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1. Introduction

Brassicaspeciescontributesto the nutrition and health dhe human populationaround the world
different crops like vegetablesondiments oils are provided by this genfBua & Douglas, 2004)
This wide availability of products fom the samespecies can be explained because of its extensive
diversity. This wide variation can henderstoodpartly consideringthe fact that different forms of
Brassicarapa arose independently from the wiil rapain different locations(Zhao, 2005)Brassica
genusis composed of the following diploid speci®rassica rapa2n =20 AA),Brassica nigra(2n=

16 BB) andBrassica oleraeae gn= 18 CC). The othethreehexaploid speciesBrassica juncea
(2n=36 AABB), Brassica carinatg2n=34 BBCC)andBrassica hapu$2n=38 AACC) resulted from
intra-specific hybridization events (Stewaat al. 2003). Apart fromits ploidy diversity, the diploid
Brassicagenomeconsists ofthree rearrangedsubgenomes, giving evidence of a whole genome
triplication event (WGT) These three ancient sugenomeshave been indicated &sss fractionated,
medium fractionated and most fractionated (LF, M&idd MF2). Based on their gene contetitese
sub genomebkave been aligned withA. thalianasupporting the evidence about the triplication event
and synteny between these genera (Cheingl. 2012). Interesting outcomes from WGare for
instance genome fractionatiowhich is the process of gene $ss a result from this evewane sub
genomeretain more copies of genes than dteertwo (Chenget al. 2012). Another interesting effect
is the dominanceffect, which suggesthat gees inthe dominant genome (LF) aggrone tofewer
lossescompared with thenes on theecessive genomdMF1 and MF2) Natural selection plays an
important roleconserving genes in the dominant genosiece mutations in the dominant genome
might cause aeduction infithess;thereforemutations in the sugenomeare morelikely to happen
leading to fractionation and low gedensity.(Chenget al. 2012), (Chenget al. 2014). Also WGT
might havehadgiven rise togenes that served as a raw material for developindusutionalization

or neofunctionalization(Chenget al.2014) (Schranzt al.2006) Regarding the particular effeai$
WGT on Brassicasp. it has been reported thiaactionation reslted in the lossof some genes
(fractionation biasegland retention of others. Fexample four paralogues frm the A. thalianaFLC
gene (Flowering Locus Clare retained irB. rapa InterestinglyWang et.al (2011) described that
Gigantea(BrGl), Short Vegetative Stag®rSVB are represented only by one coffhis outcome
might have led to an increased variation, for example flowering time through a wider range different
paralogues may have facilitated adaptation to different environrféiats et al. 2013) (Schiesslet

al. 2014) (Simonet al.2015)

Taking into consideration the described diversity within this species and their importance for the
humanpopulation,the presenstudy shows a attempt to analyse a set of selecgethesfrom an
association mapping study (AM) and their relation with flowering time in diffe®@ntrapa
morphotypesin the AM study differengenegelated to flowering timevereanalysed undetifferent
seasons and ddgngth (unpublisheddata from the group of Guusje Bonnema, WURNce the
outcomefrom the AM studywas gottena new sebf geneswere selected fahis work These genes
were analysed in a set of differeBrassica rapagenotypesunder different photoperioda a time-
series samplingxperiment(24-hours) In the following sections an insight of the relevaméehe
photoperiod and circhan pathways will be described followed by the initial approach for this
research.

1.1 Flowering time

Flowering time is an important trait because it is highly related to yield and quality of fruit, tuber and
leaf crops(Langeret al. 2014) (Xu et al. 2014)therefore, it is very important for plant breeders and
farmers to determine the appropriate region forwgng their plants in order to achieve high
agricultural yidéd. Furthermore research the aspects oflowering time has become more and more
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important because of the increased variations that climate change may create in the near future
(Craufurd and Wheeler 20Q9Dlesenret al.2012)

The control of the transition from vegetative state dproductive phase in plants is essential; for
instance, proper timing for reproductive succes9lants depend on this developmental switch.
Flowering time is affected by different molecular pathways such as: vernalisation,
photoperiod/circadian, autonom® ageing, ambient temperature and gibberellin pathways
(Yamaguchiet al. 2014) (Johansson and Staiger 2015) each one of these molecular pathways
there are different intaregulatory and structural genes that trigger or repress flowering depending on
the environment. Regarding the photoperiodic pathway, within plants there has been described long
day (LD), shordays (SD) and day neutral plafigndrés and Coupland 2012)his means thaome
plants switch to floweringwhen the lightperiod exceeds a critical length (LD). Howevén, other
plantswhentheabsence of lighincreasesflowering time is activated (SDJ.here aralsoplants that

can flower independently from tHength of light they are calledday neutral plant§Andrés and
Coupland 2012)

In A. thalianathe photoperiod pathwagads to the activation of th&lowering Locus T(FT) gene
The FT geneencodes &ey proteinin charge of activating a flowering signd@his signaltravels from
the leaves to the shoot apical meristem (SAM) promoting flowd@amng and Imaizumi 2014)n
daylength flovering dependanf. thaliana species,flowering is accelerated by long inductive
photoperiodswhile in SD conditions flowering is delayedd. the model plant speciés thalianathe
photoperiodpathway is composephartly by thesepositiveregulatorssuchas: CO (Constans) FT, Gl
(Giganteaand negative regulator likeDF (Cycling DOF FactorsjWellmer and Riechmann 2010)
(Johansson and &ger 2015) Genesrelated to the photoperiod pathwanre present iB. rapa(some
of them having different copiegyVanget.al 2011)and their function have been well studiedAin
thaliana (Johanssorand Staiger 2015)Colin Pittendrigh and Dorothea Minis describadmodel
which has been intended to understand the photoperiodic pathway. This model is the external
coincidence model, it proposes that a substrate, which levels vary during the didye aille to
promote flowering (Songt al.2015).

Later on, research on the model plaxabidopsis thalianasupported this theory wher€O is
considered as a transcriptional activatoFdf However, he activation oFT by CO needs a previous

step; a complex betwedsl andFKF1 (Flavin Binding, Kelch Repeatkox)), first needs talegrade

the flower represso€DF, during the lateafternoon ConsequentlyCO levels accumulate during the
afternoorevening in LD (figure 1), leadp to the activation oFT, thus accelerating floweringn

figure 1, other regulators of flowering are present suchGBR1, SPALPHYBnegative regulators)

and (PHYA, CRY 2positive regulatoflshowever those are not present in the current stidgD
conditions, CO fails to accumulate the sufficient levels of expression and consequently gets degraded
by CDF in the morning This results, in the absence of tHE expressionprolonging the vegetative

stage.
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Figure 1 Photoperiod pathway iA. thaliana This figure adapted from (de Montaigtial 2010), shows some of the genes (circle
red) which play a role in the photoperiod pathway and that are also pre@rassica rapa(a) shows hovin LD conditions (bottor
bars indicate the length of light) the promotion of flowering can be explained due to the expression of CO and subse
expression of FT. In SD conditiofis), CO fails to activate FT, resulting in a delay in flowering.

1.2 Circadian clock

Another important regulator of flowering is th@#cadian clockin most living forms that are exposed

to a day/night cycle this regulation system is conserved (Farré & Liu 2013). As it was mentioned
before, the entry to the flowerirgiate is very important for planits orderto regulateflowering in

different seasongAndrés & Coupland 2012Plants keep track of the dégngth by the use of an
internal oscillator or time keeper (Farré & Liu 2013), this regulation must be synchronized in order to
produce seasah responses for flowering (Shim & Imaizumi 2014). Furthermore, plants need to
coordinate accurately the timing at which transcripts are required, like the initiation of fundamental
and irreversible processes like flowering or fruit initiation. This isedioy taking into account internal

and external signals. Plants have an interesting method to overcome this ché#fieimgarcadian

system is composed of three elements: input pathways that incorporate signals from the environment
(light, temperature), @wtput pathways that translate the external signals into physiological responses
and an internal oscillatoor central genegFarré & Liu 2013). This internal oscillator or clock,
functions along with auto regulatory negative feedback loops in order tonae$p changes ithe
environment (figure 2)A negative feedback loop could be consideredsealsregulatory loop for
example,; when a certain protein is abundamither regulatory components repress the expression of
themRNA which produced the proteifiherefore keeping a certain level of the protein during certain
periods of timeThere have been described different components of the circadian clock in the model
plant A. thaliang (Hsu and Harmer 2014) proposed the following structure: morning phased
components, afternoon phased components and evening phased components. Morning phased
components comprise among oth&scadian Clock Associated {CCAl and Late Elongated
Hypocotyl(LHY) which are transcription factors. Among others, these genes aress&d during the
morning and they have been described as negative regulators of the evening components (Hsu &
Harmer 2014).CCAl and LHY have also been definddr having redundant rolesupressing the

activity of Gl andpositively controllingthe exprasion ofC D F Senget al.2013) Within the clock
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CCAlandLHY repress the activity ofiming of CAB expressiofTOC1) an evening gene. As it is
described in Harmer (2003his is thefirst regulatory loop formed betweeBCALLHY and the
evening gend OCl, this allows their expression only during night or day.

Afternoon components consist BEeudo Response Regula(BRR5, 7, B Reveille(RVE §, among
other genesPRRS5,7,%ave roles in repressing the expression of the morning g@@ad andLHY
(second loopjorcing them to ape only during a certain periaaf time during the morningOne of
the described functions &®EV8is to acetylateTOC1 at the promoter regiortherefore activating
evening componentStaigeret al. 2013). The evening oaponents compris€ OCL, CCA1 Hiking
Expedition(CHE), LUX arrythmo (LUX), Eayl Flowering34 (ELF34), NOX,among othergenes
LUX forms a complex witlELF3 andELF4 in order to repress the expressiomudrning components
(third loop)and at the same cwal the expression oFOC1 This negative feedback loop of regulatory
genes allows the regulation of precise expression under a changing environment.

(b)

Mormng @ \Even\ng
loop Core loop L loop

rCCM
@H = -

ELFB EC

~—

Figure2 Circadian clock regulation iA. thaliana.Adapted from Staigegt.al (2013) Auto regulatory loops: morning loop (1), afternoon loop

(I) and evening loop (lllyegulate circadian genes allowing their expression in certain periods of time during the day (The bar above the
figure shows the periods of time) I&equently,the activity if thesegenes also affect other regulatory mechanisms for instance the
photoperiod pathway.

1.3 Initial approach

The identification of key genes and molecular pathwiayplantsshould lead to the application of
practical uses for exampléreeding programsQTL mapping andAM studies are useful for the
identification of candidate genes feuchpurposeqGuptaet.al 2015). Progress has been achieved
during the past years in relation with the application of QTL mapping for the identification of genes
related to flowering time iB.rapa. For instance, (Zhaet al. 2010) reportedhat in a segregating
population ofB. rapa theparalogueBraFLC2 has been proposed as candidate for a flowering time
QTL. In AM studies,BrFLC2 has beeralsodescribed as a main gene responsible for differences in
flowering time between early oil types and late morphotypeB. irapa Additionally, it has been
showed its sensitivity to vernalisation response (&taad. 2010). These findings match with what has
been described for the activity BEC in A. thaliana.

Taking in consideration what have been said, the purpose of this research is ttechargenes
associated with flowering time variation under short (SD) and long days (LD) conditions in a set of
different B. rapatypes. The aim is to find if the different alleles on the genesssociated with
flowering time in different locations havefidirent regulatiorin their exptession and if this is related
with differences in flowering time.

For achieving this objective two strategies have been followed: first, a data base study has been
performed in order to recruit the genes related to flowelimg. This wasbased on a previous AM
study (unpublished data frorthe group of Guusje Bonnema, WURN) a large collection of <250
different B. rapamorphotypesThe morphotypes were grown on the field under different geographic
and environmental conditions (see methodis)s resuled in whatthe different morphotypes showed



differentresponses for flowering timgepending of theonditions.Genetic markers and-sequenced

data related to flowering time wassed over the whole plant material. The outcémom this approach

was that the genes related with flowering time revealed diffaabelies and these allelekad a
different effecton flowering time dependingn the morphotypand daylength Suggesting that these
allelic variants may have influenced the differences in flowering time within the morphotypes studied.
Therefore, one would like to kv if the genes that embrace sballelic variantsare under aitferent
expression pattern.

