box 6 1.31 i

XM_611708 DEPDC7 DEP domain containing 7 1.31 *x

XM_001253587 NA NA 1.31 ok

XM_865849 IL23R interleukin 23 receptor 1.31 *x

NM_001076154 CFL2 cofilin 2 (muscle) 1.31 *

XM_001251110 RC3H2 ring finger and CCCH-type zinc finger 1.31 *x
domains 2

XM_582844 NA NA 1.31 *

NM_001102153 SCARB2 scavenger receptor class B, member 2~ 1.31  ***

NM_001076038 STXBP6 syntaxin binding protein 6 (amisyn) 1.31 *kk

NM_001081615 XRCC4 X-ray repair complementing defective 1.31  **
repair in Chinese hamster cells 4

NM_001038558 CADM1 cell adhesion molecule 1 1.31 **

NM_001035033 OMAL OMA1 homolog, zinc metallopeptidase (¢ 1.31  ***
cerevisiae)

XM_594106 LOC540449 similar to Uncharacterized protein 1.31 **
Cl4o0rf152

NM_001034476 SNRPD2 small nuclear ribonucleoprotein D2 1.31  **
polypeptide 16.5kDa

NM_001033121 ZNF148 zinc finger protein 148 1.31 **

NM_001014965 ANKRD49 ankyrin repeat domain 49 1.31  **

NM_001079618 MED30 mediator complex subunit 30 1.31 **

XM_001251745 NA NA 1.31 *

XM_001251778 NA NA 1.31 *

NM_001083474 EIF2B3 eukaryotic translation initiation factor 2B, 1.31  ***
subunit 3 gamma, 58kDa

XM_001252878 MTERF mitochondrial transcription termination 1.31 il
factor

NM_001046003 MCTSL malignant T cell amplified sequence 1 1.31  **
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XM_001252845 NA NA 1.31 i
XM_867336 CCDC88A coiled-coil domain containing 88A 1.31  **
NM_001083389 CCDC58 coiled-coil domain containing 58 1.31 *kk
NM_001034641 MRPL16 mitochondrial ribosomal protein L16 1.31  **
NM_001034722 BTG3 BTG family, member 3 1.31 *
NM_001046364 BUD31 BUD31 homolog (S. cerevisiae) 1.31  **
XM_586184 RNASEH2B ribonuclease H2, subunit B 1.31 rkk
NM_001034341 FHL1 four and a half LIM domains 1 1.31 *
NM_001076210 COQ3 coenzyme Q3 homolog, methyltransferasel.31 il

(S. cerevisiae)
NM_001015626 NHP2 NHP2 ribonucleoprotein homolog (yeast) 1.31 *x
NM_001034258 OCIAD2 OCIA domain containing 2 1.30 *
NM_001075280 PLA2G16 phospholipase A2, group XVI 1.30 *x
XM_597427 PIGV phosphatidylinositol glycan anchor 1.30 *
biosynthesis, class V
NM_001075389 C4H7ORF1 chromosome 7 open reading frame 11 1.30 ¥
1 ortholog
NM_001075563 ERGIC2 ERGIC and golgi 2 1.30 ok
NM_177519 GALNT1 UDP-N-acetyl-alpha-D- 1.30 *
galactosamine:polypeptide N-
acetylgalactosaminyltransferase 1
(GalNAc-T1)
NM_001046286 HSD17B11 hydroxysteroid (17-beta) dehydrogenase 11 1.30
NM_001098120 DTWD1 DTW domain containing 1 1.30 *
NM_001038546 SNUPN snurportin 1 1.30 il
NM_001046148 PSVID11 proteasome (prosome, macropain) 26S  1.30  ***
subunit, non-ATPase, 11
NM_001012764 CST6 cystatin E/M 1.30 *
XM_592333 ATRX alpha thalassemia/mental retardation 1.30 *x
syndrome X-linked (RAD54 homolog, S.
cerevisiae)
NM_001045885 TAPBP TAP binding protein (tapasin) -1.30 k
NM_001077925 SMCR7 Smith-Magenis syndrome chromosome -1.30  ***
region, candidate 7
XM_001249838 NA NA -1.30
NM_001102353 WHSC2 Wolf-Hirschhorn syndrome candidate 2 -1.30 *x
NM_001035486 SHISA5 shisa homolog 5 (Xenopus laevis) -1.30 *
NM_001113763 NA NA -1.30  w
NM_174720 CPSF1 cleavage and polyadenylation specific -1.30 **
factor 1, 160kDa
XM_592881 TH1L TH21-like (Drosophila) -1.30  w*
XM_001250861 TLN1 talin 1 -1.30 i
NM_001035411 GBL G protein beta subunit-like -1.30  w*
XM_582266 PRKCQ protein kinase C, theta -1.30 *
XM_587369 PPP5C protein phosphatase 5, catalytic subunit -1.30 *x
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NM_001075577 ADAL adenosine deaminase-like -1.30 *x
NM_001034703 ELOVL1 elongation of very long chain fatty acids -1.30 *x
(FEN1/Elo2, SUR4/El03, yeast)-like 1

XM_587853 BSPRY B-box and SPRY domain containing -1.30 ik
NM_001045971 SPINT2 serine peptidase inhibitor, Kunitz type, 2 -1.30 *x
XM_608202 SPATA2 spermatogenesis associated 2 -1.30 **
NM_001038634 DNASE1L1 deoxyribonuclease I-like 1 -1.30 *x
NM_001098465 THAP7 THAP domain containing 7 -1.30 **
NM_001046147 PDDC1 Parkinson disease 7 domain containing 1 -1.31  ***
XM_582280 SRM spermidine synthase -1.31 **
NM_001102074 QSOX1 quiescin Q6 sulfhydryl oxidase 1 -1.31
NM_001076046 SNRNP70  small nuclear ribonucleoprotein 70kDa  -1.31 **
(U1)
XR_027508 LOC504986 similar to polycystin 1 -1.31
NM_001099108 PPP4AC protein phosphatase 4 (formerly X), -1.31 **
catalytic subunit
NM_001035307 EDF1 endothelial differentiation-related factor 1 -1.31  ***
NM_001110180 MRPL52 mitochondrial ribosomal protein L52 -1.31 **
NM_001077046 M6PRBP1 mannose-6-phosphate receptor binding -1.31 *x
protein 1
NM_001077883 DHFR dihydrofolate reductase -1.31 b
XM_001250637 NA NA -1.31 **
XM_587493 AGFG2 ArfGAP with FG repeats 2 -1.31 A
NM_001081605 MTMR3 myotubularin related protein 3 -1.31 wx*
NM_001035497 UBE2V1 ubiquitin-conjugating enzyme E2 variant 1 -1.31  ***
NM_001035028 EIF4B eukaryotic translation initiation factor 4B -1.31  ***
NM_001037607 ARFRP1 ADP-ribosylation factor related protein 1 -1.31
NM_001076811 KLHL21 kelch-like 21 (Drosophila) -1.31  w
XM_877976 NFAT5 nuclear factor of activated T-cells 5, -1.31 *x
tonicity-responsive
NM_001034518 CYB5R1 cytochrome b5 reductase 1 -1.31 *x
NM_174218 WARS tryptophanyl-tRNA synthetase -1.31 *
NM_001075620 BANP BTG3 associated nuclear protein -1.31  wx*
XM_599314 ANKRD52  ankyrin repeat domain 52 -1.31 *
NM_001076445 RABL4 RAB, member of RAS oncogene family- -1.31  ***
like 4

NM_001046316 LGALS3BP lectin, galactoside-binding, soluble, 3 -1.31 o
binding protein

XM_865144 DYM dymeclin -1.31  *

NM_001098909 ELF3 E74-like factor 3 (ets domain transcription-1.31 *rx
factor, epithelial-specific )

NM_001035320 CDK2AP2 cyclin-dependent kinase 2 associated -1.31
protein 2

NM_001075784 CLCC1 chloride channel CLIC-like 1 -1.31 ok
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XM_001250371 LOC785188 similar to transcriptional adaptor 2 (ADA2 -1.31 il

homolog, yeast)-beta
XM_616212 PTPRM protein tyrosine phosphatase, receptor ty -1.31  ***

M
XM_869282 LOC617094 similar to phosphoglucomutase 5 -1.31 *
NM_001035459 BAD BCL2-associated agonist of cell death -1.31
NM_174783 PI14KB phosphatidylinositol 4-kinase, catalytic, -1.31 *rx

beta
NM_001015578 EHD1 EH-domain containing 1 -1.31
NM_001076919 KIAA1949 KIAA1949 -1.31 *k
NM_001102477 UBA1 ubiquitin-like modifier activating enzyme ;| -1.31  ***
NM_001034319 ACAAL acetyl-Coenzyme A acyltransferase 1 -1.31 ik
NM_001104994 THAP11 THAP domain containing 11 -1.31 *
NM_001046324 HSD17B8  hydroxysteroid (17-beta) dehydrogenase 8  -1.31 *rx
XM_592945 LOC515009 similar to I-1 receptor candidate protein  -1.31 *x
NM_001040475 RBP4 retinol binding protein 4, plasma -1.31 *
NM_001046346 WDR1 WD repeat domain 1 -1.31 *
NM_001101210 SL.C35C1  solute carrier family 35, member C1 -1.32 *
NM_001082608 HNRNPR  heterogeneous nuclear ribonucleoprotein -1.32  ***
NM_001100355 SLC38A7  solute carrier family 38, member 7 -1.32 **
NM_001015570 LGALS9 lectin, galactoside-binding, soluble, 9 -1.32 *
NM_001039177 LGALS9 lectin, galactoside-binding, soluble, 9 -1.32 *
XR_027939 LOC783548 similar to tankyrase 1-binding protein 1  -1.32 *
XM_608640 RNF215 ring finger protein 215 -1.32 *rx
NM_001040583 BRI3 brain protein 13 -1.32 *x
NM_001075752 EIF4H eukaryotic translation initiation factor 4H -1.32 * %
NM_001015555 AUP1 ancient ubiquitous protein 1 -1.32 *x
NM_001024562 EMP3 epithelial membrane protein 3 -1.32 *kk
NM_001104969 LOC509540 hypothetical LOC509540 -1.32  **
XM_879421 ACTR1A ARP1 actin-related protein 1 homolog A, -1.32 *rx

centractin alpha (yeast)
NM_001046620 VISA virus-induced signaling adapter -1.32 *x
XM_001253451 CD320 CD320 molecule -1.32 *
XR_027898 LOC784355 similar to KLC4 protein -1.32 wx
NM_001034491 PDLIM4 PDZ and LIM domain 4 -1.32 *
NM_001075371 BSG basigin -1.32 wxx
XM_877864 MPPE1 metallophosphoesterase 1 -1.32
NM_174246 AVPR2 arginine vasopressin receptor 2 -1.32 wxx
XM_001250147 IER5L immediate early response 5-like -1.32 *x
NM_001035080 MTF1 metal-regulatory transcription factor 1 -1.32 wxx
XR_027575 LOC515924 similar to ret proto-oncogene -1.32 ok
NM_001103183 POLDIP3  polymerase (DNA-directed), delta -1.32 *x

interacting protein 3
NM_174487 VEGFB vascular endothelial growth factor B -1.32 **
XM_001254185 NA NA -1.32  **
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NM_001100315 TMEM189 transmembrane protein 189 -1.32 rrx

NM_001040568 N-PAC cytokine-like nuclear factor n-pac -1.32 wxx

NM_001076889 NRBP1 nuclear receptor binding protein 1 -1.32 *x

NM_174777 NDST2 N-deacetylase/N-sulfotransferase (hepari -1.32  ***
glucosaminyl) 2

XM_001254956 NA NA -1.32

XR_028724 CHD3 chromodomain helicase DNA binding -1.33 wxx
protein 3

NM_001076924 C19H170R chromosome 17 open reading frame 28 -1.33 **

F28 ortholog

NM_001034387 NUP85 nucleoporin 85kDa -1.33

XM_585307 NPLOC4 nuclear protein localization 4 homolog (S. -1.33 **
cerevisiae)

NM_001103224 ANXA6 annexin A6 -1.33 **

NM_001113724 ANAPC11 anaphase promoting complex subunit 11 -1.33 ok

NM_001098953 MAPK12 mitogen-activated protein kinase 12 -1.33 wx*

NM_001076931 PRSS3 protease, serine, 8 -1.33 ek

NM_001099192 ADSSL 1 adenylosuccinate synthase like 1 -1.33 wx*

XM_001257227 NA NA -1.33 A

NM_001075850 WDR13 WD repeat domain 13 -1.33

XM_589271 FBLN2 fibulin 2 -1.33 *

XM_001255254 MAPKAPK mitogen-activated protein kinase-activate -1.33 *x

2 protein kinase 2

NM_001075211 SNF8 SNF8, ESCRT-II complex subunit, -1.33 A
homolog (S. cerevisiae)

NM_001102268 CCNY cyclin Y -1.33 **

XM_599356 LOC521099 similar to family with sequence similarity -1.33 ~ ***
20, member A

NM_001035026 BSDC1 BSD domain containing 1 -1.33 wx

XM_592304 FLII flightless | homolog (Drosophila) -1.33

NM_174834 MYH10 myosin, heavy chain 10, non-muscle -1.33 w*

NM_001034322 FKBP4 FK506 binding protein 4, 59kDa -1.33 **

NM_174119 NCF1 neutrophil cytosolic factor 1 -1.33 *x

NM_001081510 SF3A1 splicing factor 3a, subunit 1, 120kDa -1.33 **

NM_001076538 ST14 suppression of tumorigenicity 14 (colon -1.33 *x
carcinoma)

NM_001046133 PUF60 poly-U binding splicing factor 60KDa -1.34  rx

NM_205788 CEACAMS8 carcinoembryonic antigen-related cell -1.34 wx
adhesion molecule 8

NM_001075154 RGL2 ral guanine nucleotide dissociation -1.34 **
stimulator-like 2

NM_001105480 BLESD3 basophilic leukemia expressed protein  -1.34  ***
BLESO03

NM_001034315 AHCY S-adenosylhomocysteine hydrolase -1.34 *x

XM_585239 EIFAGI elFAGI protein -1.34 wxx
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NM_001035375 SDF4 stromal cell derived factor 4 -1.34 *kk
NM_001014901 RBM14 RNA binding motif protein 14 -1.34 wxx
XM_869552 YIF1B Yipl interacting factor homolog B (S. -1.34

cerevisiae)
NM_001038523 CCDC124 coiled-coil domain containing 124 -1.34 ¥
NM_001038030 SGTA small glutamine-rich tetratricopeptide -1.34 **

repeat (TPR)-containing, alpha
XM_870523 SDC3 syndecan 3 -1.34 ¥
XM_001249718 LOC783159 similar to v-rel reticuloendotheliosis viral -1.34  ***

oncogene homolog A, nuclear factor of

kappa light polypeptide gene enhancer in B-

cells 3, p65
NM_001076372 CCND2 cyclin D2 -1.34  **
AFFX- NA NA -1.34 i
Bt GST 5
NM_001035489 MRPL38 mitochondrial ribosomal protein L38 -1.34 wx*
NM_001098003 TMCO3 transmembrane and coiled-coil domains 3 -1.34 xkk
NM_001075444 STX5 syntaxin 5 -1.34 wxx
NM_001098967 TMEM138 transmembrane protein 138 -1.34 rhx
XM_880923 NA NA -1.34 wxx
NM_001076487 H1FO H1 histone family, member O -1.34 *
XM_867588 INTS3 integrator complex subunit 3 -1.34 wx*
NM_001081545 RAB40C RAB40C, member RAS oncogene family -1.34  wx
NM_001046048 SELENBP1 selenium binding protein 1 -1.34 *
NM_001102505 RAF1 v-raf-1 murine leukemia viral oncogene -1.34 *

homolog 1
NM_001046548 C7H190rf2 chromosome 19 open reading frame 22 -1.35  ***

2 ortholog

NM_001081711 SAE1 SUMOL activating enzyme subunit 1 -1.35 *
XM_001251013 AQP5 aquaporin 5 -1.35 *x

NM_001040557 SMARCB1

XM_870269 CUL4A
NM_001075218 S100A16
NM_001035426 SCAMP3
NM_001080362 LYPLA2
NM_001098856 S100A11

NM_001035035 PDXP

NM_001101852 TSPAN4
NM_001075305 SHC1

XM_590012 GRK4

SWI/SNF related, matrix associated, actin-1.35 i
dependent regulator of chromatin,
subfamily b, member 1

cullin 4A -1.35  wx
S100 calcium binding protein A16 -1.35 ok
secretory carrier membrane protein 3 -1.35 W
lysophospholipase Il -1.35 *
S100 calcium binding protein A11 -1.35 *x
(calgizzarin)

pyridoxal (pyridoxine, vitamin B6) -1.35
phosphatase

tetraspanin 4 -1.35 wx*

SHC (Src homology 2 domain containing) -1.35 ~ ***
transforming protein 1

G protein-coupled receptor kinase 4 -1.35 *x
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XM_001251271 NA NA -1.35 *
NM_001077922 RHOB ras homolog gene family, member B -1.35 wx*
XM_001251998 NA NA -1.35 A
NM_174509 CACNB3 calcium channel, voltage-dependent, beti -1.35  ***
subunit
NM_001098093 ST5 suppression of tumorigenicity 5 -1.35 ok
NM_001046470 TMEM109 transmembrane protein 109 -1.35 w*
XM_870939 SPHK1 sphingosine kinase 1 -1.35  xx
NM_001075649 NAT15 N-acetyltransferase 15 (GCN5-related, -1.35  ***
putative)
NM_001024546 LPCAT3 lysophosphatidylcholine acyltransferase 3 -1.35 **
NM_001075811 TFE3 transcription factor binding to IGHM -1.35 W
enhancer 3
NM_001014927 DHCRY 7-dehydrocholesterol reductase -1.36 *x
NM_001077094 CYTH2 cytohesin 2 -1.36 *x
NM_001038160 BB Bardet-Biedl syndrome 2 -1.36 *
NM_174195 TCN2 transcobalamin Il /// macrocytic anemia -1.36  ***
XM_591526 FMNL3 formin-like 3 -1.36
XM_594391 GPSM3 G-protein signaling modulator 3 (AGS3- -1.36 *x
like, C. elegans)
XR_028354 LOC614048 similar to bromodomain-containing protein-1.36 o
4
XM_864659 TMEM195 transmembrane protein 195 -1.36 *x
NM_174660 SLC25A6  solute carrier family 25 (mitochondrial -1.36 o
carrier /// adenine nucleotide translocator),
member 6
XM_593945 LOC540422 similar to tigger transposable element -1.36 **
derived 5
XM_864245 GOLGA1  golgi autoantigen, golgin subfamily a, 1 -1.36 *kk
NM_001015589 BSCL2 Bernardinelli-Seip congenital lipodystropt -1.36 ~ ***
2 (seipin)
NM_001024574 NFIC nuclear factor I/C (CCAAT-binding -1.36  r*
transcription factor)
NM_001083388 COL18A1 collagen, type XVIII, alpha 1 -1.36 *x
NM_001083703 RNF185 ring finger protein 185 -1.36
NM_001035429 TPST2 tyrosylprotein sulfotransferase 2 -1.36 *
NM_001034055 ADIPOR1  adiponectin receptor 1 -1.36 e
NM_001076214 DRAP1 DR1-associated protein 1 (negative cofac -1.36 ~ ***
2 alpha)
NM_001038585 PCID2 PCI domain containing 2 -1.36
XM_584231 DBNDD2  dysbindin (dystrobrevin binding protein 1’ -1.36  ***

NM_001076535 DHX30

domain containing 2
DEAH (Asp-Glu-Ala-His) box polypeptide -1.37
30

*kk
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NM_176788 CEBPB CCAAT/enhancer binding protein (C/EBP);1.37 *

beta
XM_602222 TXNDC15 thioredoxin domain containing 15 -1.37 w*
XM_001252640 LOC512397 similar to Uncharacterized protein -1.37 *rx
KIAA0552
XM_589910 NA NA -1.37
NM_001076151 WDR45 WD repeat domain 45 -1.37 *xx
NM_001046511 ARD1A ARD1 homolog A, N-acetyltransferase  -1.37  ***
NM_001035390 POR cytochrome P450 reductase -1.37 *
NM_001101204 DGCR8 DiGeorge syndrome critical region gene ¢ -1.37  ***
XM_865427 OSBPL11  oxysterol binding protein-like 11 -1.37 *
NM_001101949 AKR7A2 aldo-keto reductase family 7, member A2 -1.37 *x
(aflatoxin aldehyde reductase)
NM_001083774 CHCHD10 coiled-coil-helix-coiled-coil-helix domain -1.37 *xx
containing 10
NM_174789 SERPINB6 serpin peptidase inhibitor, clade B -1.37 *x
(ovalbumin), member 6
NM_001001601 CDH5 cadherin 5, type 2 (vascular endothelium) -1.37 il
NM_001076383 MID1IP1 MID1 interacting protein 1 (gastrulation -1.37  ***
specific G12 homolog (zebrafish))
NM_001046123 MRPS5 mitochondrial ribosomal protein S5 -1.37 *
NM_001034344 ETHE1 ethylmalonic encephalopathy 1 -1.37 *x
NM_174584 PRKACA protein kinase, cAMP-dependent, catalytic;1.37 o
alpha
NM_174746 ACSSL acyl-CoA synthetase short-chain family -1.37 *x
member 1
NM_001075380 C7H190rf2 chromosome 19 open reading frame 25 -1.37 *rx
5 ortholog
NM_001075440 SEMA4A sema domain, immunoglobulin domain (I -1.37  ***
transmembrane domain (TM) and short
cytoplasmic domain, (semaphorin) 4A
XM_586037 ZBED1 zinc finger, BED-type containing 1 -1.37 b
NM_001046198 PHB2 prohibitin 2 -1.37
XM_001256027 NA NA -1.37 *

XM_001256033 SMARCD2

NM_001035338 CDC37

NM_175776 TSPO
NM_001102149 MGC15995
4
XM_865548 LOC614166
NM_174505 ATP6VOD1

SWI/SNF related, matrix associated, actii -1.37
dependent regulator of chromatin,
subfamily d, member 2

cell division cycle 37 homolog (S. -1.38
cerevisiae)

translocator protein (18kDa) -1.38
hypothetical LOC533041 -1.38

similar to Uncharacterized protein C8orf4 -1.38
homolog

ATPase, H+ transporting, lysosomal
38kDa, VO subunit d1

-1.38

**

*%

*%

*%

*kk

*kk
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NM_001035099 CD81 CD81 molecule -1.38 A
XM_615408 TUBB1 tubulin, beta 1 -1.38
NM_001046089 HGS hepatocyte growth factor-regulated tyrosinel.38  ***

kinase substrate
NM_001037589 331879680 membrane-associated ring finger (C3HC: -1.38  ***

0 2
NM_174552 IFNARL interferon, alpha /// receptor -1.38 *
NM_001083436 GUSB glucuronidase, beta -1.38  w*
XM_582199 AACS acetoacetyl-CoA synthetase -1.38 ok
NM_001075592 MANSC1 MANSC domain containing 1 -1.38 *x
NM_174220 YARS tyrosyl-tRNA synthetase -1.38 *kk
XM_589879 ANO9 anoctamin 9 -1.38  w*
NM_001035409 STIM1 stromal interaction molecule 1 -1.38 *
NM_001076951 MGC14281 hypothetical protein LOC618672 -1.38  w*

1
NM_001075799 TRIM27 tripartite motif-containing 27 -1.38
NM_001075922 DDIT4 DNA-damage-inducible transcript 4 -1.38 *x
NM_001075124 LAMP1 lysosomal-associated membrane protein 1 -1.38 ik
NM_001076027 HSPB6 heat shock protein, alpha-crystallin-relate -1.38 *x

