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Table 1. Characteristics of the rainfed wheat genotypes used in this study

No. Name/Pedigree Type Ori ginT
1 Sardari Cultivar IRAN
2 Azar2 Cultivar IRAN
3 Rasad Cultivar IRAN
4 Ohadi Cultivar IRAN
5 Saein Cultivar IRAN
6 Azar2/87Zhong291-149 Promising line IRAN
7 Varan Cultivar IRAN
8 Homa Cultivar IRAN
9 F10S-1//ATAY/GALVEZ87 Promising line IWWIP
10 Seafalah/3/Sbn//Trm/K253 Promising line IRAN
11 Sardari-101 Promising line IRAN
12 Unknownl1 Promising line IRAN
13 Sabalan/4/Vrz/3/Or F1.148/Tdl//Blo Promising line IRAN
14 F134.71/Nac//Zombor Promising line IWWIP
15 HN7/OROFEN//BINS8/3/SERI/4/ Promising line IWWIP
16 F130-L-1-12/LAGOS Promising line IWWIP
17 Sara-PBWYT-85-86-22-5 Promising line IWWIP
18 PYN/BAU//BONITO Promising line IWWIP
19 Sabalan/84.40023//Seafallah Promising line IRAN

20 SUBEN-7 Promising line IWWIP

: IWWIP, International Winter Wheat Improvement Program.
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Table 2. Adapters and primer combinations used for AFLP analysis of wheat genotypes

Restriction enzyme

EcoRI

Msel

Adapters

Preamplification primers

Selective amplification primers

5'-CTCGTAGACTGCGTACC-3'
3'-CATCTGACGCATGGTTAA-5'

5'-GACTGCGTACCAATTCA-3'
E-AGG

E-AGC
E-ACT
E-AGG
E-ACG
E-AGG
E-ACT
E-ACG

5'-GACGATGAGTCCTGAG-3'
3-TACTCAGGACTCAT-5'
5-GATGAGTCCTGAGTAAC-3'
M-CTT
M-CTT
M-CTC
M-CTC
M-CTG
M-CTG
M-CTT
M-CAA
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Table 3. Descriptive statistics and broad-sense heritability of different traits of wheat genotypes in average years

Trait’ Condition Mean Min Max GCV (%) PCV (%) H lz)s (%)
DH Supplementary irrigation ~ 201.15 196 207 1.01 1.06 91.44
Rainfed 197.13 193 202 0.61 0.75 64.71
PH (cm) Supplementary irrigation =~ 122.45 86.10 163.06 6.56 9.64 46.31
Rainfed 110.49 73.44 174.43 13.02 16.21 64.47
SL (cm) Supplementary irrigation 10.66 8.48 12.82 8.10 9.98 65.81
Rainfed 9.09 6.01 11.28 6.44 10.75 35.93
SDW (g) Supplementary irrigation 1.42 0.88 2.17 16.52 20.54 64.71
Rainfed 0.84 0.39 1.27 18.21 21.76 70
NSPS Supplementary irrigation 37.10 19.31 53.70 21.93 23.22 89.21
Rainfed 28.67 10.7 52.9 29.31 30.81 90.55
WSPS (g) Supplementary irrigation 0.99 0.63 1.46 17.42 20.12 75
Rainfed 0.5 0.21 0.72 19.88 28.12 50
PL (cm) Supplementary irrigation 42.5 30.22 54.93 11.21 13.08 73.53
Rainfed 37.04 23.95 52.04 12.98 16.41 62.6
PW (g) Supplementary irrigation 0.61 0.36 1.04 23.71 25.88 83.89
Rainfed 0.44 0.23 0.83 20.61 30.56 45.45
RWC (%) Supplementary irrigation 84.03 74.53 95.26 8.63 10.13 72.53
Rainfed 75.11 62.90 84.39 6.44 10.75 35.93
RWL (g/g.hr)  Supplementary irrigation 0.238 0.109 0.395 7.93 10.68 66.17
Rainfed 0.401 0.189 0.711 6.88 9.08 52.55
TKW (g) Supplementary irrigation ~ 46.62 32.73 56.39 10.05 11.16 82.54
Rainfed 34.5 21.95 48.4 12.67 15.34 68.24
YLD (kg/ha)  Supplementary irrigation  3561.7 2557.5 4941 25.28 29.32 76.45
Rainfed 2399 1853.08 33324 10.31 24.18 37.5

