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Summary

The main purpose of this study is making a seladtiohave a Recombinant Inbred Line
population with the same genetic background forluatang the effect of Non Smoky
Glycosyl Transferase gene 1 (NSGT1) on smokinest frollowing the previous studies,
some regions on genome of F6 RILs still heterozgg®o that we continue screening and
selecting for those specific regions. Applying MarAssisted Selection, two main methods
was utilized for screening with SNP markers. Fxsiil6 F7 RILs were genotyped with 19
SNP markers by KASP technique at Van Haeringen Sazondly, with the small scale of
screening, we intend to have a simple and rapidhogetor selection, so that the simple PCR
based SNP markers assay was developed for scrermorgNP makers on 285 F8 RILs. The
screening with 19 SNP markers resulted in 4 F7 Rklected. In addition, the simple PCR
based SNP marker assay was developed successtullye applied this method to screen F8

RILs and received 52 desired homozygous plantthiotaste trial on smoky flavor.

Besides the simple PCR-based SNP marker methohade a small trial to evaluate the
possibility of using High- Resolution Melting anaiy for selecting the desired homozygous
genotype. The result of this trial illustrated thaimozygotes can be discriminated from
heterozygotes due to the difference in melting esnHowever, two different homozygous

genotypes did not show any difference in meltinyes.
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I. Introduction

General information about tomato history, Marker-Assisted Selection and
tomato breeding

Tomato belongs to th&olanaceae family and it is one of the most important cultiea
crops over the world for both fresh market and pssing industry. In addition, tomato is also
a main source of carotenoid lycopene, which haseatgapacity in protecting human beings
against cancer and cardiovascular disease (Gioeanri999). According to Sims (1980), all
related wild species of tomato originated from Aswleéegion now encompassed by parts of
Chile, Bolivia, Ecuador, Colombia and Peru. Howevefated to the place of domestication
of the cultivated tomato, there are two competiggdtheses, one from Peru, and another
from Mexico (Peralta and Spooner, 2002). Compavedild species, the genetic diversity of
cultivated tomato is generally poor. In fact, thetireation of genomes of tomato cultivars
contains less than 5% of the genetic variationheirtwild relatives (Miller and Tanksley,
1990).0ne of the reasons for lack of genetic diversitguftivated tomato may be because
the selection of horticultural crop like tomatousually done on a single plarso that the
genetic variation tends to decrease (Bai and Linth2007).In order to improve the gene
pool of tomato, the collection and description efgtic materials are necessary. The tomato
gene bank has been established in USA and othetregsiwhere more than 7500 accessions
are preserved (Peralta and Spooner, 2008 breeding programs usually interested in
characteristics which can reduce production castsease yield or improve quality. One of
the important issues in tomato breeding is breedimgresistance to pests and pathogens
because there are more than 200 hosts tomato spehieh can lead to severe economic
losses (Bai and Lindhout, 2007Besides, breeders are also interested in developing
hybrids because of heterosis which can improvectiagacteristics of F1 for adaptability and
productivity. In addition, F1 hybrids also can h@mwtect against illegal reproduction and
provide an uniformity for production (Bai and Linallt, 2007).

Nevertheless, when many breeding programs focumproving yield or resistance, the
flavor quality has declined. Because of the sebactor certain traits, the other characteristics
may notreceive enough attention from breeders. Moreovavpf is a complex quality trait
since it involves a large amount of primary andoselary metabolic pathways (Klee, 2010).
Therefore, studying about the relationship betwé#sm pathways and genes controlling

synthesis of the component of flavor will play ampiortant role for breeding.



The genome sequence of inbred tomato cultivar H&ifG6 was available from May,
2012, thanks to the tomato sequencing project (S@th the participating of 10 countries:
Korea, China, The United Kingdom, India, The Nelduds, France, Japan, Spain, Italy and
the United States. The high- quality genome sequefideinz 1706 is approximately 900
megabase (Mb) and a 739 Mb draft sequence of It ieiative Solanum pimpinellifolium)
is also available. These genome sequences andsdiilaekdlity of millions of SNPs provide

powerful tools for breeding (Zamir and Giuliano, 120

Nowadays, marker-assisted selection plays a cruoial in every breeding program.
Molecular markers are usually used for constructiimgage map and accelerating the
breeding program by assisting selection of desiradis at the early stages (Collard et al.,
2005).Molecular markers represent the genetic differeredseen individuals of the same
or different species. They can be a differenceaigdt genes themselves or the difference of a
nearby DNA sequence (Collard et al., 2005). Basedhe presence or absence of a maker
which is linked to a certain trait, the selectimande made in an efficient and reliable way
without the need of phenotyping. There are a nundedifferent DNA makers such as
restriction fragment length polymorphism (RFLPs9ndom amplified polymorphic DNAs
(RAPDs), amplified fragment length polymorphism (&4F5) and simple sequence repeat
(SSRs) (Mohan et al., 1997). Among these, Singleléatide Polymorphism (SNP) is one of
the most common markers used in many breeding anegyr The most straight forward way
to detect SNP is sequencing. However, sequencoithigues usually require a high initial
cost for investment on facilities, so those techagjare often performed at some specialized
institutes or companies. Sanger technology is lyideed for decoding genome sequences of
many species including tomato (Zamir and GiuliaB012). Next generation sequencing
technologies, especially lllumina system, is ugitizoy many companies for high throughput
SNPs discovery. In order to screen for SNPs matkerge are various assays. For examples,
the KBioscience Competitive Allel§pecific PCR genotyping system (KASP) patented by
KBioscience company is an efficient and reliablehteque for SNP screening. The principle
of this technique is based on the combination oéehunlabelled primers, the universal
florescent reporting system and specially-developad polymerase (Robinson and Holme,
2011). Besides, there are many other different ways foP Siénotyping based on PCR
technique. First of all, Cleave Amplified polymorplsequences (CAPS) assay which utilize
a restriction enzyme to digest amplified fragmes@s be applied to screen for SNP markers.
Particularly, the restriction enzyme is selecteccoading to SNP locus so that the



