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Identification of SSR Markers Associated with Northern Corn Leaf Blight
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ABSTRACT

Northern corn leaf blight (NCLB) caused by Exserohilum turcicum, is one of the most
serious diseases of sweet corn. Resistant variety is often considered the most effective
method for controlling NCLB. Conventional breeding for developing sweet corn resistant to
NCLB is time-consuming and the evaluation of NCLB resistance in sweet corn is influenced by
environmental conditions. Utilising DNA markers to screen for resistance to NCLB in sweet
corn is less time consuming and more effective. This research focused on identifying 16 SSR
markers that could be associated with polymorphisms related to NCLB disease reaction.
Twenty-six commercial sweet corn cultivars/hybrids were used in this study. Results
indicated that SSR marker, bnlg182, located on chromosome 1 (bin no. 1.03), exhibited
different particular alleles between moderately resistant and moderately susceptible to
NCLB disease. Then the bnlg182 marker was used as the template for amplification of the
DNA of 158 S¢ lines of sweet corn. The presence of particular alleles related to resistance to
NCLB from 10 S¢ lines of sweet corn. These sweet corn lines were planted to evaluate their
resistance to NCLB disease. The results indicated that the 10 S¢ lines of sweet corn exhibited
a moderate resistance (19 -30%) to NCLB disease. The utilisation of the bnlg182 marker as a
screening tool in resistance sweet corn breeding programs offers the advantages of being

simple and fast.
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Table 1 List of SSR markers used in this study and their sequences

SSR markers ~ Chrom. Forward primer Reverse primer Citation
position
bnlg176 1 AGTTCACGTCCAGCTGAATGACAG CGCGCATCGCATGCTTATCCTA Wende et al. (2018)
bnlg182 1 AGACCATATTCCAGGCTTTACAG ACAACTAGCAGCAGCACAAGG Wende et al. (2018)
phi037 1 CCCAGCTCCTGTTGTCGGCTCAGAC TCCAGATCCGCCGCACCTCACGTCA Wende et al. (2018)
umc1568 1 AAGTCCAGCCAAGTTCATCAAAGA ACTGTAACTAAACTGGGTGTGCCC Wende et al. (2018)
bnlg108 2 GCACTCACGCGCACAGGTCA CGCCTGCCAAGGTACATCAC Wende et al. (2018)
umc1042 2 AAGGCACTGCTACTCCTATGGCTA CTGACCTTTGAATTCTGTGCTCCT Puttarach et al. (2016)
umcl644 3 CCATAAACTGTTCCTTTGGCACAC CTTTCACGTGTTAAGGGAGACACC Osman et al. (2015)
bnlgd90 4 GCCCTAGCTTGCTAATTAACTAACA ACTGTAAGGGCAGTGGACCTATA Osman et al. (2015)
umc2038 4 ACAGAAACCAATGCATGTGATGAG TGCATGGTTGCTTCAGCAGT Wende et al. (2018)
bnlg238 6 CTTATTGCTTTCGTCATACACACACATTCAT  GAGCATGAGCTTGCATATTTCTTGTGG Wende et al. (2018)
umc1296 6 GCTGGAGATAGGCATCCAGACAC CTCTCCCGGCTCTGACCTAGC Wende et al. (2018)
phio54 8 AGAAAAGAGAGTGTGCAATTGTGATAGAG AATGGGTGCCTCGCACCAAG Wende et al. (2018)
bnlg240 8 AAGAACAGAAGGCATTGATACATAA TGCAGGTGTATGGGCAGCTA Min et al. (2012)
MAC216826-4 8 CGGAGGAGCATATTTTCCAA CGGGAATGGTTATGCAACTT Osman et al. (2015)
umc1149 8 TACAGTAGGGATTCTTGCAGCCTC GTGGGACCTTGTTGCTTCCTTT Puttarach et al. (2016)
umcl1367 10 TGGACGATCTGCTTCTTCAGG GAAGGCTTCTTCCTCGAGTAGGTC Kumar et al. (2022)

Chrom. position = Chromosome position

pre-denature 94°%. Wy 3 U1¥ denature 94° .
U 30 AU Annealing 487 @. U 30 U7
extension 72°%. WU 1 W17l ¥181 denature &9
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6622104-56 (30.35%) 6622104-97 (30.50%)
6622104-118 (55.90%) 6622104-157 (55.35%)

6622104-183 (49.25%) 6622104-196 (57.40%)
7522104-224 (54.85%) 7522104-261 (49.05%)
7522104-330 (54.95%) 7522104-354 (50.85%)
7522104-357 (30.20%) 7522104359 (48.60%)
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Table 2 Comparison the percentage of leaf area infection by northern corn leaf blight

