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ABSTRACT - The availability of reference sequence and sophisticated software does not always
guarantee that the discovered SNP can be converted into a valid marker. Validation needs to be performed
to ensure that the discovered SNP is in the Mendelian locus. The validation of a marker is the process of
designing an assay based on the discovered polymorphism and then genotyping a panel of diverse
germplasm and segregating population. Apart from that, the goal of the study was to develop a reliable,
rapid, and inexpensive polymerase chain reaction (PCR)-based method to genotype for SNPs previously
associated with desirable phenotypes in cocoa. Tetra-primer amplification refractory mutation system
PCR (ARMS-PCR) is a simple and sufficient method for detecting different alleles in SNP locus. The allele-
specific gene-tagged markers for the target genes are more effective than the genomic random markers as
they will not show polymorphism in some recipient backgrounds and sometimes give up results as a false-
positive marker. Allele-specific primer designs for the selected SNP from each trait. The primer is designed
by using the software Primerl. DNA extracted from cocoa leaves was submitted to PCR amplification
followed by agarose gel electrophoresis and determination of banding pattern. Tetra-primer ARMS-PCR
was successfully optimized after changes in annealing temperature; annealing and extension times;
concentration of MgCI2 and DNA; ratios of inner, outer, forward and reverse primer; and addition of
adjuvants. There will be two types of product size expected if using an allele-specific primer set; one
indicates that there is no SNP and another size will indicate there will be SNP/SNP is confirmed present in
that specific sample. If there is any mismatch (SNP), a specific band size will be produced as compared to
no mismatch (no nucleotide changes).
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INTRODUCTION maintain the good agronomic traits throughout
Modern plant breeding in this century makes use the farming cycles, labours and high operational
of phenotypic data from breeders, genetic costs is very common in modern days farming
variations from plants and development of (Pérez et. al., 2012). Therefore, with the
molecular marker technology to improve plant development of molecular markers as a tool for
varieties which contribute to improvement in targeting on the presence of important qualitative
different plants traits (Mochida et. al., 2010). and quantitative traits based on a few loci,
Most importantly, the technology developed will especially when the cost of phenotyping greatly
increase genotypic identities while reducing time exceeds the cost of genotyping (VLK D et. al.,
and cost for farming. Conventional breeding not 2016). Different genotyping approaches and
only takes a huge effort from the farmers, the platforms will contribute to different kinds of
uncertainty of whether their plants are able to results, hence these trade-offs must be
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understood by plant breeders to make the best
decisions for better crops in the future (Pandey S
et al., 2019).

Single-nucleotide polymorphisms (SNPs) are
currently the most widely used molecular
markers due to their ubiquitous distribution
throughout a given genome, as well as their low
cost compared to other marker technologies (Bali
S et al., 2018; Drenkard et al., 2000). These
markers are applicable across the full breadth of
living organisms, providing universal interest in
SNP technology development (Jiang G.L et al.,
2013; Batieno et al., 2018).

Most  method for  Single  nucleotide
polymorphisms (SNPs) genotyping has been
relying on expensive equipment such as a mass
spectrophotometer, capillary electrophoresis,
Pyrosequencer or real-time thermocycler
(Broccanello et al., 2018) With the use of this
equipments, the assays develop will be becoming
expensive too due to fluorescent labelling, di-
deoxy terminators, a complicated and custom
primers design or other reagents used in the
assays (Mochida et.al, 2010; Pandey S et.al,
2019).

Recently, the single-nucleotide amplified
polymorphisms (SNAP) assay, a simple, allele-
specific method, was developed for SNP analysis
in  mapping populations of Arabidopsis
(Drenkard et al., 2000). SNAP markers are
primers containing a single base mismatch with
the 3’ end of one allele (the specific allele)
(Bundock et.al, 2005; Chiapparino et.al., 2004).
The tetra-primer amplification refractory

mutation system PCR (T-ARMS-PCR) is a fast
and economical means of assaying SNP's,
requiring only PCR amplification and
subsequent electrophoresis for the determination
of genotypes.