¥: DH, days to heading; PH, plant height; SL, spike length; SDW, spike dry weight; NSPS, number of grain per spike;
WSPS, grain weight per spike; PL, peduncle length; PW, peduncle weight; RWC, relative water content; RWL, relative
water lose; TKW, 1000-kernel weight; YLD, grain yield; GCV, genotypic coefficient of variation; PCV, phenotypic
coefficient of variation; h%, broad sense heritability.
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Table 4. Genetic diversity statistics for eight AFLP primer combinations used in this study

Primer

combination TB PB PPB EA He Rp MI I PIC
E-AGG/M-CTT 28 26 92.86 1.415 0.252 9.658 6.59 0.396 0.273
E-AGC/M-CTT 13 11 84.62 1.365 0.227 4.162 2.48 0.365 0.266
E-ACT/M-CTC 13 11 84.62 1.502 0.294 4.166 2.504 0.45 0.269
E-AGG/M-CTC 6 6 100 1.605 0.342 3.334 2.083 0.508 0.347
E-ACG/M-CTG 17 16 94.12 1.404 0.254 6.998 4.523 0.404 0.3
E-AGG/M-CTG 20 20 100 1.352 0.229 7.5 5.542 0.372 0.277
E-ACT/M-CTT 9 8 88.89 1.642 0.368 4.334 2.493 0.543 0.351
E-ACG/M-CAA 21 21 100 1.451 0.268 8.666 6.306 0.416 0.3
Total 127 119 11.736
Mean 15.88 14.88 93.14 1.467 0.279 6.102 4.065 0.432 0.298

TB, total bands; PB, polymorphic bands; PPB, percentage of polymorphic bands; EA, effective alleles; He, expected
heterozygosity; Rp, resolving power; MI: marker index; I, Shannon's index; PIC: polymorphic information content.
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Table 5. AFLP markers associated with evaluated traits in supplemental irrigation and drought stress conditions

Trait" Condition Associated marker” P value™ Adjusted R?
DH Irrigated al6, el2 4.36E-4, 0.019 0.546
. 2.7E-7, 2.8E-7, 1.2E-6, 1.3E-5, 5.4E-5,
Rainfed h21, a3, al6, £10, hS, c12, h9 0002, 0.029 0.325
. c2, ¢8, a3, €9, 3, a8, d2, €6,  4.8E-6, 1.1E-5, 1.1E-5, 2.2E-5, 5.9E-5,
PH Trrigated cll 4E-4, 4.7E-4, 0.004, 0.01 0.376
Rainfed g8, c2, a3, cl2 1.5E-5, 5.2E-5, 3.2E-4, 0.011 0.362
2.6E-5, 4E-5, 1.2E-4, 1.8E-4, 2.2E-4,
SL Irrigated g7, el7,al4, d4, d2, h13, h19, "3 557y g 4 4 0,002, 0.005, 0.023, 0.339
a5, h3, g9, al5 0.038
. d3,h14,h13,d1,e9,b2, h21,  1.4E-6, 4.8E-6, 5.6E-6, 2.4E-4, 7.7E-4,
Rainfed 3 5.7E-4, 0.001, 0.02 0.373
. cl1,b7,b3,al4, h13,a5, 8,  9.8E-5, 1.9E-4, 2.7E-4, 3.8E-4, 2.8E-4,
SDW Irrigated a26, c5, g6, al0 0.003, 0.002, 0.008, 0.012, 0.039, 0.046 067
1.3E-4, 1.2E-4, 1.3E-4, SE-4, 2.6E-4,
Rainfed a25,e2,hl3, gl, b3, b7,29, 86, "5 55 4 "0 001, 0.0013, 0.01, 0.017, 0.41
el6, f15, a3
0.025
4.3E-5, 5.8E-5, 2E-4, 1.8E-4, 2.5E-4,
NSPS  Irrigated cll,a24, f17,h3, 84,86, €3, 'ap "4 "6 001, 0.0014, 0.006, 0.029, 0.537
e2, d4, g8, c9 0.041
. 2.6E-6, 1.1E-5, 3.3E-5, 2.1E-4, 4.8E-4,
Rainfed a24, h6, h15, d2, el, h2, a5 0,001, 0,028 0.451
. cl1,b7, h21, f13, h20, f8, b3,  2.3E-6, 2.7E-6, 5.9E-6, 6.3E-6, 3E-5,
WSPS Irrigated 4, el 2.9E-5, 3.9E-4, 0.004, 0.025 0.619
. a25,b7, 9, g4, ¢3, ¢2, g8, 26,  8.1E-4, 4E-4, 3.5E-4, TE-4, 8.6E-4,
Rainfed ho, f14, c1 0.002, 0.003, 0.004, 0.013, 0.029, 0.045 0.488
2.3E-6, 1.1E-5, 5.6E-6, 7.4E-6, 1.4E-5,
PL Irrigated cll, a2, 18, c4, h5, h3, 8, 3.1E-5, 7.2E-5, 2.2E-4, TE-4, 0.005, 0.682
£18, b9, h19, g4 0014
Rainfed cll,a24, el4,h9, h7,e2, g9,  1E-8, 3.5E-9, 7.6E-8, 1.8E-7, 5.6E-7, 05
h21 4.4E-6, 7.7E-5, 9.8E-4 :
3E-6, 5.4E-6, 8.6E-6, 1.7E-5, 1.8E-5,
PW Irrigated ~ C1DO-DS €3,05,elal6ad, op 573 0p 5 7 6B 5 3.4E-4,9.8E-4, 0777
b2, hd, £20
0.006
Rain-fed cll 0.011 0.44
. 4, 224, c11, ¢7, 10, f1, el6,  5.5E-6, 3.8E-6, 2.6E-5, 5.2E-5, 5.5E-5,
RWC Trrigated als, f8 1.6E-4, 9.2E-4, 0.004, 0.046 0.381
Rain-fed h2, 8 0.004, 0.026 0.514
RWL Irrigated £19 0.011 0.491
1.3E-8, 5.3E-8, 4E-8, 5.8E-8, 6.3E-8,
Rain-fed E2,b7, 89,02, 120, 021, 18, \¢ 7" 3 1.7 6E-7. 1.1E-6, 3.9E-6, 0.578
a9, a24, g8, al6
9.5E-6
TKW Irrigated g8, h21, h20 1.6E-5, 5.4E-4, 0.004 0.623
. 8, h20, f14, h21, £8, e4, b1, e6,  2.1E-8, 5.6E-8, 3.8E-8, 5.8E-8, 1. 2E-7,
Rain-fed a25,h13,all 3.4E-7,2.2E-7, SE-7, 1 4E-6, 7.3E-6, 1E-5 0.708
5.1E-5, 6.7E-5, 6.6E-5, 1.8E-4, 1.7E-
YLD  Imigaed  ClLT17,06 ¢ fl4. a2, h3, 0yt sp'y s SE4, 0,002, 0.006, 0,022,  0.323
el7, g6, b7, h13 0,039
Rain-fed h20, a6, f16, g7, al 1, el 5.2E-6, 4.8E-6, g '8?'5 > 0.03,0.002, 0.409