polymorphic nucleotide can differentiate the numbgenzyme’s recognition sites between
two homozygous genotypes. For example, the amglifiagments from one homozygous
genotype have two recognition sites while the afieplifragments from other homozygous
genotype have three recognition sites. Hence, witédizing this restriction enzyme for
digesting PCR products, the number of digestednieag types will be three and four for
these two genotypes correspondingly. Heterozygaersotypes consist of both types of
amplified fragments so they will produce five difet types of digested fragments
(Konieczny and Ausubel, 1993). However, this mettsodot preferred because it required an
additional step for treating PCR products with niesbn enzymes. Secondly, the method
called a modified allele specific PCR assay isexd®ir operating. In principle, SNP markers
can be detected by utilizing allele specific prinadrich is designed regarding to SNP locus.
One allele specific primer has perfectly matche@' @aerminal nucleotide with specific allele
and has a mismatch with non-specific allele. Beganfsthe mismatch with non- specific
allele, Taq polymerase is not efficiently in amyilig the target sequence. Meanwhile, the
allele specific primer can fully bind to the endd#sired target sequence, so it is much more
efficient to amplify the target fragment. TherefoBNP can be detected by the presence or
absence of PCR products on standard agarose gghghiaet al., 2004)Nevertheless, in
practice, only one base mismatch at 3’ terminumtsenough to discriminate between the two

A """.f.-: alleles by standard PCR. In order to overcome
Alele | =g = " prodee this problem, additional mismatch has been
e incorporated to both allele specific and non-
ez S mh,{d—, product allele specific primers within last four bases
B from the 3’ terminus. This modified allele
ap—n—.:: 'Illili}llﬁﬁgﬁixﬁ;ﬁﬁé specific PCR based SNP technique is able to
:: sg detect SNP markers in the Arabidopsisd
. :1 éfé Rice genome (Hayashi et al., 2004 and
— e e Drenkard et al., 2000 ).
:; ICTAGECCG f;k'é According to the study of Hayashi et al,
ﬁ h ﬁ E 2004, the additional mismatches were
H — H incorporated to different positions within last
four bases at 3’ terminus of allele specific and
Figurel. Optimal artificial mismatch non- allele specific primers, then PCR were

for specific and non- specific primers performed to test for the optimal

(source: Hayashi et al, 2004)



incorporated mismatch position. The result of gtisdy presented that the optimal mismatch
should be incorporated at the third base from Bhibeus and the substitution should be either
T-G or C-A (Hayashi et al., 2004) (Figure 1)

Besides above methods based on PCR, some otheodsethn be used for detection
SNP markers due to the difference of melting terafoee of PCR products. There are several
High-Resolution Melting (HRM) analysis systems whicased different dyes for SNP
genotyping. However, in this report, we focus aghiscanner system which can detect the
variation in DNA sequence by utilizing double stteddNA dye LCGreen Plus. The reason of
choosing this method is because of its simplid@pmparing to other system, lightscanner
can perform without probe or unnecessary to hadgtiadal steps to separate PCR products
on gel electrophoresis (Reed and Wittwer, 2004)odder to implement Hi-Res Melting
analysis in the lightscanner, the target sequemsgisito be amplified in the presence of
LCGreen plus and then the melting profile of alingées will be analyzed by specialized
software developed for lightscanneXlthough lightscanner has been proven with many
advantages such as highly sensitivity for mutatsmanning and SNP genotypirand
providing fast results, this technique often candsicriminate between two homozygous
sequence variants (Liew et al., 2004jowever, this limitation can be overcome by
combining DNA of unknown homozygous genotype withown homozygous parental
genotype and then detect heterozygous sequencendlysemg melting curve (Reed and
Wittwer, 2004 and Wu et al., 2008 )

Based on study of Tikunov et al. (2010) a collattad 94 tomato cultivars representing
the current diversity of commercial germplasm wseeeened for variation of their volatiles
components. As a result of that study, the emissfahree phenylpropanoid (PhP) volatiles:
methyl salicylate, guaiacol and eugenol were fodifferent within the germplasm collection.
Fruits from one group tomato cultivars had capaicitgmit considerable amount of these PhP
volatiles while other group hardly emit those vidgmt Furthermore, the study of PhP
volatiles between two group of tomato cultivars lredicated that the emission of those
volatiles took place upon disruption of fruit tiesthrough cleavage of glycoconjugates
(Tikunov et al., 2010). However, at the latter stag fruit ripening of one group of tomato
fruits, those volatiles were arrested by conversbrinexose-pentoside precursors and into
glycoconjugate species with a higher complexityerBifiore, this group of tomato cultivars
were unable to emit PhP volatiles when fruit tisswere disrupted (Tikunov et al., 2010). In
fact, it was supposed that due to modificationlg€gsylation transferase genes, PhP volatile

emission in low-PhP volatile fruits was arrestedk({fiov et al., 2010). Then, based on
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various study strategies with the combination ofahelomics, genetic, gene expression and
functional gene analyses, sets of four cultivarsghwihe maximum of diversity of
characteristics have been selected for furthenesgud