(NCLB) on sweet corn cultivars/hybrid varieties and their resistance reaction level

Leaf area Level of Leaf area Level of
Cultivars/hybrid Cultivars/hybrid
infection disease infection disease
varieties varieties
(%) resistance (%) resistance
6622104-53 29.05 abc MR 6622104-24 61.75 e MS
6622104-67 29.15 abc MR 6622104-56 30.35 a-d MS
7522104-241 29.85 abc MR 6622104-97 30.50 a-d MS
7522104-268 25.25 ab MR 6622104-118 5590 e MS
7522104-282 27.65 abc MR 6622104-157 55.35 e MS
7522104-332 29.35 abc MR 6622104-183 49.25 b-e MS
7522104-363 27.45 abc MR 6622104-196 5740 e MS
Wan54 23.20 a MR 7522104-224 54.85 d-e MS
7522104-261 49.05 b-e MS
7522104-330 54.95 d-e MS
7522104-354 50.85 c-e MS
7522104-357 30.20 a-c MS
7522104-359 48.60 b-e MS
Hibrix3 64.70 e MS
Hibrix59 59.90 e MS
Insee?2 44.80 a-e MS
Songkla84-1 64.55 e MS
Wan1351 59.65 e MS

MR = Moderately resistant, MS = Moderately susceptible

Means in the same column followed by common letters are not significantly different at the 5% level by DMRT

Thai Agricultural Research Journal Vol. 42 No. 2 May - August 2024

185



flog] 2 Fada/iTosmune (Table 3) luvaed
w30 9nuIe bnlgl82 war umclld9 idada
unign e flog 6 dada/ta3eanuny e
Fasrzharmanuteemnelslelngs nie
AIMINNAINYA8DIBU (gene diversity, He)
9g581919 0.3900 - 0.7900 fiAadY 0.5936
NNTIATIENAN PIC WU AA10ET81ing 0.3500 -
0.7596 Tnep3oeming bnlgl82 uaz umcl3e67
flfin PIC g9 0.7596 31 Wende et al. (2018)
789°u31 /1 PIC > 0.6 Ustasdszansamly
N1ATIVABUANURANAIITENI @B RUTUI
gasinlng dmsumidded findosmnedidan
PIC > 0.6 $7u3u 10 indewmune Tiun bnlgl76
(0.6559) bnlg182 (0.7596) bnlg108 (0.7200)
bnlgd90 (0.6894) umc2038 (0.7341) bnlg238
(0.7221) umc1296 (0.6319) bnlg240 (0.6038)
phi054 (0.7345) way umc1357 (0.7596) Lanalu

< | a D A a a <
LAUILATBIVUNELNa U UTEaNnsn 1wty u

A3 RINNER B U TIeAAENAULANAN
sewinaiug/aneiugoglusefugs Wofnw
ANFuRusseni1dlulnd [Weoyadada
geaAsosmneLeaeaensd) uarilulnd (sedu
nsdulsalulngdunalug) wuin Ledeanung
bnlgl76 bnlgl82 phi037 umcl6d4d Lag
umc2038 1ANULANANAUE T TyE AN
adf (p<0.05) weitilef9150A7 PIC S9ufuen
pvalue Wui1 dueaiAIoInuie bnlgl76
bnlgl82 uax umc2038 wintufidn p-value
Funndrsfuegefidod 1 fgnisadfnas
PIC > 0.6 fatfu 1A% IMNY bnlg176 bnlg182
war umc2038 FuiduinSoavuneiid

s

Usgansainlunisdndeniug/areiug
FlnannudisinuiuniusesuliIunans
Fadslaipefisnoeunisldiadesmnesteanud
TunrsAatdent1aluaranuauniulsatulug

unalngluuszinalng

Table 3 Information based on SSR loci and differences among sweet corns

Bin Number p-value
SSR locus He PIC value
number alleles (chi-square test)

umc1568 1.02 2 0.4885 0.3692 0.326
bnlg176 1.03 3 0.6337 0.6559 0.003
bnlg182 1.03 6 0.7900 0.7596 0.009
phi037 1.08 3 0.3900 0.3500 0.022
bnlg108 2.04 5 0.7557 0.7200 0.295
umc1042 2.07 4 0.5277 0.4925 0.198
umcl1644 3.06 2 0.5000 0.3747 0.001
bnlgd90 4.04 4 0.7372 0.6894 0.199
umc2038 4.07 5 0.7723 0.7341 0.017
bnlg238 6.00 5 0.7611 0.7221 0.149
umc1296 6.07 4 0.6897 0.6319 0.159
bnlg240 8.06 4 0.6557 0.6038 0.304
umc1149 8.06 6 0.3900 0.3500 0.267
MAC216826-4 8.07 4 0.6173 0.5413 0.118
phi054 10.03 5 0.7711 0.7345 0.241
umcl367 10.30 3 0.7900 0.7596 0.802