f: DH, date to heading; PH, plant height; SL, spike length; SDW, spike dry weight; NSPS, number of grain per spike;
WSPS, grain weight per spike; PL, peduncle length; PW, peduncle weight; RWC, relative water content; RWL, relative
water lose; TKW, 1000-kernel weight; YLD, grain yield.

5

: The numbers represent the alleles associated with trait in each primer combination. a) E-AGG/M-CTT;

b) E-AGC/M-CTT; c¢) E-ACT/M-CTC; d) E-AGG/M-CTC; e) E-ACG/M-CTG; f) E-AGG/M-CTG; g) E-ACT/M-CTT;
h) E-ACG/M-CAA.
**: The significance level of B using t test.

Yeh



VWAA le) /f’)"e’? 0 lads /s 0,90 [ Slaadss

lio b oo (sl S Sass (305 5 e A
LSy 4 baye cuifa (eSS )bl bl o o
5 (ol V) EFACG/M-CAA (5, 5;L¢l
i bl e g (i &) E-FAGG/M-CTC
5 (Sl—z5 YY) EFACG/M-CAA olS 5 4 Gl
ool buls 0 e (Sl aw ) E-FAGG/M-CTC
ST S5 U bai e 0l WY ) a5
S e Slais b e 4w slass B-ACG/M-CAA
e abadl) Sy (39 9l 5o &ls (59 il
Bl Cade Hlo g

@ bgpe LT Sl e A olaws (pizeen
L s bl o 0 E-FACG/M-CAA 5511 oS 5
g &l e 5g qoala i Z )b il o Slee RWC
55 ol sl i e 5 558 Ll ISy e
oSS 55lel bl g0 2,0 E-AGG/M-CTT-24
5o Al slass Ol s 5l LYb ao s (S i
iy sl 5 CIFO) 5 VPV e b
g Cote abily 90,5 i | (10 5 SNYY colja)
SR 50 Geizmen ol li Cho g0 o b glabasde LB
2o ,0 E-ACT/M-CTT-8 Sl ¢ inslosl baylyis g0
Sl g &g glas)) g Sl la 09 g9 5l (VL
Job Olpaas e o5 e EFACT/M-CTC-11
S5 Az |y SO s 9 S