One of parents of each of four selected lines, ha@é74, C085, RO75 and R104 was
used for intercrossing in a half-diallel schemeg(ife 2). Six hybrid genotypes: 1, 4,6,7,9 and
20 were selfed to obtain RILs. Nevertheless, ohhgd F6 RILs: 4, 6 and 20 were chosen.
Among these three RIL populations, population 4fithe cross between cherry tomato C085
and round tomato R104 showed the segregation of I&\d?. Then this F6 Rl population
containing 100 individuals were selected to anaRh® level. The glycosyl transferase gene
called Non Smoky Glycosyl Transferase gene 1 (N§Gddated in chromosome 9 has been
identified as a candidate gene which was respansiblglycosylation. Two alleles of NSTG1
genes are PHPand PhP andthe tomato cultivars carry PhRillele has shown volatile
emission and give tomato fruits smoky flavor wHileP- allele plays a role in glycosylation
of volatile conjugate then inhibit the emission PP volatile and express a non-smoky
flavor. The C085 parental line is homozygous fa EhP- allele and the R104 parental line is

homozygous for the PhiRillele (Figure 2).

A R104 B
co74 PhP+

e 7

‘ Glycosyltransferase Il (Cg) ‘

Smoky Non Smoky
Flavor emission No flavor emission
* guaiacol

* methyl salicylate

* Eugenol

RO75

Figure2. A half-diallel scheme for intercrossing 4 paretitzs (A) and two alleles of smokiness gene (B)



Purpose of this study

Following the results of previous studies on smekstrait in tomato, F7 RILs are still
heterozygous in some regions, so they may affeceégalt of taste trial. Hence, our goal is
genotyping these heterozygous regions and makselegtion on F8 RILs to have lines with
the same genetic background. Particularly, theetarg screening for two regions on
chromosome | and IV based on two SNP makers.

Therefore, we will focus on developing simple PCRsdd SNP marker assay for
diagnosis of these specific regions in F8 RIL papah. These assays will facilitate selection
for the taste trial in order to evaluate the eSext NSTG1 gene on smokiness trait. Not only
in our study program but also in many other bnegdgrograms, it is not always a lot of
markers or samples need to be genotyped at the Sam@eso that some simple techniques

will be very useful and more cost- effective foresming in a small scale.



II. Materials and methods

2.1. Plant material

In order to develop simple PCR based SNP marketyassve used genomic DNA from
two parental lines C085 and R104. Many RILs fromté-&8 generations were also involved
in this study. Particularly, two F6 RILs: 4- 6 afd21, 116 F7 RILs and 285 F8 RILs which

were screened with selected SNP markers by KASAP&RIbased SNP marker assays.

2.2. Source of SNP markers

In order to select for SNP markers which are polgghir between the two parental lines
C085 and R104, around 6000 SNP markers of tomate weed to screen on these two
parental lines byllumina Infinium Genotyping Assay. This screening resulted in al&00
good markers spread over 12 chromosomes. Togetlkeitivose selected SNP markers, the

flanking sequences (400 base pairs) are also alafler designing primers.

2.3. DNA isolation

For large scale of DNA isolation, tomato seeds wsyen for two weeks, then leaf
material from each plantlet was grinded accordimg RETSCH Mixer Mills method. After
that, the KingFisher® Flex 96 genomic DNA purifiicett system protocol was applied. DNA
samples isolated from this method were used fontijegng PhP alleles, screening SNP
markers bylllumina Infinium Genotyping Assay and screening with KASP technigue
KingFisher method hash some advantages such gsauibmated, high speed purification,

high throughput 96 sample processing and easy tiqgera

However, there is an alternative method which alsovide good quality DNA and
suitable for small amount of samples. For F8 RWlss applied this method for isolation DNA.
Young leaf material from each planet, which wadicated at Hollandplant Company for
about two weeks, was sampled and stored in drjpedere doing DNA isolation. These leaf
materials were grinded by Retsch Mixer Mills systehen added 200 pl extraction buffer,
250 pl nuclei lysis buffer and 25 ul sarkosyl, esdd very well and incubated in a water bath
at 65C for at least one hour. The protocol was followbg adding 200 pl
chloroform/isoamylalcohol (24:1) and mixed by insiag the tubes then centrifuge 4 min at
8000 rpm and rT. The supernatant (about 400 pl)piaetted to a new 2 ml tube and added
400 ul isopropanol (mix carefully) and centrifugkéanin at 8000 rpm. The DNA is a pellet
which was rinsed for 20 minutes in 125 pl 76% Et®ith 10 mM NH4Ac (MW 77.08). In



the final step, DNA pellet was dried and dissolwedO pl TE (1 pl stock RNase(2 mg/ml)
for 100 pl TE)

2.4. Development PCR based SNP markers assay

In order to assay SNP markers, we applied the ipienof allele specific PCR method
(Kwok et al., 1990; Hayashi et al., 2004). The SIRotypes can be determined based on the
presence or absence of PCR products. This methpdred three primers in which two
primers need to be designed according SNP posiRarticularly, these two primers have
their sequences with only one base difference daugprto SNP locus and each of them will
be combined to the same primer pair in two diffef@8R reactions. Nevertheless, this allele
specific PCR method has been shown their diffiealin discriminating between two alleles
based only on one base mismatch.

Therefore, in this report, we increase the spatyfiof these allele specific primers by
applying the modified allele specific PCR methodickhwere described by Kwok et al.
(1990); Drenkard et al. (2000) and Hayashi et 2004). We designed primers by primer 3
program (http://frodo.wi.mit.edu) in which two foand primers had 3’ end corresponding to
two polymorphic alleles at SNP locus. In additiaw@ incorporated an additional mismatch to
the third base from 3’ end of forward primers (Fg®3), so that due to two mismatches on
non- specific allele primer, the target sequenaddcoot be amplified through standard PCR.
Meanwhile, with only on mismatch on the specifitel@ primer, the PCR product of target
sequence was amplified successfully. Then the poeser absence of PCR products can be
visualized on 2% agarose gel.
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Figure3. Two allele specific primers of SNP seq-rs 207dionple PCR based SNP marker assay.

