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Evaluate of SSRs for Heat Tolerance using Korean Major Wheat Cultivars and
Heat Resistant Turkey Resources
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ABSTRACT High temperature is one of major environmental
stress. Heat tolerance managing is difficult through the phenotypic
selection, so marker assistant selection (MAS) using molecular
markers like as RAPD, SSR etc. was tried to select useful
traits for heat tolerance. Fourteen SSR markers reported by
previous research were selected for this research. We tried
to evaluate 14 SSR markers for MAS using 31 useful wheat
resources including 24 crossing line from Turkey, six Korean
wheat cultivars and Chinese spring. The average of the
number of alleles and PIC values in this study were 6.14
and 0.64, respectively. Two major clades and four sub clades
were grouped by phylogenetic tree using UPGMA. Four Korean
wheat cultivars were distinct from other Turkey resources in
the phylogenetic dendrogram. From the results, we expected
that these markers were able to adapt to screening wheat
genotyping for heat tolerance.
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2001). SSR-2 Restriction fragment length polymorphism (RFLP) AEANREE 27 27, W 14, & 208 2=
o]t} Random amplification polymorphic DNA (RAPD)]| 770 =3} CIMMYT H7| Sdd A2 HE Hok ko
Ha] e dat A ogde ST 4= o, 8% 23418 T 31719 Y& ARESHItHTable 1). B7] 534

Table 1. Information of 31 in bred lines and wheat cultivars used in this study.

No. Crossing and varieties name Origin  Accession number
1 BEZOSTAYA - 950189
2 SERI - 951027
3 ZANDER-17/3/KAUZ*2/YACO//KAUZ TCI 130776
4 1-27-6275/CF1770//5/GHODS/4/ANZA./6/PROGRES TCI 130778
5 JI5418/MARAS//NOVOSADSKA TCI 130779
6 DORADE-5/DUNAV TCI 130791
7 4WON-IR-257/5/YMH/HYS//HYS/TUR3055/3/DGA/4/VPM/MOS TCI 120447
8 PYN/BAU/3/AGRI/BJY//VEE TCI 130796
9 F06659G6-1 ROM 110620
10 OKO07218 USA-OK 110574
11 YUMPA RUS 110604

OWL,85224/7/T.SPH/2*H567.71//CMH77.93/3/2*CMH79.959/5/

12 T.SPH/2*¥H567.71//CMH77.931/3/CMH79.959/4/CMH79.959/6/GASPARD IR-KARADI 130672

13 URES/BOW”S”/ADANA-99/7/HK1/6/NVSR3/5/BEZ/TVR/5/CFN/BEZ// TCI F4
SU92/CI13645/3NAI60

14 OASIS/SKAUZ//4¥*BCN/3/2¥*PASTOR/4/F498U1-1021/BOEMA TCI F4

15 CHEN/AEGILOPS SQUARROSA(TAUS)//BCN/3/2*KAUZ/4/CATEDRAL TCI F4

16 CATEDRAL/5/WBLL1*2/VIVITSI/4/D67.2/P66.270//AE.SQUARROSA(320)/ TCI F4
3/CUNNINGHAM

17 LCR/SERI/3/MEXDW/BACA//VON A/4/TAM200/J15418/5/ TCI F4
BABAX/LR42//BABAX*2/3/BRAMBLING

18 JI5418/MARAS//SHARK/F4105W2.1/3/WBLL1*2/KIRITATI TCI F4

19 SUNCO/2*PASTOR/6/TX69A509.2//BBY/FOX/3/GRK//NO64/PEX/ TCI F4
4/CER/5/CHIL/2*STAR

20 WBLL1*2/KIRITATI//BILLING(N566/0K94P597) TCI F4
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Table 1. Information of 31 in bred lines and wheat cultivars used in this study (Continue).
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No. Crossing and varieties name Origin  Accession number
21 WEAVER/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC/5/DEMIR TCI F4