0,80ee b ,Siles V) oo LeSS o)Ll Lalps o
EVE R? 85 gaomme g wisle plii jlo s bLS I il
O S g oy Ver b Slid pllawgh oa
el Ll o ls s Slae b Lo slo St
Sade o i BFACT/M-CTC-11 Sl o LSS
Ll 50 ol o bl o ol las |, (+/FYT)R?
O ) aS 0 o gime Jles ails 5 Slee b Sl il
R® (i on e BFACG/M-CAA-20 Siles by
P sy ol o ol plaslsgsa 1) (+/F-9)
wisle s g8 dlaly chs paiz b lojer b, Sl
Sl (oSS gl byl b 0 4S5 ekbasy
Slas o 5l e g cho can L E-ACT/M-CTC-11
abal) slawd (5 i o iy L E-ACT/M-CTT-8
sl 1y lo g
Sl s 003 00l Gl cialesl ol Bl o
Job calow o ails 59 i 0 wls olass &y bogs e
E- Sl g alw S (59 5 Sy (59 1SSy
g on ol & s b s ACT/M-CTC-11
O3l e g cio i LE-ACG/M-CAA-21 Siles
O e o Loz LE-ACT/M-CTT-8 Sl
O e bl cpl o ole la |y lo e alaly slass
Solid lawgs RWC g ails i o359 £055 ooy 5
als slasy ¢ Sy Jsb ol g E-ACT/M-CTT-8
s BFAGG/M-CTT-24 Slis lawgs s (o

A A A A A A A A A A A
1 2 i 4 5 B 8 9 n 12 17
A0t AG2 AO3 A4 05 40 A8 Al A0 At A2
e
e :_ ]

E-AGG/M-CTT (5,55l oS 55 gl JuSLS oSt awgs oo (g5luds J5 uSe diges =) JSK&
Figure 1. The sample of simulated gel image using the QIAxcel system for E-AGG/M-CTT primer combination



VYA uL..wo) [P\PES 0, e l ot 0,98 [dle Sladss

o pass 0 AFLP Slis b o] bLs ) 5 Si5 a4y Jass

bl andllas 8,90 paiS sladiges SSE o 5,551
S 4 JoxS (gzres Glodezmn Slio slp
Gk 5l el Cur Cio- Sts BLS )Ll lsiee
Sleail, b 0,5 saliol MAS) Sl KaSas ol
2l Rl SESs b s b crse 0 S
(Zoric et al., 2012)

AFLP slaools a5 4y o5 (90 55 2325 ool 2
Lyl s o SLis A9 ggamme ;o cnlllas 0,90 Slao g
ey (a5 5 Ll o LS AY 5 a5 5]
el canlas ol jo aisls las lae (I b g ls pxe
5 oS kel dalyd o Slio b L ye sle Sl
Loe 50 oaims s a5 wiogy cglite (Sis i
3 Sslite SLQTL s (ranas 5 35 oo 0l 59,
I ind o bs adllas sy otlesl Lyl
Allg oo a5 b ls bl )l cae S5l i b b Sl
Sagpoak JBTL g oo by Koy 5 20U
Watanabe ef ) oi b calisee Slaw g0 sQTL
ol o S i sl Slis olwls (al., 2019
oz plejed Bl il e Sl lalS
S o5 el Ly 50 83k go S |y o
b e bl ca o caa LE-ACT/M-CTC-11
Slae @ base Slwss 5las 0 00 5l i g ols las
JSSlay Job cal s jo ails 5 s jo ails slaws
Oeed LS Gl a5 alis S (39 5 USShy 03
SIS sire  (Sinad 3529 pdiS )0 (godxie Slallas ol
Gl 05,8 ol Jlog Ll 5 o 1 16Sie Sl o s
Lyl,s o (Khan et al., 2019; Sallam et al., 2019)
5l @b s ,0 B-AGG/M-CTT-24 Slis 55 iss
Solias (SSlay Jab g aliw jo ails slass Slaw Ol s
Job Olywas e op 5 i B-ACT/M-CTC-11
E-ACT/M-CTT-8 SL_zs 3 ISl (59 9 Sl
azg ) RWC 5 &l jlie ()59 St lies 0 5L
Sjlgs slawi 55 9 Vb el o b g L s S
ol S S9m 59 Slsisn oM lisabl b e
3,5 bl o)lal 3590 Slio lp S 50 e Siles
P RWC 5 als jla 055 G oo sme (Ko
(Hafeez et al., 2016) ;)| |Sen § Lb> Lo g pass
Sl oad S St a5 Ll