Before applying this simple PCR based method foeesting four F8 RILs with two SNP
markers called seq-rs207 and seg-rs9033, we hade masmall test based on two SNP
markers on chromosome |, namely seq-rs7782 ands3&$4 in order to investigate the
effect of an additional mismatch at third base fi&@end of forward primers and optimize the
PCR protocol. Particularly, we designed allele #pegrimers which only have one
mismatch at SNP locus, then doing PCR to see whétleg can discriminate between two

alleles.

After that, we incorporated an artificial mismatohthe third base from 3’ end of forward
primers to investigate the effect on the amplifmafroducts. Besides, we check for the most
suitable annealing temperature for each primer g@aar optimize the number of PCR cycles
which can help distinguish two alleles at SNP lociach PCR reaction(volume 15ul)
contains 10.76 pl mili-Q water, 1.5 pl Dream tadféu(10x), 0.6 pl dNTP (5mM), 0.24 ul
Dream tag polymerase, 1 pl template DNA (300ng onegksby NanoDrop) and 0.45 ul for
each of alleles specific forward primer and revepsgner (10mM). The amplification
protocol consists of 92C for 2 minutes, followed by 25 to 32 cycles of @for 30 seconds,
and annealing temperature which was depended dnpeaer pair for 30 seconds, 72 for

30 seconds and final elongation step for 5 minat&&°C.



2.5. Primer design and PCR optimization for High Resolution Melting
Analysis

Besides applying the simple PCR based SNP marlsarydser screening four F8 RILS,
we also make a small trial for utilizing lightscamno screen one F8 RIL population (line 4-
21-3). The reason for this is because if we sucaeaaing lightscanner for discriminating
desired homozygous individuals based on meltingresjrwe need to do only one PCR
reaction for each individual and can skip the $teisualizing PCR products on agarose gel.
However, as stated in introduction, lightscanneuvailg can only distinguish between
heterozygous and homozygous individuals but novéen two different homozygous lines.
Therefore, thanks to this trial, we can make a kmien on the reliability of utilizing Hi-Res
Melting analysis to select for desired homozygdasts based on SNP markers.

In order to apply Hi-Re Melting Analysis, we desgnprimers to amplify the target
sequence which contains SNP locus. The Primer §rgno was also used to design primers
and then those primers were synthesized at BiolBgi@ompany. For this trial, a primer pair
was designed to amplify the target sequence which164 base pairs and contains the SNP
marker seq rs 207. Because one of the most creieialents to obtain the good data from Hi-
Res Melting analysis is having robust single PC&tpct, the best annealing temperature was
selected by doing gradient PCR. The gradient PCR warformed with annealing
temperature ranging from 55 to 7AC. When the optimal annealing temperature was
identified, PCR amplifications was performed iratotolume of 10 pl reaction mixture which
consists of 5 pL Milli-Q water, 2 pL of reactionfier (5X), 0.1 pL dNTPs, 1 uL LC green
plus, 0.25 uL for each of forward and reverse priared 1 pL DNA samples (about 150ng).
Then each PCR mixture was overlaid by 30 pL mineitah order to prevent evaporation of
samples during scanning. PCR amplification procedstart at 98C for 30 seconds and
followed by 40 cycles of 9& for 5 seconds, 6% for 5 seconds and 72 for 20 seconds.
After that, heteroduplex formation was perfornigdheating samples to 98 for 30 seconds

then reduced temperature to°25for annealing for 30 seconds.

Hi-Res Melting analysis was performed by lightsemin which samples were analysed
between 77C and 95°C and hold at 74C. Data obtained was analysed by the lightscanner
software to see the difference in melting tempeeatdi samples.
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II1. Results

3.1. Development simple PCR-based SNP markers assay

As stated in materials and methods, before applthegsimple PCR based SNP marker
for screening, a small trial was conducted to gsee dffect of allele specific primers on
amplification target sequence. The results of @st bn two SNP markers on chromosome |
present three main aspects. First of all, as aedigtion, due to only one nucleotide
mismatch on non-specific primer at 3’end of forwardner, we cannot discriminate between
two alleles. This result is also consistent witeule of Hayashi et al (2004) on rice genome
and result of Drenkard et al. (2000) on Arabidopgenome. Secondly, the annealing
temperature plays a pivotal role in reducing thé&ciehcy of non-specific primers in
amplifying specific alleles. Thirdly, adjustment ammber of PCR cycles is also a helpful
tool which helps inhibit non-specific primers frammplifying a significant amount of PCR
product from specific alleles. In fact, for somese&s, non-specific primer is able to amplify
specific allele but less efficiency than specifioner, so that if we reduce the number of PCR

cycles, we can inhibit the visualization of unwahBCR products on agarose gel.