Tetra-primer ARMS-PCR method

In this paper, it is shown that an allele-specific
gene-tagged markers for target gene are more
effective than the genomic random markers
surrounding the target gene (from several kb to a
few Mb distance) because some markers will not
show polymorphism in  some recipient
background and sometimes a false positive allele
can be selected by recombination between the
target gene and genomic random marker (Liu et
al., 2012; Kim et al., 2016). However, no
information is known for any allele-specific
markers for cocoa ever reported.

Customised design of PCR primers for allele-
specific PCR needs to be improved by using data
and analysis of multiplex PCR performed last
year (Broccanello et al., 2018). From this
validation/ pilot run, the majority of the expected
PCR product size is not tally with the reported
phenotype traits. It might be due to the SNPs that
presentin specific traits  does not correlate with
gene expression results and thus for cocoa, gene
expression profile for each trait might not be a
good candidate to be selected as markers.

Single polymerase chain reaction (PCR) is used
as a method to test every SNP-gene marker for
each trait (with as minimum as; 5 SNPs x 2
primer sets x 5 traits).

PCR Reaction

Forward outer primer

5

Forward inner primer

—_——  =======

3

3

AA AG GG

1 3
5

——

Reverse inner primer Reverse outer primer

Forward outer /Reverse outer

N —— « Forward inner /Reverse outer

s S o | < Forward outer /Reverse inner

Figure 1: Diagram illustrating the position and orientation of PCR primers for the three primer allele-

specific PCR relative to the matching template DNA.
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MATERIALS AND METHODS
SNP Selection and Primer Design

Data and sequences from previous cocoa
genomes and SNPs mining projects were used as
a base for SNP selection and primer design for
this study. Two groups of SNPs were categorized
using two different approaches;

The first design for VSD and CPB was chosen
based on;

SNPs in up/downstream regions (which might
cause phenotypic variations)

100% occurrences in the control samples

Differentially expressed from the microarray
data

While the second design is made for
BLACKPOD, HASIL and LEMAK were
chosen based on;

Identify SNPs that occur in all the samples from
the same trait (Common SNPs)

Remove common SNPs that found in other traits
(Unique SNPs for one trait)

Filter based on the sequencing read depth

Flanking primers were designed using the
program Primer 1,
http://primerl.soton.ac.uk/primerl.html  which
was also used to calculate the Tm for allele-
specific primers which were designed to be as
close to the Tm of the opposing flanking primer
as possible.

Plant Material, PCR amplification and validation
by Sanger Sequencing

Cocoa leaves from known phenotypes were
obtained from Lembaga Koko Malaysia (LKM)
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Bagan Datuk, Perak and used for DNA extraction
by following the manufacturer procedures. For
verifying SNP and allele specific-PCR reaction,
amplifications were carried out in a gradient
thermocycler, which enabled the temperature
range for allele-specific amplification to be
determined. The annealing temperature ranged
from 59-65 degrees. The cycling parameters
were as follows: 95°C — two minutes, [94°C for
30 sec, 59°-70°C for 30 sec, 72°C for 30 sec] for
35 cycles, 72°C - five minutes, ambient hold.

Optimum quantities of 1:2 ratio of each primer
were added to the reaction mix at a final
concentration of 0.2uM. ‘Hot start’ Taq DNA
polymerase was used for amplification. The PCR
products then were subjected to Sanger
sequencing to further confirm genes related to the
trait tested.

RESULTS AND DISCUSSIONS

PCR Primers

Primers were designed using Primerl software
and were tested each by Sanger sequencing for
validation. Figure 2 showing a summary of PCR
designed from Primer 1 programme and their
Sanger primer pair. More accurate visualization
of outer and inner primers was shown in Figure
3.

For each trait tested, five possible SNP locations
with their respective allele-specific PCR primers
were listed in Figure 4.