After applying different selection criteria (see methods)s aipproach gave as a result the selected
genes for this studySome of them have been described as members of the circadian path&uay in
thaliana (LHY, CCA) as well as genes related to the photoperiod path@&y FT). CDF5 and Gl

have been also included however, it is difficult to classified them in a certain pathway because they are
playing important functions in the photoperiod pathway but, at the saradhene genes are strongly
regulated by the circadian clocknother group of genes that belong to other molecular pathways like
FLM which acts as a repressor of flower{iagnbient temperature pathway) and a grouplLd® genes
repressing floweringvernalsation pathway) were included in this study because of their significant
association to certain growing seasons in the AM stAdgitionally, BRHAMA(BRM)andRepressor

of gal (RGAxIso showed significardassociationyalues in SD conditions, thefore they were also
included (figure 3).

LIGHT COoLD
FRI, FRL1
FRL2, VIP3 VIN3
ViP4, ART1 VRN1
PIE1, ESD4 VRN2Z
Glbberellin
\ pathway FCA, FY
Ambient- temparature — I FPI?T:H;ELK
pathway y &5
nght-quality TOE1,TOE2
pathway SMZ, SN{FLM
soct FT_LFY | SVP, TFL1, TFL2
Floral pathwaylnteglators “HWFi, EMF2

| AP1 AP2 FUL CAL LFY|
Floral meristem [dentity \

Chrm>

FLOWERING

Figure 3 Overview of the molecular pathways affecting flowering timeAinthaliana. Adapted from Henderson &ean (2004). In red
circles it can be seen the additional genes included in this work. From the ambient temperature Fiathwaénjch acts as a negative
regulator of floweringFLC which belongs to the vernalisation pathwBRM which disruption affectsiéwering andRGAwhich belongs to
the gibberellin pathway.

The second strategy was to perform an expression anblysimeans of €(RT-PCRin the selected set

of genes in a diverse setBf rapagendypes. This was done during the vegetative stagemwittday
(samples were taken every four hours) in order to reveal if the genes associated to flowering time in
different photopends (SD and LD) and time pointzave different expression patterns. Finally,
flowering time was scored among the populationptaints in order to correlate the days before
flowering and the gene expression.



2. Material and Methods

2.1 Plant material

Doubled haploids (DH) lines were used for this work in order to get as much uniformity as possible.
The plant material belonged to allection of plants from Wageningen UR, The Netherlands and from
Vavilov Centre of Diversity. The selected accessions were intended to represent the morphotype
diversity present ifB. rapatherefore oil, turnip, heading andafg types were included. Talslé&?2

shows the plant material used. All the plant material was grown in a single greenhouse compartment
from Wageningen UR, ensuring uniformity for growing conditions. Water supply and the substrate
usal wasthe same for all the plant material. Floweriimgd was scored during 132 dayfsaiplant did

not show floweringvithin those daysa score of 30 days was given. In order to score flowering time

the number of days after sowing were recorded until ttst fiiue flower appeared (Gazzasti al.

2003).

The selected DH lines were sown as follows: 0,5 cm deep in lines using as substrate the commercial
product Lentse Potgrond Horticoop, then covered with vermaculite. After three weeks the seedlings
were tranterred to pots (19 cm diameterdntaining the same substrabe.order to provide the SD
regime, the plants were completely covered against light, this was followed until the end of the
experiment. The SD and LD conditions were as follows: short daysdsttr8:00 AM until 16:00 PM

in the afternoon, while long days had light from 8:00 AM until 24:00 AM, 8 hours and 16 hours
respectively. For both SD and LD plants a block design was used in order to reduce thekffec
environment.

The positionof the plants within each block was randomized and six replicates per DH line were used
within each block, a total of thrddocks were usedthis resulted in threbiological repeats. The
temperature was recorded separately between SD and LD, warm aamgemwere measured during

the growing of the seedlingsd during the sampling stage {2digust 2015 an&eptember ¥ 2015)
respectively.

2.2 Samples fogene expression profiling

The plants were three weeks old during the sampling, a range of 4betbween each sampling point

was stablished for both SD and LD plants. The selected leaves for sampling were the third true leaves,
that were not expandeteaf disks were taken compressing the leave against the lit of the collection
tube.The application bthis stress was a matter of concern before conducting the experiments for, it
was consider that the sampling could disturb the expression of genes (vascular tissue) therefore,
affecting their expressior\ccording toReymondet al. (2000 in A. thalianaa certain group of genes

are differentially expressed after a mechanical stress is applied however, the published data shows no
expression related to flowering time genes.

According wit this data, one can assume that dkpression of target genes during the sampling
procedure was not affectdry the sampling procedur&@he wholesampling waglone for 24 hours,

starting 1200 PM noon on day one, and endind@ AM the next day. The leaf disks were kept into

liquid nitrogenand immediately frozen§ 0 ° C) wuntil the i solation step.

Each block consisteith a set of six DH linesndtwo biological repeatper block A mixture of two
leaves from two biological replicates were sampled during the vegetative stage in ordeoim @nf
sample per time point. In order to distribute which combination of replicates will conform a sample for
a time point the following procedure was followe@ch biological epeatwasrandomlydesignated

with a capital lette(A,B,C,D,E,F) a random combination of tvetters form a sample. Than be



seen in (figure 4)LD plants were harvested first in each tipeint; the harvesting time for both
conditions took ~ 2 hours.

CD AB EF CD AB EF

8:00 a.m. 12:00 p.m. 16:00 PM 20:00 PM 24:00 AM 4:00 a.m.
| Long Days

Sampling Sampling Sampling Sampling Sampling Sampling
| Short days
8:00 a.m. 12:00 p.m. 16:00 PM 20:00 PM 24:00 AM 4:00 a.m.

Figure4 Shows the sampling points and the design of the photoperiod regime for the plant material. Yellow and black colourdigbpresent
and dark conditions respectively. LD plants had 16 hours of light, while SD plants had 8 hours of light. A range dietlweerseach time
point was set for sampling pointSapital letters on the top show the combination of plants used for each sample at time point.

Tablel List of DH lines used for gene profiling

Species Morphotype Name chessmn WUR No. Origin Subgroup
B. rapa Turnip VT-012 CGNO06720 BrDFS_A_101 Japan S5
B. rapa Heading CC-029 CGN06828 BrDFS_A_126 S3
B. rapa Leafy PC101 CGN13926 BrDFS_A 049 China S1
B. rapa Heading CC-061 CGNO07188 BrDFS_A_007 Yugoslavia S3
B.rapa Leafy Caixin-58 L58W BrDFS_A_066 China S1
B. rapa oil \{(—)(g/sarson V106 BIDFS_A 089 India s4
Table2 Genotypes used for scoring flowering time
. A i .
Species | Morphotype Name N((:Jcessmn WUR No. Origin
B.rapa | Turnip VT-012 CGNO06720 BrDFS_A_101 japan
B.rapa | Leafy PG175 VO2B0226 BrDFS_A_055 China
B.rapa | Oil OR-213 OCRI0235 BrDFS_A_080 china
B.rapa | Oil WO-083 CGNO07220 BrDFS_A_144 paquista
B. rapa Qil YS-143 FIL500 BrDFS_A_137 ysa
B. rapa Heading CC-029 CGNO06828 BI’DFS_A_J.ZG
B.rapa | Leafy PG101 CGN13926 BrDFS_A_049 China
B.rapa |Heading CC-061 CGNO07188 BrDFS_A_007 yygoslavia
B.rapa | Leafy Caixin-58 L58W BrDFS_A_066 China
B.rapa | Oil \l/(;g)/sarson V106 BrDFS_A_089 India

2.3 Data base study: selection of the candidate genes

The association mapping study for flowering time was conducted by the groupusfe@onnema
from Wageningen University, this work used a large collection of diffef@rassica rapa
morphotypes composed &250 accessions. In order to correct fpopulation, structure a Q+K
analysis was performed. From this analysis 5 subgrasgps identifiedthe different genotypes used

in this workwere classified according this outcome (tabjeThe plant material was grown under
field conditionsin all seasonsnd conditionsJune and May (200&2009) respectively, the plants were
grown in RadixWageningen under long days in summer, while for short day plants were grown
during August and June (20-2011) respectively. Another experiment was conductedlanjing



China (September 20Iver the winter seasorflowering time was scored counting the days after the
first true flower appearefibr each morphotypever the whole plant material. Subseqlerd set 300
random SNP’s, and a set of SSR’s closely linkagkers(less than 10kb) to flowering time genes
were used for the AM study. After that a subset of associated genes with flowering time -were re
sequenced over the accessions and the AM wasuctedlagain. The association between a marker
and a trait was revealed depending on the condition (SD o) significant LOD For example,
this could be seen in (table 3), where only in Augi@®t0 under SD th&rBRM gene showed
significant LOD valuedor a different set of allelesThis indicated thatertain alleles frona gene
played a role in flowering time depending on tday length andnorphotype For instance,ifure 5
showsan example othe allelic effectof the BrFLC1_250allele is often preent in a subset of the
morphotype®r subgroupsaffecting flowering time but, not i6C-061

Table 3. Example of the database used for this work. Long days are depicted by (LD), short days (SD), vernalisation (v), & day lengt
between short and long (MD). In this example it can be seen the information regarding the BrTFL1 gene, different matkans are
depending on the growing season. It can be seen that only for August 2010 during SD a significant LOD (=<4) value wagb@ldorde
numbers)

20110 2014
Marker | G one | allele | 20989Un| op  [200M || op |2009WM | oy [2020AU | o [ yne |LoD |sep LoD
ID elLD ay-LD ay-LD g-SD .
Mid SD

ID1357 ,E\;rBR cic |7450 |[027 |73.26 |0.40 |46.47 |054 [155.18 |4.11 309.0 0.16 (1)60'7 0.42
ID1357 ,E;IrBR cr |9805 |027 |96.25 |040 |8381 |[054 |8558 |4.11 206'5 0.16 345'2 0.42
ID1357 E’ArBR T |12243 |027 |11469|040 [93.11 |054 |146.73 |4.11 ;14'4 0.16 172'2 0.42

200 [ x> > 0

175 - l

150 -

<
125
100 A 9

Figure5 Results from the AM study Xiao Dong & Guusje Bonnema. DiffeBrassica rapanorphotypes are sorted on their respective sub

group according with AM study. Pac Choi (PC), Turnip types (T), Broccoleto (B@tipse Cabbage (CC) and Oil typ@$e effect on

flowering time (xaxis) of theBrFLC1_250allele can be seen across the different genotypes egrsups (yaxis) and day length (SD or

LD). Whereas 0 is depicted in theaxis means the absence of the allele, while 1 means the presenceBsfttél_250.lt can be seen that

in the majority ofsubgroups (from S1 to S5) the presence of the allele delays flowering, except for the S4 group which represents Chinese
Cabbage under LIfor reference of the sufproups see table 1)

For the present workhé @ndidate genes were defined when eitheisigayly linked markers (SNPs

and SSRs) or variations in the gene, were associated with flowering time in any season with LODs >
4.0. From resequencing data, one can deduce the effect of the linked polymorphism on gene function.
The AM study made availablaformation regarding the position of the allelic variant therefdrani
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allelic variant was located in an exonic region from the genentadethe gene a stronger candidate.
It was also taken into consideration the role of the geteetlire promotiorio flowering. The strateyg
mentioned above resulted $hcandidate gene@able 4)with significant associations with flowering
time, the majority of them belomgg to ambient temperaturesernalisation,circadian clock and
photoperiodic pathway. Additiofig, BrGl, BrCO and BrCDF5 were also included because of their
relevance in the photoperiod and circadian clock patblwaweverthey were not present in the AM
study thereforeno additional data was available for these getaddd 4. In A. thalianathere has been
described hr ee CDF’ <) dgfieedasrepregsbrs & flodering timeheir functionhas been
designatedas additiveand redundant in the repression@d (Golembeski & Imaizumi 2015Ma
et.al (2015) showed that there are 76 geres c o0 d i n g Br@dsi€a’ rapa(Ghinese Cabbage),
CDF5is present in that report and it is also mentioned as a candidate gene for flowering time variation
in Capsella bursgastoris(Brassicacea) (Huangt.al 2012).Figure 6, shows a simplified scheme of
the procedures used for acquiring the data base required for this study.

( Oil types
/208 ACCESSIONS: ,—’ G 4
Brassicarapa | i
morphotypes T
/ Re-sequenced \ /SNP’s and SSR'§>
< flowering time X markers
N genes 4 S
o \/f
(24 Ft gcnm} (I 1 Ft gcncs)
N <
Average
LOD flowering = >
r - -
Current .
Database o A

Figure 6. Scheme representing the database provided by the department of Plant Breeding fronm \O/d&:. to select the candid
genes relevant for these work two aspects were followed; the LOD score =>4.0 related to the average flowering timecationtio
the allelic variation provided by the-sequenced genes.