B6

NM_001080244 PFKL phosphofructokinase, liver -1.38 *kk
NM_001075997 NUDCD3  NudC domain containing 3 -1.38  wx*
XM_868381 GRAMD1A GRAM domain containing 1A -1.38
XM_001256238 NA NA -1.38 *
NM_001038169 TEX264 testis expressed 264 -1.38 bl
XM_001252095 NA NA -1.38  w*
XM_001252121 TEX264 testis expressed 264 -1.38 bl
NM_001102093 FFR Protein fat-free homolog -1.38  wx*
NM_001075415 9. C25A39 solute carrier family 25, member 39 -1.38 Kk

NM_174801 PPM1G protein phosphatase 1G (formerly 2C), -1.39  ***
magnesium-dependent, gamma isoform

XM_594051 NA NA -1.39 A

XR_028564 LOC787736 similar to Selenoprotein M precursor -1.39 *x
(Protein SelM)

NM_001075832 EFHD1 EF-hand domain family, member D1 -1.39

XM_868906 SUPT6H suppressor of Ty 6 homolog (S. cerevisia -1.39  ***

XM_589440 GNAI2 guanine nucleotide binding protein (G -1.39 il

protein), alpha inhibiting activity
polypeptide 2

NM_174428 POLD2 polymerase (DNA directed), delta 2, -1.39  w*
regulatory subunit 50kDa

NM_001014964 ARAF v-raf murine sarcoma 3611 viral oncogene-1.39 *rx
homolog

NM_001040537 GTF2H5 general transcription factor I1IH, polypeptit -1.39  ***
5
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NM_001037456 GIYD GlY-YIG domain containing -1.39 ok
XR_027423 LOC539690 similar to Complement component C1q -1.39 *x

receptor precursor (Complement
component 1 q subcomponent receptor 1
(C1gR) (C1gRp) (C1gR(p))
(C1g/MBL/SPA receptor) (Matrix-
remodeling-associated protein 4) (CD93
antigen) (CDw93)
NM_001079600 TMEM120A transmembrane protein 120A -1.39 Fork
XM_001252004 NA NA -1.39
NM_001098149 TUBGCP2 tubulin, gamma complex associated proteifl.39 il
2
NM_001102136 NXN nucleoredoxin -1.39 wx
XM_613708 CRTAP cartilage associated protein -1.39 *x
NM_001034522 AMBRA1 autophagy/beclin-1 regulator 1 -1.39  wx*
NM_001046191 CRELD2 cysteine-rich with EGF-like domains 2 -1.39 b
XM_591339 RFWD3 ring finger and WD repeat domain 3 -1.40 *x
NM_001040602 RHOF ras homolog gene family, member F (in  -1.40  ***
filopodia)
NM_001012287 BREH1 retinyl ester hydrolase type 1 -1.40  w*
XM_580317 COL4A1 collagen, type IV, alpha 1 -1.40 **
NM_174511 CCL3 chemokine (C-C motif) ligand 3 -1.40  w*
NM_001046140 SDCCAG3 serologically defined colon cancer antigen-3.40  ***
NM_001035316 PPP1CA protein phosphatase 1, catalytic subunit, -1.40  ***
alpha isoform
NM_001038156 LRRC28 leucine rich repeat containing 28 -1.40 ok
NM_205798 TMBIM1 transmembrane BAX inhibitor motif -1.40  w*
containing 1
XM_001257081 NA NA -1.40
XR_028890 NA NA -1.40
NM_001046478 RHBDD2  rhomboid domain containing 2 -1.40
XR_028604 LOC508226 similar to CDC42-binding protein kinase -1.40  ***
beta
NM_001038110 VASP vasodilator-stimulated phosphoprotein -1.40 ok
NM_001014961 FAM110A family with sequence similarity 110, -1.40  w*
member A
NM_201528 SLC2A8 solute carrier family 2 (facilitated glucose -1.40  ***
transporter), member 8
XR_028087 LOC516155 similar to Mannosyl-oligosaccharide -1.40  wx*
glucosidase (Processing A-glucosidase ||
NM_001035326 CTSA cathepsin A -1.40
XM_867034 ELAC2 elaC homolog 2 (E. coli) -1.40  w*
NM_001078079 AlIF1L allograft inflammatory factor 1-like -1.41 *kk
XM_001252568 NA NA -1.41 wxx
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XM_614021 DHX57 DEAH (Asp-Glu-Ala-Asp/His) box -1.41 *
polypeptide 57

NM_001034231 ID2 inhibitor of DNA binding 2, dominant -1.41 *x
negative helix-loop-helix protein

NM_001101306 TNFRSF6B tumor necrosis factor receptor superfamily;1.41 **
member 6b, decoy

NM_001076053 FAM73B hypothetical protein LOC535315 -1.41 w*

NM_001076219 YIPF3 Yipl domain family, member 3 -1.41 **

NM_001035108 CNDP2 CNDP dipeptidase 2 (metallopeptidase v -1.41 *x
family)

NM_001075656 JUNB jun B proto-oncogene -1.41 *x

NM_001083439 SUPT5H suppressor of Ty 5 homolog (S. cerevisia -1.41  ***

NM_001098968 TAF10 TAF10 RNA polymerase I, TATA box -1.41
binding protein (TBP)-associated factor,
30kDa

NM_001076237 S.C39A7  solute carrier family 39 (zinc transporter), -1.41  ***
member 7

NM_174703 TNXB tenascin XB -1.41 o

NM_001038029 TBC1D20 TBC1 domain family, member 20 I

XM_590408 GPIHBP1  glycosylphosphatidylinositol anchored high1.41 i
density lipoprotein binding protein 1

NM_001015592 PFN1 profilin 1 -1.41

XM_580667 GA% growth arrest-specific 6 -1.42 **

NM_001034282 SHMT2 serine hydroxymethyltransferase 2 -1.42 w*
(mitochondrial)

NM_001075340 MFSD5 major facilitator superfamily domain -1.42 *rx
containing 5

NM_001045879 PDIA4 protein disulfide isomerase family A, -1.42 *x
member 4

NM_001103245 EFHD2 EF-hand domain family, member D2 -1.42

NM_001076272 ZFPL1 zinc finger protein-like 1 -1.42 wx*

NM_001046615 VPHAA vacuolar protein sorting 4 homolog A (S. -1.42 il
cerevisiae)

NM_001076405 RNF167 ring finger protein 167 -1.42  wx*

NM_001101899 SYVN1 synovial apoptosis inhibitor 1, synoviolin -1.42 i

XM_614120 ATP13A1  ATPase type 13A1 -1.42 wxx

NM_205801 CLDN3 claudin 3 -1.42

NM_001040486 9. C38A3  solute carrier family 38, member 3 -1.42 *x

NM_001077943 FAM62A family with sequence similarity 62 (C2 -1.42 il
domain containing), member A

XM_001253241 NA NA -1.42

NM_001097575 RTEL regulator of telomere elongation helicase 1 -1.43 ** *

NM_001101915 ALDOA aldolase A, fructose-bisphosphate -1.43 w*

NM_001105489 NPDC1 neural proliferation, differentiation and -1.43 **

control, 1
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XM_588361 TSENS4 tRNA splicing endonuclease 54 homolog -1.43  ***

NM_001014939 TBCB
NM_001046008 PXMP2
NM_001046190 ABCD1

NM_001102006 SSH3
XM_870452 FXR2

NM_001082602 DDX41

NM_001034473 ZNF205

NM_174625 TXNRD1
XM_612111 NA
XM_581459 EHD4
XR_027523 LOC506239

NM_001102356 EIF3B

NM_174216 VEGFA
NM_001076496 SCN1B
NM_001034246 STAP2

NM_001046340 H2AFY
XM_589863 FKBP8
NM_176670 ATP5D

NM_001079612 S.C35A4
XM_001250904 NA
NM_001110446 DGCR6L

NM_001034627 GSN
NM_001113284 GSN
XM_582618  EVL
NM_173885  ACK1
NM_001078101 ZYX
NM_001046402 ALKBH7
XM_606600  NA
NM_001075600 EXOC3
NM_001076184 PAK4
XM_605214

NM_177432 IRF1
XM_001253779 NA
XM_599078 NA

LOC526838

(S. cerevisiae)

tubulin folding cofactor B -1.43 w*
peroxisomal membrane protein 2, 22kDa -1.43 *x
ATP-binding cassette, sub-family D (ALD -1.43  ***
member 1

slingshot homolog 3 (Drosophila)
fragile X mental retardation, autosomal
homolog 2

DEAD (Asp-Glu-Ala-Asp) box polypeptide-1.44 ~ ***
41

zinc finger protein 205 -1.44 wx*
thioredoxin reductase 1 -1.44 rkk
NA -1.44

143
-1.43 o

EH-domain containing 4 -1.44  wxx
similar to Spectrin beta chain, brain 2 -1.44 wx*
(Spectrin, non-erythroid beta chain 2)

(Beta-lll spectrin)

eukaryotic translation initiation factor 3, -1.44  ***
subunit B

vascular endothelial growth factor A -1.44 *x
sodium channel, voltage-gated, type |, beta -1.44** *

signal transducing adaptor family membe -1.44  ***

H2A histone family, member Y -1.44  xxx
FK506 binding protein 8, 38kDa -1.44 *x
ATP synthase, H+ transporting, -1.45  rx
mitochondrial F1 complex, delta subunit

solute carrier family 35, member A4 -1.45 %

NA -1.45 A=
DiGeorge syndrome critical region gene ¢ -1.45  ***
like

gelsolin (amyloidosis, Finnish type) -1.45 *
gelsolin (amyloidosis, Finnish type) -1.45 *x
Enah/Vasp-like -1.45  wx
activated p21cdc42Hs kinase -1.45 %
zZyxin -1.46 *
alkB, alkylation repair homolog 7 (E. coli) -1.46  ***
NA -1.46
exocyst complex component 3 -1.46 *x
p21 protein (Cdc42/Rac)-activated kinase 4 -1.46 * **

similar to transcriptional adaptor 2 (ADAZ -1.46  ***
homolog, yeast)-beta

interferon regulatory factor 1 -1.46 *x
NA -1.46  wx*
NA -1.46
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NM_174383 LOXL1 lysyl oxidase-like 1 -1.46 *

NR_003958 H19 H19, imprinted maternally expressed -1.46 *
untranslated mRNA

XM_611412 NA NA -1.46 *

XR_028883 NA NA -1.46  **

NM_180998 LTF lactotransferrin -1.46 **

NM_001035471 SMS spermine synthase -1.46 *x

XM_001255494 AKR7A2 aldo-keto reductase family 7, member A2 -1.46 **
(aflatoxin aldehyde reductase)

NM_174078 GUK1 guanylate kinase 1 -1.46 ¥

NM_173892 ASSL argininosuccinate synthetase 1 -1.46 **

NM_001038507 GLTSCR2  glioma tumor suppressor candidate regio -1.46  ***
gene 2

NM_001034775 BCL7B B-cell CLL/lymphoma 7B -1.46

NM_001079587 ZFYVE21  zinc finger, FYVE domain containing 21 -1.47  ***

XM_001255790 NA NA -1.47

NM_001045888 PCOLCE procollagen C-endopeptidase enhancer -1.47 *x

NM_174277 CLTLB clathrin, light polypeptide B (light chain B) -1.47 ***

XM_610785 NA NA -1.47 **

XM_873294 SYT17 synaptotagmin XVII -1.47 *x

NM_174837 CYB561 cytochrome b-561 -1.47

NM_001024485 POMGNT1 protein O-linked mannose betal,2-N- -1.47 *rx
acetylglucosaminyltransferase

XM_589552 MAP7D1 MAP7 domain containing 1 -1.47 w*

NM_001075718 TPP1 tripeptidyl peptidase | -1.47 i

NM_001046435 CALCOCO calcium binding and coiled-coil domain 1 -1.47  ***

1

NM_001046411 KRT7 keratin 7 -1.48 i

AFFX- NA NA -1.48  x*

Bt GST_3

NM_001035354 GPD1 glycerol-3-phosphate dehydrogenase 1  -1.48 *
(soluble)

NM_174077 GPX3 glutathione peroxidase 3 (plasma) -1.48 *

NM_001101841 RNPS1 RNA binding protein S1, serine-rich -1.48  rx*
domain

XM_865331 SNRNP200 small nuclear ribonucleoprotein 200kDa  -1.48  ***
(U5)

NM_001105339 ACS2 acyl-CoA synthetase short-chain family -1.48 *
member 2

NM_001099137 SRD5A1 steroid-5-alpha-reductase, alpha -1.48 *
polypeptide 1 (3-ox0-5 alpha-steroid delt:
4-dehydrogenase alpha 1)

AFFX- NA NA -1.48

Bt GST_M

XM_867318 STX10 syntaxin 10 -1.48  **
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NM_174201 TP53 tumor protein p53 -1.48 rrk
NM_001098029 FBLN1 fibulin 1 -1.48 *
NM_001034763 SH3BGRL3 SH3 domain binding glutamic acid-rich  -1.48  ***

protein like 3
NM_001113302 SREBF1 sterol regulatory element binding -1.48  *x*
transcription factor 1
NM_174741 BCAM basal cell adhesion molecule (Lutheran -1.48 **
blood group)
NM_001034477 ARFIP2 ADP-ribosylation factor interacting proteir -1.48 *x
2
NM_182988 BANF1 barrier to autointegration factor 1 -1.48
XM_001250905 NA NA -1.48  wxx
XM_001250955 NA NA -1.48
NM_001017953 PDGFB platelet-derived growth factor beta -1.48  wx*
polypeptide (simian sarcoma viral (v-sis)
oncogene homolog)
XR_028669 LOC788643 similar to platelet-derived growth factor -1.48  ***
beta
NM_001040604 GADD45B growth arrest and DNA-damage-inducible -1.49 *x
beta
NM_001035460 MGC12804 hypothetical protein LOC615081 -1.49 ok
9
NM_001075789 SOX18 SRY (sex determining region Y)-box 18 -1.49  ***
XM_863839 ZMI1Z2 zinc finger, MIZ-type containing 2 -1.49 *rx
NM_174537 FCER1G Fc fragment of IgE, high affinity |, receptc -1.49 *x
for /Il gamma polypeptide
NM_001017936 RAB25 RAB25, member RAS oncogene family -1.49 *x
XM_614378 SPRYD3 SPRY domain containing 3 -1.49 wx*
NM_001077909 INSG1 insulin induced gene 1 -1.49 *x
XM_001249363 NA NA -1.49 **
XM_001249423 NA NA -1.49 *
XM_001251214 LOC782581 similar to DEXI -1.49  wxx
NM_001076337 MRPL14 mitochondrial ribosomal protein L14 -1.49
XM_001252338 LOC784449 similar to KIAA1324 -1.49 *
NM_001046020 RARRES?  retinoic acid receptor responder (tazarotené.49 o
induced) 2
NM_001078116 ABHD12 abhydrolase domain containing 12 -1.49 *x
XM_866852 EIF4ENIF1 eukaryotic translation initiation factor 4E -1.50  ***
nuclear import factor 1
NM_001037477 PPP2R1A  protein phosphatase 2 (formerly 2A), -1.50  wx*
regulatory subunit A, alpha isoform
NM_001105376 IPO9 importin 9 -1.50
NM_001105390 IPO13 importin 13 -1.50
NM_174521 CORO1A  coronin, actin binding protein, 1A -1.50 *
NM_001083401 PRKCDBP protein kinase C, delta binding protein -1.50  w*
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XM_001250004 PFN1 profilin 1 -1.50 i
XM_588401 IMPA2 inositol(myo)-1(or 4)-monophosphatase z -1.50  ***
NM_174791 PTGDS prostaglandin D2 synthase 21kDa (brain) -1.51 *
NM_001100300 C11H90ORF chromosome 9 open reading frame 142 -1.51  ***
142 ortholog
NM_174821 SERPING1 serpin peptidase inhibitor, clade G (C1  -1.51 **
inhibitor), member 1
NM_001076995 AAMP angio-associated, migratory cell protein  -1.51  ***
NM_001046209 RAB26 RAB26, member RAS oncogene family -1.51 *x
NM_001034424 MAF1 MAF1 homolog (S. cerevisiae) -1.51 w*
NM_001101294 DUSP7 dual specificity phosphatase 7 -1.51 *kk
NM_001105491 TMEM9 transmembrane protein 9 -1.51 w*
NM_001046173 PPP2R4 protein phosphatase 2A activator, -1.51 *rx
regulatory subunit 4
NM_174261 CAPNSL calpain, small subunit 1 -1.52 wx
XR_028390 NA NA -1.52 *
NM_001034810 SEPX1 selenoprotein X, 1 -1.52 wx
NM_174674 TNFRSF1A tumor necrosis factor receptor superfamily;1.52 *rx
member 1A
XM_599833 LOC521568 similar to ATP-binding cassette, sub-fami -1.52 *x
C, member 4
XM_590721 NUMA1 nuclear mitotic apparatus protein 1 -1.52 *
NM_001045951 CARHSP1  calcium regulated heat stable protein 1, -1.52 *x
24kDa
NM_001046005 PNPLA2 patatin-like phospholipase domain -1.52 *

NM_001038071 MAP2K2
NM_001098862 LZTS?
NM_001046130 SH3GL1
NM_001079780 H2AFX
NM_001046479 ERI3

NM_174577

PI4KA

NM_001082445 MED25

XM_592305

CLSTN1

NM_001034445 NADK
XM_001256815 NA

XM_590469
XM_587533

RASAL1
PRSS22

NM_001113243 CORO1B

XR_028308

LOC787905

NM_001035353 PLVAP
NM_001076030 OGDH

containing 2
mitogen-activated protein kinase kinase : -1.52

*kk

leucine zipper, putative tumor suppressor 2 -1.52** *
SH3-domain GRB2-like 1 -1.563  w*
H2A histone family, member X -1.53 *kk
exoribonuclease 3 -1.563  w*
phosphatidylinositol 4-kinase, catalytic, -1.53  ***
alpha

mediator complex subunit 25 -1.53  w*
calsyntenin 1 -1.63
NAD kinase -1.563  w*
NA -1.53 =
RAS protein activator like 1 (GAP1 like) -1.53  ***
protease, serine, 22 -1.53 *
coronin, actin binding protein, 1B -1.53  w*
similar to Lectin, galactoside-binding, -1.563  wx

soluble, 4 (galectin 4)

plasmalemma vesicle associated protein -1.53
oxoglutarate (alpha-ketoglutarate) -1.53
dehydrogenase (lipoamide)

*kk

*k%
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NM_001014941 BCAP31 B-cell receptor-associated protein 31 -1.54
NM_001013597 MOCSL molybdenum cofactor synthesis 1 -1.54  wx*
NM_001076419 NENF neuron derived neurotrophic factor -1.54 b
NM_001097561 GNB2 guanine nucleotide binding protein (G -1.54  wx*

NM_001035313 TGFB1I1

NM_001046026 DULLARD

XM_587457

ATP2C2

NM_001077926 ABO

NM_001035500 MRPS34
NM_001034225 O0

NM_001082443 SGIRR

NM_001075166 STUB1

NM_001102242 PYGO2
XM_001256288 NA
NM_001076418 TPRGI1L
NM_001083655 PCDH1
NM_001075246 METTL2B
NM_001038688 RRAS

XM_583844

NM_001034325 MGC12787

SERPINB1

4

NM_001034748 GPSN2

NM_001077132 MGC13789

NM_174329

XM_001252015 LOC783399

NM_183082

4
GPR68

AP

NM_001083432 TMEM214
NM_001046139 TSTA3
NM_001040607 ASCL2

NM_001110018 MAPK3
NM_001082471 BAG3
NM_001001162 USF2

protein), beta polypeptide 2

transforming growth factor beta 1 induced-1.54  ***
transcript 1

dullard homolog (Xenopus laevis)
ATPase, Ca++ transporting, type 2C,
member 2

ABO blood group (transferase A, alpha 1 -1.54 *x
N-acetylgalactosaminyltransferase ///
transferase B, alpha 1-3-
galactosyltransferase)

mitochondrial ribosomal protein S34
osteosarcoma amplified 9, endoplasmic
reticulum associated protein

single immunoglobulin and toll-interleukin -1.54  ***
1 receptor (TIR) domain

-1.54
-1.54 =

-1.54
154 =

STIP1 homology and U-box containing  -1.55  ***
protein 1

pygopus homolog 2 (Drosophila) -1.55 *kk
NA -1.55  *=x=
tumor protein p63 regulated 1-like -1.655
protocadherin 1 -1.55 W
methyltransferase like 2B -1.55 kk

related RAS viral (r-ras) oncogene homol -1.55 *x

serpin peptidase inhibitor, clade B -1.55 **
(ovalbumin), member 1

hypothetical LOC508617 -1.56 ¥+
glycoprotein, synaptic 2 -1.56 i
hypothetical protein MGC137894 -1.56  **

G protein-coupled receptor 68 -1.56
similar to Equ c1 -1.56 *
aryl hydrocarbon receptor interacting -1.56
protein

transmembrane protein 214 -1.56 *x

tissue specific transplantation antigen P35B  -1.56**
achaete-scute complex homolog 2 -1.56 *x
(Drosophila)

mitogen-activated protein kinase 3 -1.57 **
BCL2-associated athanogene 3 -1.57 *x
upstream transcription factor 2, c-fos -1.57 **

interacting
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NM_001079511 C25H160rf chromosome 16 open reading frame 14 -1.57 o

14 ortholog

XM_001252534 NA NA -1.57  **

NM_001098139 SL.C44A2  solute carrier family 44, member 2 -1.57

NM_001024510 CORO1B  coronin, actin binding protein, 1B -1.57 wx

NM_001014883 NR1H2 nuclear receptor subfamily 1, group H,  -1.57 *rx

member 2
NM_174617 STATS5B signal transducer and activator of -1.58  **

XM_001256223 LOC789476

XM_610839 FGFRL1
NM_001098864 ASNA1

NM_001080726 CITED4
NM_001045884 AP1M1

NM_001102480 TMEMA43
NM_001077012 IFRD2

NM_174202  TPSB1
NM_001081607 VIPR1
XR_028159  NA
NM_175793  MAPK1
NM_001075960 CMTM7

NM_001075190 LMF1
NM_001035009 NDRG1
NM_001105322 KRT17
XM_001249839 NA
XM_001249888 NA
NM_001076352 LMO2
XM_001256510 HDLBP
XM_869177 CLK2
NM_001034353 ERGIC3
NM_001078066 ESAM
XM_001255460 CENPB

NM_174611 SLC6A8
NM_174064 GDI1
XM_866231 TMEM157
XM_591419 SPEN

NM_001083434 AKT1S1

transcription 5B

similar to Signal transducer and activator 6fL..58  ***

transcription 5B

fibroblast growth factor receptor-like 1
arsA arsenite transporter, ATP-binding,
homolog 1 (bacterial)
Cbp/p300-interacting transactivator, with
Glu/Asp-rich carboxy-terminal domain, 4
adaptor-related protein complex 1, mu 1
subunit

transmembrane protein 43

interferon-related developmental regulator-1.58  ***

2

tryptase beta 1

vasoactive intestinal peptide receptor 1
NA

mitogen-activated protein kinase 1
CKLF-like MARVEL transmembrane
domain containing 7

lipase maturation factor 1

N-myc downstream regulated 1

keratin 17

NA

NA

LIM domain only 2 (rhombotin-like 1)
high density lipoprotein binding protein
CDC-like kinase 2

ERGIC and golgi 3

endothelial cell adhesion molecule
centromere protein B, 80kDa

solute carrier family 6 (neurotransmitter
transporter, creatine), member 8

GDP dissociation inhibitor 1

similar to transmembrane protein 157
spen homolog, transcriptional regulator
(Drosophila)