1-207F1: CCAGCCATAGTCGATGTTTCCT IV-9033F1: GACAACTATCGTCGTGGGCAA i i
I-207F2: CCAGOCATAGTCGATGTTTCCG V-9033F2: GACAACTATCGTOGTGRECAC Thanks to useful information
I-207R: CAGCGAAATTGTTGAGAGEA IV-9033R:  CGATCGATAATCCTCOGAAA

from the first test, we succeeded in
085 085 104 104 085 085 104 104

F1 F2 F1 F2 FRR PR G E o 2R designing primers for assay two SNP
markers: seq-rs207 and seq-rs9033
located in chromosome | and

chromosome |V respectively. For

SNP maker seq-rs207, the
information from previous study

indicated that parent C085 and R104

rriLLe
R
1
H

Figured. Gel picture of PCR based SNP marker assayare homozygous for T and G alleles
on two parental lines C085 and R104 correspondingly. To assay this SNP
marker, two forward primers were
designed with 3’ end matching with SNP position anbstituted C for A at third base from
3’ end (Figure 3). Each of these two forward prisnetas combined with the same reverse
primer in two different PCR reactions to amplifi{t48 base pairs target sequence. The size of

PCR product which was visualized on 2% agarosé¢Riglre 4) confirmed its size of 148bp.
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Similarly, with SNP marker seqg-rs 9033, parent CO#%d R104 were indicated
homozygous for C and A alleles respectively. Twecsc forward primers aimed to amplify
specific alleles at SNP locus was incorporatedrtaificeal mismatch at third base from 3’ end.
When used with a reverse primer to amplify 287get sequence, each specific primer

demonstrated their ability to distinguish the speaillele (Figure 4).

S . After that, we have evaluated

4 4y
TR (T

8 Sl o -11.
9 39 66 66 -3 3

PR | specific primers on four F7 RILs,
namely 4-6-66, 4-6—39 and 4-21-
66, 4-21-3 which were selected for

4 4 4
A -1 A A
66 66 -3 -3
R Pk

for the effectiveness of these

= o B
s

:
oo
g
—

study on smokiness trait. The

LI A
=
-
=
=
-

results which revealed in figure 5

i

strengthen the reliability of these
RS-9033

specific primers. With SNP marker

Figure5. PCR based two SNP markers on four F7 lines: £€0-rs207, line 4-21-66 showed the
6-66, 4-6-39 and 4-21-66, 4-21-3 heterozygous genotype based on the

presence of amplification products from both allgbecific primers while line 4-6-66 and 4-
6-39 illustrated the homozygous pattern due to ahsence of PCR products from non-
specific primers (Figure 5). These results are isterst with results of screening with KASP
method which will be presented in next section.elise, for SNP marker seq-rs9033, our
results confirmed heterozygous pattern of two lide8-66 and 4-6-39 and homozygous
genotype of line 4-21-66. Nevertheless, we didgsitthe result of both SNP markers for line
4-21-3. The reason is probably because DNA conagotr of this line is much higher

compared to other three lines, the efficiency amprs was inhibited in amplifying target

fragments. Fortunately, this obstacle was overcaftez that when DNA concentration of line

4-21-3 was diluted into a lower level.
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3.2. Screening F7 RI population with selected SNP markers by KASP method

Tablel. 19 selected SNP markers for screening
F7 RIL population by KASP method

DNA/Asssay Chromosome Position 4-6inf 4-21inf

seq-rs207

seq-rs7794
seq-rs7476
seq-rs7516
seq-rs8522
seq-rs9033
seq-rs2012
seq-rs2122
seq-rs2289
seq-rs4572
seq-rs3536
seq-rs7941
seq-rs4564
seq-rs9061
seq-rs9073
seq-rs9078
seq-rs5612
seq-rs6141
seq-rs4761

1

W W W J oo o L1 L1 L1 L1 B B N N -

=
o O o

86094056
89449632
40330288
41799208

1896090
58340636

4313620
16092483
31363376
59633772
34100828
34819080
64363264
64794424
65152920
65295836

6380151
18031984
56224968

AA
AB
AB
AB
AB
AB
AB
AB
AB
AB
BB
AA
AB
AB

AB
AA
AA
BB

BB

AB
AA
BB
BB
AA
BB
BB
BB
BB
AA
AB
AB
AA
AB
AB
AB
AB
AB
AB

After six to eight selfings of RILs, it
can be presumed that plants are
homozygous for a majority of loci. Only
about 1/32 of all loci that segregated in F2
were estimated heterozygous in F6. This
estimation is consistent with our screening
results on genetic backgrounds of two F6
lines which were selected for study on
smokiness trait. Unfortunately, those
heterozygous regions which segregated in
F7 lines had a considerable effect on the
taste trial for smoky flavor. Therefore, in
order to investigate the precise effect of

Non Smoky Glycosyl Transferase gene 1,

we need to have lines with the same genetic baaokgroWe selected for 19 good SNP

markers which represented those heterozygous region8 chromosomes (table 1) for

screening F7 population by KASP technique at Vaeridgen Lab. The result in figure 6

illustrates the segregation pattern of these 19 ®ldfkers on 57 and 59 offspring of line 4-21

and 4-6 correspondingly. Among them, we are inteces four lines, namely 4-21-66; 4-21-

3 and 4-6-66; 4-6-39 which are only heterozygousofte SNP marker. In particular, line 4-

21-66 and 4-21-3 was identified homozygous for Rirfel PhP alleles respectively and they

share the same homozygous genetic background foy et@omosomes. In fact, among 19

SNP markers, only the SNP marker seq rs-207, wbizkted on chromosome |, presented the

heterozygous result. Likewise, two lines 4-6-66 @n@-39 also revealed the homozygous

results for two alleles of NSTG1 gene and sharesdme homozygous pattern for 18 SNP

markers. Only one SNP marker, which located in wlosome 1V, showed the heterozygous

result. In summary, these four F7 lines belongmo groups in which each group exists one

heterozygous region that require a selection fondwygosity in F8 population. Followed this

study objective, we will present the results of Didlation and screening for those four

lines by a simple PCR based SNP marker methodxnseetions.
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Figure6. Results of screening F7 RILs with 19 SNP marksrdKASP method: Black illustrate for
heterozygous genotype; Pink: homozygous with R1@ea Green: homozygous with C085 allele
(Source: Arnaud Bovy)

3.3. DNA isolation and screening F8 population by PCR based SNP makers
assay

DNA isolation

Figure7. Four F8 RI populations: 4-21-66; 44-21-3 and 466-8-6-39 grown at Hollandplant

Company for screening and selecting.