g ails o Sloe &l sy 5lao 0 Y (iagh cpl o
i Iyls cod dils e o5 Ol s 5l a0 VEIY

ey

GLQTL Ll s S_is & Jas Dol o
048 sl oK 4 Jori b ISl i oS J S
Sallam et ) cosl 55,0 Slao ol Gl 5 JysS 092
o yotr anlllas 8,90 oo iio g sleo,ll (al., 2019
iz g Slas cul s ols las g T Jloj misi b
Sls plas polo gl ol digd (o0 S5 (55 Ol
slab>de BB g9 anlllas 090 p05 slocessiy &5
o blal Sbsy a5 Wle byl o)se Slao jla
S 55 Bk Sl 5 Ji¥se sle Sl
Sy YU polie il o (Sl 0piie Wiz
ISy (59 5 Ak S22 g el o alls sl
sla il plyieay ailyi oo la T cpl a5 ol ol
oo Shos b sloquisy Sl 5 sgne sl (S35
5 b slaanil gl ol S 8 el 350
3,90 |, pas§ ,o (Talebi and Fayyaz, 2012) sl.s
aisly 18 0ol
oS olaws Jlae o JSo aiz sl lei ol olass adgs
Ol adlllae 850 (5,551 SloS 5 50 JSE S sl g
b)) cem eV ity I AFLP St oS ols
0593 5 ey )50 G Gie Gm )0 (S5 E95
«(Balta et al., 2014) )|, Ken 5 LWL a5 gllae 2!
&S5 GluS 5 5l (S pasS ;0 AFLP i sola il o
00,5 adei 1) ISiais op 5 i el EcoRI/Misel
Olsieas ol J 0 AFLP (o Silti ax 51 el
Al b digd (oo Dgmn e (o003 (LS i e S
Gl a5 Sal, S a5 el sa b ol
Omt (555 Ll (o2 3 9 (S )il
(Roncallo et al., 2019) oS o wol,8 Lacses
ol ;8 AFLP sla 55l 6l PIC L uly o> polie
Loy pand b dge Sglaie Cunle 4 Wilgh oo Buiod
g 00ld Co s oola il 5,50 AFLP slo Sl
b oo odgumme ;o LI slo Slis 41, PIC Sl
.(Roldan-Ruiz et al., 2000) cwl oo 5,55 /0
Code (FKwrod PIC L (5l (a3ls (01> gl 5
el g0 ol YL polas ol o l—is a5 cil
oS P G Pl Cez @l Olpea Wi
YL polae bl 0,8 138 eolai wl 550 (5,5 5le]
S5 mbe 5l opl s EA gHe d PIC slao)ls |
S 5 ik Olgieas EFACT/M-CTT 5 5Lel



VWWAA Gl /o ke o lads /o 0,90 [oDe Slabon

RS ise jsbar ]y Slhesd Gl S (JSIy
90,8 oy (Sid A g eSS )bl buld g0
@ Jood Sgee o wollae b, LS plgiedy wiilgi oo

S 8 Az gh 5550 Gl paiS o (Sis

o oad gluls cas - Slis b coe slabls)

Clasl o Sl i SeSa ol gl axllas
S 4 Joodle (slacadsi) (Brme Ly poS Olo |
poodle g adlg> dube Sidad g Si> 3ble o
Sl oledlbl ( Kiwsm sla i ags o oyl
sl 55l Cbtl cqs o opl 5 ol cwoas
lo Sl Eal a3 4l .39yl sk censlio
S ladanezr 5 (agh (nl ool obs; b e
b aig—s 2l 5 S J 0 lacumezr ;5 55 s
29 de b plpebl abgye Slio b lagl (S 5
& SOl 5 agd (S slaati ol el
9995 Lasds BpgisesyS (59, Dlae (nl oS J S
el sbosgp o bl jleslinul Sl i 5 (nl &