Table4. Selected genes from tiatabas@rovided by XiaoDong and Guusje Bonneffiae SD letters means short days, LD long days. The
numbers represent in how many locations within the same time IsiggificantLOD values were found for a gene. LPépresented in the
AM study as a migay, however the photoperiod and temperatures resemble more totaréfiresents genes that were not present in AM
study but were included as part of this stbégause of their relevancefiowering time.

Marker asociation Selected genes
1xSD BrBRM
2xSD BrCCAl
1xSD, 1xLD * BrLHY
2xSD, LD* BrFLC2
1xSD,2xLD BrFT
1XSD, 1XLD BrFLM
1XLD BrFLC5
1XSD BrRGA
1XSD, 4XLD BrFLC1
+ BrCO

+ BrGI

+ BrCDF5




2.4 Primers design for flowering time genes

Since the limited conditions of time, the primers for the genes selected were provided by the group of
Growth and Development from Wageningen University. According with a former researcher from this
department the following procedure was followéd: thaliana sequence of each gene was blasted
against théBrassicagenome, once the paralogues were found specific primers were designed for each
paralogue (personal communication). Primers concentrations were 100 uM subsequently they were
diluted in a (1:10) finbconcentration, sequences can be found in the annexes.

2.5ldentification of the reference gene

Different genes were tested in order to find a stable and reliable reference gene for the expression
analysis.ACT2, ELFA, GAPDHand TIPS41 were tested howevemnone of them showed stable
expression.According to (MarcolineGomeset al. 2015) and (Endet al. 2014)IPP2 andAPAlcan

be considered as optimal reference genes for circadian and photoperiodic experiments. Therefore, the
primers forlPP2 were designé by searching the ortholog f8rassica rapabased on thérabidopsis
thalianagenome, this was conducted on the NCBI website using the basic local alignment search tool.
Subsequently for the multiple alignment using #trabidopsis thaliana, Brassica rapmndBrassica
oleraceagenomes the online software EMEBI Clustal Omega was used. Finally, the set of primers
were tested for hairpin formation and setimplementary giving optimal results. After this, the gene

was tested against subset of samples §t@ AM, SD 24:00 AM, including a technical repetition for

all the genotypes) showing a more stable expression profile comparediGiith ELFA, GAPDFand
TIPS41(figure 7)and less standard variation, table 5.

Table5. Standardieviation of the reference genes tested. The reference genes were all ran against (LD 8:00 AM, SD 24:00 AM) for all the
genotypes.

g:;zrence ACT2 ELFA GAPDH  TIPS41 IPP2 APA1L
St. Dev. ‘ 2.666 4514 3.231 1.82 0.86 0.997
IPP2
IZ: . .
35
2 * * *
g z;: e ¢ L3
. r~ r—
z:: L +* hd +—y + ¢ *
21 + L L 2
05
o 5 10 15 0 zx 30
Samples

Figure7. Expression fronflPP2 gene orSD and LD over a subet of time points (8 AM and 24 AM).

Unfortunately, when the whole set of samples were (sBdand SD over block 3)the expression

profile showed again variation greater tharl+/ Ct val ue’ s from t he aver age
of 1,854. Considering that the higher Ct values were correlatedrtee group osamples for a

selected set of time pointigure 8, BriIPP2 was selected for the normalizatidn.conclusion, it was

very challenging the search for a good reference gene for this experiment. OR&2lshowed a

more or less stable expression however the samples which showed higher Ct values theteesul

from the expression alysis should be reviewe®n one handamples for time points 12:00 PM and

16:00 PM in SDshowed higher Ct values, as same as 12:00 PM in LD. On the other hand, earlier
expressed samples are more spread among time points 8:0064M,PM, 20:00 PM, 24:00 AM and
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4:00 AM. It could be seen that SD samples are more present at the extremes from the average (higher
and lower Ct values respectivelyiighly or shorter expression values in th&®-PCR experiments
can be related witthe quality of the samples, therefore sheesults can be taken as an indication.
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Expression data forlPP2 for LD and SD for block 3
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Figure8 Expression data fdPP2for LD and SD samples in block Bed circled samples belong to samples which showed higher Ct values
compared to théPP2 average, while blue circleamples belong to earlier Ct values compared with the average expressiRiPfor

3. Laboratory experiments

3.1 RNA isolation
Total RNA wasisolated from frozematerial;automatized grinding was performed by Tissue Lyserll
Quiageff (Milden, Germany). For the isolation step the RN&agyni Kit of the company Qiagen
(Milden, Germany) was used after the instructions from the Qbiak Protool. The samples were
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enzymatic digestion to remove residual DNA, the DNag&niplification Grade (Invitrogen) kit was

used following the producer instrustn s . A modification in the regul
DNase | digestion buffer and 1 upl DNase | were
stopped with 1 pl 25 mM of EDTA. The conmentr at
the total volume using the spectrophotometer NanodroglOID (ThermeScientific). Additionally,

for quality check all the samples were visualized on agarose 1% gel. After concentration and quality
revision the samples were kept 88 0 ° C) . T h ees RaveAdilused im prter to get a fixed
concentration of (1:10) resulting in a total of 1 pg of RNPhe conversion to cDNA was done using

the iScript cDNA Synthesis Kit (Bi®R a d , USA) following the manufactu

3.2 Expression profiling

The gRT PCR experiments were performed on the Bio Rad CFX 96 Real Time System (California,
USA). The reaction mix was prepared following the producer instructions for a final reaction volume

of 10 pl. The reaction mix was composed of: 5 uM@YBR® Grea Supermix reagent (California,

USA), 2.4 ul of freenuclease filtered water, 0.3 pl forward and reverse primer and 2 pl of cDNA
sample. The amplification program used wvass ° C 3 mi n, (95° C x¥9D,s&d&,” C6A°0
sec, 65° C b5 s eThe owwm@FX Sofiwar€ mdanagsreecorded the results from the analysis,

after that they were exported to Excel for fuysequentanalysis. For the normalization procedure

the Ct values were used as of function 6f 2 {(Pfaffal 2001).

4. Results

Taking intoaccount the information provided by the AM study for each giepending of the season,
morphotype and dalgngthcertainalleles showed a significant association with flowering t{table
6). According with this information it wasbservedfor the genotpes used in this study which
combination of alleles were sharathongeach candidate geli@ble 7.

Table6 Alleles shared by the genotypes part of this spuelycandidate gen€apital letters represent long combinatiorsiéred alleles and

(IN/DELS) that can be found inthe annexés. r epr esent di fferent | N/ DELS and combination of
BrLHY(SD- BrFT(SD- | BrFLM(SD- | BrFLC2(SD- BrFLC1(SD | Sub
BrCCAL(SD) BrBRM(SD) | BrRGASD) BrFLC5(LD)
LD) LD) LD) LD) LD) group

V.106 | G/G-A/A GIG-TIT CIT ciC A z Z G/G-CIC z S4
CC-061| G/IG-AA GIG-TIT CciC CciC A A/A - AAIAA A G/G-CIC z S3
CC-029| GIG-AA GIG-TIT CiC CiC B AA - AAIAA # # Ed S3
PG101| G/G-A/A GIG-TIT ciCc ciCc B A/A - AAIAA Z G/G-CIC z S1
CX58 G/IG GIG-TIT ciCc CIT A A/A - AAIAA Z G/G-CIC z S1
VT-012 AIA # CiC CiC # AA - AAIAA A G/G-CIC # S5

Subsequentlyin order to have a easier overview of the shared allbbgdotypes where conformed
(depicted with capital letters); where shared alleles have a common capitalHettexample, for
BrCCA1lsix different allelic variants wdre identifiedamong the genotypes used in this wak of

them showed aignificant association with flowering timenly in SD. However, only two allelic
forms where shared by-@/Sarson 106, CO61, CG029, PC 101. While VD12 and Caixin58
presented the rest allelic fornia.table 7it can be seen the resatif such analysis includgthe sub
groups fran where each genotype belontjan be seen that a same combination of alleles is shared
by different genotypes belonging to different syrtbups.Furthermore, even when they present same
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allelic forms forgenes related to floweringne, their flowering score is differentgs table 14&
figure 9.

Table 7 Haplotypes of the different genotypes for profiled genes. Same letters for each candidate gene means that a certaim asmbinati
alleles where shardal the genotypes.

Sub
BrCCA1 BrLHY BrBRM BrRGA BrFT BrFLM BrFLC2 BrrFLC5 BrFLC1
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4.1 Growing phase

The whole plant material wagrown in the specificplaces were the SD and LD conditionshere
applied.The plants grew up without ardjsruptionyet, the physical space between plants in the SD
conditions was not widenough This produced that often plants were in contact between each other,
limiting the air flow, increasing humidity angroviding less space for growing. DH lines wersed
neverthelessuniformity in terms of flowering timevas not a common feature among temotypes
within biological replicatesFurthermore morphologicaldifferencesin stemand leavecolour within
replicatesm VT-012 were observed yeflowering time was uniformA Broccoletomorphdype was
includedin this studybut, during the growing seasdncould be seen that iteeneralmorphology was
more similar to a Chinse Cabbaglusit wasrenamed itas CC-029. Despite of this difference this
genotype was uniform in terms of sjzand flowering timewithin the replicateslt should be
mentioned that flower abortion was recordatbag plants from late flowering in SDpexifically on
VT-012, VT-117, OR213, CG168 Within the genotypes that showed abortion, they first presented
bolting and bud formation however, after thiwwering was stopped. his phenomenon made the
scoring less reliable since an open flower was considered as data for flowering.

4.2 Flowering time score

Here is presented the flowering time scfamethe plants that were consideredpast of theexpression
analysis (table 1)¥lowering time sore for the rest of genotypes can bedauthe annexes.df each
condition amog the three experimental bloclanpty cellsepresent non flowering plan{sff types)
Capital letters intheupper niddle pat represent the lettetsed for the combinatioof plants used per
time point for the expression analysi§D+C)=8AM, (A+B)=12PM, (E+F)=16AM, (D+C)=20PM,
(A+B)=24PM, (E+F)=4AM

Flowering score for short days.

Table 8 Flowering tme score for B block 2 Empty cells represent no flowering plants; the average is presented only for the flowering
plants as theame as thstandard deviation. * not possibledalculate due to only one flowering plant.

Averageno off

Block 2SD D B C A E F types St.dev
W-VT-012 116 113 114,90 1,732
CC-061 126 121 122 123,000 2,646
V-O/sarsonl06 68 66 64 65 66 65 65,667 1,366

CC-029 100 100,000 *
PG101 96 90 94 93,333 3,055
Caixin_58 62 63 62 66 62 66 63,500 1,975
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Average no off

Block 3 D B E F types St.dev
W-VT-012 112 108 110,000 2,828
CC-061 125 121 126 124,000 2,646
V-O/sarsonl06 68 66 67 63 61 66 65,167 2,639

CC-29 99 99,000 *
PG 101 96 77 85 86,000 9,539
Caixin_58 62 63 60 66 62 62,600 2,191

Average no off

Block 1 D B @ A E F types Stdev
W-VT-012 115 112 113 113,333 1,528
CC-061 126 121 123,500 3,536
V-O/sarsonl06 65 63 60 67 66 68 64,833 2,927
CC-029 101 99 100 99 99,750 0,957
PG101 94 96 92 94 94,000 1,633
Caixin_58 60 63 62 64 61 58 61,333 2,160

Table9 Flowering time score for SD block Empty cells represent no flowering plants; the average is presented only for the flowering
plants as the standard deviation. * not possible to calculate due to only one sample.

Table 10 Flowering time score for SD block Empty cells represent no flowering plants; the average is presented only for the flowering
plants as the standard deviation. * not possible to calculate due to ordgropée.

As an overview from these results, one can saeirthtable 8, 9& 10 the absence of flowering is
prominent in SD condition. It is also possible to notice that @vehe flowering replicates within a
genotype differences >10 days in flowering timean be foundOne should consider this as an odd
event of using DH lines.

Flowering score for long days.

Table 11 Flowering time score for LD block.ZEmpty cells represent no flowerimdants; the average is presented only for the flowering
plants as the standard deviation.

Average no off

Block 2 D B @ A E F types Stdev
W-VT-012 85 80 90 90 86 86,200 4,1473
CC-061 45 45 44 45 45 47 45,167 0,9832
V-O/sarsonl06 40 46 45 47 45 50 45,500 3,2711
CC-029 79 78 75 80 76 77,600 2,0736
PG101 85 86 90 81 91 86,600 4,0373
Caixin_58 30 30 27 30 30 30 29,500 1,2247

Table 12 Flowering time score for  block 3 Empty cells represent no flowering plants; therage is presented only for the flowering
plants as the standard deviation.