Optimization of T-ARMS primer control sample
This step was done to ensure that the primer is
working. Adjustment of the PCR reaction
conditions such as annealing temperature, primer
ratio and sample concentration was performed.
Both data from PCR fragment and NGS data
from Sanger sequencing must be analysed and
matched.
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Primer-BLAST from

SNE allele:
Primer pair 1
Sequence (F-»Y) Length Tm  GC%  Self complemantarity Self 3* complementarity
Forward primer CATGTTAGAATGGAGGAAGGGACAAG . 6136 4615 400 0.00
Reverse primer GLAMAGCATCAATTTGTAGGTTTCTCAC 28 G210 3828 T00 200
Products on target templates

#| 534788 1 Theabvoma cacko gename assembly, chromasame: |1

preduct leagth = 165

Forward priser 1 CATGTTAGAATGAAGGAAGBGACALG 26
Tesplate L 13435200
Reverse priser 1 GOARMGCATCAATTTGTABGTTTCTCAL 28
Tesplate BBAIIIIL  veenrnrrremnennenrnenes A.. 3n43NL88
Sangsr:
Primer pair 1
Sequence (§'->3) Length Tm  GC%  Self complementarity Self ¥’ complementarity
Foreard primer CATGTTAGAAT GEAGGANGEGACANG 26 6138 4815 400 0.0
Revarse primer AATCAGCACCTTTTTTCTTTTITCTGARAT n 603 WE 00 500
Products on target templates

= 158476 1 Theobroma cacao genome assembdy, chramaosome: |1

product leagth = 239

Forwsrd primer 1 CATGTTAGSATGRABGAAGO0ACAAG 26

Template L . LEEFE ]
Reverse primer 1 AATCAGCACCTTTTTTOTTTTTTCTGALAT 1@
Template IBAIBBEE ...uirrmmaeirrrnmaarrnnnnaans BR41 5005

Figure 2: Summary of PCR designed by Primer 1 and their Sanger primer pair

3. g21690 pos: 2658

lel|etg_len _3827_22314:2353-29593

€00 => 300 aA=c
GTATCTCCTTGCCARATTGAGCTGCTACCTAATCAGTATCAGCTGCCTTATTGGCATTTCTCTTAATCAGTTTTA
ATGTAGAATAATGAATAAGGGAACAGGAAGTATGGAAAGTATCAAGTCTTCCACAAGCCGCTATGCAGGCCATTA
AAGCAATCCCAGERIGITAGARTGEAGEANGEEACHRG. TGATTTGGCCGCAGAATGCAACGCGTGTGAATGCAC

AATTTTAATATGAGAAGGTGGAAATAGARAATGGATTCCCARAATTGTCCATTCTGAAATARCAAGGAGCATG
—Tcmemmmwwscwmwcw
t

tatgaatattttgatcctaattttatataaatatatatatatagatttttttaaaaattataaatat
agtttaaatataaaaaacaatatttttacaAAGATTGATATCAACATTTTATAAGTTAACTGAAATGATAGAARC
TCARRAAATTTCGACARattatactataaaattaagatattaatcatgcgatttaataaaaaattagtactTCTA

Forward inner primer (A allele): Melting temperature
274 ATTCTGARATAARCAAGGAGCATGCCAA 300

(G allele):
327 GCAAAGCATCAATTTGTAGGTTTCTCAC 300 &5
(5" - 3"):
163 CATGTTAGAATGGAGGAAGGGACAAG 188 &5
Reverse outer primer (5' - 3'):
382 AATCAGCACCTTTTTTCTTTTTTCTGAAAT 353 €5

Product size feor A allele: 110
Product size for G allele: 165 (B8 ¢ .)
Product size of twe cuter primers: 220 (for sanger)