Ak Sl

References

58 b 4> EFACG/M-CAA-20 SiLis oy
3 0js oo Yo ails o Slee b sloqeisy pois
e b 0 il 5 g Al jo ails slasy wasls
5 b Slas (—asu i STl ple a il oe ogllas
sy b 5 Shee b e oo S 5
V90 sl slaaslip sl snte sball Wlgi oo
o St g S ool S Lyl 4 0 sniS
walllas 590 Slivo slp Vb (e a0 b (J5Sse
O3 &5 9yl wald lSMal (sl 1y QS
@ oo b badye GQTL (e Jalse jl 4 axg
E-ACT/M-CTC-2 (sl Sl aisS wlsel |, S
Ao Pl i S i ysba E-ACT/M-CTT-8
Lyl, 5 g0 50 ol &g glasyla bge Ol
S o plyieds g gl )] 005 Azl (il
ETER NG SRR P INEI R DY N SR
caz als 5, Shae izl b o Lo, 56 5 Vb csls
(Thomas, 2017) a__il oo pe pubiummo ol (2in S
w15 olass gl B-AGG/M-CTT-24 St priomon
,o als 39 sl EFAGC/M-CTT-7 Kl el jo
54l 38 539 ol E-ACT/M-CTT-8 Sl b
039 9 Job wlao sl E-ACT/M-CTC-11 Sl

Altintas, S., Toklu, F., Kafkas, S., Kilian, B., Brandolini, A. and Ozkan, H. 2008. Estimating genetic
diversity in durum and bread wheat cultivars from Turkey using AFLP and SAMPL markers. Plant

Breeding 127: 9-14.

Balta, H., Karakas, O., Senturk, F., Ertugrul, F., Hasancebi, S., Aydin, Y. and Mert, Z. 2014.
Identification of an AFLP marker linked with yellow rust resistance in wheat. Turkish Journal of

Biology 38: 371-379.

Beyer, S., Daba, S., Tyagi, P., Bockelman, H., Brown, G. and Mohammadi, M. 2019. Loci and
candidate genes controlling root traits in wheat seedlings- a wheat root GWAS. Functional and

Integrative Genomics 19: 91-107.

Bhatta, M., Morgounov, A., Belamkar, V. and Baenziger, P. S. 2018. Genome-wide association
study reveals novel genomic regions for grain yield and yield-related traits in drought-stressed
synthetic hexaploid wheat. International Journal of Molecular Sciences 19: 3011.

Ejaz, M., Qidi, Z., Gaisheng, Z., Na, N., Huiyan, Z. and Qunzhua, W. 2015. Analysis of genetic
diversity identified by amplified fragment length polymorphism marker in hybrid wheat. Genetics

and Molecular Research 14 (3): 8935-8946.

Hafeez, S., Zhangyong, L., Tao, J., Iqbal, S., Ahmad, I. and Chambi, C. 2016. Assessment of
drought tolerance in wheat at different growth stages under the rainfed conditions of Rawalakot
Kashmir Pakistan. Advanced Research Journal of Agricultural Science 5 (4): 132-140.

Hu, H. and Xiong, L. 2014. Genetic engineering and breeding of drought-resistant crops. Annual

Review of Plant Biology 65: 715-741.

Karakas, O., Turktas, M., Aslay, M. and Kaya, E. 2013. Evaluation of the genetic relationship
between Fritillaria species from Turkey's flora using fluorescent-based AFLP. Turkish Journal of

Biology 37: 273-279.



VAN s /ool oyl [ 0590 [de Sliioes o pass 0 AFLP Slis b o] bLs ) 5 Si5 a4y Jass

Khalili, M. and Mohammadi, A. 2016. Mapping QTLs associated with wheat seed germination under
normal and drought stress conditions. Crop Biotechnology 9: 1-14. (In Persian with English
Abstract).

Khan, S., Anwar, S., Yu, S., Sun, M. and Gao, Z. 2019. Development of drought-tolerant transgenic
wheat: Achievements and limitations. International Journal of Molecular Sciences 20: 1-18.

Lewontin, R. C. 1972. The apportionment of human diversity. Evolutionary Biology 6: 381-398.

Lynch, M. and Milligan, B. G. 1994. Analysis of population genetic structure with RAPD markers.
Molecular Ecology 3: 91-99.

Mathew, 1., Shimelis, H., Shayanowako, A., Laing, M. and Chaplot, V. 2019. Genome-wide
association study of drought tolerance and biomass allocation in wheat. Plos One 14 (12): e0225383.

Ministry of Agriculture 2003. Farm management and wheat technical instructions. Wheat project
manager. Volume II. 57 p. (In Persian).