Average no off

Block 3 D B © A E F types Stdev
W-VT-012 84 81 87 89 81 84,400 3,578
CC-061 45 37 42 39 40,750 3,500
V-O/sarsonl06 41 40 45 34 44 48 42,000 4,858
CC-029 70 65 74 7 70 71,200 4,550
PG101 80 82 70 80 74 80 77,667 4,633
Caixin_58 26 30 30 27 26 30 28,167 2,041
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Table 13 Flowering time score for D block 1 Empty cells represent no flowering plants; the averageesented only for the flowering
plants as the standard deviation.

Average no off

Block 1 D B (0] A E F types Stdev
W-VT-012 85 83 80 89 86 81 84,000 3,347
CC-061 47 44 43 42 44 45 44,167 1,722
V-O/sarsonl06 40 45 36 42 48 42,200 4,604
CC-029 65 70 71 74 78 72 71,667 4,320

PG 101 82 86 74 80 81 83 81,000 4,000
Caixin_58 30 30 30 29 30 30 29,833 0,408

The average flowering time for all the genotypes and conditions is presented
coefficient of variation for some genotypes is duethe differences in flowering time within

replicates.

below, the high

Table14 Average flowering time for all the genotypiesthe three blockssed in this study on long daytke average is presented only for
the flowering plants as the sanethe standard deviation. * not possible to calculate due to only one flowering plant.

TOTAL

Genotypeon LD Blockl St.dev Block2 St.dev Block3 St.dev AVERAGE
Caixin_58 29.500 1.225 28.167 2.041 29.833 0.408 29.167
PG175 38.333 1.528 41.000 3.000 40.000 3.000 39.778
V-O/sarsorl06 45.500 3.271 42.000 4.858 42.200 4.604 43.233
CC-061 45.167 0.983 40.750 3.500 44.160 1.722 43.359
WO-083 49.000 2.646 47.333 5.508 47.000 4.359 47.778
OR-213 58.333 2.082 58.333 2.887 60.000 5.000 58.889
CC-168 64.333 4.726 66.500 0.707 66.500 0.707 65.778
CC-029 77.600 2.073 71.200 4.549 71.667 4.320 73.489
YS-143 75.500 0.707 76.000 * 78.000 * 76.500
PG101 86.600 4.037 77.667 4.633 81.000 4.000 81.756
W-VT-012 86.200 4.147 84.400 3.578 84.000 3.347 84.867
VT-117 92.000 4.242 96.500 2.121 99.000 * 95.833

Table15 Average flowering time for all the genotypasd three blockased in this study on short dayse average is presented only for the
flowering plants as the same as $tendard deviation. * not possible to calculate due to only one flowering plant.

TOTAL

Genotypeon SD Block1 St.dev Block2 St.dev Block3 St.dev AVERAGE
Caixin_58 61.333 2.160 63.500 1.975 62.600 2.191 62.478
PG175 106.000 1.414 107.500 2.121 118.667 4.243 110.722
V-O/sarsorl06 64.833 2.927 65.667 1.366 65.167 2.639 65.222
CC-061 123.500 3.536 123.000 2.646 124.000 2.646 123.500
WO-083 104.000 7.211 104.667 8.505 105.000 5.000 104.556
OR-213 98.500 0.707 107.000 7.211 107.667 7.767 104.389
CC-168 116.333 2.517 118.000 1.414 118.500 0.707 117.611
CC-029 99.750 0.957 100.000 * 99.000 * 99.583
YS-143 97.000 1414 97.500 0.707 99.000 2.828 97.833
PG101 94.000 1.633 93.333 3.055 94.000 2.000 93.778
W-VT-012 113.333 1.528 114.000 1.732 110.000 2.828 112.444
VT-117 127.333 1.528 127.000 * 125.000 * 126.444
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As an overall during LD condition less nflowering types were identdid. However, differences
amongbiological replicatesn flowering timewithin the same genotype were consistent as in/&D.

it was described in material and methods, a mixture of two leaves from two biological replicates were
sampledduring the vegetative stage order to conform a sample per time poifhe flowering
differences from such combination of platiiat were used for the expression analgsis be seen in

table 16 Flowering differences for block 2 & 3 are shown, block 1 was not used in-RiERCR
experiments (see section 5.2), for the scoainglysis it was used as a reference.

Bold black numbers represent the difference between a biological replicate that flowered within the
observation time and a biological replicate that did not flowes#etype given value of 150 daysi
difference eqal to O (bold, orange labél means that both replicates did rttwer during the
observation timeLight blue labels represent tlgroup of samples were bothiological replicates
flowered For each condition (SD and) for the score analysis only blue labels were considered,
labelled samplesvere excludedbecause of the cleadifferenes in flowering time (30 days)
compared with the rest of biological replicatehich difference is <10 days.For the expression
analsis blue and orange labels were included.

Table 16. Differences in flowering time within blockd and 2)for the 6Brassica rapa gertgpes used in this experimedfth e ALD and
A S Bymbols represent the difference in days beflawering between the two replicates. Average flowering time and the coefficient of
variation (CV) is presented for eaclotk. * means that only one samgilewered for that condition. Light bluend orangdabels mean the

group of samples used for tfieal scoreanalysis, bold black sample40 dayswere excluded.

Time Point 8.00 12:00 16:.00 20:00 24:00 4.00
VT-012 Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2
ASD 38 42 3 38 42 3
ALD 5 69 60 3 4 8 5 69 60 3 4 8
CC-061 Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2
ASD 25 24 29 5 28 25 24 29 5 28
ALD 1 105 0 5 2 111 1 105 0 5 2 111
V-O/sarson-10p Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2
ASD 1 4 3 1 5 1 1 4 3 1 5 1
ALD 5 4 1 6 5 4 5 4 1 6 5 4
CC-029 Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2
ASD - 50 51 50 51
ALD 2 80 75 9 4 7 2 80 75 9 4 7
PC-101 Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2
ASD 54 60 8 2 54 60 8 2
ALD 65 10 4 2 10 6 65 10 4 2 10 6
Caixin 58 Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2 | Block 3 | Block 2
ASD 2 0 87 6 4 6 2 0 87 6 4 6
ALD 3 4 0 8 0 5) 3 4 0 3 0 5

In figure 9, the average flowering time score for the plants shawed flowering is presented
Relatively low standard deviation bars can be seen among the flowering scores for thipegeimot

SD and LD. However, if noflowering data (150 days) for each genotype would have been included
the variation would have increased dielly, this because of the difference between fiomge and
nornflowering plantsin the figure order in termf earlier to later flowering was sorted based on the
LD conditions. It could be seen that in SD the genotypes do not follow the same time of flowering
compared to LD. Meaning that these genotypes follow a different flowering time depending of the day
lengh. Interestingdifferences were able to identified, for instaniceCaixin 58. In SD, the flowering

time score was almost double than in LD (28.75 days in LD compared with 64.81 irA8&)rding

with these results it can be concluded that there aerelifces in flowering time when comparing SD
and LD however, the magnitude of that difference cannot be clearly assessed. The reasomsfor th
because some genotypes havégher number of nflowering samplesnd ahigh standard deviation

for flowering time within blocks (table 14&15). For example, one could refer to M2, the
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indicatedmorphological differencegection 4.1might suggest that the plants used were not DH lines
but different accessions therefore, whwg different scorefor flowering time and absence of
flowering.

Flowering time score

140
120
100

m Long Days
m Short Days

Figure9. Average flowering SD and LD plantstandarcerror barsare presented at the top. Orange bars represent plants grow
LD (16 hourslight) while bluebarsplant grown under SD (4 housight ). In the xaxis the genotypes used are depicted while in 4
axis the days before flowering are shown.

Flowering time score (previous reserach from
Xiao Dong and Guusje Bonnema)
250
200
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50 m Short Days
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Figure 10 Flowering time score for the genotypes grown in the field. LD belongs to June 2008 (Wageningen) and SD belongs to August
2010 (Wageningenunpublished data from Xiao Dong & Guusje Bonnema.

From figure 10,it can beseen the results for flowering time freld conditions from a previous
research conducted in Wageningen.UR belorgs to June 2008 (Wageningen) whiB belongs to
August 2010 (Wageningenit. can be seen thainder LDthe genotypes still flower earlier than SD
However the difference indlvering time between thegenotypeds not always comparable to the
present study (greenhouse dafdjis can be explaingoiartly because of the effect of the environment,
temperature or water availabilityhich vary in field conditions therefore, affesy flowering time in

the genotypes tested.

In another similar experiment under SD and LD conditipi®C-168 was grown in a greenhouse
showingsimilar flowering time (data not shown), differently from what has been found in this study
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(similar experimental conditions). For the present work the average flowering time fo8&an LD

is 65.778 while in SD was 117.611 (tables 14&15), in contrast to the flowering data from the previous
research where flowering in SD and LD was ~ 122 d@ys could suggest that differences in the
flowering time genes in one of the group of plants used could have influenced this result.

4.1.2 Differences in flowering time withinDH lines

At the end of the experiment it was noticed that for some plantshbéin®within blocks(seetable 8
to table 13, flowering time was not the samathin biological repeatand between block&ven more
surprising was theafct that for all the time pointsith exemption of WO/Sarson 106omebiological

replicates peDH line did not flower(off-types)within the observation timéable 1§. This cause

that off types wee excluded from further analyses, consequently diministiegyualityand validity
of the datahefor flowering time score and expression analysis.

It should be concluded that something clearlyiwgrong during the greenhouse experimeattainly

it is not common that DH lines present such dissimilar flowering behavwueven morea
generalizedabsence ofiowering. Furthermore, it can also bencluded thatthe alsence of flowering
was strongerdr VT-012, CC061 and C&29in SD. The morphological differences described fo
VT-012 might haveaffected flowering(one could argue that the replicati®ghin this group wee
totally different accessiah while for CG061 and C@29 it is difficult to conclude whyvas the
reason fothe markedabsence of floweringzinally, cne shouldkeepin mind that forthe rest of plant
material the flowering score stiltonserved relatively high differences in flowering time, most of
them ranging a difference between 1 to 10 d&sch a difference might have stffectedthe
expression of genes related to floweringhe expression analysis.

5. g-RT-PCR experiments

5.1Validation of RNA isolation

Resultsof RNA isolation for LD block 3 can be seen in figure. Ebr each time point (4:00AM,
16:00PM, 20:00PM, 24:00AM, 8:00AM, 12:00PMihe six genotypes can be sedine overall
concentratiowas>90 pg/ut some samples stved concentration values higher than 500 pg/ul, as can
be seen in the hidy stained bandBefore continuing with the next steps the quality of the samples
was reviewedhrough gel electrophoresBNA degradation waseen afteB weeksfrom the isolation
process irthe LD sampledor block 3 This degradation process wa®minent forsomesamples at

time points 8 AM, 12 PM, 2 AM (figure 12. SD samples were not tested due to the limitation of
time.

In conclusion from this step one can suggest tleatn though the cDNA conversion was done
immediately after the RNA isolation, during this process some degrafleRNA might have
remained in thsample thus, degrading theprogressively. This might have also affected tB&A
conversion, thus providing @ccurate Ct valueduring the gRT-PCRexperimentsFrom theseesults

and in correlation with what has been shown in figurgB,012 sample from 12:00 PM on block 3

LD showed higha Ct value (26,2) compared tahe rekrence gene (22,2) and degradationgeh
(figure 12) Therefore, expression data from this genotype in this time point should be taken with care.
In figure 8, CC061 at 8:00AM and C®29 at 24:00 PM are shown having Ct values earlier than
IPP2, suggesting that these samples showed the formation of secondary structures, rather than
degradation. Thereforene cannot westhis as a selection proceduireorder to select out outliers
section 5.2 an alternative way for selecting data is pezhos
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Figurell. RNA gel electrophoresis for LD block 3. Time points are indicated in the upper part (4AM, 16PM, 20PM, 24AM, 4AM). The first
lane represents the ladder (L), while thext bands are the samples. The samples codessdollows: C&61=61, PC101=101, Caixin
58=58, VT-012=12,V-O/sarsorl06=106, C@029=29.
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Figure12. RNA gel electrophoresis for LD block 3egraded RNA samples 3 weedkfterthe isolation proces3ime points are indicated in
the upper part (4AM, 16PM, 20PM, 24AM, 4AMPegradation is prominent infférent time pointsand samples (indicateatrows).The
samples codes are as follou&C-061=61, PE101=101, Caixin 58=58, \VD12=12,V-O/sarsonl06=106, C@029=29.