Figure 3: Location of Forward and Reverse for Outer primers and location for Forward and
Reverse primers for Inner primers
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Trait: VSD
SNP Position Forward Inner Reverse lrner Forward Outer Reverse Outer
1{V30 225138 [kilctz len 4444 26276:2187 X TCTATTTTGCTGCATTCATGAATATGAACC  |CTTETTTCGETGTCCTTTOCTITGCEA | TGTGAATATETTAGTGCTCAACECCAAGE  |CCTTCTTTCGETARACTTATAATGEEECE
V30 2248 kilctz len 9252303 163:1759380(C>A) (TTACCTGCARCCARAGTTACTATTTCARA  |CAACTEAACTTT! =£ C-‘AT’T'C GECTATTETCTGATCARCCCATTCARTA [ACAACATTCCTAGCAGATAATGECTCTC
3|0 308 ke |ct len 9252303 163:23293410T) CCCC-‘-'T'CT TTTCATCTITGET "'CTCCA" (GASGATTAGTATATCTE |TAACAGAGAGOCATTARAGTAGARMGIE  [TAAAGGCCATETETTCATAACTTTTCTT
41VS0 22233 [kel|cts len 10940617 1267:5988856 (T>C) GAGTAGATACARGTTCATCCTAAGAT CTATGATTTTCTGAGTOCARAAG  |TTTAGAGATATATTTGETTCEARATCAT | TCATCARACARAARAGTGATTAAGTTTA
5{VRD 241341  [kilctz len 2810 43862:2231(07) C ATCTATACCAGACTTCEAATCRGEC "’T'T'CTTTCCC"TCCTCJ""-. TGCTCTCTEETETCTETTATGTACCCA ALCCCACAATATCTGETEEAATATTACG
Trait: CPB
NP Fasition Forward Inngr Revers Inner Forward Quter Reverse Quter
1)CBP 659 |lclcte len 8252303 163:7655727 [GxAl |AAGAAGAAGAGAATTTCGAACTTTAGCCA |TTTTATCCCTCTTCAAGAGRGTTTITIC CCTTTGAACTCATACTCGCTTAGATCAR | TTTGAATGTATGTATAAATGACCTTGGCA
2|CBP £515  {Icl|ctz len 5252303 163:5117784(T+4)  |TTGGGATAAGAAKAGTGTAATTTATAGETT |ATATTGGATTATALCGTGAGAGACET GACCATTTTTAACTTACTGACTTGTTCC ATTTAAGGETACTTTTATGETCARRATG
3|CBP £24850 {Iclcte len 3827 22814:2659 (A5 ATTCTGAAATAACAAGGAGCATGCCAA | GCAAAGCATCAATTTGTAGGTTTCTCAC  |CATGTTAGAATGGAGGAAGGRACAAR AATCAGCACCTTTTTTCTTTTTTCTGARAT
4|CBP 24230 {lcl|ctz len 4505 5195:358 [T:6) ATCCTATGCAAATTTAARTTACAGLCE GAARAATAGCTCACTATAACTGAAGCTCCA | ATGTAATTAATCTGAAGGACACAAGEGA | TCTCTTTCCAATTACAABTGTATCAGCA
5|CBP 6443 |Icl|cte len 22025072 7341200067 [CT) |TACGCATGAGTGAAATEATCTITIGET | TTCTITCTTCCTTTTIGETTCCAATTE CATGAGGAATCATTTTCGAGAAGARARA | TTTGCTCATTGCTATGATCTCAAGTTAA
Trait: BP
NP Position Forward [nner Reverse Inner Forward Quter Reverse Quter
1|87 NP1 |lcl|cts len 15929230 21830:5860447 [&=T) | TTTGACACAATGTAAAGEAGTAAGGTTGTT  |ACACGTGAGCTITGLCTTAACCAAGTT |CATAGGCACTAACACCAAAGAAMAAGETC  |TACACGAAAACACACACATTCACTGAAL
2|87 NP2 |lcl|cts len 13028994 24846:12211586 T=C)  |CCCAACCUGAGGCGATATCTRTCATECC | GGAAGAATGCGGGEAGAGGGEATACA  |ACCCCTCTCTGLCAGGTTGLTTICCTCCAA | COGARAGRATCALTAGCCATRTCITERTCE
3|8P SNP3  lclctz len 834145 42285218034 (4] BTGLTGTTICARTTGACTTGUGARRTA GTGGAGCCCTTCARACCTTAGTATOGEC  [TCTTCTCCACCATAAAGATATCACTALC  |TTTGAAGCCARAACCATTAACARAGLLG