AKT1 substrate 1 (proline-rich)

-1.58
-1.58 =
-1.58 **
-1.58 =
-1.58
-1.58
-1.58 el
-1.58
-1.59
-1.59 o
-1.59 bl
-1.60
-1.60
-1.60
-1.60
-1.60
-1.60 bl
-1.60
-1.60 **
-1.60
-1.60 b
-1.60
-1.61 el
-1.61
-1.61 b
-1.61
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NM_001113242 ERI3 exoribonuclease 3 -1.61 rxk
NM_001034768 LGALHA lectin, galactoside-binding, soluble, 4 -1.62 wx*
XM_001251425 NA NA -1.62 *
NM_001101908 TMEM120B transmembrane protein 120B -1.62 *
NM_001046317 MPHOSPH M-phase phosphoprotein 10 (U3 small  -1.62 il

10 nucleolar ribonucleoprotein)
NM_001077065 SLC9A3R2 solute carrier family 9 (sodium/hydrogen -1.62  ***
exchanger), member 3 regulator 2
NM_175825 GSTM1 glutathione S-transferase M1 -1.62  rx*
XM_867316 GALE UDP-galactose-4-epimerase -1.63 ¥
NM_001034398 SL.C29A1  solute carrier family 29 (nucleoside -1.63  *x*
transporters), member 1
NM_173882 SERPINAL serpin peptidase inhibitor, clade A (alpha -1.63 *x
antiproteinase, antitrypsin), member 1
NM_001102509 SURF4 surfeit 4 -1.63  ***
NM_001014951 TMEM171 transmembrane protein 171 -1.63
NM_174161 PSAP prosaposin -1.63 work
NM_001024929 BHLHB2 basic helix-loop-helix domain containing, -1.63  ***
class B, 2
NM_001101305 LOC788925 hypothetical protein LOC788925 -1.64  rxx
NM_001034523 AP2M1 adaptor-related protein complex 2, mu 1 -1.64  ***
subunit
XR_028269 LOC785503 similar to adaptor-related protein complex -1.64  ***
2, mu 1 subunit
NM_174396 MYO1C myosin IC -1.64  wxx
XM_001256191 LOC789436 similar to Vigilin (High density lipoprotein- -1.64 ~ ***
binding protein) (HDL-binding protein)
XM_593707 NA NA -1.65  **
NM_001083466 HNRNPUL heterogeneous nuclear ribonucleoprotein k.65  ***
1 like 1
NM_174442 PTBP1 polypyrimidine tract binding protein 1 -1.65  **
NM_174008 CD14 CD14 molecule -1.65 i
NM_173991 APOE apolipoprotein E -1.65 *
NM_001038534 RNASEH2A ribonuclease H2, subunit A -1.65 rkk
XM_610753 RFNG RFNG O-fucosylpeptide 3-beta-N- -1.66  **
acetylglucosaminyltransferase
XR_028440 NA NA -1.66
NM_001034511 AP1M2 adaptor-related protein complex 1, mu2 -1.66  ***
subunit
NM_001034629 EPHX1 epoxide hydrolase 1, microsomal -1.66
(xenobiotic)
NM_001097984 ALDOC aldolase C, fructose-bisphosphate -1.66 ¥
XR_027442 LOC533435 similar to BTB (POZ) domain containing 2 -1.66 *kk
NM_001034456 MLF2 myeloid leukemia factor 2 -1.66 ¥
NM_001076812 LOC507340 hypothetical LOC507340 -1.67
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NM_174629 UQCRC1  UQCRCL1 protein -1.67 A
NM_001102121 TAPBPL TAP binding protein-like -1.67  wxx
NM_174443 PTGES prostaglandin E synthase -1.67

NM_001035081 RAB7A
NM_001078078 PMEPA1

NM_001101271 LOC618094
NM_001046387 MRI1

NM_001046138 RHOC
NM_001046431 EHD2
NM_001075651 PDXK
NM_001037483 POLR2J

NM_001105481 RABSA
NM_001035420 CNN2
NM_001105441 ABHD14B
NM_001040469 C3
NM_001099053 LOXL2
NM_001034053 LMNA
NM_001034054 PGAM1
NM_001075122 SRPR

NM_001079649 CRIP2
NM_001103250 CYB5R3
XM_001256604 LOC790007

NM_001046124 HM13
NM_001040554 HLA-A

NM_174194
XM_614220

XR_027372

TBCD
LRP5

LOC534416

NM_001077852 S_LC9A3R1

XM_001254012 NA
NM_001099376 MINK1
NM_001083804 CLY

XR_028267
XR_027440
NM_176662

NA
NA
PRKCSH

RAB7A, member RAS oncogene family -1.67  ***
prostate transmembrane protein, androgenl.68  ***
induced 1

hypothetical LOC618094 -1.68  ***
methylthioribose-1-phosphate isomerase -1.68  ***
homolog (S. cerevisiae)

ras homolog gene family, member C -1.69  **
EH-domain containing 2 -1.69 ok
pyridoxal (pyridoxine, vitamin B6) kinase -1.69 *x
polymerase (RNA) Il (DNA directed) -1.70  rx

polypeptide J, 13.3kDa
RAB8A, member RAS oncogene family -1.71  ***

calponin 2 -1.71 ok
abhydrolase domain containing 14B -1.72
complement component 3 -1.72 *hk
lysyl oxidase-like 2 -1.72 wx
lamin A/C -1.72 ok
phosphoglycerate mutase 1 (brain) -1.73
signal recognition particle receptor -1.74  rx
(docking protein)

cysteine-rich protein 2 -1.74  wxx
cytochrome b5 reductase 3 -1.74

similar to EH domain-containing protein 4 -1.74  ***
(Hepatocellular carcinoma-associated

protein 10/11)

histocompatibility (minor) 13 -1.75 *kk
major histocompatibility complex, class I, -1.75  ***
A

tubulin folding cofactor D -1.75
low density lipoprotein receptor-related -1.76 =~ ***
protein 5

similar to WW domain-binding protein 11 -1.76  ***
(WBP-11) (SH3 domain-binding protein

SNP70) (Npw38-binding protein) (NpwBP)

solute carrier family 9 (sodium/hydrogen -1.77  ***
exchanger), member 3 regulator 1

NA -1.77 A
misshapen-like kinase 1 (zebrafish) -1.77  w*
selenocysteine lyase -1.77 0
NA -1.77  wxx
NA -1.77
protein kinase C substrate 80K-H -1.77  w*
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Table S4.Continued.

. . FDR
Unigene ID Symbol Gene title qualué
NM_001075452 ROGDI rogdi homolog (Drosophila) -1.78 e
XM_876020 CNTFR ciliary neurotrophic factor receptor -1.78  wx*
XM_586851 LIPG lipase, endothelial -1.79
NM_001015571 ARF3 ADP-ribosylation factor 3 -1.80  *x*
NM_001034802 RAB24 RAB24, member RAS oncogene family -1.80 *x
XM_001254705 IGK Ig kappa chain -1.80 *x
NM_001099705 PCDHGA8 protocadherin gamma subfamily A, 8 -1.80  w*
NM_001102513 PCDHGB4 protocadherin gamma subfamily B, 4 -1.80  *x*
NM_001103334 PCDHGC3 protocadherin gamma subfamily C, 3 -1.80
NM_001114080 PCDHGC3 protocadherin gamma subfamily C, 3 -1.80  *x*
XR_028187 NA NA -1.80
XM_001250641 SAMD1 sterile alpha motif domain containing1  -1.80  ***
NM_001099706 ECM1 extracellular matrix protein 1 -1.80
NM_001015630 GSS glutathione synthetase -1.81 *x
NM_001046129 WIPI2 WD repeat domain, phosphoinositide -1.81 il
interacting 2

XM_863846 SULF2 sulfatase 2 -1.81  w*

XM_614520 LOC534672 similar to family with sequence similarity -1.81 *rx
20, member C

XM_882308 TINAGL1 tubulointerstitial nephritis antigen-like 1 -1.82  ***

XM_583785 TNFSF10  tumor necrosis factor (ligand) superfamily,-1.82 *rx
member 10

NM_001075473 LOC510860 C4b-binding protein alpha-like -1.82 w*

NM_001034632 PIN1 peptidylprolyl cis/trans isomerase, NIMA- -1.82 *rx
interacting 1

NM_001046367 SPINT1 serine peptidase inhibitor, Kunitz type 1  -1.83  ***

NM_001099138 C1QTNF5 C1qg and tumor necrosis factor related -1.83 rxk
protein 5

NM_001034039 COL1A1 collagen, type I, alpha 1 -1.84  wx*

NM_001034452 TRABD TraB domain containing -1.84 wxx

NM_001114855 BoLA major histocompatibility complex, class I, -1.85  ***
A

XM_001251326 NA NA -1.85

NM_001014957 PYCR1 pyrroline-5-carboxylate reductase 1 -1.85  wx*

XM_001254365 NA NA -1.85

XR_028526 NA NA -1.86  *x*

NM_001046613 CLPTM1 cleft lip and palate associated -1.86
transmembrane protein 1

NM_001099002 ORAI1 ORAI calcium release-activated calcium -1.87  ***
modulator 1

XM_603601 ATXN7L3  ataxin 7-like 3 -1.88

NM_001046509 MACROD1 MACRO domain containing 1 -1.88  **

XM_867430 GGT1 gamma-glutamyltransferase 1 -1.88 ok

XM_881439 GSTM2 glutathione S-transferase M2 -1.90  w*
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Table S4.Continued.

Unigene ID Symbol

Gene title

NM_001034735 CD74

NM_001078041 PLD3
XM_001253549 DUSP28
NM_001046358 CMTM8

NM_001105051 RING1
XM_001249906 NA
NM_177518 AGPAT1

NM_001080246 PKN1
NM_173986 AKT1

NM_001101056 CSNK1G2

NM_174710 ADRBK1
NM_001035319 RNH1
XM_001249950 NA
NM_001013599 TAGLN2
NM_001077125 KLHL12
XM_584919 PLXNB2
NM_001035087 HMOX2
NM_001076205 RBM42
NM_001076026 LIN37
NM_001004024 JUP
NM_174493 ZFP36

NM_176650 ARHGDIA

XM_001249809 LOC784095

NM_001040480 PSVIB8

NM_174224 ACACA

XM_001255074 LOC787813
NM_001077871 SLC25A29

XM_001250445 NA
XM_001253132 NA

NM_001083371 C7H190RF

43
NM_001015655 CFL1
XM_001249857 NA
NM_001035285 SERINC2
XM_592497 TGFB1

CD74 molecule, major histocompatibility
complex, class Il invariant chain
phospholipase D family, member 3

dual specificity phosphatase 28
CKLF-like MARVEL transmembrane

domain containing 8
ring finger protein 1
NA

1-acylglycerol-3-phosphate O-
acyltransferase 1 (lysophosphatidic acid

acyltransferase, alpha)
protein kinase N1

v-akt murine thymoma viral oncogene

homolog 1

casein kinase 1, gamma 2
adrenergic, beta, receptor kinase 1
ribonuclease/angiogenin inhibitor 1

NA

transgelin 2

kelch-like 12 (Drosophila)
plexin B2

heme oxygenase (decycling) 2
RNA binding motif protein 42
lin-37 homolog (C. elegans)

junction plakoglobin

FDR
c qualué
-1.91 ikl
-1.91 wx*
-1.91 ekl
-1.92 ok
-1.93 ok
-1.95  wx*
-1.96 ok
-1.97  wx*
-1.99 ok
-1.99  w*
-2.00 el
-2.00  ***
-2.01 il
-2.02  w**
-2.02 il
-2.04  ***
-2.04 il
-2.05  w**
-2.05 il
-2.06  ***

zinc finger protein 36, C3H type, homolog -2.07 i

(mouse)

Rho GDP dissociation inhibitor (GDI)

alpha

-2.08

similar to Rho GDP-dissociation inhibitor 1-2.08 xkk

(Rho GDI 1) (Rho-GDI alpha) (GDI-1)
proteasome (prosome, macropain) subur
beta type, 8 (large multifunctional peptide

7

acetyl-coenzyme A carboxylase alpha
similar to acetyl-CoA-carboxylase
solute carrier family 25, member 29

NA
NA

chromosome 19 open reading frame 43

ortholog

cofilin 1 (non-muscle)
NA

serine incorporator 2

transforming growth factor, beta 1

-2.08
-2.10 el
-2.10 o
-2.12 el
-2.12 o
-2.12 okx
-2.12 o
-2.15 =
-2.15
-2.16
-2.17 M
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Table S4.Continued.

. . FDR
Unigene ID Symbol Gene title qualué
NM_001075210 PVRL2 poliovirus receptor-related 2 (herpesvirus -2.20  ***

entry mediator B)
NM_001075495 CDC42EP1 CDCA42 effector protein (Rho GTPase -2.23  w*

binding) 1
NM_174561 MAN2B1 mannosidase, alpha, class 2B, member 1 -2.24  *x*
NM_001083800 IGLL1 immunoglobulin lambda-like polypeptide -2.25  ***
NM_001080241 HPN hepsin -2.28 =
XM_001254640 LOC787164 similar to hepsin (transmembrane protea: -2.28  ***
serine 1)
XM_590109 PKM2 pyruvate kinase, muscle -2.31 ok

XR_028808 LOC519422 similar to Transcription intermediary factc -2.35  ***
1-beta (TIF1-beta) (Tripartite motif-
containing protein 28) (Nuclear corepress
KAP-1) (KRAB-associated protein 1)
(KAP-1) (KRAB-interacting protein 1)
(KRIP-1) (RING finger protein 96)

NM_174656 SLC25A1  solute carrier family 25 (mitochondrial -2.35
carrier /// citrate transporter), member 1

NM_001076397 ENG endoglin -2.83  **

NM_174598 SCNN1A sodium channel, nonvoltage-gated 1 alpha  -2.84  ***

XM_610582 AKAP1 A kinase (PRKA) anchor protein 1 -2.99 W

XR_028125 NA NA -2.99 =

NM_001033608 MIF macrophage migration inhibitory factor  -3.61  ***
(glycosylation-inhibiting factor)

XM_871314 LOC404062 immunoglobin light chain VJ region -5.93 ok

1 FC = Fold change were calculated considering g&peession when cows were fed with
UFA-enriched-diet compared with the same cows fedrol diet.

2 FDR g-value = effect of UFA supplementation; *, *** |evels of significance indicate
P < 0.05,P<0.01 andP < 0.001, respectively.

Table S5.Results for gPCR assays and correlation with raicay data when comparing
dairy cows supplemented with unprotected unsatdrétty acids (UFA) relative to the
same cows fed control diet.

Gene gPCR Array c lati P-value of

Symbol Fold Change Fold Change orretation correlatior}
FASN -1.16 -1.17 0.70 *
FADS3 -1.27 -1.27 0.71 (5
FADSL 1.37 1.39 0.73 **
SCD1 -1.27 -1.28 0.71 3

! P-value = *, **, *** |evels of significance indicat® < 0.05,P < 0.01 ancP < 0.001,
respectively.
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Table S6.Global transcriptional profiles based on cellldamponent, molecular functions
and biological processes by Gene Ontology (GO) tatiom determined in Erminj analysis
in the mammary gland when comparing dairy cows kumpented with unprotected
unsaturated fatty acids (UFA) relative to the saows fed control diet.

Raw FDR

Name ID Probes Genes
Score g-valué

Cellular component

Ribosome G0:000584C 122 121 226  ***
Respiratory chain GO0:0070469 45 45 3.06  ***
Mitochondrial membrane part G0:004445¢ 60 60 3.05
Proton-transporting ATP synthase G0:0045259 17 17 352  **
complex

Lysosome G0:0005764 66 65 213 **
Mitochondrial matrix GO0:0005759 80 79 2.00 *
Mitochondrial lumen G0:003198C 80 78 2.02 *
Golgi apparatus part G0:0044431 112 107 182 *
Cell projection GO0:004299: 121 118 1.78 **
Proton-transporting two-sector ATPase GO:0016469 38 37 243 **
complex

Pigment granule G0:004877C 49 47 224  **
Vacuole G0:0005773 75 74 197  **
Golgi membrane G0:000013¢ 99 94 185 *
Ribosomal subunit G0:0033279 30 30 2.59 **
Microtubule cytoskeleton G0:001563C 121 119 1.67 *
Endosome GO0:0005768 67 67 1.93 *
Proteasome complex G0:000050z 22 22 2.86 *
Nuclear periphery GO0:0034399 12 12 3.68 *
Cell fraction G0:0000267 126 125 1.65 *
Chromosome GO:0005694 89 88 1.79 *
Mitochondrial ribosome G0:0005761 15 15 2.89 *
Coated membrane G0:0048475 37 36 219 *
External side of plasma membrane G0:0009897 40 40 211 *
Organellar large ribosomal subunit G0:0000315 11 11 3.20 *
Chromosomal part G0:0044427 73 72 1.80 *
Cytosolic part G0:0044445 27 27 2.25 *
Cell surface G0:000998¢ 56 56 1.88 *
Nuclear matrix G0:0016363 10 10 3.59 *
Cell junction G0:0030054 123 122 161 *
Large ribosomal subunit G0:0015934 18 18 274 *
Anchoring junction G0:0070161 25 25 2.29 *
Nuclear envelope G0:0005635 55 54 1.86 *
Nucleolus G0:000573C 64 63 1.77 *
Nuclear membrane G0:0031965 24 23 2.28 *
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Table S6.Continued.

Name ID Probes Genes REW ADIRS
Score g-valué
Basolateral plasma membrane G0:0016323 38 37 1.96 *
Insoluble fraction GO:000562¢€ 117 116 1.59 *
Clathrin coat G0:0030118 19 18 2.58 *
Focal adhesion GO0:000592¢& 16 16 271 &
Late endosome GO0:0005770 21 21 2.28 *
Membrane fraction G0:0005624 112 111 1.55 *
Coated pit GO:0005905 14 13 2.66 *

Mitochondrial large ribosomal subunit GO:0005762 12 12 298 *

Proton-transporting two-sector ATPase GO:0033177 18 18 255 *
complex

DNA-directed RNA polymerase II, G0:0016591 12 11 2.77 *
holoenzyme

Molecular functions

Structural constituent of ribosome G0:000373E 97 96 229 wm
Phosphatase activity GO0:0016791 95 92 212
Phosphoric ester hydrolase activity GO0:004257¢ 124 121 2.02  ***
Inorganic cation transmembrane G0:0022890 69 68 231 *

transporter activity

Hydrogen ion transmembrane transport GO:001507¢ 57 56 251 *
activity

Monovalent inorganic cation G0:0015077 60 59 244 *
transmembrane transporter activity

Oxidoreductase activity, acting on NAD G0:0016651 33 33 279 *
or NADPH

Protein dimerization activity G0:0046983 113 109 189 =
Protein serine/threonine kinase activity GO:0004674 123 121 1.75 *
Cofactor binding G0:0048037 116 116  1.79 *
Enzyme activator activity G0:0008047 62 61 1.96 *

Threonine-type endopeptidase activity G0:0004298 16 16  3.30 *
Phosphoprotein phosphatase activity = G0:0004721 55 52 2.10 *

Vitamin binding G0:0019842 62 62 2.00 *
Active transmembrane transporter activ GO:0022804 121 117 1.68 *
NADH dehydrogenase activity G0:0003954 15 15 3.05 *
Magnesium ion binding G0:0000287 117 114 1.70 *
Actin binding GO0:0003779 88 85 1.79 *
Transferase activity, transferring acyl GO:001674¢€ 83 80 1.84 *
groups

Ligase activity, forming carbon-nitrogen GO:0016879 75 71 1.87 *
bonds
Enzyme binding G0:001989¢ 66 65 1.91 *
Nucleoside-triphosphatase regulator ~ GO:0060589 109 106 1.73 *
activity
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Table S6.Continued.

Raw FDR

Name ID Probes Genes
Score g-valué

NADH dehydrogenase (ubiquinone) G0:0008137 13 13 3.16 *
activity

Antioxidant activity G0:001620¢ 29 29 235 *
Oxidoreductase activity, acting on sulfurGO:0016667 22 19 270 *
group of donors

Acyltransferase activity G0:000841¢ 72 70 1.86 *
Protein homodimerization activity G0:0042803 61 58 1.94 *
Isomerase activity G0:001685% 63 62 1.93 *
Lyase activity G0:0016829 83 81 1.75 *
GTPase regulator activity GO:003069 104 101 1.68 *
Small GTPase regulator activity G0:0005083 70 68 1.85 *

Transferase activity, transferring acyl GO:0016747 74 72 181 *
groups other than amino-acyl groups

Electron carrier activity GO:0009055 95 93 1.68 *
GTPase activator activity GO0:000509¢ 51 50 1.98 *
Acid-amino acid ligase activity G0:0016881 59 55  1.87 *
ATPase activity G0:0016887 107 105 1.62 *
G-protein coupled receptor activity G0:0004930 115 114 1.64 *
Peptidase inhibitor activity G0:0030414 65 62 1.83 *
Sodium ion binding G0:0031402 25 25 2.30 *
Small conjugating protein ligase activity GO:0019787 41 39 201 *
Metallopeptidase activity G0:0008237 78 70 1.78 *
Endopeptidase inhibitor activity G0:000486¢€ 62 59 1.80 *

Biological Processes

Electron transport chain G0:002290C 67 67 278  ***
Intracellular protein transport G0:0006886 127 123 198 =
Oxidative phosphorylation G0:000611¢ 45 44 278  **

Negative regulation of metabolic process G0:0009892123 117 191 =
Negative regulation of cellular metabolic GO:0031324 114 109 196 *

process

Lipid biosynthetic process G0:0008610 104 103 2.03 =
Small GTPase mediated signal G0:0007264 87 85 2.06 *
transduction

Energy derivation by oxidation of organi€&0:0015980 46 45 248  **
compounds

Regulation of protein metabolic process GO:005124€ 126 123 181 *
Cell redox homeostasis G0:0045454 33 33 267 *
Monovalent inorganic cation transport GO:001567z 101 99 191 *
Cytoskeleton organization GO0:0007010 76 75 211 *
Mitochondrial ATP synthesis coupled GO:004277& 8 8 569 *

electron transport
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Table S6.Continued.

Name ID Probes Genes ACE RIS
Score g-valué
Cellular amine metabolic process G0:0044106126 125 177 =

Negative regulation of macromolecule GO:0010605 114 109 186  *
metabolic proces
Nucleotide biosynthetic process G0:0009165109 103 1.89 =

Purine nucleotide metabolic process  GO:0006162 91 87 197 *
ATP synthesis coupled electron transport G0:004277310 10 5.02 **
Ribonucleotide metabolic process G0:000925¢ 79 76 2.05 *

Cellular homeostasis G0:0019725 114 111 181  **
Purine ribonucleotide metabolic proces: GO:000915C 75 72 2.05 *
Respiratory electron transport chain G0:0022904 12 12 433 **

Ribonucleotide biosynthetic process  G0O:000926C 76 73 1.99 *
Purine nucleotide biosynthetic process G0:0006164 82 79 1.95 *
Purine ribonucleotide biosynthetic G0:0009152 72 69 2.00 *

process
Regulation of cellular component G0:0051128 89 84 194 *
organization

Cellular respiration G0:004533¢ 31 30 2.70 *
Organophosphate metabolic process G0:001963759 57 2.07 *
Defense response GO:000695z 136 125 1.70 *
Actin cytoskeleton organization GO0:0030036 45 44 231 *
Death G0:0016265 121 120 1.74 *
Phospholipid metabolic process G0:0006644 54 52 2.14 *
Actin filament-based process G0:003002¢ 45 44  2.25 *
Negative regulation of biosynthetic G0:0009890 84 79 1.86 *
process

Nucleoside triphosphate metabolic G0:0009141 70 67 1.93 *
process

Cellular amino acid metabolic process G0:0006520100 99 1.76 *
Response to DNA damage stimulus G0:0006974 78 75 1.88 *
Negative regulation of macromolecule GO0:0010558 79 75 1.88 *
biosynthetic process

Negative regulation of cellular G0:0031327 81 77 1.88 *
biosynthetic process

Regulation of cellular protein metabolic GO:0032268 100 98 1.77 *
process

Purine ribonucleoside triphosphate G0:000920t 66 63 1.94 *
metabolic process

Cell death G0:0008219 117 116 1.72 *
Regulation of leukocyte activation G0:0002694 41 41  2.16 *
Negative regulation of developmental GO:0051093 110 110 1.72 *
process

Regulation of hydrolase activity G0:005133¢ 75 75 1.84 *
Membrane organization G0:0016044 77 74 1.89 *
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Table S6.Continued.