Mohammadi, M., Mirfakhraee, R. and Abbasi, A. 2015. Genetic diversity in bread wheat (Triticum
aestivum L.) as revealed by microsatellite markers and association analysis of physiological traits
related to spring cold stress. Novel Genetics 3: 279-288. (In Persian with English Abstract).

Mwadzingeni, L., Shimelis, H., Rees, D. and Tsilo, T. 2017. Genome-wide association analysis of
agronomic traits in wheat under drought-stressed and non-stressed conditions. Plos One 12 (2):
e0171692.

Nyquist, N. E. 1991. Estimation of heritability and prediction of selection response in plant populations.
Critical Reviews in Plant Sciences 10: 235-322.

Peakall, R. and Smouse, P. 2012. GenAlEx 6.5: Genetic analysis in Excel. Population genetic software
for teaching and research-an update. Bioinformatics 28: 2537-2539.

Petrovic, S., Maric, S., Cupic, T., Drezner, G. and Karsai, I. 2012. Assessment of genetic diversity
in croatian winter wheat varieties using SSR and AFLP markers. Poljoprivreda 18 (2): 18-24.

Qaseem, M., Qureshi, R., Muqgaddasi, Q., Shahin, H. and Roder, M. 2018. Genome-wide association
mapping in bread wheat subjected to independent and combined high temperature and drought stress.
Plos One 13: e0199121.

Ranjbar, M., Naghavi, M., Zali, A., Aghaei, M. and Mardi, M. 2009. Identification of informative
markers of SSR in Aegilops crassa accessions of Iran. Journal of Agriculture 11: 47-56.

Razegi Yadak, F. and Tavakkol Afshari, R. 2010. Effect of drought stress on seed embryo axis
phosphatase activities during early stages of germination of two bread wheat (Triticum aestivum)
cultivars. Journal of Crop Science 2: 385-393. (In Persian with English Abstract).

Ritchie S. W., Nguyen H. T., and Holdy A. S. 1990. Leaf water content and gas exchenge parameters
of two wheat genotypes differing in drought resistance. Crop Science 30: 105-111.

Roldan-Ruiz, I., Dendauw, J., VanBockstaele, E., Depicke, A. and Loose, M. 2000. AFLP markers
reveal high polymorphic rates in ryegrasses (Lolium spp.). Molecular Breeding 6: 125-134.

Roncallo, P. F., Beaufort, V., Larsen, A. O. Dreisigacker, S. and Echenique, V. 2019. Genetic
diversity and linkage disequilibrium using SNP (KASP) and AFLP markers in a worldwide durum
wheat (Triticum turgidum L. var durum) collection. Plos One 14 (6): e0218562.

Sadeqi, M., Dadshani, S., Yousefi, M. and Ajir. G. 2019. Investigation of genetic diversity in afghan
bread wheat genotypes using SSR and AFLP markers. Turkish Journal of Agriculture-Food
Science and Technology 7 (9): 1263-1267.

Saghai Maroof, M. A., Biyashev, R. M. and Yang, G. P. 1994. Extraordinarily polymorphic
microsatillate DNA in barely species diversity, choromosomal location, and population dynamics.
Proceeding of the National Academy of Sceinces of the united States of America 91 (12):
5466-5570.

Sallam, A., Alqudah, A. M., Dawood, M., Baenziger, P. S. And Borner, A. 2019. Drought stress
tolerance in wheat and barley: advances in physiology, breeding and genetics research. International
Journal of Molecular Sciences 20: 1-36.

Saremi Rad, B., Shokrpour, M., Sofalian, O., Hashemi Nezhad, E., Avanes, A. and Esfandiari, E.
2016. Evaluation of genetic diversity of wheat genotypes by AFLP markers. Journal of Crop
Breeding 7 (16): 89-96. (In Persian with English Abstract).

Senapati, N., Stratonovitch, P., Paul, M. J. and Semenov, M. A. 2019. Drought tolerance during
reproductive development is important for increasing wheat yield potential under climate change in
Europe. Journal of Experimental Botany 70: 2549-2560.

i



VWWAA Gl /o ke o lads /o 0,90 [oDe Slabon Ql)&ajﬁ&m]

Sonmezoglu, O. and Terzi, B. 2018. Characterization of some bread wheat genotypes using molecular
markers for drought tolerance. Journal of Plant Physiology and Molecular Biology 24 (1):
159-166.

Sukumaran, S., Reynolds, M. P. and Sansaloni, C. 2018. Genome-wide association analysis identify
QTL hotspots for yield and component traits in durum wheat grown under yield potential, drought,
and heat stress environments. Frontiers in Plant Science 9: 81. doi: 10.3389/fpls.2018.00081.