4|87 NP4 |lel|etz len 13020994 24046:8645527 (C2T) | AGGGGTTTCATTATGTRACTCAACGET CTRTTATTGAGCCTTCCACATCGATTE CAGATTCAGGTTCATGRTCATGAGTETTA  |ATCAAACACCTATCCAGCATGECAATTA
5|87 SNPS |lcl|ct len 2695747 834:2125458 (1) CTAACATCAAGTGGCGETTATGGAATC CACCATTGTACCTCTCTTGTTGCCCA (GCAACTGRAGACAAGGCATARTCATTT | CCGAGGTATTGEAATGEEAATTTITEAR
Trait: Hasil
SNP Position Forward Inner Reverse Inner Forward Quter Reverse Quter
1| HASIL SNPL Icl|cte len_ 16346715 S0720.7766731 (T+4) | CACCTACCAATAGCTTTCGCAATGATAA TTTEACAATTGAAGGRGATATCGAATGA | GAGGTAAGTCTGCAGCCATCAGCTATTCAG  |CCCTTCTCTCTCCAGTGGCTITAGCTAT
1| HASIL SNP2 Icl|ctg len_12080 11245:9,236 (-T) GEATTGATECTGTTCATGRACACAACCAC GTGAGEGAAMATGRTTGLCTTGTAGCCA  |AGCTCCAAAAGCTTCAGCAAAGALTTGGL TAGCAAAGCAGATGAACTTGLLTGETAGCA
3| HASIL SNP3 Icl[cte len 12636376 5496:12 378,978 (AG] |TCGAGGCTTTAACACATCAGATAGAGATTG  |GATACGAAGGAGLCAGAGGATGGGAT | TTAGTGCTGTTGATGCAGAAGGRATATG ALAAATTAGCCOTGAAGCGRARARATET
4[HASIL NP4 Icl|cte len_15052430 36031:3,978,480(C-T) | GAGETCTGEGATEEGGRTITRETAAT CBETTCCCTCTCTGTTTTACCCTITAAATG | GTTTCACTGGAGATGGCTTGRACTTTTT ACCATTCTTTCCCCTCCCCTITCTTITE
5| HASIL SNPS Icl|ctg len 15052430 36031:8978422 (T+4) | GCTTTAGTGTTTCTITTTTCCCTTIGACA CAACCAGAGATACAACACACAAAGCATTA  |CTTGRACTTTTTGTTGCACTTACATCCT CCTCCCCTTTCTTTTCTTITCTTTICICT
&|HASIL SNPE Icl|ctg len_15052430 36031:8,978,480(C-T) | GAGGTCTGGGRTGRGGETTTRETRAT CGRTTCCCTCTCTGITITACCCTITAAATG | GTTTCACTGGGGATGGLTTGGACTTTTT ACCGTTCTTTCCCCTCCCCTTTCTTIT
Trait: Lemak
NP Pozition Forward Inner Reverse Inner Forward Quter Reverse Quter
1[LEMAK SNP1  |lcl|cte len 11964671 28462:10599914 (G>4] | CTGAGGGACAGLCCTTCCTGTCACTTA TCTATARATTGCTTGAGTATTCTCACCCAC GTTCTAGCAGAGCAAGAGGCAGGTCTA CAGCGCATCACTTTTAGATCCATAGTTTC
2{LEMAK SNP2 |lcl|ctz len 7557474 17708:6,037 395 C=T) | CCCAAGAACACTAAGGCACAACCAAC TATCARATGGATCAALAGGAGELGAR TGTATTGACATTGTTAATGCAATTTGGGE GGAATGTCATTETTGETACTTGRATGET
3|LEMAK SNP3 |Icl|cte len 1443795 10887-400,163 (GoA) CTAAAGTGCCTACATCCACTCCCATA TITAGTGRATTGAARATTCCTTARTGAACE  |AGCTAAATGCAATARATAGTAAGAAGGGGG AATCCCATTAARAAGAAAGTGTAAGRRT
4|LEMAK_SNP4 |icl|ctg len 15052430 360315922085 G240 | ATGCAGGGATTGTGGCTITATGTTGA TCAGATAATCAATTAAGTGECAAGATTACC | TTGCAACTTATCATGTGAATAACAATGEAT ACAATTTTGLTTTCAAGGAACAAGTTGA
5[LEMAK SNPS |lcl|cte len 22025072 7341:19128876 T:4) | GTGCAGTCCTCTATATCGATCTCCTACTT TCCCAGGCTTAGCTTAGAAAACAAGT CTECTTACTACCTTAAGARACATTGEGA TATAGGCAAGTATTTGGTTTCATATCGE
G[LEMAK SNPE |lcl|cte len 11364671 20462:1534317 (5] | GTTCCATEATGCAGCAAGARKGTRACT GCAACCTGATAGATATGGLCTAGCCTAGTC  |TRCTTTTATAAAGACAGGEAAATACGRE GGATGATTACGTTTTCATTGTCAATCCTEA