Name ID Probes Genes ACE RIS
Score g-valué
Hexose metabolic process G0:0019318 71 70 1.92 *

Monosaccharide metabolic process G0:000599¢ 77 76 1.85 *
Purine nucleoside triphosphate metaboli&0:0009144 67 64 1.94 *

process
Regulation of cell activation G0:005086¢ 42 42  2.16 *
Protein amino acid dephosphorylation G0:0006470 45 42 2.18 *
Glucose metabolic process G0:000600¢€ 54 54 2.01 *
Regulation of organelle organization G0:0033043 46 45  2.06 *
ATP metabolic process G0:0046034 57 56 2.00 *
Negative regulation of apoptosis G0:0043066 75 75 1.82 *

Negative regulation of nucleobase, G0:0045934 67 64 1.92 *
nucleoside, nucleotide and nucleic acid

metabolic process

Negative regulation of protein metabolic GO:0051248 37 35 2.20 *

process
Negative regulation of nitrogen GO0:0051172 69 66 1.88 *
compound metabolic process

Regulation of cellular component G0:0044087 34 33 222 *
biogenesis

Proton transport G0:0015992 39 38 219 *
Protein folding GO0:0006457 69 68 1.85 *

Glycerophospholipid metabolic process GO:000665C 30 29 232 *
Nucleoside triphosphate biosynthetic ~ G0:0009142 64 61 1.87 *

process
Sodium ion transport G0:0006814 36 36 224 *
DNA repair G0:0006281 59 57 1.90 *
Protein targeting G0:000660% 45 44  2.07 *
ATP biosynthetic process GO0:0006754 54 53 1.92 *
Glucose metabolic process G0:000600¢€ 54 54 2.01 *
Regulation of organelle organization G0:0033043 46 45  2.06 *

' FDR g-value = effect of UFA supplementation; *, *** levels of significance indicate
P < 0.05,P<0.01 and® < 0.001, respectively.
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Table S7.Gene Set Enrichment Analysis (GSEA) for gene esgiom in the mammary
gland when comparing dairy cows supplemented witbratected unsaturated fatty acids
(UFA) relative to the same cows fed control diet.

Name Size NES FDR
g-valué
Oxidative phosphorilation 92 2.25 *kk
Ribosome 28 2.18 el
Electron transport chain 87 211
Sig IL4 Receptor in B Lymphocytes 16 -2.08 *
St B cell antigen receptor 28 -2.07 *
ERK1 ERK2 MAPK Signaling pathway 19 -2.05 *
SIG CD40 Pathway map 28 -2.01 *
HS Focal Adhesion Kegg 113 -1.94 *
HS IL-6 NET pathway 18 76 -1.93 *
MAPKINASE signaling pathway 50 -1.93 *
ST FAS signaling pathway 45 -1.93  *
FMLP induced chemokine gene expresién in HMC-1scell 19 -1.92 *
HS Integrin-mediated cell adhesion 68 -1.92  *
Links between PYK2 and MAP Kinase 16 -1.90 *
HS IL-9 NET pathway 20 16 -1.89 *
SIG BCR signaling pathway 32 -1.89 *
ST Integrin signaling pathway 49 -1.89 *
ST GAQ pathway 19 -1.85 *
HS S1P signaling 19 -1.85 *
VEGEF signaling pathway 47 -1.81 *
Ceramide signaling pathway 15 -1.80 *
NRF2-Regulated genes combined 18 -1.80 *
HS MAPK cascade 24 -1.80 *
HS P38 MAPK signaling pathway 26 -1.77 *
Bioactive peptide induced signaling pathway 19 617 *
HS IL-7 NET pathway19 40 -1.75 *
Phospholipids as signalling intermediaries 15 417 *
HS MAPK signaling pathway 120 -1.74 *
Apoptosis 52 -1.72 *
Angiotensin Il mediated activation of INK pathway 16 -1.71 *
via PYK2 dependent signaling
HS Regulation of actin cytoskeleton 95 -1.71 *

1 FDR g-value = effect of UFA supplementation; *, *** levels of significance indicate
P < 0.05,P<0.01 andP < 0.001, respectively.
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Table S8.Expression (fluorescence units) of SCD1 and SCGIxhé mammary gland tissue
when comparing dairy cows supplemented with unpteteunsaturated fatty acids (UFA)
relative to the same cows fed control diet.

UFA-

Control diet i P- valué
enriched
Iltem s.e.
SCD1, fluorescence units 6058 5896 348.5 0.74
SCD5, fluorescence units 59.38 84.53 3.03 *kk

! P-value = effect of UFA supplementation; *, **, *fevels of significance indicate <
0.05,P < 0.01 and® < 0.001, respectively.
ZIncluded n = 28 cows.
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Figure S1.Canonical signalling pathways significantly modeathin the mammary gland
tissue when comparing dairy cows supplemented withrotected unsaturated fatty acids
(UFA) relative to the same cows fed control dietatiStical significance of pathway
modulation was calculated via a right tailed Fisghéxact test in Ingenuity Pathway and
represented as —log{alue): -log values exceeding 1.30 were signifidalise discovery
rate (FDR) g-values < 0.05).
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Figure S2. a) Canonical pathways involved in cellular growth,olgeration and
development, and significantly modulated in the mmeary gland tissue when comparing
dairy cows supplemented with unprotected unsatdréay acids (UFA) relative to the
same cows fed control diet. Statistical significaid pathway modulation was calculated
via a right-tailed Fisher's Exact test in IngenuRathway and represented as —I&y (
value): -log values exceeding 1.30 were signifidaige discovery rate (FDR) g-values <
0.05); b) The down-regulated and up-regulated genes for @aclecular pathway are
presented. The colour intensity indicates the esgio@ of genes: red up-regulated, green
down-regulated in animals supplemented with UFAtreé to the same cows fed a control

diet.
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Figure S3. a) Canonical pathways involved in immune system rasposignificantly
modulated in the mammary gland tissue when comgatairy cows supplemented with
unsaturated fatty acids (UFA) relative to the saomsvs fed control diet. Statistical
significance of pathway modulation was calculated as right-tailed Fisher's Exact test in
Ingenuity Pathway and represented as —IBgvdlue): -log values exceeding 1.30 were
significant false discovery rate (FDR) g-values .85); b) The down-regulated and up-
regulated genes for each molecular pathway areepred. The colour intensity indicates
the expression of genes: red up-regulated, greem-dlegulated in animals supplemented
with UFA relative to the same cows fed a contreltdi
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Abstract

Stearoyl-CoA desaturase (SCD) is an important eezynthe bovine mammary gland,
where it inserts ais-double bond at theé\9 position in a wide range of fatty acids.
Investigating SCD expression in the bovine mamngand generally requires invasive
biopsy to obtain mammary tissue. The aim of thiglgtwas to evaluate the use of milk
somatic cells as a non-invasive alternative to $jofor measuring mammary SCD
expression in dairy cows. Both milk somatic celisl aammary tissue were collected from
fourteen Holstein-Friesian cows and used for amalgé SCD expression by qRT-PCR.
The SCD5 mRNA levels in mammary tissue compared W8€D1 were low, and for
several milk somatic cell samples, SCD5 expresgias even below the limit of detection.
A significant relationship was found between SCRftression in milk somatic cells and in
mammary tissue. In addition, SCD1 expression irkrsibmatic cells was significantly
related toA9-desaturase indices in milk, which are commonBduas an indicator of SCD1
activity within the mammary gland. Our study showtbdt milk somatic cells can be used
as a source of mRNA to study SCD1 expression inydaows, offering a non-invasive
alternative to mammary tissue samples obtaineddpsi.
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Introduction

Various studies in human subjects indicate thatratead fatty acids (SFA) increase the
risk of cardiovascular disease and are involvedh@ development of the metabolic
syndrome (Astrup et al., 2011). Altering the fadigid (FA) composition of milk fat to be
more in line with public health recommendationsuldoreduce SFA intake through milk.
Reducing the SFA proportion of milk fat can be agbid by increasing the activity of
stearoyl-CoA desaturase (SCD) in the mammary glahdlairy cows. Stearoyl-CoA
desaturase is an enzyme that insedis-@louble bond at tha9 position in a wide range of
FA. The preferred substrates for SCD are steaiitt @18:0) and palmitic acid (C16:0),
generating oleic acid (C18:dis-9) and palmitoleic acid (C16:&is-9) respectively, but
SCD can also convert other unsaturated FA, e.gcerac acid (C18:ltrans-11) into
rumenic acid (C18:Zis9, trans-11 CLA; Ntambi & Miyazaki, 2004). Several health
benefits have been attributed to rumenic acid, utlidg anticarcinogenic and
antiatherogenic effects (Pariza et al., 2001; Wahlal., 2004). In bovine, two isoforms of
SCD, designated stearoyl-CoA desaturase 1 (SCD#) stearoyl-CoA desaturase 5
(SCD5), have been identified (Lengi & Corl, 2008tearoyl-CoA desaturase 1 is
abundantly expressed in the mammary gland of lagtatairy cows and has a key role in
milk fat synthesis (McDonald & Kinsella, 1973; Bard et al., 2008; Bionaz & Loor,
2008b). Conversely, the importance of the recedifgovered isoform SCD5 in milk fat
synthesis remains unclear. Contrary to SCD1, naticglship was observed between the
relative low SCD5 mRNA abundance in bovine mammisgue andA9-desaturation
indices for milk, suggesting that SCD5 plays a mirale in the desaturation of milk FA
(Jacobs et al., 2011).

To assess SCD expression in the bovine mammarylglaammary tissue is usually
obtained by biopsy. However, this technique islgastd invasive and can potentially lead
to infection of the mammary gland, with detrimergfects on animal welfare. In addition,
this invasive method can influence the resultsheféxperiment. Potentially, isolated milk
somatic cells can be used as a non-invasive atteenaince these cells contain exfoliated
secretory epithelial cells of the mammary glancevittus studies have shown that milk
provides a convenient and non-invasive source alblgi mammary epithelial cells which
can be used for gene expression studies in vasppesies (Boutinaud & Jammes, 2002). In
goats, Boutinoud et al. (2002) reported that thetive mMRNA expression af-S1,x-casein
anda-lactalbumin was identical in both milk somaticlsednd mammary tissue. A similar
effect was found for the expression of lipogeniaage (including acetyl-CoA carboxylase,
fatty acid synthase and SCD1) in milk somatic callel mammary tissue of beef cows
(Murrieta et al., 2006). Two studies have examing@mmary gene expression in dairy
cows using milk somatic cells (Feng et al., 200@uthaud et al., 2008). However, both
studies did not compare the expression level oégém milk somatic cells with those in the
native mammary gland. Since milk somatic cells apntmainly leukocytes and only a
small proportion of secretory epithelial cells, theantification of mammary transcripts
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could be imprecise. Therefore, the aim of this gtwds to evaluate the use of milk somatic
cells as a non-invasive alternative to biopsy feasuring SCD expression in the mammary
gland of dairy cows. To this end, we measured t@ession levels of SCD in isolated
milk somatic cells by quantitative RT-PCR and corepathese with the levels in
mammary tissue obtained by biopsy. In addition, S&pression levels were compared
with A9-desaturation indices calculated from milk FA, gbhiare commonly used as an
indicator of SCD activity in the mammary gland.

Material and Methods

Animals and Treatments

The samples utilized in this study were collectednt two separate experiments
involving Holstein-Friesian cows, that evaluated #ffects of linseed supplementation on
performance and FA profile of milk. These two sagliwere chosen because it was
anticipated that linseed supplementation wouldbitlhammary SCD expression (Bernard
et al., 2005a), thereby creating more variation S€D expression. Samples from
Experiment 1 were used to compare SCD expressionillnsomatic cells and mammary
tissue as well as to study the relationship betw&@b expression and th9-desaturation
indices in milk. Samples from Experiment 2 were duge further investigate the
relationship between SCD expression in milk somegits and the desaturation indices in
milk. Experiment 1 was approved by the InstitutioAaimal Care and Ethics Committee
of Wageningen UR Livestock Research (Lelystad,Nle¢herlands) and Experiment 2 by
the Institutional Animal Care and Use Committe&\idgeningen University (Wageningen,
the Netherlands).

Experiment 1

Experiment 1 was conducted to study the effectirafeled supplementation on health
and production of periparturient dairy cows. FoentéHolstein-Friesian cows were paired
according to parity, expected date of calving anikk rperformance in the previous
lactation. Cows within each pair were randomly gissd to one of two treatment groups: 1)
“Linseed”; or 2) “Control”. Cows in the Linseed gno received a basal diet supplemented
with a concentrate-mixture including linseed (4.8%total diet on dry matter basis),
whereas cows in the Control group received a bdisalsupplemented with a concentrate
mixture without linseed (Table 1). All cows receivihe basal diedd libitum, which was a
forage mixture that consisted of maize silage,adilgrass silage, grass seed straw, solvent
extracted soybean meal and formaldehyde treatebesoymeal (Mervobest™, Agrifirm,
Apeldoorn, the Netherlands). This basal diet waggpRmented with a concentrate mixture
that was fed individually through automatic concate dispensers. Cows were group-
housed in a cubicle shed with continuous accesgater and were milked twice daily at
0600 and 1700h. Experimental treatments starteéeksvbefore the expected calving date
and lasted until 6 weeks after calving (Mach etwpublished).
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Table 1.Ingredient composition of the treatment dietsifefixperiment 1 and 2.

Treatments

Experiment 1 Experiment 2
Ingredient, % DM Control Linseed CL EL FL DL
Grass silage 30.2 32.6 31.2 31.0 31.2 31.2
Maize silage 19.6 21.2 29.4 292 29.4 294
Grass seed straw 4.3 4.7 - - - -
Maize 13.8 12.9 5.2 4.5 6.0 5.4
Wheat 7.7 7.3 6.8 6.4 7.3 7.7
Soybean meal 6.9 3.7 4.9 4.7 5.0 4.9
Rapeseed meal - - 6.5 6.1 6.9 6.9
Soybean meal treated 4.5 5.3 - - - 0.2
Linseed - 4.8 - - - -
Crushed linseed - - 6.5 - - -
Extruded linseed - - - 9.9 - -
Spray-dried linseed oil - - - - 3.3 -
Linseed oil - - - - - 2.1
DHA Gold - - - - - 0.4
Others (inclusion <5%) 13.0 7.5 9.5 8.2 10.9 11.8

1 CL = crushed linseed; EL = extruded whole linsédd= formaldehyde treated spray-
dried linseed oil; DL = microalgae high in docosedrenoic acid (DHA Gold®) in
combination with linseed oil.

2 DHA Gold®, Martek Biosciences Corp., Columbia, MD.

For the isolation of somatic cells, 1 L of milk weampled from each cow on the last
day of the experimental period (week 6) duringAid milking. This milk sample was kept
on ice until somatic cell isolation, which was cdetpd within 2 hours after milking.
Simultaneously, individual milk samples were talenl stored at -20°C until FA analysis.
Within 2 hours after milking, a mammary biopsy waken from each cow. Approximately
0.7 to 1.0 g of mammary tissue was obtained byisalrtpiopsy from the midpoint section
of a rear quarter, according to the method of Eaal. (1996) as described by Jacobs et al.
(2011). Collected tissue was immediately snap-indndiquid nitrogen and stored at -80°C
until total RNA extraction.
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Experiment 2
Experiment 2 was conducted to study the effect ifferént sources of linseed on

performance and milk FA profile of dairy cows. Fouultiparous Holstein-Friesian dairy
cows in early lactation (mean days in milk: 52 4) fifed with a ruminal cannula (10 cm
i.d.; Bar Diamond Inc., Parma, ID) were fed dietghwdifferently processed linseed
according to a 4 x 4 Latin square design. Expertaigreriods were 21 d in length. Cows
were housed in individual tie-stalls with contingaaccess to water and milked twice daily
at 0630 and 1700h. Dietary treatments consistedl lzdisal diet (a mixture of grass silage
and maize silage) and concentrates, which were lemgmted with either 1) crushed
linseed (CL), 2) extruded whole linseed (EL), 3)nfialdehyde-treated spray dried linseed
oil (FL), and 4) microalgae high in docosahexaerraid (DHA Gold; Martek Biosciences
Corp., Columbia, MD) in combination with linseed (L; Table 1) and were designed to
provide equal amounts of C18:3n3. Treatments wamsen based on an vitro study
aimed at decreasing ruminal biohydrogenation of:848 applying several chemically or
technologically treated linseed products (Stertle2010). The basal diet, concentrates and
linseed products were thoroughly mixed immediatedfore feeding. Diets were offered as
two equal meals just before milking. After day &td were fed at 95% @i libitum intake

to prevent variation in feed intake and C18:3n3ket between treatments. Detailed
information about this experiment has been desgrtyeSterk (2011).

For the isolation of somatic cells, 1 L of milk weampled from each cow on the last
day of each experimental period during the AM nmitki including the week before the
experiment (as control). This milk sample was keptice until somatic cell isolation,
which was completed within 2 hours after milk saimgl In addition, individual milk
samples were taken and stored at -20°C until FAyaiza

Fatty Acid Analysis

Fatty acid composition of the milk samples of Exent 1 was analysed as described
by Jacobs et al. (2011) and those of Experimene&vanalysed as follows. Total lipids
were extracted from the milk samples with diethiylez and petroleum ether according to
the Rose-Gottlieb method (AOAC, 1990). Fatty adidsn milk lipids were methylated
with 2.0N of methanolic NaOCE neutralized with NaHS£and dried with Nzg50,. Fatty
acid methyl esters (FAME) were recovered in 1 mhefane.

The FAME were quantified using gas chromatographsage GC Ultrd", Thermo
Fisher Scientific, Waltham, MA, USA) with a fuseitica capillary column (100 m x 0.250
mm and 0.2um film thickness; Supelco; SP2560, Bellefonte PAA). The carrier gas
was helium at a constant flow of 1.5 mL/min. Thanik ionization detector was set at
280°C. The time-temperature program used, startédam initial temperature of 70°C for
4 min, increased with 1°C/min to 165°C for 20 nimcreased with 2°C/min to 170°C for 10
min, and increased with 4°C/min to a final tempamtof 215°C for 20 min. The FAME
were identified using external standards (S37, BopeBellefonte PA, USA; odd and
branched chain fatty acid$ans-11-C18:1,cis-9,trans-11-C18:2,trans-10cis-12-C18:2,
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Larodan Fine Chemicals AB, Malmd, Sweden). Fattgsatans-6+7+8-C18:1 trans-10-
C18:1, trans-12-C18:1,trans-13+14-C18:1,cis-12-C18:1,cis-13-C18:1, cis-14+trans-16-
C18:1, cis15-C18:1, trans-11cis-15-C18:2 were identified according to the elution
sequence reported by Loor et al. (2004) and Skitthét al. (2006).

Somatic Cell Isolation

Milk somatic cells were isolated according to thetinod described by Feng et al.
(2007), with some minor modifications. Fresh midnwyples of 1 L were transferred to 10
sterile 100-mL conical tubes and, to limit formatiof casein micelles, 100 pL of ONB
ethylenediaminetetraacetic acid (EDTA) in phosphmatifered saline (PBS) was added to
each tube. Somatic cells were pelleted by centaifog at 2,700 >g for 10 min at 4°C.
Then, the cream layer was removed with a spatufasiim milk was discarded. The cell
pellet was washed twice in 25 mL of ice-cold PBS ( 7.2) containing 0.5 M EDTA,
followed by centrifugation at 2,700 gfor 15 min at 4°C. The supernatant was discarded
and the remaining cell pellet was resuspend in lofiiLrizol® reagent (Invitrogen, Breda,
the Netherlands) and stored at -80°C until totalAR$blation.

RNA Isolation and Real-Time PCR

Frozen mammary tissue samples were homogenizeaduid Initrogen using a mortar
and pestle. Total RNA from milk somatic cells andmmary tissue was isolated using
Trizol® reagent (Invitrogen, Breda, the Netherlands), ating to the manufacturer’s
instructions. Total RNA was treated with DNAse Idaecolumn purified using the
PureLink™ Micro-to-Midi Total RNA Purification Sysin kit (Invitrogen, Breda, the
Netherlands). To assess RNA quality, samples weaéysed on a RNA 6000 NanoCHip
(Agilent Technologies, Amstelveen, the Netherlangsing the Agilent 2100 bioanalyZer
(Agilent Technologies, Amstelveen, the Netherlandsfording to the manufacturer's
instructions. The Agilent 2100 expert software waed to calculate the RNA Integrity
Number (RIN), as a measure for the state of RNAdimess (Schroeder et al., 2006). First-
strand cDNA synthesis and quantitative real-timeRP@as performed as described
previously (Jacobs et al., 2011). The following &specific primers were used: for SCD1,
forward primer 5-GGCGTTCCAGAATGACGTTT-3' and rews primer 5'-
AAAGCCACGTCGGGAATTG -3’; for SCD5, 5-GGCACCGGCAGGRATC-3'
(forward) and 5-GAGCAGTCAGGAGGAAGCAGAA-3' (reverye Cytokeratin 8
(KRT8) or beta-actin (ACTB) was used as internangard. For KRT8, we used the
forward primer 5-ATTTGCCTCCTTCATCGACAA-3' and revee primer 5'-
GCTCCGGGCAGTCTTCTG-3. For ACTB, 5-GCCCTGAGGCTCTCTTCA-3
(forward) and 5-CGGATGTCGACGTCACACTT-3’ (reverse)emplates were amplified
after a preincubation for 10 min at 95 °C, followsd amplification for 40 cycles (10 s at
95°C, 5s at 60 °C, 5s at 72 °C). All reactiangaled a single product as determined by
melting curve analysis. Specificity of the primetswere verified by sequencing of the
generated amplicons. PCR efficiencies for the gever® established to be at least 86%.
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Relative mRNA expression for each gene of intef@swvas calculated using the formula:
@ + E[I) M/ 1 + E[H]) ™, where E = amplification efficiency and H = housefing
gene.

Statistical Analysis

The regression procedure (PROC REG) of SAS (verS8i@n SAS Institute Inc.) was
used to analyse relationships between relative gdnoe of SCD mRNA in milk somatic
cells and mammary tissue, as well as the variosatdease indices calculated from milk
FA. The various desaturase indices (i.e., C14, €&, and C18 index) were calculated
from milk FA as the ratio between ti®-desaturase product and the sum of the product
and the substrate FA of SCD, e.g. C1di49 / (C14:1cis9 + C14:0). To evaluate the
effect of dietary linseed supplementation on tHatiee abundance of SCD mRNA and the
various desaturation indices, analyses were camigdby ANOVA using the PROC
MIXED procedure of SAS with treatment as fixed effeDifferences were considered
significant at a probability d? < 0.05, and as a trend at a probability of 0.0%5<0.10.