5.2Results from the expression analysis

As it was described imaterial and methods three experimental blocks were formed for this study,
unfortunately a wrong handle of matds in the laboratory by an unknown user lead to the loss of
samples fronblock 1. Therefore, for the-BT-PCR experiments and expression analysis only blocks
2 and 3 were used.

Given the multiple flowering differences among the biatagireplicateswithin blocks, marked
absence of floweringnd a possible sample degradationrsome ofthe RNA materigla selection of
data has been performégee table 16 The data included irthe expression analysis waock/s
represented bglifferences in floweringc=10 days(blue labels)andblocksfrom time points were both
of the samples did not show floweriiigrange labe)s This means that for time points where both
blocks presented flowering datar not, an average from the Ct valudms been takemfter
normalization whereas data froma single block has been used whenever one of the blocks presented
differences in flowering <=10 day¥he reason for thiselectionis because mixed samples (a plant
which flowered and other whiallid not, bold numbersshowed differences in thexpressiorof genes
relatedto flowering thereforemisleading the analysi§or examplepn SD time point 4=20:0%M for
BrCO in CC-029 this gene wagormedby asample from block 2wherethe difference inlbwering

for the replicates was10 days. The secorsample fronblock 3 was formed bybiological replicates
which did not flowered. Clear differences in pattern dotl changecan be seerbetween the
expression of these two blockiig(re 13. The patten from the samples that did not flowered (no
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mixture of signals) showed a similpatternof expression to the overall results for all the genotypes
(evening expression f@rCO).

BrCO for C©029 on SD

0.012

001 A 0.010
0.008 / \
0.006 / \

0.004
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1 2 3 4 5 6

==p==F|lowering difference>10 === Abscence of flowering (150-150)

Figure 13 Expression for the BrC@ene in SD for C@29. Time point 4 was formed by samples with flowering difference:
days and 0 (no flowering replicates). This produced changes in the trend and peaks of the expression pattern. Numbe
peaks at time point 4 show the exgsi®n for 20:00 PM

Another example can be pointed oBtCDF5 on SD for CG061. For time poin6=4:00 AM, this

gene was formed by a sample from block 2, where the difference in flowering for the replicates was
>10 days. The second sample from block 3 shdikferences in flowering for the replicates wd®

days. Inthis case the sample from block{iRixture of signals) generated a different pattern for the
BrCDF5 gene(morning expressior(figure 14).

BrCDF5 on G651 on SD

0.15

==¢==Flowering difference<10 days === Flowering difference>10days

Figure 14 Expression for the BrCDF5 gene in SD for 061. Time point 6 was formed by samples with flowering differences <10 days
and >10 days. This produced changes in the trend and peaks of the expression pattern.

Based on these observations samples from bleiksflowering sigals >10 days were not included
Considering thesamples which did not floweredpe should keep in mind that the candidate genes in

this work are associated witbther molecular pathways and functiofi$ierefore, theyshould have

kept “running even in the absencaf flowering; which might bethe casefor genes likeBrRGA

BrLHY, BrGl The absence of floweringndicate that something went wrong during the molecular
eventsrelated to floweringout, it is difficult to say whaexactlyor in which period.In general terms

not notable differences where seen in the expression pattern of genes when comparing LD and SD.
Fold change ifferences where common among the genotypes fernthjority of genes, however

those differences weret sgnificant.
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Oneshould consider that it is not clear enough how much should be a differefudé ahangefor

representa difference in flowering timeln statistical terms it is rather simple to determine when a
value is significantly different from oth€p valug however, transcription factors might not need too
much differences in expression for representing a biological impaetefore, it is difficult to
conclude if thesmall variations in height of the peaks could be linked to the variation wefiog

time for the genotypes tested.

The following figures and descriptions show the results from the expression analysis &ir the
genotypes used in this work from blocks 2 andFar all the figures the-axis, represent the time
points, and the saxis represent the fold change given by ¢ Due to the selection procedure, data

for CG-061 and P€101 is absent for time points 8:00 AM and 20:00PM on SD.

5.21BrCCALlin short and long days

As a general overview it could be seen that the expressiais geneis in the morning, higher at

8:00 AM and then it levels off at midday. Subsequently, thstaeof expression began at:Bd AM.

For BrCCAlin SDand LDonly V-O/Sarson106howed theexpressiorpatternmentioned beforethe

rest of genotyps showed either single peaks or expression close to 0 due to Ct values close to cycle
35. For O/Sarsonl106the expressin started in the early mornirag 4:00 AM,thenit increased at

8:00 AM and thenit decreased &t2:00 PM.The expression started tevel up at 24:00 AM and rise

until next day 8:00 AMVT-012 and C&61 showedsingle expression poistat 1200 pm and 4:00

AM respectively.The rest of genotypes showed a consefoadexpression which was ~ to 0 across

the time points. This was becausfehe normalization procedure 2A(Ct ) , s o h@B5n Ct

biological replicates that were part of this analgsis shown closer to 0.

In BrCCAlfor LD, the expression pattern for®/Sarson106 is similar with has Imegescribed in SD
condition, including broader expression peaks at 4:00 and AM 12:00 PM. Caixin58 showed a single
expression point at 8:00 AM.he rest of genotypes showed expression values ~ to 0 across the time

points.

It is difficult to conclude about the expression patternthis gene since most of the genotypes
showed expression valuedo 0 across the time poirdsad conditionsOnly V-O/Sarson106 presented

a comparable pattesrof expression when comparing SD and UBD.both conditions a morning
activity was seen howevet, time point 8:00AM in SD a higher peak was seen compared to LD (1,5
0,68)respectivelyyet,it is difficult to say ifthis fold change significanin A. thalianaCCA1 has been
described as circadian gene, however onfpMparson106 in the present study shows a circadian
pattern. For the rest of genotypes is not possible to see that due to the lack of expression.

BrCCALl Long Days
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0.1 ~8:00 a.m. 12:00 p.m. 16:00 PM 20:00 PM 24:00 PM 4:00 a.m.

mVT-012 mCC-061 m V-O/Sarson 106 m CC-029m PC101 = caixin 58
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BrCCA1 Short Days
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HVT-012 mcc-061 m Sarson 106 m CC-029 m PC101 ® caixin 58

Figure15 Expression profiles for thBrCCAlfor LD and SD. Expression values are shown in the (y) axis as funcfio2r¢6A Ct ) ,
(x) axis tine points are shown. Stars in SD show missing @aint for CG061 and P€101 at 8:00 AM and 20:00 PM. The rest aft
visible data barare meastements close to 0 that were not possible to see because of the normalization procedure.
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5.2.2BrLHY in short and long days

In LHY SD, the expressiorstarted in the early morning:00 AM, for all the genotypesThen
continued during morning 8:00 AM and decreased at 12:00 PM. Féianteof expression began at
24:00 AM. Differences in the height of peaks could be seen among the different time poirfa61CC
CC-029 and Caixin58 showed Hgr expression peaks abD@ AM however not significant different
among each othefThe higher expression value was for -O&€L with a changdactor oE12,5
Subsequently, at 8:00 Alkhe genotypesontinued pesentingexpression with differences in height of
peaksyet, with no sigificant changednterestingly at 12:00 PM, time pointhere the exgssion for

the majority of genotypeslecreased~ to Q VT-012 showed dess pronounced deeasein its
expressiompeak,notablylower than the resBetween 16:00 PM and 20:00 PM axpession data was
found for all the genotypes.

In LHY LD, the overall expression started in the early morning (4:00,AMdn it continuediuring
morning and it declined at middayA more comparable expression was seen among the genotypes
during time point 8:00 AM and 4:00 AMDifferences in the height of peaks were seen atbe
genotypes and time points yet, those differences were not significamt.time poirt 4:00 AM to

8:00 AM, all the genotypepresented an increase in their expression pgatshose changes are not
significant From 12:00 PM the expression profiles decreased in similar way among the time points,
while at 24:00 AMCaixin58 showed a lower expression peak garad to the rest of genotypes.

In conclusion, the highest levels of expression were gotten for thisdgeing the whole experiment
Additionally, its expression pattern was comparable between SD and LD condfioaexpression

for this genewas preent in all the genotypes making possible to see its trend across the time points.
One could see that the expression for this ganeng the genotypes ligghly expressetietween 4:00

AM and 8:00 AM regardless of the déngth With these observations it can be said BwtHY can

be considered as a circadian genes same as it was descrbeldaliana.
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Figure 16 Expression profiles for thBLHY for LD and SD. Expression values are shown in the (y) axis as funcfioB"¢A Ct )
the (x) axis tine points are shown. Stars in SD show missirtg gaint for CG061 and P€101 at 8:00 AM and 20:00 PM. The res
not visible data barare meastements close to 0&hwere not possible to see because of the normalization procedure.

5.23BrCOin long and short days
In SD for BrCO, the expression was low among the six genotypes in gefdémlCt values present

showedvalues ranging from 283 Ct's, considering thahe amplification program consisted in 35
cycles, Ct values over 31 were consider as background signals. Therefore, these Glavalues
expression points after the normalization step.

In SD, he expression profileshowed twaexpression eventsattime poins, 12:00PM andl6:00 PM
Expression peak®r V-O/Sarson106, Caixin58 and POl were presenat time point 12:00 PM, then
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the expression for time point 16:00 Pkl these gertypes decreased ~ to 0. Between time points
20:00 PM and 24:00 AMighe expression points were seen forO/Sarson@6, Caixin58, P€101

and CCO061, suggestingof these genotypes an evening expression during this condition. V
O/Sarson106 showed the highest expression pdaiiswed by Caixin58. P€01 and C@61

showed lowexpression peaks at these time points in comparison wiliSarson106 and Caixin58.

The rest of genotypes showed Ct values close to cycle 35, therefore they presented extremely low
expression peaks.

In LD, low expression values could be seeverall the expression started 16:00 PM, and continued
until 4:00 AM. Fluctuations in the expression peaks and pat@ald be seen during these time
points among the genotypds could be noticed that between time points 24:00 AM & AM,
Caixin58 and V1012 respectivelyshowed the highest peaks compared with the rest of genotypes.
While in time poins 16:00 PM and 20:00 PM RD01 showed aigher peakThe rest of genotypes
keptlow expression pois between 16:00 Pl&ind 4:00 AM

In conclusion, it can beoticed thafor V-O/Sarson106 a higher expression of CO in SD compared to
LD at time pointsl2:00 PM,20:00 PM and 24:00 AMan be seeWhile for Caixin58 is the opposite,
the higher expression peaks were seen atltBan also be noticed that commoonflowering
genotypes (table 8 to 18ke CC-029 or CC061 do not presettigh expression peaks in Svhile in

LD they presenexpressionIn LD, the earliest flowering genotyp€aixin58,showed the highest
expression values, followed by PO1 and VTF012. hterestingly, VO/Sarson10@n earlyflowering
genotype presented rather low expres€i@hvaluesin LD, comparable with C029 a late flowering
genotype.
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Figure 17 Expression profiles for thBrCO. Expression values ar@@wn in the (y) axis as function of 2Ct ) , i
axis time points are shown. Stars in SD show missing data point f@6C@nd P€101. The rest of not present data pc
are measements close to 0 that were not possible to see because ofrtfadiration procedure.

5.24BrGl in short and long days

In SD for this gengan afternoon expression could be consideré@.ekpression started at 8:00 AM
for all the genotypes (with exemption of @61 and P€101),and continuedncreasing progressively
until 16:00 PM.The expression profiles among time points 20:00 PM, 24:00 AM add AM
showedno expressiovalues V-O/Sarson showed higher pealat 12:00 PM(by increase factor of
~7), while at 16:0Ghe rest of genotypeshovedan increment in expressiget, not significant.

For this gene in LD, the expression profiles started to rise progressively from 8:00 AM until 16:00

PM, similarly with what has been described in Star all the genotypes the expression profiles
decreased close to 0 after time point 20:00 R&l.overll 16:00 PM was the time poimtherethe
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highestexpression peaks where presencept for VO/Sarson 106Data forCC-029 is not shown at
time point 8:@ AM because its expression was considered asitier (section 5.2)V-O/Sarson 106
showed different expression pattecompared with the rest of genotypeSor V-O/Sarson 106 the
highest expression point was at 12:00 PM, while in time points 8:00 AML&PM the expression
waslower, this trend is clearly diffent from the rest of genotypes which showed a higher expression
peak at 16:00 PM.