Talebi, R. and Fayyaz, F. 2012. Quantitative evaluation of genetic diversity in Iranian modern cultivars
of wheat (Triticum aestivum L.) using morphological and amplified fragment length polymorphism
(AFLP) markers. Biharean Biologist 6: 14-18.

Talebi, R., Fayaz, F. and Karami, E. 2012. Morphometric and amplified fragment length
polymorphism marker analysis in some landrace wheat (Triticum aestivum L.) genotypes collected
from north-west Iran. Environmental and experimental biology 10: 49-56.

Thomas, S. G. 2017. Novel Rht-1 dwarfing genes: tools for wheat breeding and dissecting the function
of DELLA proteins. Journal of Experimental Botany 68 (3): 354-358.

Varshney, R., Chabane, K., Hendre, P. and Aggarwal, R. 2007. Comparative assessment of EST-
SSR, EST-SNP and AFLP markers for evaluation of genetic diversity and conservation of genetic
resources using wild, cultivated and elite barleys. Plant Science 173: 638-649.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Lee, T., Hornes, M., Peleman, J. and Kuiper, M.
1995. AFLP: A new technique for DNA fingerprinting. Nucleic Acids Research 21: 4407-4414.
Watanabe, K., Stringer, S., Frei, O., Umicevic, M., Leeuw, C., Polderman, T., Sluis, S., Andreassen
0., Neale, B. and Posthuma, D. 2019. A global overview of pleiotropy and genetic architecture in

complex traits. Nature Genetics 51: 1339-1348.

Zhu, Q., Zhang, X., Ejaz, M., Zhang, G. and Zhang, L. 2013. Analysis of three wheat cytoplasmic
malesterile lines mitochondrial DNA by AFLP. Chinese Journal of Biotechnology 29: 646-656.
Zoric, M., Doding, D., Kobiljski, B., Quarrie, S. and Barnes, J. 2012. Population structure in a wheat
core collection and genomic loci associated with yield under contrasting environments. Genetica

140: 259-275.

Yy



doi: 10.22124/cr.2020.15854.1575

T

University of Guilan
Faculty of Agricultural
Sciences

Cereal Research
Vol. 9, No. 4, Winter 2020 (359-371)

Drought tolerance related traits in bread wheat and its association with
AFLP marker

Farzad Ahakpaz!”, Eslam Majidi Hervan?, Mozaffar Roostaei’, Mohammad Reza Bihamta* and
Soleyman Mohammadi’

Received: December 1, 2019 Accepted: February 9, 2020

Abstract

To identify markers associated with drought tolerance related traits under two different moisture
conditions including rainfed (drought stress) and supplementary irrigation, an experiment was
conducted in two consecutive years (2013-2015). Among the AFLP primers used in this study, eight
EcoR1/Msel primer combinations produced a total of 119 polymorphic bands with an average of 14.88
bands per marker. The average polymorphic information content (PIC) for all markers was calculated
0.298. Based on PIC, Shannon's index (I), expected heterozygosity (He) and effective allele (EA), the
combination of E-ACT/M-CTT was identified as the best primer combination in distinguish of the
studied genotypes. The relationship between agro-physiological traits as dependent variables and
molecular data as independent variables was investigated using stepwise multiple regression analysis
method and 76 and 98 markers associated with traits were identified under rainfed and supplementary
irrigation conditions, respectively. Under supplementary irrigation conditions, the highest coefficient of
determination (R*) was allocated for E-ACT/M-CTC-11 marker with more than 60% explanation of
variations in peduncle weight, peduncle length, spike dry weight and grain weight per spike and
E-ACT/M-CTT-8 with explanation of 62% variation of 1000 grain weight. Under rainfed conditions,
the markers E-ACT/M-CTT-8 with 70%, E-ACG/M-CTG-2 with 57% and E-ACG/M-CAA-2 with
51%, explained the highest variation of 1000 grain weight, relative water lose and relative water content,
respectively. The markers E-ACT/M-CTC-11 and E-ACG/M-CAA-20 explained 32% and 41% of the
grain yield variance under supplemental irrigation and rainfed conditions, respectively. In this study, the
marker E-ACT/M-CTT-8 explained more than 60% of the variation in 1000 grain weight under both
experimental conditions. The results of this study can be useful in providing basic information for
indirect selection of wheat traits using associated markers under rainfed conditions.

Keywords: Agro-physiological traits, Molecular markers, Regression analysis, Relative water content,
Relative water lose
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