Genomic DNA of 285 plants of F8 population whichreveggrown at greenhouse of
Hollandplant Company (Figure 7) was isolated bynmar Retsch method. This method
yielded approximately 2-5 pug/ul (50 ul in totalhgenic DNA per sample. The concentration
and quality of DNA samples were measured by Nanp@pectrophotometer V3.3. The ratio
absorbance at 260nm to 280nm ranged from 1.8 twRi¢h indicated the good quality. After
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diluting genomic DNA to a lower concentration aba@0Ong/ pl for doing PCR, we

confirmed the quality and quantity of DNA again lmading 1 pl each sample on 0.8%
agarose gel. The results in figure 8 illustratedesy good quality and confirmed the DNA
guantity of all samples that we need for screening.

43 3644 37 4538 46 39 47 40 484957 %0 » S5 63566465 TA6T4 67 68

47 40 484957 50 585159 52 60 5361 34 &2
BELLE.GEECERaccecataaEaRBRa 20 = = -

Figure8. Checking for DNA quality and quantity of four IR8 populations on agarose gel (0,8%)

Screening F8 population by PCR based SNP maker assay

Thanks to the success in development PCR basedn®&iErs assay and following the
results of screening on F7 RILs, we applied thmgpe PCR technigue to make a selection for
homozygous plants in F8 population based on two Bidfkers. The purpose of this selection
is preparing for the taste trial on smokiness .tést stated in 3.1, these two SNP markers are
seq-rs207 and seqg-rs9033 which linked to terpeeesl land sweetness QTL accordingly.
PCR based SNP marker seq-rs207 were applied ters¢veo F8 populations which are
offspring of lines 4-21-66 and 44-21-3. These tined have segregated for smokiness trait.
In fact, line 4-21-66 is homozygous for Pl#flele and line 4-21-3 is homozygous for PhP
allele, so that we need to have the same genetlghbaund for these two lines to clearly see
the expression of smokiness gene. With this remerd, our target is selecting for those
plants which are homozygous for C085 alleles irs¢hisvo F8 populations. Regarding to the
SNP marker seq-rs9033, we utilized PCR-based assaglect for R104 allele in two F8
lines: 4-6-66 and 4-6-39. The reason for this $iEleds because we would like to see if
sweetness influence smoky evaluation perceptionfatt, line 4-21 has high sweetness
background and we need to select for low sweetn@dsground from line 4-6 (allele R104).
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Although PCR-based SNP marker assays worked vellyometwo parents C085 and
R104 and four F7 selected lines, we confrontedoable with SNP maker seq-rs207. The
primers which were designed for distinguishing @lieles of SNP marker seq-rs207 did not
succeed in amplifying target sequence for a majariimber of DNA samples from two
populations: 4-21-66 and 4-21-3. In order to ovareothis problem, we looked for the
possible causes that made PCR failed and then wvelfa similar situation that happened to
F7 line 4-21-3 which was mentioned in 3.1. It isgible that the whole genome sequence of
tomato is approximately 900Mb while the target ssme for amplifying is only 148bp, so
that within a high concentration of genomic DNAg tprimers cannot bind to the target
sequence then lead to fail in amplifying the PCRdpct. With this hypothesis, DNA
concentration was diluted to around 150ng/ pl amdgPCR again. Fortunately, our problem
was overcome and we got clear results which weesegmted in table 2. In theory, the
segregation ratio for a heterozygous locus shoeld:B:1. However, for the F8 population 4-
21-66, we got only 6 plants which were homozygaursd085 allele, the remaining 67 plants
consisted 33 heterozygotes and 28 homozygoteslile &104. Based on this result, 6
homozygous plants with C085 allele were selecteddste trial. A better situation for F8

population 4-21-3, we received 11 desired plantekvivere homozygous with C085 allele.

Regarding to SNP marker seq-rs9033, PCR-basedsafssayo populations: 4-6-66 and
4-6-39 were succeeded without any problems anceaegived 12 and 23 desired homozygous
plants with R104 allele respectively. Before seferthose plants together with 17 plants
from PCR-based SNP seq-rs 207 assays, we confima@sult by repeating PCR. The
reason is that we are unable to have the negativieat with this simple PCR-based method,
so repeating PCR is a good way to avoid any passilidtakes may lead to the wrong
selection. The results of this confirmation weresgnted in figure 9. With the high level of
reliability thanks to two times doing PCR, thoskestd plants will be grown until harvest to

carry out the taste trial.
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Table2. Results of screening four F8 RI populatioh1-66; 44-21-3 and 4-6-66; 4-6-39 bymple
PCR based SNP marker assays