Considering the preserved pattern of expression between SD and LD, for this this gene it can be stated
that its expression does not follow a photoperiod signal. Among the genotypes the same general trend
can be assigned, however a different regulation for VO/Sarson 106 can noticed. In both conditions, the
highest expression point for this genotype was at 12:00 d##rent from the rest, which highest
expression point was at 16:00 PM.
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Figure 18 Expression profiles for thBrGl. Expression values are shown in the (y) axis as function ofAZt ) , (X)
axis time points are shown. Stars in SD show missatg goint for CE@61 and P€101, in LD for 8:00 AM for C@029
The rest of not present data points are measurements close to 0.

5.25BrCDF5 in short and long days

In SD, with exemption of the migg) points the r&t of genotypes showed a conserved expression in
terms of time. As overall, all the genotypstarted their expression a8 AM, and itsexpression is
more or less conserved until 16:00 PM. By 20:00 PM the expression decfeasd the genotypes
until midnight The expression for all the genotypes started to raise progressively until the next day.
In SD, it could be seen that-®/Sarson 106 and Caixing8llowed a similar pattern of expression
They showed a progressively declinetheir expressionif one seesthe start of the expressiam the

first time pointat 8:00 AM The pression profilesvere decreasing untitime point 20:00 PMthen

at 24:00 PM the expressiamcreasd.

The absence of data for time point 8:00 AM in-G&L makes impossible to know if it follows a
similar pattern to the genotypes described before. However, the rest of time points suggest that this
might be the casé\ differenttrend in the expression profitmuld ke noticed for genotyp€C-029.

The expession profilestarted relatively low at 8:00 AM, and then they startedateer from time

points 12:00 PM and 16:00 PM. At time point 20:00 the expresgasnlow after that at midnight the
expression strted to raise again. Finallip VT-012 also a dferent trend was noticed, it showed

higher peak at 12:00MP, thenfor the next time pointa decrease in its expression was noticed

In LD, the genotypesshoweda similar expression pattern with what has been described .iASD
overall, all the genotypes started their expression at 4:00 AM, and its exprpaiemfluctuate

among geatypes however, fold changes weia prominent By 24:00 PMthe expressiowas lowest
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for all the genotypes present, tharearly morningthe expression foall the genotypes started tise
progressively until the next day.

In LD there aredifferences in pattern amorige genotypes. For exampMT-012, V-O/Sarson106

CC-061 and Caixin58 showed a higher expression peak at 8:00 AM, andhéierexpression was
progressively decreasing until 24:0ben at 4:00 AM the expression started to raise agair0Z8C
showal different expression pattern both in SD and fdm 8:00 AM to midday mincrease in the
expression profile cdd be noticed wite, for PG101, a higher peak was noticed at 16:00 PM.

In conclusion, for this gene a diverse levef peak expressienwereseen among the genotypes,
making difficult to describe a clear pattern or trend. What it can be said is that in general terms the
time of expression for this gene wadatively high from 8:00 AM until 16:00 PM irSD, while in LD

the expression last ung0:00 PM
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Figure 19 Expression profiles for thBrCDF5. Expression values are shown in the (y) axis as function cAZ ) , in tl

points are shown. Stars over the graphs in SD sh@sing dta point for C@061 and PEL01. The rest of not present data points
measurements close to 0.

5.26 BrFLC1, BrFLC2 and BrFLC5 in short and long days

BrFLC1, BrFLC2 andBrFLC5 genesshowedno pattern linkedo a circadian or photoperiazinong
the different time pointsand between the SD and LD conditioi$is results are in correlation with
their described role iA. thaliana as members of other molecular pathwalian@es irthe height of
the peaks were limiterFLC1 and BrFLC2 showal relatively higher expression values compared
with BrFLC5in both SD and LD

An example of the genairexpression pattern f@FLC1 genein LD is presentetdelow;thevariation

in trend and amplitude were similar for the resFbfC genestime pointsand day length conditions
For examplePG-101 shows a continuous variation across the 6 time pfigtge 20) The difference
in the increase factdsetween time point 4 (20:00 PM) étime point 5 (24:00 AM) is ~,5while
Caixin58 verily changes itsxpression. In order to decrease the variation between time pointsrand
orderto have a better view of the expression for these gemewerage amorpe 6 time pointper
genotypds presented in the graphs below.
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Figure 20 Expression analysis f@rFLC1 for SD. In the x axis time points are depicted as follows (1=8:00, 2=12:00, 3=16:00, 4
5=24:00, 6=4:00, 7=8:00. In the y axis the expression pattern is indicated as functiordC 2" .
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Figure21 Average from the 6 time points fBrFLC1. For each genotype the average from the 6 time points is shown for |
SD. The standard error is shown at the top of the bars.

BrFLC2 average for the 6 time points
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Figure22 Average from the 6 time points f@rFLC2. For each genotype the average from the 6 time points is shown for LD and SD. The
standard error is shown at the top of the banext to VT-012 meansibsence of expression .
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BrFLCS5 average for the 6 time points
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Figure23 Average from the 6 time points f&rFLC5. For each genotype the average from the 6 time points is shown

and SD. The standard error is shown at the top of the bars.
From these results it can be noticed thimilar averages from thexpression values were found
among the genotypes. FBrFLC1 sameamountof expression (from the lower to the highest) was
found between the two conditionhiowever this order was not celated with the flowering score
(figure 9) In BrFLC2 in LD the amounbf expression wasorrelated with flowering timefrom the
ealiest flowering to the latedfigure 9. VT-012,in LD only showed expression in two time points
(24:00 AM and 4:00 AM)for only block 2, this made the average an outlier, therefore it was not
included. In SD,with exception of C&29 the amount oBrFLC2 was higher than in LD per
genotype however, the amount of expression for this gene was not correlated with the order in
flowering time as in LDFor the differences in amount of expression between SD anitl is@ifficult
to describe as significant or not due to the issues experienced during the flowering time score,
however these results can be taken as an indicatidmeafetevance oBrFLC2 in the regulation of
flowering time For BrFLCS5, similar expression averages were obtained for the genotgp8b.
While less comparable values were seemihD. Based on figure 238 C101 and C&29 showed
more or lesssolid differences in the amount of expression between LD and SD, however these
genotypesshowed high standard variatidior flowering time andow amount of flowered samples
which force to reconduct these measurements in order to confirm these differences.

5.27BrFLM in short and long days.

In SD and LD conditions no circadian or photoperiod regulation were seen among the genotypes for
this gene. Fluctuations in the expression pattern were sesix fgenotypes and time points similar
approach as for tHeLC genes was used f&LM in order to correct these fluctuations.

05 BrELMShort Days

1 2 3 4 5 6 7
e M V-O/Sarson 106 SD e=fil== FM caixin 58 SD
= M cc-061 SD ey FLM PC101 SD
=@ LM VT-012 SD et M cc-029 SD

Figure24 Expression pattern for BrFLM in SD. Limited fold changes and no relation with circadian or photoperiod signal can b
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Figure 25 Average from the 6 time points for BrFLM. For each genotype the average from the 6 time points is shown for LD and
bars show the deviation for each condition.

For this gene no relation between amount of exgiwasto flowering time was seen, as overall it can
be concluded that on LD similar amounts of expression among genotypes were seen while on SD more
differences were observed. @B1 showed a lower aksge compared with the rest of genotypes

5.28 BrBRM in short and long days.

During SD, & increase in the expression peaks for time poi@t8PM and 16:PM can be seen for
all the genotypeand conditions, with exception of VI12. This increase of expression regardless of
the photoperiod suggest a circadian regulatiti:012 showed low Ct values, keepiitg expression

low with no changesluring the six time pointsFrom 16:00 PM a progressively decrease in the
expression levels can lseen for all the genotypes (except for-0I2).V-O/Sarson106 and CQ61
showedthe highest peaksompared with the rest of genotypes, at time points 12:00 PM and 16:00
PM. V-O/Sarson10&howed the highesthangefactor (~6) in the expression value fronme point

8:00 AM to 12:00 PMCC-029 also showed a (~fgctor change.

In LD, a more comparable expression for the six genotypes and time points can bé&hseen.
genotypes started their expriessin the morning (8:00 AY during noon and aftapon (16:00 PM)

an increase in the expression lewgls reachetbr all the genotypedAfter this the expression profiles
started to decrease progressively until the early morning (time point@)S&rson106 showed higher
peakscompared with the rest of gempesduring the observation time however, this difference was

not significant VT-012 showeda similar pattern as described in SD however, with evererdow
expression levels. This makeribt possible to see its trend along the other genotypes due to the
differences in scale.

In order to confirm the apparent circadian regulation for this gene, an average from each time point
through each genotype was taken. The purpose of this procedure was to see the overall trend of this
gene in terms of time. The result from this approachbEseen in figure 27, it can be seen that along

the 6 genotypes in both SD and LD conditions there is a rise in the expression levels at 12:00 PM and
16:00 PM. If the trend for this gene is compared with described circadian gehethalianasuch as

Gl or LHY one can notice that there is drastic change of expression regarding the period of time. For
example,BrLHY in this study present a morning activity in correlation as expected from a circadian
gene, after 8:00 AM its expression dropped drasticéiyure 16). ForBrBRM this change of
expression is not that marked, as it continues decreasing progressively. Nevertheless, this observation
is not a clear evidence for disreg&BMas potentially circadian clock regulated gene.
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Figure27 Expression profiles for the geB@BRM in SD and LD.Expression values are shown in the (y) axis as functi
2M-ACt ), in the (axe)shoanx Stars irdicamissing datgpoint $or CC-061 and P€l01 at time poin
8:00AM and 20:00 PM

Average for the 6 time points on each genotype for BrBRM
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Figure26 An average from the each time point along the six genotypes has been taken. This figure shosws that regardles
length an increase of expression is present between 12:00 PM and 16:00 PM. Standar Error bars are shtioprofedoh time
point.

In conclusion it can be said that, similar expression profiles were seen for this gene between SD and
LD. VT-012 extremely low expression values in LD while in SD its values were not that low making
possible to see its regular trend (no changes in amplitugattern). Based on what has been showed

in figure 27, further experiments &BRM on Brassica rapashould be perform in order to confirm

its circadian regulation.

5.3.9BrRGA in short and long days.

In SD, anincrease in the expssion pattern fnm 8:00 AM to 1600 PM can be seen for the majority of
genotypes. After this time point, a general decrease in the expression pattern could be noticed for the
genotypes. Limited fold changesd fluctuationsn the expession pattern were able to see fas th

gene No photoperiod regulath wasable to observed for thggere, there is however an increase in the
expression levels from 8:00 AM to 12:00 PM. Nevertheless this increase is not general among the six
genotypes furtermore, themajor increase factas for CG029 (~3). After 12:00 PM, the expression
pattern followed an irregular trend for the rest of time points, with minor changes in pattern and peaks.

In LD, the genotypes showednaore comparablemplitude and expression profileA progressive
increment in the expression profiles from 8:00 Ad112:00 PM was able to noticed as described in
SD but, in a more comparable way among the genotyjieged fold changesacross the time points
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suggest no regulation by photoperiod signldghis conditia it appears to be a circadian regulation,
since a general increase in the expression lévdime points 12:00 PM and 16:00 PMere noticed
yet, the majoincrease factopresent is ~2 by RC01.PG-101 and Caixin58 showed a highmmals at
noon afterthis time points a general decrease indkgression profiles were sekowever these fold
changes were limiteand the general trend was conserved.

BrRGA Long Days BrRGA Short Days
0.8 15
0.6
1
0.4
0 ' 0 I i i
8:00 AM 12:00 PM 16:00 PM 20:00 PM 24:00 PM 4:00 AM 8:00 AM 12:00 PM 16:00 PM 20:00 PM 24:00 PM 4:00 AM
B RGA VT-012 B RGA cc-061 ®RGA Sarson 106 ®RGA VT-012 uRGA cc-061 5 RGA Sarson 106
BRGAb0-029  mRGA PC101 RGA caixin 58 " ROEACC029 =RGAPCLOL RGA caixin 58

Figure 28 Expression profiles for the gefB¥RGA in SD and LD.Expressiorvalues are shown in the (y) axis as function of-
ACt) , in the (are)shovenxStass indidatmissingpdata pointfo€C-061 and PELO1 at time points 8:00AM a
20:00 PM

In order to clarify the regulation of expression for gpse, a similar approach asBrBRMwas used.