He = heterozygosity, PIC = polymorphism information content
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NTEUIUNTTAIUATIZIRAI8LAY (Teakle et al,
2002) TUdIuU9UNUIMNIAIUAIUAIUNTY

TsAvgsneiinnsAnues wazdaluinis@nwn

Tudalne uAseiAeadesiuunumvesdu
GATA Tuduanugiuniulsaitafiiidosn
Juanug dn13finwives Zhang et al. (2018)
51897971 §u GATA Tuwmsnanfuduiid
ununlunsaurunsiialsasuds waglse
A Bedlanmganainnisinidion Erysiphe
cichoracearum Wa¥ Pseudoperonospora
cubensis MUAINU UINWITUNITUANIBDNVDY
BU VAGATAZ ﬁmﬁwﬁmw’juwmmm oxygen
species pathway v uiieduniulsa
suU9a4u (Yu et al, 2020) wonan fadlseanu
’jﬂuizmwﬁ%’ﬂmﬁgﬂﬁaﬁ Rhizoctonia
cerealis Wvhane 417a1adnsnevausdiie
Frunmudesililldielsa sharp eyespot lng
MsLfiunsianseenvesdy TaGATAT Tiiings

1134 (Liu et al, 2020)

3. AATIENFULUUVRIDAG]
WawNY bnlgl76 HuwauRioueusing
3 fuvnds oA a b uar ¢ Faimuslidsuwuy

v

Faaardu A B uaz C auaisu wiaSeutfieu

[y 1

fusgninangud1lnaninuidszauaing

£

fumuunanfunguiiseuneUunans wu
7 3 sUnuudadaluiis 2 ngu Faifu bnlgl7e
Fali@1u1909 U UNAIIUUANAI9TEN T
ngutlnavuifisgfuALFUINIULANANg
Aulg (Table 4)

L3 9nuY bnlgl82 Huaudiduie
U305 6 d1unus laun defgh uag |
nualisuuuudada A Jluaufidwe h wa |
Usng) jUkuUdada B fuaudiduwe g Using
JULUUSaGa C fuaufdwe g uaz | Using
sULuUSada D fuauidwe d g waz i Using

sULUUSaGa E duaufdwe f g uag i Using
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JULUUSada F duoufdwe e waz ¢ Using  sUwuudada J duaufdwe d h uag i Using

JULUUSaGa G Juaufiduie g waz h Using  jUuuudada K Juaufidule e uaz h Using
sULuUSada H duoufduwe d e uaz g Us1ng  jUuuudada L Suaufiduie d uag g Using
JULUUSaGa | fuaufdwe e uag h Using WatUSguiiguiuseninangudnilnaninund

Table 4 Present, absent allele and allele variation using SSR markers; bnlgl176, bnlg182 and

umc2038; in 26 cultivars/hybrid varieties of sweet corns infected by northern corn

leaf blight (NCLB)

Cultivars/hybrid | o o OF | bnlel76 bnlg182 umc2038

variety dlisease a|bjcjal|dje|fig|h]ijal|j|k|Ll|mn|al

resistance

6622104-53 MR A
6622104-67 MR 5
7522104-241 MR A
7522104-268 MR . :
7522104-282 MR .
7522104-332 MR . A
7522104-363 MR . c
Wan54 MR C
6622104-24 MS . . .. 5
6622104-56 MS . . .
6622104-97 MS . . .
6622104-118 MS . . 5
6622104-157 MS . .
6622104-183 MS . 5
6622104-196 MS . 5
7522104-224 MS . 5
7522104-261 MS . .- . . 5
7522104-330 MS . ... 5
7522104-354 MS B . .
7522104-357 MS B . i
7522104-359 MS C . . 5
Hibrix3 MS C lll .
Hibrix59 MS C . . . =
Insee2 MS B . . . =
Songkla84d-1 MS B . .
Wan1351 MS C . . .

a-n letters = DNA band or allelel position; al = allele variation; MR = Moderately resistant; MS = Moderately susceptible