Results

Total RNA Yield and Quality

Total RNA yield was 181.4 ug (SEM = 13.1 ug) pemmaary tissue sample of 0.15 to
0.20 g obtained from biopsy (Experiment 1). TotAlARyield from milk somatic cells was
6.0 ug per sample (SEM = 1.9 ug) in Experimentd 42 pg per sample (SEM = 0.6 ug)
in Experiment 2, obtained with 1 L milk samples.tekxf DNAse treatment and column
purification, the AgfA,g ratio was > 1.90 in all samples, indicating thabtein
contamination was negligible. Several milk somatitl samples did not yield sufficient
RNA (< 2 ug per sample) and therefore, four sampfdsxperiment 1 (n = 10 remaining)
and five samples of Experiment 2 (n=15 remainingfevexcluded from further analysis.
The average RNA integrity number (RIN) was 7.1 (SEM).30) for mammary tissue
samples and 7.6 (SEM = 0.21) for milk somatic salhples.

Relationship Between SCD Expression in Milk SomaticCells and in
Mammary Tissue

In Experiment 1, both SCD1 and SCD5 expression weeasured by gRT-PCR
analysis in milk somatic cells as well as mammésyue. For four out of ten milk somatic
cell samples SCD5 mRNA level was below the limitdeftection and therefore, only the
results for SCD1 expression are presented (Figuréd internal controls we used either
ACTB, known to be expressed in virtually all mamraal cells, or KRT8, which is
characteristic of mammary luminal cells (Moll et, d1982; Abd EI-Rehim et al., 2004).
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Figure 1. Relationship between relative abundance of SCDNAR mammary tissue
and milk somatic cells (Experiment 1; n = 10). SC&pression in milk somatic cells =
0.332 (+ 0.020) + 0.155 (+ 0.0450) x SCD1 exprassiomammary tissue? = 0.60;P <
0.01.

When KRT8 was used as endogenous control geneathsfeACTB, relationship between
SCD1 expression in mammary tissue and milk sontatis was significantly improved(r

= 0.60;P < 0.01 for KRT8 (Figure 1) versu$  0.26;P = 0.17 for ACTB). Therefore,

KRT8 was used as endogenous control gene in toéggsesented.

Relationship between SCD1 expression amb-desaturase indices
Experiment 1

Figure 2a shows the relationship between SCD1 sgjme in mammary tissue and the
C14 desaturation index?(F 0.34;P = 0.08). The 7 values of the relationship between
mammary SCD1 expression and the C16, C17 and Gli&mwere 0.36K = 0.04), 0.38
(P = 0.02) and 0.22R = 0.14), respectively. Figure 2b shows the retetiop between
SCD1 expression in milk somatic cells and the Cddatlration index {= 0.52;P = 0.02).
The # values of the relationship between SCD1 expresisianilk somatic cells and the
C16, C17 and C18 indices were 0.45% 0.03), 0.47 B = 0.09) and 0.32R = 0.18),
respectively.

107



Chapter 4

a) 0,10 -
0,09 -
0,08 - *
0,07 -

0,06 -

0,05 -

C14 desaturase index

0,04 -

0,03 T .
0,0 0,2 0,4 0,6 0,8 1,0

Relative abundance of SCD1 mRNA in mammary tissue

b) 0,10 -
0,09 -
0,08 - .
0,07 -

0,06 -

0,05 -

C14 desaturase index

0,04 -

0,03 T . . .
0,30 0,35 0,40 0,45 0,50

Relative abundance of SCD1 mRNA in milk somatic cells

Figure 2. Relationship between the C14 desaturase indexttendelative abundance of
SCD1 mRNA in mammary tissu@) as well as milk somatic cel®) of the same cows
(Experiment 1; n=10). For mammary tissue: C14 irdéXx046 (+ 0.009) + 0.043 (+ 0.021)
x SCD1 mRNA; f = 0.34;P = 0.08 and for milk somatic cells: C14 index =040 (+
0.036) + 0.261 (+ 0.089) x SCD1 mRNA;¥ 0.52;P = 0.02.
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Experiment 2
A significant relationship was observed betweenatréd abundance of SCD1

expression in milk somatic cells and the C14 dea#itn index (C14 index = -0.032 (x
0.021) + 0.247 (+ 0.047) x SCD1 expression milk atiencells; f = 0.70;P < 0.01). The?
values of the relationship between SCD1 expredsionilk somatic cells and the C16, C17
and C18 indices were 0.7 € 0.001), 0.65R < 0.001) and 0.447(< 0.01), respectively.

Figure 3a shows the relationship between SCD1 esgjme in milk somatic cells and
the C14 desaturation index of experiment 1 andrébioed (f = 0.70;P < 0.001). Figure
3b shows the relationship between SCD1 expressiomiik somatic cells and the C16
desaturation index of experiment 1 and 2 combinéd=(0.63; P < 0.001). When the
highest value was removed, tHevalues of the C14 and C16 index changed to 0.82 an
0.34, respectively. The? values of the relationship between SCD1 expressiomilk
somatic cells and the C17 and C18 indices were (P3Z 0.01) and 0.35R < 0.01),
respectively.

Effect of linseed supplementation on SCD1 expressio

In experiment 1, relative expression of SCD1 inknsibmatic cells was not different
(P = 0.12) between cows on the control diet (0.44.820) and cows on the linseed
supplemented diet (0.40 £ 0.018). Similarly, refatiexpression of SCD1 in mammary
tissue was not differenP(= 0.26) between cows on the control diet (0.49.670) and
cows on the linseed supplemented diet (0.39 + (.0%7addition, the C14 desaturation
index was not affected?(= 0.19) by linseed supplementation and was 0.@/085 and
0.06 £ 0.004 for cows on the control and linseqaptemented diet, respectively.

In experiment 2, relative expression of SCD1 inkngbmatic cells was not affected
(P = 0.84) by the different linseed treatments and %45 + 0.13, 0.41 + 0.02, 0.42 = 0.05,
0.39 £ 0.02 and 0.47 + 0.19 for the control, CL, EL and DL treatment, respectively. In
addition, the C14 desaturation index was not agfiéd@® = 0.37) by the different linseed
treatments and was 0.07 * 0.02, 0.06 + 0.01, 0.0802, 0.06 + 0.01 and 0.10 * 0.06 for
the control, CL, EL, FL and DL treatment, respeeiyv

Discussion

The aim of this study was to evaluate the use dk somatic cells for quantitative
analysis of SCD mRNA, as a non-invasive alternatovénammary biopsy. Milk somatic
cells have been previously used to study gene sgjoe levels in humans (Lindquist et al.,
1994; Alcorn et al., 2002), goats (Boutinaud et 2002) beef cows (Murrieta et al., 2006)
and dairy cows (Feng et al., 2007; Boutinaud et28l08). Whether the use of bovine milk
somatic cells as an alternative source of SCD mRNyalid, depends on several criteria.
We used the following three criteria: 1) harvessuwfficient quantity of mRNA from milk
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Figure 3. Relationship between the relative abundance of SE@IRNA in milk somatic
cells and the C14 desaturase indakas well as the C16 desaturase in@f®xof cows in
Experiment 1 (n = 10) and Experiment 2 (n = 15)4 @fdex = -0.035 (+ 0.015) + 0.252 (+
0.035) x SCD1 mRNA;’r= 0.70;P < 0.001 and C16 index = -0.016 (+ 0.013) + 0.188 (
0.030) x SCD1 mRNA;%= 0.63;P < 0.001.
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somatic cells; 2) satisfactory relationship betw&SD expression in mammary tissue and
in somatic cells; 3) relationship between SCD eggi@n in somatic cells and9-
desaturation indices to be at least as good asethionship between SCD expression in
mammary tissue and desaturation indices.

Total RNA Yield and Quality

In order for milk somatic cells to be consideredatable alternative to mammary
tissue, it is essential that each sample yield&cgrit RNA of good quality. Total RNA
extracted from milk somatic cells was low (range8 fo 14.3 pug per 1 L milk sample)
compared with the study of Feng et al. (2007) (eariy3 to 26.9 pg per 1 L milk sample).
Feng et al. (2007) showed that total RNA vyield iiectly related to the amount of viable
somatic cells. In our study, several milk samplabs bt yield sufficient RNA and were
therefore not used in subsequent analysis. Callgcti larger quantity of milk would
obviously increase the amount of somatic cellsetbne increasing RNA yield. In addition,
time of milk sampling can influence total somatellcount as well as the proportion of
mammary epithelial cells. In goats, total and egitth cell count were substantially higher
in post-milk samples compared with samples takemdumilking (Boutinaud et al., 2002).
Another issue, which can hamper RNA isolation frmitk somatic cells, is the formation
of casein micelles. In the present study, EDTA wsed to prevent the formation of casein
micelles, but this prevention may have been incetepl Techniques that limit the
formation of casein micelles could therefore insee®&NA yield from milk somatic cells.
The RIN values in our study show that the qualityhe RNA isolated from milk somatic
cells was comparable to that of mammary tissue.

Relationship Between SCD Expression in Milk SomaticCells and in
Mammary Tissue

The bovine mammary gland expresses both SCD1 aridbSGervais et al., 2009;
Jacobs et al., 2011), although the mRNA abundah@C®5 is substantially lower than
that of SCD1 (Jacobs et al., 2011). Correspondjnighythis study we found low SCD5
expression levels in mammary tissue compared wiib5 as determined by qRT-PCR.
For several milk somatic cell samples, SCD5 exjwassvas even below the limit of
detection and therefore, SCD5 results are not ptedeThis was most likely caused by the
low and variable proportion of mammary epitheliallg of total somatic cells in bovine
milk and indicates that the use of milk somatidscahight not be suitable for measuring
genes with low levels of mMRNA.

There are substantial differences in amount andtgeé distribution of somatic cells
between species, due to differences in milk semetinilk volume and immune defence
mechanisms (Boutinaud and Jammes, 2002). The noajbtype in somatic cells from
bovine milk is leukocytes, including macrophagesnphocytes and polymorphonuclear
neutrophils (Boutinaud and Jammes, 2002). Consélguenammary epithelial cells only
represent a small proportion (x 2%) of total somatlls in bovine milk, and variation is
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substantial (Feng et al., 2007; Boutinaud et &08}. This low and variable amount of
epithelial cells is a concern for quantification ofammary transcripts by using a
housekeeping gene that is expressed in leukocgtegel, since the expression of such a
housekeeping gene does not reflect the proportienasnmary epithelial cells (Boutinaud
et al., 2008). Besides the ubiquitously express€d B, we tested whether KRT8, which is
characteristic to mammary epithelial cells (Mollatt, 1982; Abd EI-Rehim et al., 2004),
could be used as endogenous control gene to cdmetite differences in proportion of
epithelial cells in total milk somatic cells. Cytratin 8, which is expressed as cytoplasmic
as well as cell-surface protein, has been sucdbssafsed to isolate living mammary
epithelial cells from somatic milk cells by immungfication (Boutinaud et al., 2008). In
addition, epithelial keratins are relatively abunidand stable (Hudson, 2002), which is
essential for housekeeping genes. Compared withBAG@Te use of KRT8 as endogenous
control gene significantly improved the relatiopshbetween SCD1 expression in
mammary tissue and milk somatic cell$,%10.60;P < 0.01 for KRT8 versus ~ 0.26;P =
0.17 for ACTB).

Parallel to our results, Boutinaud et al. (2002)nfd that in goats, the relative amount of
milk protein mMRNA was identical in both milk sonm@atells and mammary tissue samples.
Also, in beef cows a positive correlation was folratween expression of lipogenic genes
in milk somatic cells and mammary tissue (Murrietaal., 2006). Taken together, this
indicates that milk somatic cells can be used iI@Epeesentative source of mRNA to analyse
mammary SCD1 expression, since results are compai@kthose obtained from mammary
tissue.

Relationship Between SCD1 Expression anAl9-desaturase Indices

Substrate-product relationships from several paimgilk FA are commonly used as an
indicator ofA9-desaturase activity within the mammary gland. Thd desaturase index is
considered the best indicator of SCD activity, sigenerally almost all C14:0 and C14:1
cis-9 originate fronde novo synthesis in the mammary gland (Bernard et aD826leck et
al., 2009; Jacobs et al., 2011). In this studypsitiwe relationship between SCD1 mRNA
expression in mammary tissue and the C14 desatimése was found fr= 0.34;P =
0.08), which was comparable to a previous stutly (.35;P = 0.002; Jacobs et al., 2011).
Similarly, Bernard et al. (2005a) reported positigkhough again not strong, relationships
between mRNA levels of SCD and milk proxy ratios.

We found positive relationships between SCD1 exgioesin milk somatic cells and the
C14 index in both experiments, indicating that SC&bression in milk somatic cells
provides a reasonable estimation of SCD activitythe mammary gland. A similar
conclusion was drawn by Feng et al. (2007) who nteyoa significant relationship between
the C14 desaturase index and relative abundan&CBfL mRNA in milk somatic cells.
Interestingly, the relationship between the variodssaturation indices and SCD1
expression in milk somatic cells was somewhat bettenpared to the relationship between
these indices and SCD1 expression in mammary tissie suggests that SCD1 mRNA
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expression in milk somatic cells provides a betigftection of SCD1 activity in the
mammary gland, compared with the expression medsanmammary tissue obtained from
biopsy. This could be due to the fact that mamntiasue provides a “snapshot” of SCD1
expression, while milk somatic cells are accumulateer a period of time, thereby
averaging out possible diurnal variation in SCDfression.

Conclusions

Our results show that using milk somatic cells a®arce of MRNA to examine SCD1
expression in dairy cows yields results comparabith mammary tissue. In addition,
mRNA abundance of SCD1 measured in milk somatis ees significantly related t49-
desaturase indices in milk. The mRNA expressio8@D5 in both mammary tissue and in
milk somatic cells was low. The yield of total RNfm milk of dairy cows is rather low
and further investigation is needed to improve yredd of RNA from milk. This study
showed that milk somatic cells can be used as eamf mMRNA to study SCD1 expression
in dairy cows, offering a non-invasive alternatteemammary tissue samples obtained by
biopsy.
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Chapter 5

Abstract

Stearoyl-CoA desaturase (SCD) is an important eezynthe bovine mammary gland
since it introduces ais-double bond at thé&9 position in a wide range of fatty acids.
Several long-chain polyunsaturated fatty acidshittéxpression of SCD, but information
on the effect of short-chain fatty acids on mamnf@@D expression is scarce. We used a
bovine mammary cell line (MAC-T) to assess the affef acetic acid (Ac) and-
hydroxybutyric acid (BHBA) on the mRNA expressiori 8CD via gRT-PCR, and
compared this to the effect of various long-chaittyf acids on SCD expression as well as
expression of acetyl-CoA carboxylase (ACC) andyfaitid synthase (FAS). In addition,
expression of sterol regulatory binding proteirSREBP-1), insulin-induced gene 1 protein
(INSIG-1) and peroxisome proliferator-activated agiors (PPARsS) were measured to
examine if these transcription factors are involiedhe regulation of SCD expression in
bovine mammary epithelial cells. MAC-T cells wereated for 12 h without fatty acid
additions (CON) or with either 5h Ac, 5 "M BHBA, a combination of 5 M Ac + 5
mM BHBA, 100 M palmitic acid (PA), 100 M stearic acid (SA), 100 M oleic acid
(OA), 100 WM trans-vaccenic acid (TVA), 100 M linoleic acid (LA) or 100 M a-
linolenic acid (ALA). Treatment incubations wererfoemed in triplicate. In comparison
with CON, expression of SCD1 was increased by A&1¢6) and reduced by OA (-61%),
LA (-84%) and ALA (-88%). Contrary to SCD1, MAC-Telts did not express SCD5
mRNA. Expression of ACC was also increased by A®4¢6) and reduced by LA (-48%)
and ALA (-49%). Compared with control, FAS expresswas not significantly affected by
the treatments. The mRNA level of SREBP-1 was filgicted by Ac or BHBA, but was
reduced by OA (-44%), TVA (-42%), LA (-62%) and AL(A68%) compared with control.
Expression of INSIG-1 was down-regulated by SA #3,70A (-63%), TVA (-53%), LA
(-81%) and ALA (-91%). Both PPAR and PPAR expression was not significantly
affected by the treatments. These results shovattetate up-regulates expression of SCD1
and ACC in MAC-T cells, which indicates that acetatay increase desaturation alel
novo synthesis of fatty acids in the bovine mammaryndlaFurthermore, the results
strengthen the support for the role of SREBP-1 BM8IG-1 as central regulators of
lipogenesis in the bovine mammary gland.
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Introduction

Stearoyl-CoA desaturase (SCD) is a key enzyme immmary lipid metabolism since it
introduces eais-double bond at tha9 position in a wide range of fatty acids (FA). The
preferred substrates of SCD are C18:0 and, tosedestent, C16:0, which are converted to
C18:1cis9 and C16:1cis-9, respectively (Ntambi & Miyazaki, 2004). Sincd &1 cis-9
has a considerable lower melting point than C18@D plays a critical role in maintaining
fluidity of cell membranes as well as milk fat. &adition, SCD is responsible for the
conversion of C18:frans-11 into C18:2 cis-9trans-11 (CLA), which has been associated
with several health benefits, including anticargi@enic and antiatherogenic effects
(Bhattacharya et al, 2006; Reynolds & Roche, 2010).

It is well-known that in rodents, polyunsaturatesity acids (PUFA) inhibit SCD
expression in both liver and adipose tissue, wisersaturated fatty acids and
monounsaturated fatty acids have little effect (httg 1999). In addition, it was shown that
feeding mice a diet high in C18ds-9 or C18:2cis-9,12 inhibits both mRNA expression
and activity of SCD in the mammary gland (Singlalket 2004). Conversely, in ruminants
only a few studies investigated the effect of FAnsammary SCD expression. Kadegowda
et al. (2009a) reported that addition of C16:0, tott C18:0, increased expression of SCD
in a bovine mammary cell line (MAC-T), whereas (18is-9, C18:1trans-10, C18:2
trans-10, cis-12 and C20:5 all decreased expressionGid.Sn addition, it was shown in
the same cell line that promoter activity of bovi€D could be inhibited by C18ds-9,
whereas C18:0, C18ttans-11, C18:2 and C18:3 had no effect (Keating et24l06).

Signalling mechanisms involved in the regulationlipbgenic genes, including SCD,
have been comprehensively described in rodent émeradipose tissue, but relatively little
is known about these signalling mechanisms in thenmary gland of ruminants (Bernard
et al., 2008). In rodents, transcriptional mechasisre responsible for changes in mRNA
expression of various lipogenic genes (Foufelle &r&, 2002) and critical transcription
factors involved in the regulation of SCD includiersl regulatory binding protein 1
(SREBP-1) and peroxisome proliferator-activatedeptars (PPARs) (Paton & Ntambi,
2009; Han et al., 2010). The SREBP family considranscription factors controlling the
expression of a range of enzymes required for esmgs cholesterol, FA, triacylglycerol
and phospholipid synthesis (Eberlé et al., 200#addition, insulin-induced gene 1 protein
(INSIG-1) mediates negative feedback control of BREL (Horton et al., 2002; Dong &
Tang, 2010). Similarly to rodents, it has been ragabthat SREBP-1 plays a pivotal role in
FA synthesis in the bovine mammary gland (Peteetoal., 2004; Harvatine & Bauman,
2006; Bauman et al., 2011). Peroxisome proliferatdivated receptors are a group of
nuclear receptor proteins that function as ligactilvated transcription factors regulating
the expression of genes involved in metabolisnmulzel differentiation and development
(Michalik et al., 2006). Three isoforms of PPAR &reown, designated PPARPPAR
and PPAR, and these isoforms are involved in regulating S€&pression in rodents
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(Paton & Ntambi, 2009). Correspondingly, it has rbeeggested that PPARactivation
regulates milk fat synthesis in bovine mammaryhregial cells (Kadegowda et al., 2009a).

Contrary to long-chain fatty acids (LCFA), no infaaition is available on the effect of
short-chain fatty acids (SCFA) on mammary SCD esgimn. Acetic acid (Ac) ang@-
hydroxybutyric acid (BHBA), which originate from minal fermentation, are the main
precursors for de novo synthesis of FA in the bewnammary gland (Chilliard et al.,
2000). The two main enzymes involved @& novo FA synthesis are acetyl-CoA
carboxylase (ACC) and fatty acid synthase (FAS)l(@rd et al., 2000). It is hypothesized
that both Ac and BHBA could alter the mRNA expressof genes involved in mammary
lipid metabolism, including SCD. In this study wesed MAC-T bovine mammary
epithelial cells as a model to investigate theaftd the SCFA Ac and BHBA and various
LCFA including C16:0, C18:tis-9 and C18:Zis-9,12 on the mRNA expression of SCD
as well as ACC and FAS in the bovine mammary glamaddition, expression of SREBP-
1, INSIG-1 and PPARs were measured to examine @kehtranscription factors are
involved in the regulation of SCD expression in inev mammary epithelial cells.
Moreover, FA composition of the MAC-T cells was rseged to examine whether this was
affected by the different treatments.

Material and Methods

Reagents

Sodium acetic acid (S5636), sodium Pirydroxybutyric acid (H6501), bovine serum
albumin (BSA, fatty acid free; A8806), bovine insul(I0516), bovine apo-transferrin
(T1428), hydrocortisone (H0888), progesterone (BB7ahd phosphate buffered saline
(PBS; pH = 7.4; P3813) were purchased from Sigrdrigth (St. Louis, MO, USA). The
LCFA palmitic acid (C16:0, N-16A), stearic acid @@, N-18A), oleic acid (C18:1 cis-9,
U-46A), trans-vaccenic acid (C18:trans-11, U-49A), linoleic acid (C18:2 cis-9,12, U-
59A) and linolenic acid (C18:3 cis-9,12,15, U-62#¢re obtained from Nu-Chek Prep Inc.
(Elysian, MN, USA). Dulbecco’s modified eagle’'s med F-12 (DMEM/F-12), fetal
bovine serum (FBS, 10091-148), penicillin/streptamy(15070-063) and TRIzol® reagent
(15596-026) were purchased from Invitrogen (Cadsb@A, USA). Bovine prolactin
(AFP710E) was obtained from the National HormoneP&ptide Program (NHPP),
NIDDK, and Dr. A. F. Parlow (Harbor-UCLA Medical @er, Torrance, CA, USA).

Cell Culture and Treatments

This study was performed using an established tloglbline produced from primary
bovine mammary alveolar cells (MAC-T) by stablensfection with SV-40 large T-antigen
(Huynh et al., 1991). Cells were cultured in DMEMI/E supplemented with 10% (v/v)
FBS and 1% penicillin/streptomycin (5,000 unitpehicillin and 5,000 pg of streptomycin
per mL) at 37°C in a humidified atmosphere of 5%2CThe MAC-T cells were seeded in
vented 75 cm2 flasks (Corning Inc., Corning, NY,AJand grown to
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Table 1. Primer sequences of genes selected for quanétg@ilymerase chain reaction

analysis.