An average from each time point from each genotype was taken, it can be seen that overall an increase
in the expressin from 8:00 AM to 12:00 PM, meaning that this gene is also regulated by the circadian
clock

Average for the 6 time points on each genotype for BrRGA
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' ' ‘ m Long Days
0 i i n
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Figure29. An average from the each time point along the six genotypes has been taken. This figure shosws that regardles
length an increase of expression is present between 12:00 PM and 16:8taRdér Error bars are shown at the top of each time e
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6. Discussion

Given the differences in flowering timeithin the biological repeatbetween blockgtables 8 to 18

and the possible effects of RNA degradation mentioned in section 5.1 the expression analysis
presented diffialties. Also one should keep in mind timegativeeffects of flowerabortion described

in section 41. It is clearthat differences in floweringrhe were noticedthis phenomena might have

also affectedhe expression profiles of the tested genes. Flower abortion was prominent in the SD
conditions, thismight be related with the stridight regime applied and thghort physical space
between plats. These two characteristics of the growing conditions might have contributed to flower
abortion.During the flowering score it was rather difficult to evaluate flower abortion, for example
considering a sanhp that showed flower abortiorgfter this obsrvation the same sample dicosred

an open flower. This mad#ffi cult to address a proper score.

Flowering time variation was a constant feature from in this work, in addition with the absence of
flowering one can suggest that the physical and environmental conditions inside the greenhouse
present a challenge for the flowering process of the plaotsexample, it was mentioned that low air

flow and high humidity between the plants, especially in SD could haverbasans for avoiding
flowering. Another reason is related to the quality and validity of the DH lines, such a dissimilar
flowering time béween biological replicates is not common and suggest that the seed bank needs to be
verified.

Regarding the flowering time score, under LD earlier flowering was seen among the 6 genotypes
compared to SD. Considerable differenag®ng the genotypesan ke seen in figure 9, however one
should be critical with these results because of the variation in flowering time described above.
Caixin58and \-O/Sarson106 were the earliest types in both conditions, whileD22ZTwas the latest

in SD and LD.The resultdrom this research are in correlation with previous studies performed by the
group of Guusje Bonnema, where usually turnip types flowered later and leafy types flower earlier.

Differences in heighof peaksor expression pattesiin the profiled genesould often not beclearly
addressedo the differences in thelowering phenotypeFold changes were limitednd often not
significantin general in this work, however changes in pattern weneetimesble to see, especially

in genes such aBrLHY. The dastic decrease frorthe morning expressionto the absence of
expression anoon independelyt of the photoperiod, suggest that this gene could be part of the
circadian clock inB. rapa. Unfortunately,the considerably big sources of variation given by the
differences in flowering time force to-mnductthese experiments in order to have a clear conclusion
about the true nature of the expression profilage could argue that if two biological repeaithin a
genotype diffeiin floweringtime (difference > 10 days)see table 16he expression of genes related
to flowering time may also differ considerabMoreover,the low expression levels (with exemption
BrLHY) made also the results from the mmtswork unreliable. An example of the mentioned case can
be pointed out. For instance, for the genotypeQd2 in SD conditions (see table 7). A biological
replicate which had a flowering time of 112 days and the other replicate which did not floweesd (gi
value of 150) during the observation time gave a differendwering time of 38 days, which is
quite dissimilar from the difference between the replicates that flowered more or less simultaneously
among the different time points (difference < tH@hdays). As result from this scenario, it was not
clear if the different peaks or trend of the expression profiles that were pointedseations 5.2 to
5.3.9represent a true biological impact in the biologyloWering. Neverthelesghese resultsan be
taken as an indication of how the selected gseéscted from the AM study (significant LOD >=4)
behave under the given conditions und@d#nourobservation timef-or instance, it became clear that
BrLHY andBrGl followed a true circadiangttern in the genotypes tested despite the characteristics
of the samples mentioned before. we implication in the flaering phenotype the results from this
work indicatethat BrFLC2 might have affectedowering time.Regarding the main objective from
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this study,as overalit was not possible to concludfethe different expression patterns can expliain
some extent thdifferences in flowering time found in thgenes with allelic variation from the AM
study.

6.1 Day length effect onBrLHY genes inBrassica rapa

Ovenll, theBrLHY genepresentedne peak at 8:00 AM and other at 4:00 AMridg the expression
analysis this trend was conservesinong the six genotype&n explanation for this results can be the

that circadian genes belonging to thentcal oscillator are able to follow their own regulation,
independentlyof photoperiodic signals (Farré & Liu 2013). That might explain why the expression
pattern was conserved in SD and LD. It should be also menttbaedhis gene showed the highest
expressionpointsacross the whole experiment. One of the possible reasons for this could e that
expression for this gene wamt affected by the differences in flowering time within replicates
Another possible reason for this conseryeattern of expressiors that not only flowering time
regulation depends on the circadian clock but also other different physiological responses. Leaf
movements, hypocotyl elongation and abiotic stress are responses that have been described as
circadian abck regulated (McClung 2006J.he differences in pattern of expression and height of
peaks (foldchange) described in section A.2nd 5.2 are limited and suggest that it is not possible

to addres any biological significance fahis behaviour.

Concening the information provided by the AM study, thignificant association of this gene to
differences in flowering timevas found onlyunder SD conditionsUnder this regime this gene
showed overall higher values compared to, ldDggesting and increasedtivity. LHY has been
described as having similar functions @€A1 repression of evening genes &@. Based on the
results from the flowering score and the expression analysis it is possible to say that one of the
characteristics of the SD regime or thenotypes used is high expressioBadfHY . In LD, similar
expression patterns where seen but, lower overall expression among the genhotypethaliana
(Mizoguchiet.al 2002) showed thdtHY single mutant showed early flowering, a similar experiment

in B. rapawould be interesting to perform in order to ftamm the relevance of this gene in the
regulation of flowering.

6.1 Day length effect onBrCCA1 genes inBrassica rapa

For BrCCAL,only V-O/Sarson 106 showed a conserved expression pakdta described in section
5.2.1 and 5.2, for both SD and LD conditions. A similar behaviour with what has been described for
BrLHY can be concluded for this genotype. As an overall, it can be noticed thatdéBarson 106

the levels of expressioneamore or less high in SD than in LD. The low expression of rest of
genotypes makes it difficult to conclude that this gene has a conserved mode of aBtiassina
rapa.

Single expression points in SD for (M2, CG061) and in LD (Caixin58)makesimpaossible to
predict if they would have a similar pattern ag¥Sarson 106lt has been described A thaliana

that CCAlandLHY have similar roles; this might suggest tBaLHY in B.rapacould be taking over
some of the functions drCCA1in consequencshowinghigherand more conserveexpression
values However, this ian assumptiofor the results obtained for this gene, further experiments needs
to get done in order to confirm these results.

6.2BrCDF5 and BrGil

Thesetwo genes wer@ot part of the results from the AM study however, they vieckided in the
present study because of their relevance in the promofiibowering under the photoperiod pathway.
BrGl showeda similar pattern in SD and LDn LD and SDthe alternative pdadescribedin V-
O/Sarsonl0&annot be clearly connected with an early flowering phendbypeit shows a different
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time for the higher expression of this gene o®Asarsonl106ln literatureGl has been described as
part of a complex in charge of the degradation of floral repressoch theC D F §reup of genes.
This subsequently stabilize the activity @D, which later on will activat&T. However, inBrassica
genotypes that have been used in this study little is knowantdahe molecular interaction of the
mentioned genes, for this reason it is not possible to link the variation in the expression@altern
flowering score. As a conclusion for this gene, a higher expression in the afteegacdiess the day
lengthand the absnce of expression points aft2d:00 PMsuggestghat this gene can be seen as a
member of the circadian clock B rapa.

For BrCDF5it is na possible to address any conclusabout the effects on flowering time 8D and

LD. This respondsotthe low levelsof gene expression and constant fluctuation (figure EOSD,

most of the genotypes followea similar pattern of expressiorowever the different pattern of
expression described f@C-029 is aninteresting observatiothat will require further research to
clarify their relevane in the flowering phenotype of Ga29. Concerning the LD conditiora similar
pattern and amplitude were described for this gene among five out of six gendiyars.CC-029
showeda differentexpressioranda differentamplitude (see sectionZ5b). The absence of additional

data makes impossible to suggest that this different expression might be related with flowering time
Nevertheless, it should be interesting to know if this differentiptession can or cannot influence the
flowering phenotype in C029.

Comparing both conditions a shift in the decrease of expression can be seenTimeSj&notypes

show an apparerttecrease irxpression aftetime point16:00 PM while in LD this occus in time
point20:00 AM. The light time span for SD was from 8:00 AM until 16:00 PM and for LD from 8:00
AM to 24:00 AM. This might indicate that the expression BFCDF5 might be réated with
photoperiod signals, as it is describediirthaliana According withMa et.al (2015), multiple copies

of the CDF genes are presentBn rapa in this report CDF3 and CDF5 have begwoposedas
candi dates genes for flowering time variation.
A. thalianais redundant and additive in order to repr€d (Golembeski & Imaizumi 2015).
Therefore, it should interesting to include the CDF3 geneB. irepaand check if both genes can
show a better view of their role in flowering time regulation. The single sgjoe ofBrCDF5in this

study does not describe much about its relevance in the differences in flowering time among the
genotypes used.

6.3BrCO

Due to the low levels of expressiflate Ct’s values were obtained for this gene, >30 cycles, therefore
the expression values are unreliabl@ SD and LD hardly anything can be said about the expression
of this geneThe different peaks visualized in figut&, showed no significant differencesnong the
genotypes, therefore they cannot be linked to the variation in floweringAtonerding with what has
described inA. thaliana CO activity has beemletectedduring the evening, ifB. rapa unexpected
peaks were identified at 12:00 PM in both &Bd LD conditions. Thespeaks, whereather low
expressed among the genotypes with exception e®/Sarson 106 n SD which showed a diear
higher peak compared with the rest of genotyjtes unclear the reason for the presence of this
expression at idday, however one could argue that a possible reason may be that the primers used for
BrCO might have amplified both of the paralogues presei®. irapa yet the possibility of dample
degradatioror bad coupling of primers aralso possibleeasons Further research negtb be done

in order to clarify this resyltfor example the@pplication of melting curvesr sequencing mightelp

to clarify this. The analysis of genexpressiorbetween the two conditions are unreliable, nevertheless
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a differencebetween LD and SD was ideigifl. The main differace betweeis its time of expression
(figure 19. If one do not consider the unexpected peaksBi@O, in SD the expression @&rCO
starts at time point 20:00 PMvhile in LD the expession stds at timepoint 16:00 PM According
with what has been described An thalianaduring long day condition&l should synchronize its
expression withFKF1, subsequentl D F éars totally degraded ar@O gets stabléMcClung 2006).
A putativeBrFKF1 or other gene mig be playing this role iB.rapaallowing the synchronization in
BrCO during LD, thus provoking #n shift in expression. Figure 3bows the differences in the time
expression oBrCO between SD and LD. Another interesting assumption isdbaing the &pression
of BrCO between SD and LDthe expression of described flowering represssushas C D F drs
CCALLHY was low

Taking into an account what has been said a@function as a key activator &fT (section 1.1)

one could assume thiat LD an earier flowering genotypéCaixin 58)would have hadhigher peaks

of COthan a later hwering genotype (V012). The results fronthe expression analysssipport this

theory, expression peaks for later flenng genotypes presented lowexkpression pointshan
Caixin58in LD (the earliest flowering genotype in this wodfd lower than YO/Sarson 106 in SD
Another interesting observation from the expression profiles in this gene was the different expression
peak that PE01 showed in LDAN apparent diffenatial time expression for this genotype is shown

by COin figure 17

6.4BrFT

Since the amplification dBrFT from cDNAwas not possible during this workhe primers used for
these genes were tested in genomic DNABinrapa (Chiifu). The amplificationgave successful
results suggesting that other characteristics from the sample may have affected the amplification.

Therefore in order to havenéandication of the expression 8fFT in B. rapaexpression data f@drFT

in Caixin 58 wadaken from a previas work from the department of Growth dbddvelopnent from
Wageningen URCaixin 58 was growrunder LD with the same time points, however the growth
conditions were different than in the present work.
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Figure 30 Expression profile oBrCO used in this workand BrFT expression profile taken from a previous research from the group pf
Growth and Development, Wageningen UR. Time points are depicted irattig, xvhile in the yaxis the Ct values are indited as fuction

of A C.tWhitegrey phases inside the graphs are intend to represent the two conditions used in this work, (light time, dark timdyjespective
in SD and LD. Time points 1=8:00 AM, 2=12:00 PM, 3=16:00 PM, 4=20:00 PM, 5=24:00 AM, 6=4:00 AM.
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Even thogh the growth conditions for the plants used in the previous research were different, the
expression oBrFT correlates with the expression of tBeCO from the present research. Figus0
shows that the activity drFT, which startsrising along with the activity oBrCO, both is SD and

LD conditions.This correlation might pose thtte interaction oBrCO andBrFT might be conserved

in B. rapa.