22 KAMBI1/MNNK1/WBLL1/4/VORONA/HD2402/3/RSK/CA8055//CHAM6 TCI F4

23 ST.ERYHTR 133407/8/CAL/NH//H567.71/3/SERI/4/CAL/NH//H567.71/5/ TCI F4

2*KAUZ/6/PASTOR/7/CROC_1/AE.SQUARROSA(205)//KAUZ/3/2*KAUZ*2/Y ACO//KAUZ

24 Ol Korea Cultivar
25 Olgeuru Korea Cultivar
26 Jopoom Korea Cultivar
27 Keumkang Korea Cultivar
28 Jokyoung Korea Cultivar
29 Baekjung Korea Cultivar
30 Goso Korea Cultivar
31 Chines spring China Cultivar

Table 2. Characteristics and genotypes of SSR markers for marker assisted selection of 31 wheat varieties for heat stress

resistance.
Marker e « neo  Chromosomal Number PIC
name Forward sequences (5‘3‘) Reverse sequences (5°3°) location QTLs of allels value Reported by
Gwmll GTGAATTGTGICTTGTATGCTTCC GGATAGTCAGACAATTCTTGTG 1B Grain-filling -, o, Yang et al.
duration (2002)
Gwm291 AATGGTATCTATTCCGACCCG  CATCCCTAGGCCACTCTGC 5A HIS Single o) g3 Mason et al.
kernel (2010)
Gwm268 TTATGTGATTGCGTACGTACCC — AGGGGATATGTTGTCACTCCA 1B HIS Single 5 ;) Mason ef al.
kernel (2010)
Gwm293  TCGOCATCACTCGTTCAAG TACTGGTTCACATTGGTGCG 5A Grain-filling = ) g5 Yang e al.
duration (2002)
Grain-filling Mason et al.
Gwm325  TITTTACGCGTCAACGACG TTTCTTCTGTCGTTCTCTTCCC 6D : 4 0.69
duration (2010)
Gwm484  AGTTCCGGTCATGGCTAGG ~ ACATCGCTCTTCACAAACCC 2D Grain-filling 5, 55 Mohammadi
duration et al. (2008)
Xgwm111.2 ACCTGATCAGATCCCCATCG  TCTGTAGGCTCTCTCCGACTG 2B HIS Single 5 ¢o Mason et al.
kernel (2010)
Xgwm294 GCAGAGTGATCAATGCCAGA  GGATTGGAGTTAAGAGAGAACCG 2A HIS Single 5 ¢g Mason et al.
kernel (2010)
Xgwm356 CCAATCAGCCTGCAACAAC — AGCGTTCTTGGGAATTAGAGA 2A HIS Single g ¢g Mason et al.
kernel (2010)
Xwmc407 CATATTTCCAAATCCCCAACTC  GGTAATTCTAGGCTGACATATGCTC 2A HIS Single 5 ;o Mason ef dl.
kernel (2010)
Grain-filling Mason et al.
Xbarc137 CCAGCCCCTCTACACATTIT ~— GGOCCATTTCCCACTTTCCA 1B ) 11 063
duration (2010)
Grain-filling Mason et al.
Xcfd43  CCAAAAACATGGTTAAAGGGG — AACAAAAGTCGGTGCAGTCC 2D : 5 067
duration (2010)
HIS kernel Mason et al
Xcfa2129  ATCGCTCACTCACTATCGGG — GTTGCACGACCTACAAAGCA 1A number of 4 0.66 aigmg) at
spike
WMC527 GCTACAGAAAACCGGAGCCTAT ~ ACCCAAGATTGGTGGCAGAA 3B HIS Single o 4o Mason ef al.
kernel (2010)
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FaolA Hop we BAFL WueA B7h 23 1L
AP e BET ABORA B Ao o gHth
Genomic DNA+= Genomic DNA extraction Kit for plant
(SolGent, Korea)E ©]-835}o] =3}t