Gené Primer sequence
SCD1 F 5-GGCGTTCCAGAATGACGTTT-3

R 5-AAAGCCACGTCGGGAATTG -3
ACC F 5-CATCTTGTCCGAAACGTCGAT-3’

R 5-CCCTTCGAACATACACCTCCA-3'
FAS F 5-ACCTCGTGAAGGCTGTGACTCA-3

R 5-TGAGTCGAGGCCAAGGTCTGAA-3
18S F 5-AGAAACGGCTACCACATCCAA-3’

R 5-GGGTCGGGAGTGGGTAATTT-3
ACTB F 5-GCCCTGAGGCTCTCTTCCA-3'

R 5-CGGATGTCGACGTCACACTT-3
MRPL39 F 5-AGGTTCTCTTTTGTTGGCATCC-3

R 5-TTGGTCAGAGCCCCAGAAGT-3
SREBP-1 F 5-GGTTTCCAGAGGGACCTGAGT-3'

R 5-TGGCCCCTGCCATCAGT-3’
INSIG-1 F 5-GCATCGACAGTCACCTTGGA-3

R 5-TGTCAAGGAGAGCTGAACGTTATT-3’
PPAR F 5-GGATGTCCCATAACGCGATT-3

R 5-GGTCATGCTCACACGTAAGGATT-3
PPARS F 5-TGTGGCAGCCTCAATATGGA-3’

R 5-GACGGAAGAAGCCCTTGCA-3

1 SCD1 = stearoyl-coenzyme A desaturase 1; ACC tyboeenzyme A carboxylase; FAS
= fatty acid synthase; 18S = 18S ribosomal RNA; BCiB-actin; MRPL39 =
mitochondrial ribosomal protein L39; SREBP-1 = steegulatory element-binding
protein 1; INSIG-1 = insulin induced gene 1; PRARperoxisome proliferator-activated
receptor alpha; PPAR= peroxisome proliferator-activated receptor delta

approximately 90% confluency in DMEM/F-12 suppletseh with 10% FBS and 1%
penicillin/streptomycin for 24 h. Subsequently, te&ll monolayer was rinsed twice with 10
mL PBS and incubated in a lactogenic media (adafied Kadegowda et al., 2009a)
comprised of DMEM/F-12 supplemented with 1% pefiiggtreptomycin, 1 g/L BSA, 5
mg/L bovine insulin, 5 mg/L bovine apo-transferrth5 mg/L bovine prolactin, 1 mg/L
hydrocortisone, and 1 mg/L progesterone. This tpaic media was refreshed after 24 h
and cells were cultured for 48 h at 37°C in thédgenic media before treatment with FA.
Before addition to the MAC-T cells, the LCFA werenaplexed with BSA as sodium salts
as described by Sgrensen et al. (2008) with medifins. First, 0.1 mmol FA was
dissolved in 1 ml hexane:isopropanol (3:2) followsdaddition of 10 mL 0.1 N sodium
hydroxide. This solution was then mixed and theamexisopropanol layer was evaporated
using nitrogen gas. Subsequently, 1 mL of this tamluwas slowly added to 2 ml of 5%
(w/v) BSA, and the resulting FA-BSA solution wasrsid overnight at 4 °C, followed by
storage at -20 °C until use.
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Treatments were performed in the presence of laciogmedia at 37 °C. For LCFA
treatment, cells were treated with 1081 frA-BSA solution and for SCFA treatment with
either 5 nM Ac, 5 mM BHBA or a mixture of Ac and BHBA (5 M each). In order to keep
the amount of BSA similar among all treatment gyURSA was applied to the control, Ac
and BHBA treatments as well. Treatments were peréat in triplicate and cells were
harvested after 12 h of incubation for subsequaatyais of gene expression and FA
composition.

RNA Extraction and Real Time PCR

Total RNA was isolated using ice-cold TRIZolreagent, according to the
manufacturer’s instructions, as described previo@dacobs et al., 2011). SYBRGreen
gRT-PCR was performed with a ABI 7500 Real-Time P&Rtem (Applied Biosystems,
Foster City, CA, USA) utilizing the SYBRGreen PCR Master Mix (Applied Biosystems).
PCR conditions were as follows: denaturation a3t 10 min followed by amplification
of 40 cycles of 15s at 95°C and 1 min at 60°C. @ligcleotide primers used are presented
in Table 1. PCR efficiencies for the genes weraldsthed to be at least 91%. Melting
curve analysis was carried out to determine prispercificity. Relative mRNA expression
for each gene of interest () was calculated ugimg formula: (1 + E[I)" / 1 +
E[GMH]) ™1 where E = amplification efficiency and GMH = geemic mean of the
three housekeeping genes (ACTB, 18S and MRPL3%h Eample was run in duplicate.

Lipid Extraction and FA Analysis

The MAC-T cells were collected, pelleted by ceniggtion (1000 x g for 10 min. at
4°C), and washed twice with PBS. Total lipids wenetracted using methanol and
chloroform according to Bligh & Dyer (1959). Exttad lipids were trans-esterified using
potassium hydroxide in methanol (0.5 N) followed boyron trifluoride in methanol (10%
w/w) at 100°C for ten minutes each. Fatty acid ryletisters (FAME) were dissolved in n-
hexanes and quantified using a GC-2010 Plus gasnatograph (Shimadzu, Kyoto,
Japan) using a CP-Sil 88 WCOT fused silica coluf®@(m x 0.25 mm i.d. x 0.2 pm film
thickness; Varian Inc., Lake Forest, CA, USA) adiog to our previous published
methods (Caldari-Torres et al., 2011). The FAME evédentified by comparison of
retention times with known FAME standards (Caldeoires et al., 2011).

Statistical Analysis

Statistical analyses were carried out by ANOVA gsine PROC MIXED procedure of
SAS (version 9.2, SAS Institute Inc.) to evaludte effects of the treatments on mRNA
abundance of genes and FA composition of the c&lg model included treatment as
fixed effect and to test pair-wise comparisons,t pwse analyses were carried out on the
least square means adjusted for multiple compasisasing the Tukey-Kramer test.
Differences were considered significant at a prdipof P < 0.05, and as a trend at a
probability of 0.05 <P < 0.10. The regression procedure (PROC REG) of ®8aSused
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Figure 1. Relative mRNA abundance of SCD1 in MAC-T cellsatesl with either 5 ™
acetate or 100 M palmitic acid (C16:0) after increasing incubatibme. Vertical lines
represent the standard error of the mean, and fioiets within treatment without a
common letter differ® < 0.05).

to analyse relationships between relative abundaricthe different genes as well as
relationships between mRNA abundance of SCD1 apdi¢isaturase indices. Relationships
between SCD1 mRNA abundance and the desaturassegndiere calculated without the
treatments that involved substrates and productisadfparticular desaturase index. Results
presented are expressed as mean + SEM.

Results

Expression of Lipogenic Genes

A preliminary time response study showed that tlaimal effect of Ac and C16:0 on
SCD1 expression was reached after 12 h of incubaffagure 1). Therefore, MAC-T
bovine mammary epithelial cells were treated forhl@ith Ac, BHBA or various LCFA,
after which the mRNA expression of the lipogenizyagnes SCD1, ACC and FAS was
determined by qRT-PCR. As shown in Figure 2, thagcript of SCD1 was increased by
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Figure 2. Relative mRNA abundance of SCD1 in MAC-T cellsafreatment (12h) with
either: 5 nM acetate (Ac), 5 M B-hydroxybutyrate (BHBA), combination of Ac and
BHBA (Ac+BHBA), or 100 M of the following LCFA: palmitic acid (C16:0), stéaacid
(C18:0), oleic acid (C18:1 c9rans-vaccenic acid (C18:1 t11), linoleic acid (C18:2) o
linolenic acid (C18:3). Vertical lines represent tistandard error of the mean, and
treatments without a common letter différ< 0.05).

Ac (+61%) and reduced by C18cs9 (-61%), C18:2cis9,12 (-84%) and C18:8is-
9,12,15 (-88%) compared with control cells. Contrem SCD1, MAC-T cells did not
express SCD5 mRNA (Figure 3). Expression of ACC alae increased by Ac (+44%) and
reduced by C18:2is-9,12 (-48%) and C18:8is-9,12,15 (-49%) compared with control
cells (Figure 4a). Compared with control, FAS eggien was not significantly affected by
the treatments (Figure 4b). However, FAS expressias lower for the C18:8is-9,12 and
C18:3cis9,12,15 treatment compared with Ac or BHBA andtfo C18:1cis-9 treatment
compared with BHBA.

Expression of Transcription Factors

The mRNA level of SREBP-1 was reduced by C18<9 (-44%), C18:ltrans-11 (-
42%), C18:2cis-9,12 (-62%) and C18:6s9,12,15 (-68%) compared with control (Figure
5a). Expression of INSIG-1 was down-regulated by8:01(-37%), C18:1cis-9 (-63%),
Cl8:1trans-11 (-53%), C18:2Zis9,12 (-81%) and C18:8is-9,12,15 (-91%) compared
with control (Figure 5b). Both PPAR(Figure 6a) and PPAR(Figure 6b) expression were
not significantly affected by the treatments, afARy was not expressed in the MAC-T
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Figure 3. Detection of SCD1 and SCD5 in native and immaztadi (MAC-T) bovine
mammary epithelial cells (0.8% agarose gel staimgtth ethidium bromide). Native
mammary tissue was collected via biopsy. Total RIN&s converted to cDNA in the
presence of reverse transcriptase (+RT) or absefhteverse transcriptase (-RT; negative
control). PCR conditions were as follows: denaforatat 94°C for 2 min followed by
amplification of 40 cycles of 30s at 94°C, 45s @t@G and 2 min at 72°C, followed by 8
min at 72°C. Primers used for SCD1 were: CTACACAZKZCACCACCA (forward),
CAGGGCACCCATCAGATAGT (reverse) and for SCD5:
CTTCCTCCTGACTGCTCTGG  (forward) and GTGGGGACTACGAABCAT
(reverse).

cells (data not shown). Correlations between thaive mRNA abundance of the lipogenic
genes SCD1, ACC and FAS and the transcription facd®REBP-1, INSIG-1, PPARand
PPARS are shown in Table 2.

Fatty Acid Composition

Table 3 shows the FA composition of total lipidgragted from the MAC-T cells. As
expected, application of the various LCFA resultedan increased proportion of the
corresponding FA in the cells. C18hns-11 as well as C18:2is-9, trans-11 CLA were
only detected in cells treated with C18rans-11. The C16 and C18 desaturase indices
were significantly affected by the different treamts. As predicted, the C18 index was
significantly higher upon addition of C18ds-9, which is the desaturase product itself.
There was a significant relationship between th8 @dsaturase index and relative SCD1
mRNA abundance {r= 0.42;P < 0.001). However there was no significant relastip
between the C16 desaturase index and relative SBRMA abundance {r= 0.05;P =
0.28).
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Figure 4. Relative mRNA abundance of AC@) and FAS(b) in MAC-T cells after
treatment (12h) with either: 5 vh acetate (Ac), 5 M B-hydroxybutyrate (BHBA),
combination of Ac and BHBA (Ac+BHBA), or 100Mu of the following LCFA: palmitic
acid (C16:0), stearic acid (C18:0), oleic acid (€1189), trans-vaccenic acid (C18:1 t11),
linoleic acid (C18:2) or linolenic acid (C18:3). Mieal lines represent the standard error of

the mean, and treatments without a common lettfardP < 0.05).
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SCD expression in bovine mammary epithelial cells

Table 2. Correlation (f values) between the relative mRNA abundance oflifugenic
genes: stearoyl-coenzyme A desaturase 1 (SCD1iyl amenzyme A carboxylase (ACC)
and fatty acid synthase (FAS) and the transcripfaxctors: sterol regulatory element-
binding protein 1 (SREBP-1), insulin induced gen@NSIG-1), peroxisome proliferator-
activated receptor alpha (PP&Rand peroxisome proliferator-activated receptoltade
(PPARY).

SCD1 ACC FAS SREBP-1 INSIG-1 PPARx PPARS

SCD1 - 0.81** 0.72*  0.68* 0.86**  0.04 0.76
ACC 0.81* : 0.76**  0.65* 0.72**  0.05 0.12
FAS 0.72*  0.76* - 0.49* 0.56**  0.08 0.16
SREBP-1 0.68** 0.65**  0.49* - 0.85**  0.10 0.20°
INSIG-1  0.86** 0.72** 0.56*  0.85** - 0.08 08"
PPAR 004 005 0.08 0.10 0.08 s 0.30*
PPARS 0.16  0.12 0.16 0.20 0.18 0.30* -
#=P<0.05

*=P<0.01

* = P < 0.001

Discussion

The aim of this study was to examine the effectthefSCFA Ac and BHBA as well as
various LCFA on expression of several lipogenicegeand transcriptional regulators in
bovine mammary epithelial cells. In addition, FAngmosition of the cells was analysed to
investigate whether this was affected by the différtreatments. The data on the FA
composition of the cells demonstrate that the LQkeke taken up by the cells, rather than
incomplete washing of the cells, sincies-9, trans-11 CLA was only detected in cells
treated with C18:%rans-11. Apparent desaturation of C18rhns-11 to cis9, trans-11
CLA was 26.5% of total C18:frans-11 taken up by the cells. This is in close agregme
with the 25.7% reported by Mosley et al. (20063airy cows using®C labelled FA.

The upregulation of ACC and SCD1 by Ac indicateattAc may increasee novo
synthesis and desaturation of FA in bovine mamnegithelial cells. In contrast with our
results, Yonezawa et al. (2004) found that additibrAc decreased activity of ACC in
primary cultured bovine mammary epithelial cellshisT discrepancy could be due to
temporal differences since Yonezawa et al. (20@&ted the cells for 7 d opposed to 12 h
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Table 3. Fatty acid composition of total lipids extractedrmh MAC-T cells after treatment (12h) with eith&:mM acetate (Ac), 5 M -
hydroxybutyrate (BHBA), combination of Ac and BHBAc+BHBA), or 100 |M of the following LCFA: palmitic acid (C16:0), stéaacid
(C18:0), oleic acid (C18:1 cYrans-vaccenic acid (C18:1 t11), linoleic acid (C18:2)inolenic acid (C18:3).

Fatty acid Treatments
Ac + C18:1 C18:1 P-
1 FA : : : :

(9/100g FA) Control  Ac BHBA BHBA C16:0 C18:0 . 11 C18:2 C18:3 SEM valud
C16:0 19.48 195% 20.2¢9 1962 23.4F 168f 1654 16.03 1605 1593 0.26 <0.001
C16:1 c9 3.0 2769 318 255 498 249 2339 2359 207 2.47%  0.15 <0.001
C18:0 574° 592 6.27 5.94° 550° 10.47 511 458 568° 557 0.18 <0.001
C18:1c9 3444 3569 34.09 3526 303F 3679 40.8% 309f 2546 26.28 0.62 <0.001
C18:1cl1 3.46°  3.44° 364 3.38° 3093 2849 3.00% 297 244 2.46 012 <0.001
C18:1t11 2 - - - - - - 8.12 - - - -
CLA c9, 111 - - - - - - - 2.89 _ - - _
C18:2 18.94  17.17° 16.77° 18.28° 17.99° 17.268° 16.84° 1478 3254 17.08° 0.83 <0.001
C18:3 0.46 0.39 0.43 0.42 0.3¢ 0.40 0.42 0.4% 048 16.10 0.18 <0.001
Others 11.83° 12.02* 12.16° 11.2f° 1029 10.1P 12.14° 1313 12.02° 1077° 057 0.03
Unidentified  2.66 3.06 3.25 3.33 3.21 2.87 2.78 3.79 13.2 3.39 0.29 0.31
A9-desaturation
indice$

C16:1 c9 0.12 0.12 0.14 0.12 0.17 0.12 0.12 0.12 0.17 0.1 0.01 <0.001

C18:1c9 0.8¢ 0.8¢ 0.88° 0.8¢ 0.88° 0.78 0.89 0.87° 0.82 0.83Y 0.01 <0.001

2T Means within a row without a common superscriffedi(P < 0.05).



SCD expression in bovine mammary epithelial cells

Table 3. Continued.

! Effect of treatment.

% Not detected.

% Sum of minor fatty acidsy (C14:0, C14:1 c9, C15:0, C16:1 t9, C16:1 c7/c86:C k11,
C17:0,C17:1 ¢9, C17:1 c10, C18:1 t6-8, C18:1 tP8:C t10, C18:1t12, C18:1 cl12,
C18:1 c13, C18:1 c14/t16, C20:0, C20:1 c8, C20;1GM:1 c11, CLA t10c12, C20:2 (n-
6), C20:3 (n-6), C20:3 (n-3), C20:4 (n-6), C20:83jnC22:0, C24:0, C24:1 c15, C22:4
(n-6), C22:5 (n-3), C22:6 (n-3)).

4 A9-desaturase indices are calculated\@sdesaturase product divided by the sum of the
A9-desaturase product and substrate.

in our study. In addition, possible post-transladib effects could result in differences
between mRNA expression and activity of ACC. Howevie has been shown that
intraruminal infusion of either Ac or BHBA increaséhe amount of SCFA in the milk of
dairy cows (Storry & Rook, 1965). This suggest thatincreased availability of substrate,
increasesde novo fatty acid synthesis and/or decreases the incatjpor of preformed
LCFA in the bovine mammary gland. Although Ac uprieged ACC in our study, addition
of Ac did not result in an increase of C16:0 inatdipids extracted from the cells. It has
been speculated that mammary cells have a requitefoe LCFA for lipid droplet
formation, since upregulation of ACC and FAS, tbgetwith Ac availability, did not
increase lipid droplet formation in MAC-T cells (H@gowda et al., 2009a). In addition, the
incubation of 12 h in our study, although appragrimr mRNA expression, might not have
been sufficient to fully detect differences in FAngposition of the cells. There was no
significant effect of BHBA or the combination of Aand BHBA on any of the genes
measured, compared to the control treatment, ajthowmerically these additions resulted
in a similar response. This suggest that Ac hasmronounced effect on lipogenic gene
expression in bovine mammary epithelial cells coragdo BHBA.

C16:0 has been shown to upregulate SCD1 expressiBIAC-T cells (Kadegowda et
al., 2009a). However, we did not find a significaiffect of C16:0 treatment on SCD1
expression in MAC-T cells. This contradiction coldd due to the fact that our MAC-T
cells did not express PPARsince Kadegowda et al. (2009a) suggested thagfthet of
C16:0 on SCD1 expression was partly mediated thrdRgAR. Addition of C18:0 to the
MAC-T cells did also not affect SCD1 expressionisTis in line with Kadegowda et al.
(2009a) who also reported that C18:0 did not affe@D1 expression in MAC-T cells.
Moreover, Jayan & Herbein (2000) reported that S(Ciivity was not affected when C18:0
was added to MAC-T cells.

The main product of SCD is C18cis-9 arising from desaturation of C18:0 (Ntambi,
1999). Addition of this product to the MAC-T celssulted in down-regulation of SCD1.
This suggests that C18cis-9 inhibits SCD1 expression in a negative feeddaok. This
is in agreement with Keating et al. (2006), whowgbd that the SCD promoter activity was
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Figure 5. Relative mRNA abundance of SREBRad) and INSIG-1(b) in MAC-T cells
after treatment (12h) with either: 5Mnacetate (Ac), 5 M p-hydroxybutyrate (BHBA),
combination of Ac and BHBA (Ac+BHBA), or 100Mu of the following LCFA: palmitic
acid (C16:0), stearic acid (C18:0), oleic acid (€1189), trans-vaccenic acid (C18:1 t11),
linoleic acid (C18:2) or linolenic acid (C18:3). Mieal lines represent the standard error of
the mean, and treatments without a common letffardP < 0.05).
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SCD expression in bovine mammary epithelial cells

downregulated by C18:dis-9 in MAC-T cells. Similarly, it has been reporttétht C18:1
cis-9 inhibits both SCD1 expression (Kadegowda et28l09a) and SCD1 activity (Jayan &
Herbein, 2000) in MAC-T cells. These results ardie with the role of SCD as key
regulator of cell membrane fluidity as well as milikt fluidity, by maintaining a rather
constant C18:0 / C18dis-9 ratio.

C18:1trans-11 can be converted by SCDdi@-9, trans-11 CLA. When C18:1rans-11
was added to the MAC-T cells, we found no significaffect on expression of SCD1.
Correspondingly, it was shown that the promoteivagtof SCD1 was not altered in MAC-
T cells treated with C18:frans-11 (Keating et al., 2006). However, Jayan & Hembei
(2000) reported that SCD activity was increaseM&C-T cells following the addition of
Cl18:1trans-11. This could suggest that C18rans-11 has a direct effect on SCD activity
without influencing the mRNA expression of SCD1.

It is well-known that n-3 and n-6 PUFA inhibit héjgaSCD1 expression in rodents
(Ntambi, 1999). Also it was shown that C1&-9,12 decreases SCD1 expression in
mammary gland of mice (Singh et al., 2004). In study SCD1 expression was decreased
with both the C18:2is-9,12 and C18:8is-9,12,15 treatments. These results show that the
PUFAs C18:2c¢is9,12 and C18:3is-9,12,15 downregulate SCD1 expression in bovine
mammary epithelial cells, similarly to rodents. Keg et al. (2006) found no differences in
promoter activity of SCD1 when MAC-T cells weredted with C18:2xis-9,12 or C18:3
€is9,12,15, but they used a lower dose of FA (30 yersus 100 M in our study). We
found recently that supplementing the diet of d&ioyvs with soybean oil (mainly C18:2
€is9,12) decreased SCD1 expression in the mammand glampared with rapeseed oil
(mainly C18:1cis-9) or linseed oil (mainly C18:8s-9,12,15) (Jacobs et al., 2011).

The C16 desaturase index was only affected by tt&0Ctreatment, most likely due to
the high addition of C16:0 to the cells. The Cl@alarase index was not related to the
relative mRNA abundance of SCD1% (= 0.05; P = 0.28). However, we observed a
significant relationship between the C18 desaturiaskex and relative SCD1 mRNA
abundance fr= 0.42;P < 0.001). This indicates that the C18 desaturadexi is a better
indicator of SCD activity compared to the C16 deszge index, when calculated from total
lipids extracted from bovine mammary epitheliall€eln biopsies of the bovine mammary
gland, Jacobs et al. (2011) reported moderate latizes between SCD1 and C16 or C18
index (7 of 0.35 and 0.39, respectively), whereas Bionazo&r (2008b) and Invernizzi et
al. (2010) concluded that desaturation indices e predictors of SCD activity.

Similarly to SCD1, ACC expression was downregulatéth both C18:2cis-9,12 and
C18:3¢is9,12,15 addition. FAS expression displayed a simitend as ACC but FAS
expression was only numerically lower with additioh C18:2 ¢is-9,12 or C18:3cis
9,12,15 compared to control. In rodents it is knalvat PUFA supplementation inhibits
expression of genes involved in de novo lipid sgsth, including ACC and FAS (Jump &
Clarke, 1999).
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Figure 6. Relative mRNA abundance of PPARa) and PPAR (b) in MAC-T cells after
treatment (12h) with either: 5 vh acetate (Ac), 5 M B-hydroxybutyrate (BHBA),
combination of Ac and BHBA (Ac+BHBA), or 100Mu of the following LCFA: palmitic
acid (C16:0), stearic acid (C18:0), oleic acid (€1189), trans-vaccenic acid (C18:1 t11),
linoleic acid (C18:2) or linolenic acid (C18:3). Mieal lines represent the standard error of
the mean. No statistical differenca? € 0.05) between treatments in both PRA&hd
PPARS expression were found.
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The expression patterns across all treatments &C,AAS and SCD1 showed a quite
similar trend. Furthermore, correlations betweetatinee expression of the different
lipogenic genes were rather high (ran§edr72 - 0.81P < 0.001), which supports the idea
that these lipogenic genes are regulated by comtraorscription factors. The SREBP
family consist of several transcription factorsttilaat as master regulators of lipid and
cholesterol metabolism by controlling the expressid a range of enzymes required for
endogenous cholesterol, FA, triacylglycerol and gpwlipid synthesis (Eberlé et al.,
2004). It has been shown thimans-10, cis12 CLA downregulates both SREBP-1 and
INSIG-1 in MAC-T cells (Peterson et al., 2004) aallvas in vivo in the bovine mammary
gland (Harvatine & Bauman, 2006) providing strongport for SREBP-1 and INSIG-1 as
a central signalling pathway regulating FA synthésithe bovine mammary gland. In our
study, SREBP-1 and INSIG-1 were expressed partlehose of the lipogenic genes
(SCD1, ACC and FAS) and correlations between bdRERP-1 and INSIG-1 and the
lipogenic genes were moderate to high (rafg8.49 - 0.86P < 0.001). This indicates that
effect of FA on expression of SCD1, ACC and FASour study was, at least partly,
mediated through SREBP-1 and INSIG-1. This streemghthe support for the role of
SREBP-1 and INSIG-1 as central regulators of lip@gés in the bovine mammary gland.