Figure 4 : Listing of each traits with SNP location and possible allele-specific PCR primers

84




Malaysian Cocoa Journal
Volume 13(1)/2021

outer forward tnner reverse

-

A -

G

g
inner forward outer reverse

¢ 4 504bp control product
— 358bp G allele

&———& 203bp Aallele

Gel Electrophoresis

Figure 5: Showing data
_— — — representation from gel
electrophoresis of allele-
— — specific PCR
G/A G A
Heterozygote Homozygote Homozygote
Sequencing results of S10 and H08, both showed
Validation of T-ARMS PCR result homozygous genotype, T/T. The data shown by
Sanger sequencing was in concordance with the
Trait VSD: VSD_g41941 genotype shown by the T-ARMS PCR.
Ulcllctg_len 2810 43862:2231 (C>T) (up

requlated)

Optimization steps of T-ARMS primer using a
proper control sample

S0 W8 B s St M AW ONC

- mon & Sanger

[ — P N e ZOS([OHUD‘)
— f— &= 154 Tallele - Alt)

p— € 103(Callele-Ref)

Va||datl86$ﬁer[;] %%F%ﬁg%{ﬂ ;Dueaeg?]rge
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3 S0 (/1) GGAATCGTGTATACCAGGAA ¢

S10 HO
il m & Sanger

| H‘ “‘ “
LRI

205t

— 154 Tallle- At

€ 103(Calle-Ref

Figure 7: Validation pf PCR results by
comparing with Sanger sequencing

Trait CPB: CPB_g659 [
Iclctg_len 9252303 163:7655727 (G>A) (up
requlated)

Optimization steps of T-ARMS primer using a
proper control sample

g659

o4 €05 (63 S31 510t

p— — & 427 control
- 299 (Gallele- Alt)
— &~ 185 (Aallele -Ref)

Figure 8: PCR results for CPB before
confirmation with Sanger sequencing
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we POPOEPOC02(9 16 (97

5 (8 BB o s NC

& 33t
k- )
W A Talee-Re

S28  NIC
<427 |control)
& 299 Gallele-Ref)

— & 185 (Aallele- Alf)

Validation
of T-
ARMS
PCR result:

Sequencing

results of

fifteen samples showed that twelve of the data
shown by Sanger sequencing was in
concordance with the genotype showed by the

T-ARMS PCR

Figure 9: PCR results for CPB with different

samples

Trait BP: BP_SNP2 ->

Iclictg_len_13028994_24846:12211586 (T>C)

Optimization steps of T-ARMS primer using a

proper control sample

1500 \ . A  —

o —.

700 . 73C . T5C .