- = present allele I:I = absent allele
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syduFumuULnastunguiseuweU LA
WU ngudlna L Inavuitse iy
Aumuliunadisuuuudada AB C D uag E
Tuvnizfinguiiseunsuiunansiisluvudada
F G HIJKuae L 3udueiomunefianise
LENANNLANA1TEVININGUE T NAN U
SEAUAUMUUIUNALA UL UUNA 19BN
nfula

1AT0IMUNE UMc2038 TunuALBule
Using 5 d1uuis laun jkLmuag n
Avualigluuudada A Suaufitduie j uag |
U51ng) sUsuudada B Juaufduie m Using
sUuuudada C Juoudduie kmuag n
U5ng) JUwuudada D duaufduie k Using
sUnuudada E fuaudiduie jUsing
sUnuudada F duoudduie k Lm uag n
U51ng) JUuudada G Tuaufduwe k L uay m
Usng) jUuuudada H Juaufduie k uway m
Usng dlewIsuiiisuiuszwinengudiolnn
vt wavuifissdusmuUunans
funquilgouteUiunans nuiinguinalua
vt navuifissduimmuUunans
f5Uuuudada A B C dwunguesuteuiunanadl
sUuvudada A B C D E F G wag H oty
wipsneaslinansmaupninsssienguld

Faduluniseuidedfenuiiio
WP5aLNY blgl82 FianunsauenALLANAIS
seystnlnavuifsefuduniudiunans
uazgouLoU unadld F951891uv09 Wende
et al. (2018) 1414 bnle182 1Jura3eanue
oateanisfinislunis@nuwininuaiiy
NaINMAeN R UTNTINYBIT1IINANIU

aunulsaluludunalug) 1wudu

4. n1sAnLaandI lWANIUGNNANTUTIN 6
A281A39%NNY bnlg182

Adwerasdlnaniugnuauudn

s A o

i 6 §1u2u 158 anewud A lhduans
fugnssudumuulun s findunadue e
L3 enu"E bnlgls2 Lilonsiaaeusadad
Using wui Stnlnanugananguiag 6
$1uau 10 anevud ddada B C uaz D T
udadainuludnalnannuifiszfuiuniu
Urunasielsa agiugainangniiuivgnlu

WAeu funeu 2565 quéidedivliideddn
wazuiindeyanisuszsifiunisilulsalulng
uwalng) WWoe1gasu 55 Ju wudn anesus
6622102-55-1 6622102-56-1 6622102-57-1
6622102-60-1 6622102-61-1 6622102-95-1
6622102-96-1 6622102-97-1 6622102-239-1
WaY 6622102-240-1 N1THAAIDINITUNAUY
fiudilu 19 - 30% dnegluszduaudiumiy
Tsavunans wansliifiuinaneiudina iita
ANNAINNTOLUNTTUBNUAULEIAIENITHBAY
Tselulvunalng) warmsiilunaaeuiesdu
mutumeuvosaeiugfinmdilunisuiulss

9

Wugsely

dyUnan1Inaasg

A58 unLAS B BB uleylia
LoaLed01S NduRusTUTEFUAINFIUNIY
voslsaluludunaluglut1alnanaiu wua
dNunsofAEoNIAT ML BLOdLe A STIdUTUS
Auanwazdrumulsaluludunalugszauuiu
nandludlnenauld 3 990 16 LA3eenuny
15u WS ewmne bnlgl176 bnlg182 Way umc2038

LATINNITIATIBYTULUUIBITARD WU
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LATBIMNY bnlgl82 LAMINATDIDARAUANGS

AUIENINNUG/A18RUFTIINANITUATUNIY

9

Umunans Auiug/aeiuginlnaninugauus
Urunarshidaian Sudenfisandaanune
bnlg182 lunageulunisAnidandilnaninu
annaNguIf 6 wagnuin annsaldlsiegned
Usgansam faduLndeanunelodiedens
bnlg182 awnsainlulglunisAnidendiilng

wundarudrunulsaluludunalue seav

Y]

Urunanslaludunounisusulsanug

ANYaUAL

Hae1uIdeLTeeilasunisatvayuIy
WeannemudtasuIngmans 19 wag

YINNTIH (1))

LONEI5D19D4

N52550 Wadnig. 2551. 1sadalnaflnan. tonans
91017 EINITUWAIUINITDISTNVINDY NTH
FPINTNYAT. WNETBYA: http/libdoagoth
/multim/e-book/EB00572.pdf. HUAL: 15 F9n1Aw
2566.

24813 AnfAudey. 2567. anrunisaidagiuves

gnamnssudlnaniulng. unasdoya:
https://thaifood.org/main/revealed-the-current-
situation-of-thai-sweet-corn. &UAL: 23 LBEARY
2561.
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