Sample names

SNP seq- rs 207

Sample names

SNP seq- rs 207

Sample names

SNP seq- rs 9033

Sample names

SNP seq- rs 9033

NN
w N

71 no data

Parental lines €085 Parental lines €085 Parental lines Ccoss c
R104 b R104 b R104
Line 1: 4-21-66 1 h Line 2:4-21-3 1 h Line3: 4-6-66 1 no data
Non Smoky 2 b Smoky 2 b Non Smoky 2 c
3 h 3 b 3 h
4 b 4 b 4 h
5 b 5 b 5 c
6 h 6 h 6 ©
7 h 7 h 7 c
8 b 8 b 8 c
10 h 10 h 10 h
11 b 11 h 11 h
12 h 12 h 12 c
13 h 13 b 13 h
u_ b 1 14 c
1s A 5 b 15 c
16 h 16 b 16 no data
17 b 17 h 17 no data
18 h 18 b 18 h
19 h 19 b 19 h
20 b 20 b 20 c
21 h 21 h 21 h
22 h 22 no data 2 h
B h 2 2 ¢
24_ 24 h 24 no data
) b 25 h 25 no data
29 h 27 h 27 h
31 b 29 h 29 h
32 h 30 h 30 G
33 b 31 h 31 h
34 b 32 h 2 G
35 b 33 no data
33 no data
36 b 34 34
38 b 36 h
39 h 37 b 36 h
40 h 38 h 37 h
a b 39 h 38 o
42 b 40 b 39 n
a h a2 h 4
45 h 43 no data 42 h
- m —
47 h 45 44 c
a8 b 46 h 4 h
49 h 47 h 46 h
50 b 48 h 47 €
51 h 49 h 48 €
52 b 50 b 49 €
54 h 52 b 51
55 b 53 h 52 h
56 h 54 b 53 C
57 55 h s« [
58 56 h 55 c
59 h 57 h 56 h
60 h ssfann 57 no data
61 b 59 b 58 c
62 b 60 h s [
63 h 61 h 60 h
- 5 o
65 63 h 62 h
66 h 64 b 63 h
&7 b os A o«
68 b 66 h 65 no data
69 b 67 h 66 h
os A 67 c
69 h 68 h
0 h oo I
71 h 70 h
h
b
I

N
N

Parental lines

Line4: 4-6-39
Smoky

€085
R104

no data
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:rnIn:r ﬂ
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Figure9. Confirmingthe results of selected homozygous plants from F8RI populations4-21-66
(1); 44-21-3(2) and 4-6-66 (3); 4-6-39(4) by simPIER based SNP marker assays

3.4. Screening F8 RIL population - offspring of line 4-21-3 with lightscanner
Although we got the desired results based on thelsi PCR-based SNP markers assays,
we wonder whether lightscanner can discriminatere@dhomozygous plants for taste trial.
This is the reason for us to implement this smral bn F8 population 4-21-3 and based on
the result of this experiment, we can compare édoRER-based method to identify the most

efficient technique for this kind of screening.
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TTTTCGAAACCCTAACGAACCAGCCATAGTCGATGTTTAC{ T/ G} CTGCTTGCGCTTACGGTGA
S>>>>>>>>>>>>>>>>>>>

Forward primer (5’ ->3")
TTTTGACAAACT CCGGAAATTCGT TGAAGT TGACGGCGT TTCCGT TTACCAGCCGGACGG

CAACGGATATTACGCGCT TCAATGGGECTGCTCTCAACAATTTCGCTGATATTGT TCAATA
<<LLLLLLLLLLLLLLLLL

(3'<-5") ACGAGAGT TGTTAAAGCGAC
Reverse primer

FigurelO. Designing primers for amplifying the target sempes containing SNP locus for Hi-Res
Melting analysis

In order to apply Hi- Res Melting analysis, a prirpair was designed to amplify 164bp
target sequence including SNP locus (Figure 1@n tthe gradient PCR was performed to
identify the most suitable annealing temperature tfos primer pair. The result which
presented in figure 11 illustrates high specifiafythis primer pair. In fact, only one robust
PCR product was amplified although the annealingprature ranged from 55 to°@0 This
result was stable with both parents C085 and RE®@4ine 4-21-3 and two F8 lines 4-21-3-
13; 4-21-3-24 (Figure 11).

-
= 55 lssals.slsv.also oen.dles.sls.tle.lss oo 1] 0 |

. 4-21-3-24
< [55 s abalorko derdos oz dessleo] 70 ™ s [ sheslrboalesdesls lorbsskod]
57.4] 66.1|67.7/68.9|69.7| 70 57.4 66.1/67.7/6 69.7| 70 ==
-

Figurell. Gradient PCR with annealing temperature rangingnfé® to 70°C on two parental lines
C085 and R104; F7 line 4-21-3 and two F8 lines 8A1; 4-21-3-24
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The results of Hi-Res Melting analysis which preednin figure 12 can discriminate
between homozygous and heterozygous genotypes bagbeé difference in melting curves.
The normalized melting curves of 74 plants formea tgroups. The group homozygous
plants have an entire curve with higher meltinggermature compared to heterozygous group
which have a different shape at a lower meltingaegThe principle of this Hi-Res Melting
analysis is based on heteroduplex- detecting DNA @ne heterozygous sample produces
two heteroduplexes and two homoduplexes which giskewed composite melting curve, so
that it is easily to be discriminated from homozyganmelting curve (Graham et al., 2005;
Liew et al., 2004). Moreover, compared to the rssthat received from PCR based SNP
marker assay, all 11 selected plants are membensrabzygous group which presented in
red color (Figure 12) but they could not be distiished from other homozygous type.

Shifted Melting Curves
T T T T

I Heterozyous type
[ Homozygous typer-

— Sample Selection

= = =

= = =
T T T
1 1 1

=
=

Temperature Mormalized Fluorescence

=
T

. 3 . b . Unknown . Negative

=
=
=
=
3
=
=
=

Temperature 'C

Difference Curves

111
42130,

4213 |2|1.

a Fluoreecence

Temperature 'C
Figurel2. Hi-Res Melting analysis in F8 RIL population 4-21tables in left illustrate the position
and sample’s names (red and grey color present hayoas and heterozygous genotypes
respectively); figures on the right shows differentn melting curves of homozygotes and

heterozygotes.
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IV. Discussion

Single Nucleotide Polymorphisms are one of the mostmon makers which are widely
used for mapping and assisting selection, espgomelen the whole genome sequence is
available. There are many ways to genotype SNP&eMer, no one method meets the needs
of all studies using SNPs (Kwok and Chen, 2088hough nowadays many companies have
provided high throughput services for SNP genotypiih is not always the best choice
because in many situations, only a limited numbdeBdP markers are used to screen for a

small population.