In our study, PPAR and PPAR were not affected by the treatments whereas RPAR
was not expressed by the MAC-T cells. It has begggested that PPARactivation
regulates milk fat synthesis in bovine mammarytegial cells (Kadegowda et al., 2009a).
In our study, the addition of PUFA to the cellsulesd in downregulation of ACC and
SCD1 as expected, despite the fact that PPA&S not expressed. This suggest that PPAR
expression is not a prerequisite for the inhibiteffect of PUFA on ACC and SCD1
expression.

Conclusions

This study showed that Ac upregulates both SCD1 AG€ expression in bovine
mammary epithelial cells, which indicates that Aayrincreasede novo synthesis and
desaturation of FA in the bovine mammary glandadidition, both the PUFAs C18@2s
9,12 and C18:8is-9,12,15 downregulate SCD1 and ACC expression.€feets of FA on
the expression of the lipogenic genes SCD1, ACCRA8 appears to be, at least partly,
regulated by the transcription factor SREBP-1 a¥8IG-1, which strengthens the support
for the role of SREBP-1 and INSIG-1 as central tagus of lipogenesis in the bovine
mammary gland.
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General Discussion

Increasing the proportion of unsaturated fatty aqidFA) in milk is believed to be
beneficial in terms of human health, thereby insieg the nutritional quality of milk. In
the Netherlands however, the content of even-clsaityrated fatty acids (SFA) in milk fat
of raw bovine milk was higher in 2005 compared wi#i92, which was related to changes
in the composition of diets fed to dairy cows (Hetlal., 2009). The proportion of UFA in
milk is mainly dependent on the proportion of UFA the diet, the degree of
biohydrogenation in the rumen, and on the actigftgtearoyl-CoA desaturase (SCD) in the
mammary gland. This thesis focuses on SCD in themmary gland of dairy cows, and
how SCD can be influenced by nutrition. More spealfy, the effect of short- and long-
chain fatty acids (FA) on mRNA expression of SCDswavestigated in the bovine
mammary gland. In addition, a non-invasive altéweato mammary tissue for measuring
SCD expression in the mammary gland of dairy coas examined.

Supplementing the diet of dairy cows with soybe#iihigh in C18:2cis-9,12) reduced
stearoyl-CoA desaturase 1 (SCD1) expression imigs@mary gland compared to rapeseed
oil (high in C18:1cis-9) or linseed oil (high in C18:8is-9,12,15), whereas stearoyl-CoA
desaturase 5 (SCD5) expression was much smallerS8®1 expression and did not differ
between treatment€hapter 2). Mammary tissue of cows in this study were alsedufor
micro-array analysis to investigate the changegdénome-wide expression of genes in
response to dietary UFA supplementatioBhdpter 3). This analysis showed that
supplementing the diet of dairy cows with UFA résuh predominant downregulation of
gene sets related to cell development and remadellapoptosis, nutrient metabolic
process and immune system response in the mamrang. A non-invasive, alternative
source of MRNA was investigate@Hapter 4) in order to allow more routine evaluation of
nutritional effects on mammary SCD expression. Reshowed that using milk somatic
cells as a source of mMRNA to examine SCD1 exprassiodairy cows, yields results
comparable with mammary tissue and therefore, milknatic cells can provide a non-
invasive alternative to mammary tissue samplesimddaby biopsy to study effects on
SCD1 expression. To further examine the effecisdif/idual FA, in particular short-chain
fatty acids (SCFA) on SCD expression, a bovine mamgnepithelial cell line (MAC-T)
was used Chapter 5). Results of this study revealed that acetate (Apjegulates
expression of both acetyl-CoA carboxylase (ACC) &@D1 in MAC-T cells, indicating
that Ac may increasde novo synthesis and desaturation of FA in the bovine mamgm
gland. Furthermore, expression of both sterol @guy binding protein 1 (SREBP-1) and
insulin-induced gene 1 (INSIG-1) was significantlglated to the expression of the
lipogenic genes, supporting the role of SREBP-1 BW8IG-1 as central regulators of
lipogenesis in the bovine mammary gland. In thisiegal discussion, SCD1 and its
regulation, the role of SCD5 compared with SCD¥ tise of desaturation indices as
proxies of SCD activity, and non-nutritional fac@ffecting SCD activity are discussed.
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Stearoyl-CoA Desaturase 1

Until recently it was thought that only one isofoahSCD (i.e. SCD1) was present in
bovine species and is therefore commonly referweaktjust simply SCD. In 2007, Lengi &
Corl (2007) identified a novel SCD isoform in bogjndesignated SCD5 (see paragraph
6.3) Consequently, most of the research and aveilbterature on SCD in dairy cows
involves the SCD1 isoform. In lactating ruminarttee highest activity of SCD is found
within the mammary gland (McDonald & Kinsella, 197During lactation, SCD1 is
markedly upregulated and SCD1 is one of the moanhddntly expressed genes in the
lactating mammary gland (Bionaz & Loor, 2008b). tharmore, it has been proposed that
SCD plays a central role in milk fat synthesis bpviding endogenous C18ds-9 for
mammary triacylglyceride synthesis (Bionaz & Lo@Q08b). Based on arterio-venous
differences in the SCD products and substratesgtaiegion of C18:0 to C18:&is9 in
dairy cows was estimated to be 52% (Enjalbert.efl8b8). Using>C-labelled FA, Mosley
& McGuire (2007) reported that desaturation of @4216:0 and C18:0 in the mammary
gland of dairy cows was estimated to be 7.0%, 2a5fb 48.7% respectively, resulting in
92%, 56% and 43% of C14ris9, C16:1cis9 and C18:1cis-9 in milk originating from
substrate desaturation. In addition, it has beemvetthat desaturation of C18tlans-11 is
the major source dafis-9, trans-11 CLA in milk of dairy cows. Studies using stdicwil to
inhibit SCD activity have shown that 78 to 91% ofal cis-9, trans-11 CLA in milk
originates from desaturation of Clt8ans-11 by SCD (Corl et al., 2001; Kay et al., 2004).
From the study reported in Chapter 5, it was cateul that 26.5% of the C18tfans-11
taken up by the mammary epithelial cells (MAC-T)swadesaturated tois-9, trans-11
CLA. This is in close agreement with the 25.7% ré&ga by Mosley et al. (2006) in dairy
cows usingC labelled FA.

Regulation of Stearoyl-CoA Desaturase 1

Knowledge about the nutritional regulation of bavi®CD is limited compared to
rodents. The nuclear transcription factor SREBB-#niown to be an important regulator of
SCD in rodents (Bernard et al., 2008). The SREBHRilfaconsists of several transcription
factors that act as master regulators of lipid elmolesterol metabolism by controlling the
expression of a range of enzymes required for emlmgs cholesterol, FA, triacylglycerol
and phospholipid synthesis (Eberlé et al., 20045URs from the study reported in Chapter
5 showed that the expression of the lipogenic g&t&s, FAS and SCD1 was significantly
correlated with the expression of SREBP-1 as wsllIMSIG-1 in bovine mammary
epithelial cells (Figure 1). This indicates thad #xpression of these lipogenic genes are, at
least partially, coordinated through the SREBP-Icima@ism. Similar results have been
presented by othein vitro studies investigating lipogenic gene expressiorbavine
mammary epithelial cells. Peterson et al. (200gpreed that supplementirtgans-10, cis-
12 CLA to bovine mammary epithelial cells (MAC-Tgpwnregulated ACC, FAS and
SCD1 expression and this coincided with a redudtigoroteolytic activation of SREBP-1.
In addition, SREBP-1 expression was downregulateldns-10, cis-12 CLA in
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Figure 1. Relationship between relative mRNA abundance db5@nd SREBP-1a) as
well as SCD1 and INSIG-(b) in MAC-T cells treated with various FA (n = 30; &jter
5). SREBP-1 expression = 0.064 (+0.009) + 1.511@8) x SCD1 expressiort:  0.75,P
< 0.001. INSIG-1 expression = 0.024 (+0.009) + 2(68.171) x SCD1 expressior? ¥
0.90,P < 0.001.
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MAC-T cells parallel to the downregulation of lipegjc genes, including ACC, FAS and
SCD1 (Kadegowda et al., 2009a). These resultsugreosted by the fact that the promoter
of SCD1 contains a region designated as SCD trigntiectal enhancer element (STE) to
which SREBP is predicted to bind (Keating et 800@&).

Micro-array analysis of mammary tissue in the steefyorted in Chapter 3 showed that
UFA supplementation downregulated expression of erons genes involved in lipid
metabolism, including ACC, which concurred with wetion of SREBP-1 as well as
INSIG-1 expression. This is analogous with theitro results of Chapter 5 where C18:2
€is9,12 and C18:2is,9,12,15 caused a reduction in ACC and SCD1 exjpresoupled
with a downregulation of SREPB-1 and INSIG-1. Thessults are also in line with other
studies examining expression of genes involved id | metabolism in the bovine
mammary gland. It has been shown that either a flonge/high concentrate diet or
abomasal infusion ofrans-10, ciss12 CLA caused an inhibition of lipogenic gene
expression, including ACC and FAS, which coinciaeith a downregulation of SREBP-1
as well as INSIG-1 in the mammary gland of dairyvsa(Harvatine & Bauman, 2006;
Gervais et al., 2009). Overall, the results fromafter 3 and 5 strengthen the support for
the central role of SREBP-1 in the regulation pbtienesis in the bovine mammary gland.

The peroxisome proliferator-activated receptor (RPAfamily consists of three
subtypes (PPA&®R PPAR and PPAR) which are nuclear receptors that function asnliga
activated transcription factors regulating the espion of genes involved in metabolism,
cellular differentiation and development (Michakk al., 2006). In rodents, the PPAR
agonist rosiglitazone upregulates SCD1 (Way eR801), indicating that SCDL1 is a target
of PPARy. Correspondingly, Kadegowda et al. (2009a) repotteat several lipogenic
genes, including ACC, FAS, DGAT1, SREBP-1 and INSlGare putative PPARtarget
genes in bovine mammary epithelial cells. In additiit has been shown that PPA&nd
its target genes were markedly upregulated in mamtissue of dairy cows during onset
of lactation, suggesting a role of this nucleaepeor in milk fat synthesis (Bionaz & Loor,
2008b). Neither PPARRor PPAR expression was affected by FA treatments in MAC-T
cells (Chapter 5). Remarkably, PPARvas not expressed by the MAC-T cells used.
Nevertheless, the addition of the poly unsaturdsdty acid (PUFA) C18:Zis-9,12 or
C18:3¢is9,12,15 to the MAC-T cells resulted in downregialatof ACC and SCD1 as
expected, indicating that PPARXpression is not a prerequisite for the inhilyiteffect of
PUFA on ACC and SCD1 expression in bovine mammaithelial cells.

Stearoyl-CoA Desaturase 5

Recently, a novel bovine isoform of SCD was idémdf designated SCD5, which
appears to be primarily expressed in brain (LengiC&rl, 2007). This new bovine
desaturase gene seems to be an ortholog of thatlsedescribed human SCD5 gene, rather
than a homolog of bovine SCD1 or any of the desdrimurine SCD isoforms (Lengi &
Corl, 2007). One of the reasons for the presenceufiple isoforms of SCD might be
tissue-specific expression and/or substrate preferef the different isoforms. Although
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SCD5 appears to be predominantly expressed in larahpancreas (Wang et al., 2005;
Lengi & Corl, 2007), it is also expressed in bovinammary tissue (Gervais et al., 2009).
In contrast to SCD1, mammary expression of SCD5nmedaffected by supplementing the
diet of dairy cows with various plant oils (Chap®x In addition, mMRNA abundance of
SCDS5 in the mammary gland was much lower @&1Ban that of SCD1. Similarly, in the
study reported in Chapter 4, mRNA abundance of S@BS substantially lower than that
of SCD1, indicating that SCD5 is less imperativgaming A9-desaturation of FA
compared with SCD1. This is supported by the faat the desaturation indices calculated
from milk FA, which are frequently used to estimateammary SCD activity, showed no
relationship with relative mRNA abundance of SCB%(, C14 index:?r= 0.02;P = 0.57),
while there was a significant relationship with SC@? = 0.35;P = 0.002; Chapter 2).
However, SCD5 lacks N-terminal PEST sequencesaligitound in SCD1 (Lengi & Corl,
2007), which are considered to be a signal forgimolegradation (Reichsteiner & Rogers,
1996), suggesting that protein stability is higlier SCD5 compared with SCD1. The
results reported in Chapter 3 indicate that exjwassf SCD5 is less sensitive to changes in
FA supply compared with SCD1 and that regulatior86D5 differs from that of SCD1.
One other study investigated SCD5 expression irbthene mammary gland (Gervais et
al., 2009), showing that intravenous infusionti#ns-10, cis-12 CLA tended to reduce
SCD1 expression in the mammary gland, whereas S&pegession was not affected. This
again indicates that regulation of SCD5 differsnirthat of SCD1. Nevertheless, further
research is necessary to determine the significah@CD5 regarding\9-desaturation of
FA in the bovine mammary gland.

Desaturase Indices

Several ratios of milk FA, referred to as desateraxlices, are frequently used as
proxies to estimate SCD activity within the mammglgnd. These desaturase indices are
calculated as the ratio between the product anduie of the product and substrate FA,
e.g. Cl1l4:1cis9 / (Cl4:1cis9 + C14:0). Various desaturase indices are useaigh the
C14 index is considered the best indicator of SChvity, since virtually all C14:0 and
C14:1 cis9 originate fromde novo FA synthesis within the mammary gland (Lock &
Garnsworthy, 2003; Bernard et al., 2008). In Chagtethe C14 desaturase index was
positively, although not strongly, related to mRMAels of SCD1 = 0.35;P = 0.002),
indicating that this desaturase index can be usegtimate SCD activity in the mammary
gland. Furthermore, the relationships between ifferdnt desaturase indices were high
(range f: 0.66 — 0.87;P < 0.001; Figure 2). Two observations were somewtigher
compared to the other data points and when thdses/avere removed from the analysis,
the # changed from 0.87 and 0.75 to 0.75 and 0.63 ferGh4 index compared with the
C16 index or the C18 index, respectively. Corresimagly, a similar positive relationship
was found between the C14 desaturase index an@ssipn of SCD1 in mammary tissue
(r* = 0.34;P = 0.08) as well as milk somatic celld €0.52:P = 0.02) in Chapter 3.
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Figure 2. Relationship between the C14 and C16 desaturaex (a) as well as the C14
and C18 desaturase indé@X) ( n = 28; Chapter 2). C16 index = 0.016 (+0.004).48
(0.038) x C14 index;’r= 0.87,P < 0.001. C18 index = 0.57 (+0.015) + 1.14 (+0.%3)
C14 index; = 0.75,P < 0.001.
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Other studies also found moderate relationshipsvdmat desaturase indices and mRNA
levels of SCD1 in dairy cows (Feng et al., 20071 goats (Bernard et al., 2005a).

Overall these results indicate that desaturaseésdian be used as a convenient tool to
estimate SCD activity within the mammary gland. Keer, it has been reported that
desaturase indices do not always reflect actual $€tvity in bovine adipose tissue
(Archibeque et al., 2005) or in the bovine mammgtgnd (Bionaz & Loor, 2008b;
Invernizzi et al., 2010). Particularly, when thetien lactation cycle is considered,
desaturase indices appear to be poorly associatdtd SCD1 mRNA levels in the
mammary gland (Bionaz & Loor, 2008b). The lack afrelation between the various
desaturase indices in the latter study, espedialiije beginning of lactation, indicates that
additional factors influence the amount of milk Eged for the calculation of these indices.
Possible factors include the varying contributidnnmobilized FA from body reserves,
selective uptake of FA by the mammary gland, andying contribution ofde novo
synthesised FA to total milk FA. In addition, subst preference of SCD1 and selective
use of FA for milk triglyceride synthesis couldlirgdnce the various desaturase indices as
well.

Milk Fat Depression and SCD

Assessing the effect of dietary FA on mammary gerpression in ruminants is
complex since microbes in the rumen can alter thetay FA. This so-called
biohydrogenation results in saturation of FA, iremoval of double bonds, and in
isomerization of the double bonds, i.e. shift frams to trans configuration. Fatty acid
analysis of blood plasma as well as milk in thedgtteported in Chapter 2, revealed that
dietary oil supplementation most likely increasbd amount ofrans FA produced in the
rumen. It has been shown thedns FA can affect expression of lipogenic genes, idicig
SCD1, in the mammary gland. In particuleans-10, cis-12 CLA has been identified as one
of the key ruminal biohydrogenation intermediatesponsible for the inhibition of milk fat
synthesis, often referred to as milk fat depres¢MfD) (Shingfield & Griinari, 2007).
Indeed,trans-10, cis-12 CLA in milk was positively correlated with mifiat % in Chapter
2 (Figure 3). Diets that cause MFD include hightynfientable diets (low forage / high
concentrate) and diets supplemented with planisbrdil (high PUFA; Bauman & Griinari,
2003). Feeding cows diets that cause MFD has bkeewrsto inhibit expression of key
lipogenic genes, including SCD1, in the mammanndl&eterson et al., 2003; Harvatine
& Bauman, 2006). In addition, abomasal infusiontrains-10, cis-12 CLA also inhibits
lipogenic gene expression, including SCD1 (Baumgardl., 2002; Harvatine & Bauman,
2006).
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Figure 3. Relationship between concentrationti@ins-10, cis-12 CLA in milk and milk fat
% (n = 28; Chapter 2). Milk fat % = 4.48 (+0.20}44.4 (+8.64) x t10c12 CLA?r= 0.54,
P < 0.001.

Milk Fat Fluidity and SCD

Milk fat fluidity is an important prerequisite fahe secretion of milk by the mammary
gland. Since the milk fat globule needs to be tigunost of the FA have to be esterified to
triacylglycerols in combinations that have a mejtipoint at or below 39°C, the body
temperature of the cow (Timmen & Patton, 1988)c8ihoth C16:0 and C18:0 are solid at
body temperature, there is a physiological neecbtovert a portion of each to C16cik-9
and C18:1cis-9, respectively, that are liquid (Garnsworthy ket 2010). It is believed that
incorporating FA with a relative low melting poim. C18:1cis-9 or C4:0 to C10:0, in the
final step of triglyceride synthesis is the mainchm@nism by which milk fluidity is
regulated (Timmen & Patton, 1988). Since SCD1 adstthe synthesis of C18.dis-9,
SCD1 is thought to be essential in regulating riilidity. Dietary supplementation of fish
oil or marine algae rich in C20:5n-3 or C22:6n-3ulés in MFD and a pronounced
decrease in C18:0 supply to the mammary gland sesgecially the last step in the
biohydrogenation process in the rumen is inhibited! trans-10 rather thartrans-11
intermediates are formed (Boeckaert et al., 200&kSet al., 2010). It has been suggested
that this decreased amount of C18:0 available doversion to C18:tis-9 by SCD1 could
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reduce the ability of the mammary gland to mainttie required milk fluidity and
therefore inhibit milk fat synthesis (Loor et aP0p05; Gama et al., 2008). However,
abomasal infusion of sterculic oil, which is a smuof cyclopropene FA that strongly
inhibit the activity of the SCD1 enzyme, does mitibit milk fat synthesis despite severely
reduced SCD1 activity in the mammary gland (Griiediral., 2000; Corl et al., 2001). This
indicates that the mammary gland has a remarkdbligyato maintain milk fat secretion
over a substantial range in FA profile (Harvatibhale 2009).

Other Factors Influencing SCD Activity

Several studies have demonstrated a substantiakivarin desaturase indices in milk
of dairy cows on a similar diet (Lock & GarnswortB902; Kelsey et al., 2003; Lock &
Garnsworthy 2003). Moreover, when switched betwd@ts, the ranking of cows for
desaturase indices remains consistent (Petersaln @002b; Lock & Garnsworthy 2003),
suggesting that genetic variation in SCD activiould play a role. Several studies used
desaturase indices to estimate heritability of S&0airy cows. Moderate heritabilities for
the C14 desaturase index were reported by Soyéwt ¢2008; A = 0.20), Mele et al.
(2009; ¥ = 0.27), Stoop et al. (2009° h 0.45) and Garnsworthy et al. (2016:=h0.38). In
addition to genetic variation within breed, varatiin desaturase indices between different
breeds has also been reported (Morales et al.,; €8ey et al., 2003; Soyeurt et al.,
2006), suggesting genetic variation between brelddsever, the variation in heritability
of SCD between the different studies is rather highich might be partly related to
differences in phenotypic variation between studies, low phenotypic variation related
to high heritability and vice versa). For examplee highest heritability of SCD was
obtained in a study in which all animals were hsifand in which all animals received a
winter ration based on silage in February or Maiidhis could mean that in practice (i.e.,
large phenotypic variation), heritability of SCDtiaity might be relatively low. Negative
genetic correlations between desaturation indiced milk fat percentage have been
reported (Schennink et al., 2008; Soyeurt et 8082, indicating that genetic selection on
desaturation indices could have negative effectmibk fat percentage. In addition, it was
shown that the SCD1 polymorphism A293V has a sicgit effect on individual
desaturation indices, but not on the overall dea#iin index, suggesting an effect of this
polymorphism on substrate specificity of SCD (Sctiek et al., 2008).

Seasonal variation in desaturation indices hastasen reported (Lock & Garnsworthy,
2003; Heck et al., 2009). In the study of Heckle{2009), all desaturation indices showed
the lowest values in spring (March - June) and highest values in autumn (October),
indicating lower SCD activity in spring comparedtiwautumn. However, these data are
not in line with results of Lock & Garnsworthy (280 who showed that desaturation
indices were highest in May/June (C14 index) arg 0116 and CLA index). It seems that
differences in diet throughout the season (i.eestrgrass in summer, more silage and
concentrate in winter) affect the desaturationdadiby changes in the supply of FA to the
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mammary gland. Therefore, differences in feedingtstjies between the two studies could
play a role in the contradictory results of appa&@D activity throughout the season.

The effect of production variables (e.g., stagelagtation, milk yield and milk fat
content) on desaturation indices (i.e., apparer® &€ivity) has been examined (Kelsey et
al., 2003; Lock et al., 2005). Kelsey et al. (2068)orted thatis-9, trans-11 CLA content
in milk as well as the CLA index varied over 3-fadhong individual cows on the same
diet. Small or no relationships between the CLAekxdnd parity or days in milk were
observed, indicating little effect of these varegbhbn SCD activity and suggesting genetic
variation in rumen outflow of C18:ttans-11 and/or tissue SCD activity. In additiams-9,
trans-11 CLA content in milk fat and the CLA desaturaselex were essentially
independent of milk yield, milk fat percentage, andk fat yield (Kelsey et al., 2003).
These results are in agreement with Lock et al0%20~vho found that under normal
conditions, thecis-9, trans-11 CLA content of milk and SCD activity in the marary
gland are independent of stage of lactation, migkdy milk fat content, and milk fat yield.