PCR U CHY 24
7% AolH WaE 147 SSR BIAE ALgSH] EE
% AlE 3171& PCR £4]5}%{tH(Table 1, Table 2). PCR-Z
A 60 nge] DNAE FF o= 3}o], ato|H 0.5 umol,
dNTP 0.2 mM, Taq DNA polymerase 1 unit (GenetBio.,
Korea)9] £/J o= 3 H Ity PCRE B Xtk WS o]
£3to] fEgjom, AL 94T oA 30%, 65C-55T
(-0.7Cleycle); 30%, 72Co|A 1802 133] 31 & 94T;
30%, 58C, 30%, 72C; 1822 353] vHE35191 11, QlAxcel
s 719 FA(QIAGEN, USA)E o]&3t H7|Y%
3t & g Al S5kt Polymorpism information content
(PIC)= PIC = 1-Z ,pi* 2 AASFATHLiu, 1998).

A »—1/2|3|4|5]|6

et SHEA| b2 HES 2442 ‘1 ‘0° =2 Hlo]E 3}
sk} NTSYS-pe 2.0 Z=IHS o]§sto] FAZ E4&
25} TH(Rohlf, 1998). 3171 AR 9] 4 A
= unweighted pair-group method on arithmetic averages
(UPGMA)=Z et

=t

z4 |.|:l| -T'—E

a1 %

SSR O Ctad 24
2 Ao AFEE 147] SSR mhA = WO 24, 1B, 2D 5
A& e GAA G EA8tE AomA I T4 5,
A, Het & AsdA & A SE QTLY: 7
ATE o Q= Ao Z HEQItkSadat ef al., 2013). 7]&
o] @2 QTL A5 33l oufjA| Eadat ool AA
T8 AXRAEY A A Fol 7 BIHEA
Ak, @ A 24 tieE AR = A T
o+ e 52 Ao 2A Wil S 22 skt
=] = QTL BEAo2ix AlZ=EthMason et
& 53] 73k & 10~15U A 2P A<l

O
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Fig. 1. Some SSR profiles of PCR products and 2.5 kb ladder was used for 31 wheat genotypes. The amplified products were
represented in the size range of 15 to 400 bp. A: Gwm291, B: Xgwm294, C: Gwmll1, D: Xcfd43, E: Xgwmll11.2.
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o] 93FS u|ZtHHoughton et al., 2001). E2}o] A
717ke] & EF FAeL HFA o UrhR FH

24 b

SHE o747l ¥l 5 shuE ZHE-3ttk(Bhullar and
Jenner, 1985). & ¢1to| A% SSR vpA &= djRE Fz}
o] AutAlel T4 4 59 QTLI} dA¥tE o] Slti(Table
2). 1471 HAE SlollA S4% E EF 770, "7leA &
oF vkro e GA Y 2379} Chinese spring 5 317
ol Agsto] FAAE S HwskGIT) B 7| 257 E e &
T % AT WL Bt e d T AEY 20

AE 2te Je2 Usyth #8 a4 F52 =
7|50l A 54 A=A WA 54 240 dA
SOIUA Tk Ty B7] ARk #AE £4E E
3 Wied SAS o= A= 752 5 e AR A
FaL, farAdoll tigt = A7t AagE Aojek 3174 2
[e]

=

=A% A3k HA| 86709 5 AA7F 2l E] Sl Th(Fig.
). 202} 0l T A 50400 bp olfe] WES
glole| &= AR5l 3~16719] AR SRl Sl
g e AR AR 47 SR AL Gum2ol A
16717 SRR, 1 B 40| AR XwmedoT
T} Gwm4840)| A 3717} el =9l th(Table 2). Gwm291 w}
<= 50~300 bp HeIoNA 16709 7H w2 b4 WHert
gHolE] a1 PICE= 0.830]%1tk Gwmll, Xcfd43, Xgwm294,
Xgwml111.29] t}g4 WHE = 50~400 bp He| ollA

EF 2% E{F| SMXIML 0|80 IS4 &2t SSR OtH B It 297

Z¥zy 47W, 57K, 57K, S/HE Bt Y fAA; =9 vl
LFERE L, o] 59 Bt PICE 0.669]th(Fig. 1). Fig. 19]
A B A o] QlAxcel A5 A7) 954 = AR of