6.3BrFLC 1,2,5

With respect of thé&rFLC group as theyareconstdered as vernalisatiaesponsivan A. thalianait

was expected not to find any pattern related with a circadian or photoperiod signals. However, because
of thenot fully understoodunctions of thd=LC paralogues ifBrassicait was worthit to include them

as part of this angsis.

The results from this work confirmed the regular expression patterns expectedBor thel. @dus

of genesBecause of this general fluctuation in the expression an average among the six time points
was used to present the total amount of expragser genotype. This procedure gave a better view for
FLC in B. rapa(figures 21, 22, 28 Referring to what has been described in the literatur&lf@ in

B. rapa,one carfind thatthis gene has been descrilmsia major regulator for flowering time (Xiao
et.al 2013) and that @ossible additive effedtecauseof the presence of thaultiple copies of this

gene inBrassica rapa(Wu et.al 2012) would have an impact in flowering time. These information
might be corelated with the results for this gene in the present sttd®rFLC2 the order (from the
lowest to the higher) in which the averaged expression for each time point is depicted is correlated
with flowering time in LD (from the earliest phenotype to tage). Even though the differences for

the total of expression f@rFLC2 have been found ndd besignificant(ANOVA) one can consider
these results as an indicat i @nassicafrapgfijue22).o0l e of
Considering thesaurce of the genes (AM study) one could argjuat in addition toeffect of the

F L C deses the different haplotype composition (tablé&7) might be also playing a role for the
activity of FLC2in B. rapa.Each genotype has a different haplotype forRh€ gene (except foEC-

061 and VT-012which shared the same haplotype), this might also contribute to the overall effect of
FLC2in flowering. Nevertheless, one should consider that a quantitative trait like flowtmeguvill

not rely only on the activity of one gene, in this cBseELC2. Other genes and regulatory interactions
should be influencing the flowering phenotypEor theBrFLC1 also differences were seen in terms

of total expression but , they wanet correlded with the flowering score &FLC2.

BrFLClandBrFLC2 has been described as regulators of flowering bimein different morphotypes

in Brassica rapaYuanet.al (2009) describes that an splicing variant inBnELC1 gene is significant
correlated with differences in flowering time gifferent Chinese Cabbageaccessions. Whilen
Brassica rapaBrFLC2 in a cross from an oil type and a middle late flowering type has been described
as a candidate gene for flowering éivariation (Zhaet.al2010). This information explain why is the
difference considering the relation between total expredkiamrering time for BrFLClandBrFLC2.

For instance, considering figure 21 & 22 one can see thaBrFirC1 is hardly to see angifference

in the total expression, while BrFLC2 it is possibleio consider a differender the total expression.
Interestingly, in the work described byuanet.al (2009), 29 Pac Choi accession showed the relation
between the splicing variant described ByFLC1 and flowering time. In the present study-RCl
shows a possible difference for the total expressidiL 1 but not onFLC2.

BrFLC5 no relation or pattercould be identifiedsuggesting that their implication in the variation for
flowering timein this workis less pronounced than f&rFLC2. Further experiments need to be
conductedncluding more samplesndreduced variation in flowering time samplesorder to verify
theseresuls.

35

FL



Flowering time for the expression analysis
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Figure31 Relation betweeBrFLC1,2 expression and flowering time. For \012 in LD no expression was available across the
points ¢T-012, in LD only showed expression in two time poi{24:00 AM and 4:00 AM) for onlylock 2, this made the average
outlier, therefore it was not included

6.4BrFLM

This gene was included in the present study because of its significant LOD value in the AM study and
for its relevance in flowering time. Similarly with what has been mentione® forF L gedes, not

much is known about the roles of the paralogues forghige (2 copies, one in the LF genome and
other in the ME genome) Therefore,in order to know if this gene was somehow involved in the
photoperiod pathway, this gene was included in the present study.

For this genethe expression profiles that were obtained wergimilar to the ones gotten in the
BrFLC1, 2, 5 No association with circadian regulation or photoperiod signal was seen in this gene.
This outcome was maurprising since this gene has been described as part of the ambienateraper
pathway inA. thaliana. Poséet.al (2013) described how flowering iA. thalianais affected by
alternative splicing in theFLM gene due to relatively low or high temperatures. Given the
experimental conditions of this work (SD and LD) and no fluibbna in temperature it was expected

that this gene showed this kind of patteDi@-061 showed different expression values compared with
the rest of genotypes, however no link could be made to the flowering time score as it was possible for
theBrFLC2gene

6.5BrBRM and BrRGA

With respect oBrBRM and BrRGAthe results showed that their activity might not be linked with a
photoperiodic signalThe expression pattern is similar between SD and &m,increase in the
expression profiles can be noticed at 12:00PM and 16:00PM. One could argue that a circadian
regulation might be influencing the activity of these geffigsires 27&29) It has been described by

(Li et. al2015) inA. thalianaBRMis related with the regulation of pelyomb group (PcG) which are
proteins related with epigenetic repressionAlrthalianawild type plantsBRMis present at certain
chromatin sites avoiding the inappropriate activity of the PcG gi8hprt Vegetative Phag8VP is
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one of the components of the ambient temperature pathway and is highly present in wid type
thaliana seedlings promoting vegetative growth. However, in brm mut@wiactivity is repressed

by the PcG generating early flowering @ti al2015. If a similar mechanisnms present irB. rapait
would be interesting to know if the total levelsBiSVPdepends oBrBRMactivity.

Regarding the activity dBrRGA this gene has been described as a negative regulator for gibberellin
(GA) response (fverstoneet.al 1998). GAdependant signalling has been described as an activator of
Leafypromotor LFY), which is an identity floral gene. The expressiolY has been reported to be
present before the floral transition (Blasquezal 1998), suggestg that a GAdependant signal is
necessary fobFY promotor activity. It would be also interesting to know if the roldRGAIs the

same as the one described in the literature, then if that results to be the case, it would be interesting to
k n ow érelatien withtother regulators of floweringBn rapa.Galvaoet.al (2012), described that
under LD conditions DELLA proteins (a family of proteins which RGA belongs) act as repressors of
flowering. Mutant versions of the gen@ml-3 gait6 rga-t2 rgl1-1 rgl2-1) belonging to the DELLA
family generated early flowering phenotypesAnthaliana. According with these authors DELLA
family of proteins are present in the leaves and control flowering under LD independently of CO and
Gl. It should be intersting to know if the allelic version of the BrRGA gene found in the AM study
generate a lossf-function protein similar with a what has been described in (Gadtad 2012).

Thus, the study of this gene B rapaand its relevance in floweringime will have an important
impact. Similarly, in SD conditions the same authors indicate that the mutated versions of DELLA
genes did have an impact on the meristematic tissue producing a late flowering phéhatgeilar
mechanism is acting iB. rapa one should consideBrRGA as an important player in the flower
biology of the genotypes studied in this work.

7. Conclusions

Concerning the technical issues faced during this work one should camsidaitical aspects. Oris

the use of reliable sows of plant materialthe use of DH lines should provide uniform flowering
time within biological replicas. Unfortunately, this was not the case in this work and notable
differences in flowering time were seen among biological replicasez.ond, the $&ction of a true
reference gene for circadian and photopeerpressiorexperiments irBrassica rapastill need to be
optimized Six different reference genes were tested and none of them shosudficeently stable
expression pattern among the diffdréme points and conditionshus affecting the normalization and
therefore the true expression for the genes testegarding the flowering score, if in further
experiments this phenomenasisen one should consider the aborted samples as a diffevapt afr
samples and individual observation of the flowering score should be applied.

As a result from these sources of variatimentioned abovethe expression pattern among the
biological replicatesvaried extensively making difficult to cleaty compae them. Also the low
expression values obtained during the-GPICRexperiments make these results unreliable. However,
a fewindicationscan be addressed for instancengslike BrGl and BrLHY might be considered as
members of the circadian clock Brassca rapa. They showed a conserved expression pattern
betweenthe different day length conditiorshowing their welpreservedrofile. One of the possible
reasons for this conservezkpressionis that not only flowering time regulation depends on the
circadian clock but also other different physiological responses. Leaf movements, hypocotyl
elongation and abiotic stress are responses that have been described as circadian clock regulated
(McClung 2006). Despite of its conserved function it has been regbegdircadian clock transcripts

are rich in haHlive transcripts, this may explain the reason of its oscillation during the day (Gutierrez
at.al 2002).
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The activity ofBrCO showeddifferences in the time of expression between SD and LD. Also in LD a
peak forBrCQOin time point 12:00PMvas seerfor somegenotypes, this expression is different with
what has been described An thalianaand it needs further researth be clarified For BrFLC2
different levels among thgendypes were seenuggesting that late fleering genotypes might have
different expressionvalues for these gendgg§igure 22) One should consider that no significant
differences were obtained among the expressivaldeamong the genotypes yet, early genotypes
showed lower levels of expression for this gene than later flowering genotypken iro
consideration what have been simdw these resultd might be reasonable tmncludethat there isia
indicatedlink betweenflower regulationand BrFLC2 expression levelgvenwithout vernalisatiorin

B. rapa.

Regarding the expression patternB¥ BRM and BrRGAno association with light signals were seen
during this work, howevean indication of higher expraes at 12:00 PM and 16:00 PM atieir
relationship with floral pathways rka them stillan interestingubject of futureesearch.

In conclusion, taking intoreaccount the hypothegisoposedrom de AM study (differentegulation

for the genes relatetb flowering time caused by the different haplotypes found in different
locationg, the differences in expression pattedescribed aboveannotbe clearly assessed because

of the different sorces ofoften largevariation described ithis work Additionally, for the different
haplotypedound in the genes selected from the AM study it was not possible to connect them with the
changes in expression or with the flowering scotese resultssuggest thait is not possible to know

if the effecs of the different haplotypehave or did not have an impact on the flowering phenotype
Additionally, one should consider that mutations in other genes might have influenced the flowering
phenotype.Finally, it could be seen that the total levels for tReC2 geneare related with the
flowering phenotype in the genotypes tested during this sfuygesting a possible additive effect of
BrFLC2 affecting flowering time in the genotypes tested.
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9. Annexes
The Ctvalues belonging to this study can be found in the digital version.

9.1 Primers used in this work

Tablel7. List of primer sequences for the genes used in this research, the final concentration of each
primer was 100 uM

Primers Sajuence

BriPP2_F GTATGTGAGCAGGGAAGAGC
BrFLC2 F AAGTATGGTTCACACCATGAG
BrFLM F ACTCGCAATTATCTTCCACACA
BrFTF TACCTGCCACAACTGGAACA
BrFLC5F GTTGGGCTTCTCGTTGTCTC
BrBRMF GCTCAAGCTACTCATCCGAAC
BrCCAlF CTGAACGATGGAAAACAGTCC
BrCDF5_A07.1F TCAAGAAAACAAAACCCACCA
BrLHYF GAGGAAGTTGTTGCTGCTTTG
BrGIF TCATCCCTTCGCCTCTTTC
BrCOF CCCCTGCTGCTTTTATGTGT
BrFLC1F ATGGGGAGGAAGAAACTTGA
BrTFL1F TCCCTTCCTCTGTCTCCTCA
BrRGAF GAGCGTGTCGGAGAGAGAGT
BrFLC2R GAGTCGACGCTTACATCAGA
BrFLMR GCTGGTCCTCCAGAGAAATTAG
BrFTR CGGGGAGACCAAGATTGTAG
BrFLC5R GAATCCACGCTTACATCATCAA
BrBRMR TGACTTGGCCTTCTTTTACCA
BrCCAl1R TCCTTGTTATTCCCCTGTTCC
BrCDF5R ATTGGTAAGGCCAAGGAGAAG
BrLHYR TTCTTTCTCCAATGCGTCTGT
BrGIR ATTTTGCTGCTCCGTCTTGT
BrCOR TCGGTCACTGTTGTGTGGTT
BrFLC1R AGAGAACGGAAAGCTGACGA
BrTFL1R ATCTGTTGTACCGGGGATGTT
BrRGAR GATTTGTCCATAGCGGAAGC
BriPP2R CAACATGATCCCACCACTTC
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9.2 General expression profile for the genes that are considered as members from the circadian
clock in the Brassica rapagenotypes
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Figure32 Expression analysis f@rGl for SD and LD, in the x axis time points are depicted as follows (1=8:00, 2=12:00, 3=16:00, £
5=24:00, 6=4:00, 7=8:00. In the y axis the expression pattern is indicated as fuh@tpdoCt ) .
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