The PCR based SNP markers assay that we developdfnosis the specific region in
tomato genome has showed their simplicity and béiig. for applying. The facilities required
for this method are very basically that any molacildboratories can perform. In fact, we can
see directly the result and make a rapid sele¢tioough doing standard PCR. The method
required three primers and two PCR reactions foh &P marker. We have also assessed
the feasibility of this simple method through sciieg 285 plants with two SNP markers. The
effectiveness of this method was proven based siredehomozygous plants which were

selected for taste trial.

However, every method has some drawbacks. AlthohighPCR-based assay illustrates
many advantages such as its applicability for amjeoular biology laboratory, it has a few
disadvantages. For example, we are unable to lsse megative control for this method, so
that it may cause mistakes in scoring the restilésheterozygous genotype was success in

one PCR reaction and fail in another reaction.

Besides, we also made an evaluation for the pdsgibif applying High Resolution
Melting analysis on screening with SNP marker. Wigteroduplex detecting DNA dye, it is
quite common for distinguishing between homozygang heterozygous genotypes (Graham
et al., 2005; Wittwer et al., 2003 and Wu et a@Q& ). The result of our trial also illustrates a
similar pattern. In fact, there is no differencenelting curves between two homozygous
genotypes. However, by an additional step, it issgme to see the difference of these two
homozygous genotypes. Based on the fact that HiMRelsing analysis can discriminate
between homozygous and heterozygous genotypes, BiNMomozygous samples can be
mixed with DNA from one of homozygous parent, satttwo complement homozygous
genotypes can be detected in form of heterozygeustgpe. Compared to PCR based SNP
markers assay, Hi-Res Melting analysis require dditianal step to distinguish two
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homozygous genotypes. However, with Hi- Res Melamglysis, we need to do only one

PCR reaction per sample per SNP marker and wekiarthe step for visualize PCR product

on agarose gel. Therefore, applying Hi-Res Meltamalysis is also a good choice for

genotyping SNP markers. Both methods have theiamtdges and disadvantage, so that
depending on particular purpose and availabilityabbratory facilities we can determine the

most suitable method for screening.
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V. Conclusions and Recommendations

Conclusions

It can be concluded that both methods can prodeicble results for SNP genotyping.
Each method has their own strengths and weakndbsesfore, depending on the availability
of facilities and the amount of samples, we canddeto choose the most suitable method.
For HRM analysis, it can be easily adapted to gelascale of genotyping compared to simple
PCR based SNP maker assay (Han et al., 2012). Hoywith a small scale of genotyping
and requirement of simple facilities, the PCR-basethod will be the best choice.

In our case, the simple PCR-based SNP markers hasaybeen applied successfully for
selecting 52 desired homozygous plants. These kst growing until harvest in order to
perform taste trial. Thanks to this selection, ve@éhthe homozygous RIL population which
only segregated for NSTG1 gene, so that the effetwo different alleles of this smokiness

gene can be evaluated in a precise way.

Recommendations

Our main target in this report is selecting forice$ plants which are homozygous for
genetic background to perform the taste trial. ideo to reach this goal, PCR based SNP
markers assay have been developed. This methadpsesto implement, but some attentions
may help avoid unwanted difficulties. First of @CR product size should be not too short
because it may cause trouble in distinguishing eetwPCR product and primer dimer.
Secondly, a high DNA concentration of samples miégcato primer activity in amplifying
target sequence. We confronted a difficulty with ANoncentration around 300ng/ pl
(measured by NanoDrop). The primers for SNP maskgrrs 207 was fail in amplifying PCR
product, but then the trouble was solved when DNAcentration to a lower level about

150ng/ul. Hence, a suitable DNA concentration ghly recommended for a success PCR.

Moreover, the Hi-Res Melting analysis is also apgiie for genotyping SNP markers.
Although this technique can only discriminate betwdiomozygotes and heterozygote, an
additional step in which the homozygous DNA sampaes mixed with DNA from one of
homozygous parents is recommended to see theadlfifferin melting curves. If the sample
has the same homozygous type of the parent, thiynet lead any changing in melting
curves, but if they have different homozygous ggpes, the melting curve can be scored as

the heterozygous genotype.
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Appendix
Appendix L. Screening F8 population 4-21-66 with SNP marker seq-rs207 by

simple PCR based assay
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Appendix II. Screening F8 population 4-21-3with SNP marker seq-rs207 by
simple PCR based assay

[sTalsTel7 s oTrofn[12]1s]1a]2s[16[17[18] 19 [20]21]22]

."- ..-..---- - o ... ®» = = = -
- - - - -0 .- - ¥

5[s6] 57 [ s8] so[eo]e1[62]63[6a]65 6667 6869 70]71]72]
z B

{49 [s0[51] 52 [53] 54 [55]

-
BB e O=  e- DR T T Tl b
- . (=2 - ‘e - -

26



Appendix III. Screening F8 population 4-6-66 with SNP marker seq-rs9033
by simple PCR based assay

Appendix IV. Screening F8 population 4-6-39 with SNP marker seq-rs9033
by simple PCR based assay
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