Am2moA Selshe Atk RS ol g B 5 9]
uhol] A RHAA 57t ok Aol Belshs An

o W, AL BT 4 lgickFig. 1. SSR ohs
QUAFE] 3 SANHIHE B P RAARA L}
% 4= Qlth(Naghavi ef al., 2007). SSR 572 A} Zof <331
+ WEAAA ol B dAFE Fo HaEgloh
(McCouch et al., 2001). B4 6.147]19] HSAR7 B o

£ 39 gl on, o]AL 7]E9 Ato|A Hirw
5.47)\(Sadat et al., 2013)2} 5.27l(Zeb et al., 2009), 3.27}
(Salem er al., 2008)S7} t}2 74 Lrelytth. 1471 SSR u}#
9] H PIC= 0.642 EREOH, Xwmced070] 0.192 713
W UeRda, Gwm2933 Gwm2910] 0.830.2 714 =7
UERTE Xwmed079] Higd 542 27F 3702 22 A9
ula) cheA e o] tEes A7k,

HAESN 2M
o= ="
AEsH E44x A A N e FEHUG

— b
(Fig. 2). =4t 5 T 2°] oFIEIID2R A= UL
ST, A, 25, 5 A FF2 B Ay o2
+ HAAD) ZEolA et WAy ddd g 2
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Fig. 2. The dendrogram of the UPGMA of 31 wheat genotypes using 14 SSR markers. Arrow indicates branch point and red
letters were Korean wheat cultivar. The numbers indicate the resources from Turkey in Table 1.
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Qi F7F, 27, W=, Chinese spring> 3 HA(D) 152
= PAEUKFig. 2). T4 FF F & 2%, 1F
Al FF 7171 e FFo2A &2 19661 s

Aol sHT25et -2 E wHjste] S4EH 5
o8 E47|8 A7 AREEY 2 WE Jor W

Ho] Ath(EEAEA, 2011). 2E-2 1990 2EA Aol
A BET7559 W FE(SW88416-B-0)1} CIMMYTO|A =
YE FFY Fio] wHlE Bl S48 FEoE B =
271 A47)7h A8ET 5~1098 wj$ wEn S8
Eak 22 259 BE Ao misol ok RN
%, 2011). 572 W8, das Ao r fedE 54
H ZFo|th(Nam er al., 1998). 273 WF2 717} 2004
20074900 SAEH FFoE S5 45717 SR
349 W2 oz maEol Ut o5 BEE BT 47
7t g5 SFFoEA AFRHY 579 Ax7|7E Bt
3~6d A WE Zlor HiEo] vk ey &, 1%,

Fa, e Aol 12X &34, a4, 9, 242 ¥

N 2 ofd

Kl o

N

ol Moz FHFer Hiugo] Jrh 2uge &, &
IF, 237, Aa 5 Y F52 g7l0M 29 WA
A M2 o2 25 =l 3L, 57, 27, UE
3N FE2 UL AR B Al At e A
S 2 yEhth o] 23E T3 2o WAL S0t
As7] o9 SAET vdd) ol B ddEol Jle

Aow ZZur
5 e

o] Fx717 A ¢, FAFAY WE SSR vpA
of H7loA g WA FHAAd
237119} =AML #3277, Chinese spring 17 & 3171&
A% Ay, AA 86719 tHHFHAEE 6.147H)7F =
Q= ek Hat PIC g 0.642 Uehgth ohaA #42
3 ubA HolEE ol&sto] AlF #Ae T A% 2A

A agoR FAEA 2ol 4w 1goR Py
Holn &%, uh, 2EF Fol #7144 b2 @
agoR YYE 3, 24, 9F 5 A EEL w7
AUET ge aFOR ehkAw BHA el
AL ge AoR dehith Y £F 3 8, 20F,
2F, 14 5449 3%, 27, 9F 53N AR g

goR FAEUL T 15 Holt uhy Nsh e 7

NN

2 A= 20159 % 5218 SHA e waked
S04 2| A (PI008756012015)1F THA| PJ008756062015
of oJsff o]Fox AY.
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