Implications and Future Research

The main objective of the research described i tiiesis was to investigate the effect
of FA on SCD expression in the mammary gland ofydabws. The purpose of this
investigation was to find nutritional strategieattincrease mammary SCD activity, thereby
increasing MUFA as well ags-9, trans-11 CLA content in milk, which would improve the
nutritional quality of milk. In addition, a non-iagive alternative to biopsy for measuring
SCD expression in the mammary gland of dairy coas axamined.

Overall, it can be concluded that saturated LCFAehblittle or no effect on SCD1
expression in the bovine mammary gland, whereaatursed LCFA inhibit mammary
SCD1 expression. The inhibitory effect of unsatedatt CFA on mammary SCD1
expression appears to increase proportionally with amount of double bonds in the
LCFA (i.e., more double bonds results in higheiibitton of SCD1 expression). Therefore,
it seems difficult to enhance SCD1 expression extfammary gland by supply of LCFA.
In order to limit inhibition of mammary SCD1 expsém, supply of PUFA to the
mammary gland should be restricted. The regulatibi3CD1 in the bovine mammary
gland by LCFA appears to be, at least partly, ratgal by the transcription factors SREBP-
1 and INSIG-1. Further research is needed to eteithe role of these transcription factors
and to identify possible additional genes thatiavelved in the regulation of SCD1 in the
bovine mammary gland. Understanding the regulatibCD1 in the bovine mammary
gland could facilitate the search for nutritionahgegies that could increase the activity of
SCD in the mammary gland. Further research on tleeteof SCFA on mammary SCD
expression is needed to verify if SCFA can indugeD$ expression in the bovine
mammary gland. The recently discovered isoform S@Dé&xpressed in bovine mammary
tissue, although contribution #9-desaturation of FA appears to be quite low. Adddl
research is required to elucidate the role of S@Dthe mammary gland and examine its
contribution toA9-desaturation of FA. Milk somatic cells can beduas a source of mMRNA
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to examine SCD1 expression in dairy cows, as aimeasive alternative to mammary
tissue samples obtained by biopsy. However, theeratow yield of RNA from milk
somatic cells requires further research for impnoset.
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Summary

Summary

Increasing the proportion of unsaturated fatty aqidFA) in milk is believed to be
beneficial in terms of human health, thereby insieg the nutritional quality of milk. In
the Netherlands however, the proportion of UFA iflkkndecreased in the last decade,
which is most likely related to changes in compositof diets fed to dairy cows. These
changes include a lower proportion of fresh greesduced crude protein and fat content of
grass and grass silage, and increased proportioraze silage. The proportion of UFA in
milk is mainly dependent on the proportion of UFA the diet, the degree of
biohydrogenation of UFA in the rumen, and on atyiwf the stearoyl-CoA desaturase
(SCD) enzyme in the mammary gland. The SCD enzyreates a double bond at the
position in a wide range of fatty acids (FA), tHeremaking these FA unsaturated. This
thesis focuses on SCD in the mammary gland of deows, and how SCD can be
influenced by nutrition. More specifically, the eft of short- and long-chain fatty acids on
MRNA expression of SCD was investigated in the hevhammary gland. The purpose of
this research was to explore nutritional stratetfi@s could increase the activity of SCD in
the mammary gland of dairy cows, thereby improvimg FA profile of milk. In addition, a
non-invasive alternative to mammary tissue for raeag SCD expression in the
mammary gland of dairy cows was examined.

The objective of the first experimer@ijapter 2) was to compare the effects of various
FA typically present in dairy cow rations, on thgression of both SCD1 and SCD5 (the
two known bovine isoforms of SCD) in the mammargrgl of dairy cows. Twenty-eight
Holstein-Friesian cows were randomly assigned ® afithe four dietary treatments being
a basal diet supplemented (DM basis) with eith@e2rapeseed oil as a source of C18:1
Cis9, 2.7% soybean oil as a source of C18s9,12, 2.7% linseed oil as a source of C18:3
€is9,12,15 or 2.7% of a 1:1:1 mixture of the threks.ohfter the treatment period of 23
days, all cows were switched to a control dietdoradditional 28 days. At the end of both
the treatment period and the control period, tifsom the mammary gland was taken by
biopsy and analysed for mMRNA expression of SCD1 S@®5 by using quantitative real-
time polymerase chain reaction (QRT-PCR). Milk giels well as milk protein and fat
content did not differ between the four dietaryatreents. Mammary SCD1 expression was
significantly down-regulated in dairy cows by ferglisoybean oil compared with rapeseed
oil or linseed oil, and this was partially refledtby the lower desaturase indices in the
milk, which are frequently used as proxies for maarynSCD activity. In contrast, SCD5
expression in the mammary gland was much lower J<tt@n that of SCD1 and did not
differ amongst the four treatments, indicating thtmmary expression of SCD5 is less
sensitive to changes in FA supply compared with $CD
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To study the changes in genome-wide expressiorenég in response to dietary UFA
supplementation, mammary tissue samples of expatithavere also used for micro-array
analysis Chapter 3). In this study, expression of the entire genoras wompared between
the four UFA diets and the control (no UFA supplemé&on). Compared to control, milk
yield was higher but concentrations of milk fat gmatein were lower when UFA were
included in the diet. Furthermore, the proportidnde novo synthesised FA in milk was
reduced, whereas that of long-chain fatty acidsHALiIncreased. Applying a statistical
cut-off of false discovery rate of g-values < 0t@§ether with an absolute fold change of
1.3, a total of 972 genes were found to be sigmifily affected through UFA
supplementation, indicating that large transcripglcadaptations occurred in the mammary
gland when diets of dairy cows were supplementati wnprotected dietary UFA. Gene
sets related to cell development and remodellipgp#osis, nutrient metabolic process, as
well as immune system response were predominantywncegulated during UFA
supplementation.

Since biopsy of the mammary gland is an invasive @stly method which presents a
risk of udder infection, the use of milk somatidi€@s a non-invasive, alternative source of
mRNA was investigated in experiment Zh@pter 4). Both milk somatic cells and
mammary tissue were collected from fourteen Halskeiesian cows fed diets with or
without linseed and used for analysis of SCD exgioesby gRT-PCR. Expression of SCD5
in mammary tissue was low compared with SCD1. Aificant relationship @r= 0.60;P <
0.01) was found between SCD1 expression in milkegantells and in mammary tissue. In
addition, SCD1 expression in milk somatic cells wagmificantly related ta\9-desaturase
indices in milk (f between 0.32 and 0.52), which are commonly usednaimdicator of
SCD activity within the mammary gland. This relatship was better than the relationship
between SCD1 expression in mammary tissue Afidesaturase indices in milk?(r
between 0.22 and 0.38). The vyield of total RNA fronitk of dairy cows was rather low,
and further investigation is needed to improvetiedd of RNA from milk. In conclusion,
this study showed that milk somatic cells can beduss a source of mMRNA to study SCD1
expression in dairy cows, offering a non-invasilteraative to mammary tissue samples
obtained by biopsy.

Acetic acid (Ac) and3-hydroxybutyric acid (BHBA) are important precursdor de
novo FA synthesis in the bovine mammary gland. Howesentrary to LCFA, information
on the effect of these short-chain FA on mammarip @&pression is scarce. Therefore, in
experiment 3 Chapter 5), a bovine mammary cell line (MAC-T) was used ssess the
effect of Ac and BHBA on the mRNA expression of S@R gRT-PCR, and to compare
this to the effect of various LCFA on SCD expressias well as expression of acetyl-CoA
carboxylase (ACC) and fatty acid synthase (FAS).abidition, expression of sterol
regulatory binding protein 1 (SREBP-1), insulindlegéd gene 1 protein (INSIG-1) and
peroxisome proliferator-activated receptors (PPARsye measured to examine if these
transcription factors are involved in the regulatmf SCD expression in bovine mammary
epithelial cells. MAC-T cells were treated for 12without FA additions (CON) or with
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either 5 nM Ac, 5 M BHBA, a combination of 5 M Ac + 5 nM BHBA, 100 (M
palmitic acid (PA), 100 M stearic acid (SA), 100 M oleic acid (OA), 100 M trans-
vaccenic acid (TVA), 100 M linoleic acid (LA) or 100 M a-linolenic acid (ALA). In
comparison with CON, expression of SCD1 was in@éasy Ac (+61%) and reduced by
OA (-61%), LA (-84%) and ALA (-88%). Contrary to 8, MAC-T cells did not express
SCD5 mRNA. Expression of ACC was also increasedby+44%) and reduced by LA (-
48%) and ALA (-49%). Compared with CON, FAS expmsswas not significantly
affected by the treatments. The mRNA level of SREBWNas not affected by Ac or BHBA,
but was reduced by OA (-44%), TVA (-42%), LA (-62%)d ALA (-68%) compared with
CON. Expression of INSIG-1 was down-regulated by E2V%), OA (-63%), TVA (-
53%), LA (-81%) and ALA (-91%). Both PPARand PPAR expression was not
significantly affected by the treatments. Thesaltsshow that Ac up-regulates expression
of SCD1 and ACC in MAC-T cells, which indicates tthfec may increase desaturation and
de novo synthesis of FA in the bovine mammary gland. Furtitee, the results strengthen
the support for the role of SREBP-1 and INSIG-Teastral regulators of lipogenesis in the
bovine mammary gland.

Overall, it can be concluded that saturated LCFAehhitle or no effect on SCD1
expression in the bovine mammary gland, whereaatureged LCFA inhibit mammary
SCD1 expression. The inhibitory effect of unsatdattCFA on mammary SCD1
expression appears to increase proportionally with amount of double bonds in the
LCFA (i.e., more double bonds results in higheiibitton of SCD1 expression). Therefore,
it seems difficult to enhance SCD1 expression exrttammary gland by supply of LCFA.
In order to limit inhibition of mammary SCD1 expsém, supply of poly unsaturated fatty
acids (PUFA) to the mammary gland should be rdastticThe regulation of SCD1 in the
bovine mammary gland by LCFA appears to be, attlgmstly, regulated by the
transcription factors SREBP-1 and INSIG-1. Basedhain vitro research it appears that
short-chain FA, in particular Ac, upregulate mamyn&€CD1 expression, although further
research is needed to verify if short-chain FA mell6CD1 expression in the bovine
mammary gland. The recently discovered isoform S@Dé&xpressed in bovine mammary
tissue, although contribution x9-desaturation of FA appears to be quite low.
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Het verhogen van het aandeel onverzadigde vetzlw€A) in melk wordt over het
algemeen als positief gezien wat betreft de gezeiddian de mens, en draagt daarmee bij
aan het verhogen van de voedingskwaliteit van mi@lkNederland daarentegen, is het
aandeel UFA in melk het laatste decennium juistadgnen, wat waarschijnlijk gerelateerd
is aan veranderingen in het rantsoen van melkkoédeze veranderingen zijn o.a. een
lager aandeel vers gras, verminderd ruw eiwit éngedalte van gras en graskuil, en een
verhoogd aandeel maiskuil. Het aandeel UFA in madkdt voornamelijk bepaald door het
aandeel UFA in het rantsoen, de mate van biohydiagevan UFA in de pens, en door de
activiteit van het stearoyl-CoA desaturase (SCL2yamin het uier. Het SCD enzym creéert
een dubbele binding op d&9 positie van uiteenlopende vetzuren (FA) en makdzde
daarbij dus onverzadigd. Dit proefschrift richttziop SCD in het uier van melkkoeien en
hoe SCD in het uier beinvioed wordt door voeding @a melkkoe. In het bijzonder is het
effect van kort- en langketen FA op mRNA expressie SCD in het uier van melkkoeien
onderzocht. Het doel van dit onderzoek was hetararkn van voedingsstrategieén die de
activiteit van SCD in het uier kunnen verhogen, zemloende leiden tot een verbeterd
vetzuurprofiel van melk. Ook is onderzoek uitge¥braar een niet-invasieve methode om
SCD expressie te meten in het uier van melkkoeilsralternatief voor biopsie van het uier.

Het doel van het eerste experimadbéfdstuk 2) was het onderzoeken van de effecten
van verschillende FA op expressie van zowel SCB1SAD5 (de twee isovormen van
SCD in het rund) in het uier van melkkoeien. Inediperiment werden 28 Holstein-Friesian
koeien willekeurig toegewezen aan één van de \@atsoenen bestaande uit een basis
rantsoen gesupplementeerd (droge stof basis) rt®f A&% raapzaadolie als een bron van
C18:1cis9, of 2.7% sojaolie als een bron van C18%9,12, of 2.7% lijnzaadolie als een
bron van C18:3is-9,12,15, of 2.7% van een 1:1:1 mengsel van de dién. Na de
experimentele periode van 23 dagen werden alleekoep een controle rantsoen gezet
gedurende 28 dagen. Aan het einde van zowel derimgrdele als de controle periode,
werd uierweefsel verzameld door middel van biopgiarin mRNA expressie van SCD1
en SCD5 werd geanalyseerd met behulp van kwaeti@atreal-time polymerase chain
reaction (QRT-PCR). Melkproductie alsmede de gehaltan melkvet, -eiwit en -lactose
waren niet verschillend tussen de vier experimenbahandelingen. Expressie van SCD1
in het uier was significant down-gereguleerd inkkekien in de sojaolie groep vergeleken
met de raapzaadolie en lijnzaadolie groep. Dit gedeeltelijk terug te vinden in de lagere
A9-desaturase indices in melk, die veelvuldig gédtruiorden als indicatoren voor SCD
activiteit in het uier. De SCD5 expressie in hatruivas echter veel lager ($)@lan de
expressie van SCD1 en verschilde ook niet tussemeddehandelingen, wat suggereert dat
SCD5 expressie in het uier minder gevoelig is weayanderingen in FA aanbod vergeleken
met SCD1.
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Om de veranderingen in genexpressie van het tgai®om als gevolg van UFA
supplementatie van het rantsoen te bestudereretisiirweefsel van experiment 1 ook
gebruikt voor micro-array analyséldofdstuk 3). In deze studie werd expressie van het
totale genoom vergeleken tussen de vier UFA rantoen het controle rantsoen (geen
UFA toevoeging). Vergeleken met de controle wasnéékproductie hoger, maar waren de
gehalten aan melkvet en -eiwit lager voor de koeigrmet UFA rantsoen. Verder was het
aandeel FA in melk afkomstig vasle novo synthese gereduceerd, terwijl het aandeel
langketen vetzuren (LCFA) toegenomen was. Het wsgravan een statistische limiet voor
“false discovery rate” van g-waarde < 0.05 sameheare absolute “fold change” van 1.3,
resulteerde in 972 genen waarvan de expressidisagiti veranderde als gevolg van UFA
supplementatie. Dit suggereert dat aanzienlijkesaptionele adaptatie plaatsvindt in het
uier van melkkoeien wanneer onbeschermde UFA wotdegevoegd aan het rantsoen.
Groepen van genen gerelateerd aan cel ontwikkelng reorganisatie, apoptose,
metabolische processen van nutriénten, en immuteeysrespons waren voornamelijk
down-gereguleerd als gevolg van UFA supplementatie.

Aangezien biopsie van het uier een invasieve ee duethode is die bovendien een
risico vormt voor uierinfectie, is in experimen{2oofdstuk 4) onderzocht of somatische
cellen in melk gebruikt kunnen worden als niet-isiege, alternatieve bron van mRNA
voor het onderzoeken van SCD expressie in het Hiervoor zijn zowel somatische cellen
uit melk als uierweefsel verzameld van 14 Holsteiiesian koeien, op een rantsoen met of
zonder lijnzaad, en geanalyseerd op SCD expressiebahulp van qRT-PCR. Expressie
van SCD5 in uierweefsel was laag vergeleken met SED was een significante relatie
(r* = 0.60;P < 0.01) tussen SCD1 expressie in somatische ceilenelk en in uierweefsel.
Bovendien was SCD1 expressie in somatische celtemelk significant gerelateerd aan
A9-desaturase indices in melk {ussen 0.32 en 0.52), die veelvuldig gebruikt woreks
indicatoren voor SCD activiteit in het uier. Dezdatie was beter dan de relatie tussen
SCD1 expressie in uierweefsel aB-desaturase indices in melK fussen 0.22 en 0.38).
De hoeveelheid totaal RNA geisoleerd uit melk vaeién was laag en verder onderzoek is
vereist om de RNA opbrengst uit melk te verhogemnduderend laat deze studie zien dat
somatische cellen uit melk gebruikt kunnen wordienadternatieve bron van mRNA om
SCD1 expressie te onderzoeken in melkkoeien, eaeroniet-invasief alternatief bieden
voor uierweefsel via biopsie.

Azijnzuur (Ac) enp-hydroxyboterzuur (BHBA) zijn belangrijke precursarvoorde
novo synthese van FA in het uier van de melkkoe. Eclnerergelijking met LCFA, is de
informatie over de effecten van deze kortketen FpAde expressie van SCD en andere
belangrijke genen voor de FA synthese in het uibiaars. Derhalve is in experiment 3
(Hoofdstuk 5) een boviene uiercellijn (MAC-T) gebruikt om ddesften van Ac en BHBA
op mRNA expressie van SCD te onderzoeken via qRR;R@ deze te vergelijken met het
effect van verschillende LCFA op SCD expressie,nale expressie van acetyl-CoA
carboxylase (ACC) en fatty acid synthase (FAS).@uwlien werd de expressie van sterol
regulatory binding protein 1 (SREBP-1), insulinimeéd gene 1 protein (INSIG-1) en
peroxisome proliferator-activated receptors (PPA§neten om te onderzoeken of deze
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transcriptiefactoren betrokken zijn bij de regudatian SCD expressie in boviene uier
epitheelcellen. MAC-T cellen werden gedurende 12gaincubeerd zonder FA toevoeging
(CON), of met toevoeging van 5NhAc, 5 M BHBA, een combinatie van 5ihAc + 5
mM BHBA, 100 M palmitinezuur (PA), 100 M stearinezuur (SA), 100N oliezuur
(OA), 100 WM trans-vacceenzuur (TVA), 100M linolzuur (LA) of 100 M a-linoleenzuur
(ALA). In vergelijking met CON nam de expressie \@@D1 toe met Ac (+61%) en daalde
deze met OA (-61%), LA (-84%) en ALA (-88%). In t@mtstelling tot SCD1 werd geen
SCD5 expressie waargenomen in de MAC-T cellen. f@essie van ACC nam toe met
Ac (+44%) en daalde met LA (-48%) en ALA (-49%).rgeleken met CON was FAS
expressie niet significant beinvloed door de velisclile behandelingen. Het mRNA
niveau van SREBP-1 werd niet beinvloed door Ac BB, maar nam af met OA (-44%),
TVA (-42%), LA (-62%) en ALA (-68%) vergeleken mEON. De expressie van INSIG-1
was down-gereguleerd met SA (-37%), OA (-63%), T{B3%), LA (-81%) en ALA (-
91%). Zowel PPAR als PPAR expressie was niet significant beinvioed door de
verschillende behandelingen. Deze resultaten laiem dat expressie van SCD1 en ACC
wordt up-gereguleerd door Ac in MAC-T cellen, waggereert dat Ac de desaturatieden
novo synthese van FA kan verhogen in het uier van noglidn. Bovendien versterken deze
resultaten de rol van SREBP-1 en INSIG-1 als céntregulatoren van lipogenese in het
uier van melkkoeien.

Allesomvattende kan geconcludeerd worden dat vegdadLCFA weinig of geen
effect hebben op SCD1 expressie in het uier varkkoelen, terwijl onverzadigde LCFA
de SCD1 expressie verminderen. Het remmende effatibnverzadigde LCFA op SCD1
expressie in het uier lijkt proportioneel toe tenesm met het aantal dubbele bindingen in de
onverzadigde LCFA (d.w.z. meer dubbele bindingesulteert in een hogere remming van
SCD1 expressie). Daardoor lijkt het moeilijk om SC&xpressie in het uier significant te
verhogen door het aanbieden van LCFA. Om remmimgS@D1 expressie in het uier te
beperken, zou het aanbod van meervoudig onverzadigtzuren (PUFA) naar het uier
beperkt moeten worden. De regulatie van SCD1 inufet van melkkoeien door LCFA
lijkt, ten minste gedeeltelijk, gereguleerd doortdmscriptiefactoren SREBP-1 en INSIG-
1. Gebaseerd op hat vitro onderzoek lijken kortketen FA, in het bijzonder, RCD1
expressie te up-reguleren, hoewel verder ondernoekizakelijk is om te verifiéren of
kortketen FA de SCD1 expressie kunnen verhogerefruter van melkkoeien. De recent
ontdekte isovorm SCD5 komt tot expressie in het ué melkkoeien, maar de bijdrage
aanA9-desaturatie van FA lijkt vrij laag.
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Training and supervision plan

Training and Supervision Plan

Name Antoon Jacobs
Group Animal Nutrition Group
Daily supervisors Dr. ir. J. Dijkstra

Dr. J. van Baal

Supervisor Prof. dr. ir. W.H. Hendriks

The Basic Package
Philosophy of Science and Ethics
WIAS Introduction Course

International Conferences

6" International Symposium on Ruminant PhysiologyRf#S, Clermont-
Ferrand, France

Tri-state Dairy Nutrition Conference, Fort Wayne, IBSA

ADSA-ASAS Joint Annual Meeting, New Orleans, LA, NS

Seminars and Workshops

WIAS Science Day, Wageningen, the Netherlands (4x)

WIAS Seminar: “Strategies to improve health andilfgrin dairy cows”,
Wageningen, the Netherlands

339 ANR Forum (former NVO), Wageningen, the Netherlands

34" ANR Forum (former NVO), Melle, Belgium

International Symposium: “Nutritional strategiesttanage the challenges
of today’s dairy cows, Wageningen, the Netherlands

WIAS Seminar: “Genetics of milk quality”, Wageningeghe Netherlands

5" Annual Animal Science Graduate Research Forum (ASQRISt
Lansing, MI, USA

36" ANR Forum (former NVO), Leuven, Belgium

Presentations

339 ANR Forum, Wageningen, the Netherlands (oral)

33Y ANR Forum, Wageningen, the Netherlands (poster)

Advances in Feed Evaluation Science, Wageningen\#therlands (oral)

The Graduate School

o)

Year
2007
2008

2009

2010
2011

2008-2011
2008

2008
2009
2009

2009
2010

2011

2008
8200
2009

WAGENINGEN INSTITUTE of
ANIMAL SCIENCES

Credits*
1.5
1.5

1.2

0.6
15

1.2
0.2

0.3
0.3

0.3

0.3
0.3

0.3

1.0
1.0
1.0
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6" International Symposium on Ruminant PhysiologyR{S, Clermont-

Ferrand, France (poster)
ADSA-ASAS Joint Annual Meeting, New Orleans, LA, Aigoral)

In-Depth Studies

Science Meet Society: Biomass use: Food, Feed d? Fue
Nutrition in the Omics Era

Design of Animal Experiments

Statistics for the Life Sciences

Nutrient Density of Milk

Advances in Feed Evaluation Science

Professional Skills Support Courses
Supervising MSc Thesis Work

PhD Competence Assessment
Scientific Writing

Techniques for Writing and Presenting a ScienBfaper

Research Skills Training
External period (Feb-Sep 2010) at Michigan Statevémity, East
Lansing, MI, USA

Didactic Skills Training

Inleiding Dierwetenschappen (praktijkproject) (3x)
Toegepaste Dierbiologie (4x)

Animal Nutrition and Physiology

Management Skills Training
Organisation 38 ANR Forum, Wageningen, the Netherlands

Total

* one ECTS credit equals a study load of approxifya28 hours

174

2009

2011

2007
2008
2008
2008
2009
2009

2008

2008

2009
2010

2010

2007-2009
2008-2011
2009

2008

1.0

1.0

1.5
1.0
1.0
2.0
0.8
0.3

1.0

0.3

1.8
1.2

2.0

15
1.4
0.3

1.0
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