- B40n S28 ' B40n S28 ' NTC

a00__ '_" o/1 1/1 - 0/1 1/1°

300 [—

200 250 (control)
W— «&— 191 (SNPallele)

100 [rr— <— 113 (WTallele)

0 — .

 —R—E—=

Figure 10: PCR results for BP before
confirmation with Sanger sequencing
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Validation of T-ARMS PCR result:

Sequencing result of eighteen samples showed
that fifteen of the data showed by Sanger
sequencing was in concordance with genotype
showed by the T-ARMS PCR.

— e
— 505 S04 63 S28 BO7
JRS—
p— <— 250 (control)
<— 191 (SNP allele)
<— 113 (WTallele)
e —
B o e — ] —— .
09 V40 H2 vs7  cop  HOS  HO8 S5 it
I — — — — w— 250 {control)
— < 191 (SNP alele)
&~ 113 (WTallele)

106 123 $31 H23 P72 H25 58 NTC

—<— 250 (control)
<—191(SNP allele)

€— 113(WT allele)

1500 1 ' q '—'
o -
73:C , 75C

B40N 28 'B40n 28 ' NTC

01 11001 171"

— < 250 (control)
‘«— 191 (SNPallele)
£—113 [(WTallele)

F
LI

;
|

f
|

N I

Figure 12: PCR results for HASIL before
confirmation with Sanger sequencing

Validation of T-ARMS PCR result:

Sequencing result of eighteen samples showed
that twelve of the data shown by Sanger
sequencing was in concordance with genotype
showed by the T-ARMS PCR.

Figure 11: PCR results for BP with different
samples

Trait HASIL: HASIL_SNP1 ->
Iclictg_len_16346715 50720:7766731 (T>A)
Optimization steps of T-ARMS primer using a
proper control sample

H21 H25 HOS5 H22 HO7

231 (control)
<— 172 (WT allele)
<— 115 (SNP allele)

| T

=

01 H02 HO3 HO4 HO6 HO8 S25 H24 NTC

— — — — — — — —— 23] (cONtr0])

<172 (WTallele)
— — € 115(SNP allele)

—_————— e — — ]
. — — — — — — —
JR—

[re———-71:] H28 09 V40 H27 63 $31 NTC
—
—

— - — — w— W <— 231 (control)
f— &— 172 (WT allele)
— T — — — € 115(SNP allele)
- — - —— — — ]

Figure 12: PCR results for HASIL with
different samples
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Trait LEMAK: LEMAK_SNP4 ->
Iclctg_len_ 15052430 36031:5922085
(G>A)Optimization steps of T-ARMS primer
using a proper control sample

1500 p— — -.
1000 —
700 (101 <126 28 113
o/1 o1 11 11 ™
E1 H—
400 )
300 ’ &— 294 (control)
200 ' ' ’ <—210(WT allele)
] 140 (SNP allele)
50 :
- =

Figure 13: PCR results for LEMAK before
confirmation with Sanger sequencing

Validation of T-ARMS PCR result:
Sequencing result of twenty samples showed
that fifteen of the data shown by Sanger
sequencing was in concordance with genotype
showed by the T-ARMS PCR.

. e S e s
L26 L01 L05 L06 13 ntc

£— 294 {control]

&—210(WTallele)

p— - —— 140 (SNP alele)

b — —

Figure 14: PCR results for LEMAK with
different samples

CONCLUSIONS

A.SNP Selection

More than one SNP is required to represent each
trait. Selection is based on the result of targeted
sequencing performed from the last project. One
problem is the list of SNPs from targeted
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sequencing is a lot. From one region, there is
more than one SNP present.

If the region is selected, we must ensure that
there is no more than one SNP present.

B.Control sample/Positive control

A proper positive control sample needs to be
present in SNP marker development. It is
advisable to utilize the control or reference
sample which is used as a reference in WGS data

mapping.

C.T-ARMS PCR validation

More than 20 samples are recommended for the
primer validation to ensure that the selected SNP
accurately represents the trait. More is needed for
this stage.
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