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Comprehensive abstract

Introduction

Wheat is one of the most stable crop in the world, and drought stress is one of the major
environmental factors that reduce agricultural products. Evaluation of genetic diversity in plant
breeding program is the main basis for development and achieving self-sufficiency in the agricultural
product. The objective of this experiment was to investigate the association between microsatellite
markers and genomic regions controlling yield, physiological, and phenological traits in 23 accessions
and two cultivars of bread wheat, as well as to evaluate the genetic diversity of the studied population
in term of yield, physiological and phenological traits, and microsatellite markers under rainfed and
irrigation conditions.

Materials and methods

A field experiment was carried out in a randomized complete block design with three replications
under rainfed and irrigation conditions in the research field of Razi University, Kermanshah, Iran, in
2016-2017. Grain yield, 15 physiological traits and six phenological traits were measured. Twenty
microsatellite markers were used for molecular evaluation of the studied genotypes. Genomic DNA
was extracted as bulk from 2-3 weeks old seedlings by modified CTAB method. To determine the
quality and quantity of the extracted DNA, electrophoresis on 0.8% agarose gel was used. Finally, the
association between microsatellite markers, yield, physiological and phenological traits in rainfed and
irrigated conditions was calculated using stepwise regression analysis by SPSS23 software.

Research findings

Analysis of variance showed that there was a significant difference between the accessions for
most of the traits studied. Sixteen out of twenty markers had detectable polymorphisms. The
XCFD168-2D, XGWM350-7D and XGWMI136-1A primers were the most suitable primers for
subsequent studies. Association analysis by stepwise regression showed that in rainfed and irrigation
conditions, markers XGWM350 (az) and XGWM334 (a;) were common for physiological traits and
markers XGWMO642 (a;), XGWM350 (a;), and XCFD168 (a;) were common for phenological traits.
The XGWM410 (a;) marker on yield, physiological and phenological traits in both conditions;
XGWM265 (a1) marker on yield and physiological traits in irrigation conditions and phenological
traits in both conditions; XGWM124 (a;) marker on yield and some physiological traits in rainfed
conditions and phenological traits in both conditions; XGWM165 (a;) marker on physiological and
phenological traits in rainfed conditions, and XGWMS577 (a;) markers on grain yield and physiological
traits in irrigation conditions and some phenological traits in rainfed conditions were jointly related. In
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addition, the most positive markers in rainfed conditions are related to the trait of rate of filing seed,
and in irrigated conditions, respectively, they are related to grain yield, water use efficiency, rate of
filing seed, relative water content, and days to physiological maturity traits.

Conclusion

According to the evaluation of the genetic diversity of primers XCFD168-2D, XGWM350-7D and
XGWM136-1A, the most suitable primers for wheat were introduced in subsequent studies. Based on
the association analysis, most of the markers produced by the primers used in this research had a high
significant associated with the studied traits, and by using these primers, which have the ability to
reproduce informative loci, plants can be screened at the seedling stage. Furthermore, The
microsatellite primers linked to traits are suggested in marker assisted selection breeding programs to
identify suitable parents for constructing mapping populations and producing new varieties.
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Table 1. The studied cultivars and accessions of bread wheat

Code Accession Origin Code Accession Origin Code Accession Origin
name name name
1 WC-4924 Kalat 10 WC-4987 Unknown 19 Pishtaz Pishtaz
2 WC-4582 Kermanshah 11 WC-47615 Mexico 20 Pishgam Pishgam
3 WC-4592 Kermanshah 12 WC-4612  Kordestan Babrar 21 WC-47640  Minnesota
4 WC-47341 Montana 13 WC-5001 Unknown 22 WC-47467 Mexico
5 WC-4965 Kashan 14 WC-4994 Unknown 23 WC-4553 Kerend
6 WC-4840 Sarakhs 15 WC-47638 Peru 24 WC-4583 Kermanshah
7 WC-4958 Badranloo 16 WC-47583 Canada 25 WC-4554 Kerend
8 WC-47399 Bulgaria 17 WC-47522 Mexico
9 WC-4600 Kermanshah 18 WC-47569 Minnesota
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Table 2. Measurment methods of the studied traits

Trait

Measurement method '

Grain yeild

Relative water content (Barrs, 1968)

Water saturation deficit (Barrs, 1968)

Relative water loss (Barrs, 1968)

Excised leaf water retention (Clarke and McCaig, 1982)
Leaf water content (Clarke and McCaig,, 1982)
Initial water content (Clarke and McCaig,, 1982)
Excised leaf water loss (Manette et al., 1988)

Leaf water loss (Xing et al., 2004)

Rlative water protective (Hashemi Nasab, 2011)
Water use efficiency (Wright et al., 1998)
Evapo-transpiration efficiency (Wright et al., 1998)
Days to botting

Days to appearance of spike

Days to flowering

Days to physiological maturity

Grain filling period

Grain filling rate

Chlorophyll a (Lichtenthaler and Welburn, 1983)
Chlorophyll b (Lichtenthaler and Welburn, 1983)
Total chlorophyll (Lichtenthaler & Welburn, 1983)

Carotenoid (Lichtenthaler and Welburn, 1983)

The weight of grains of three middle rows of one meter
in each plot

rwe = WE-WD
WT - WD
wsp = WI-WE
WT - WD
RwL = WE-WD) +(W1-W2) +(W2 - W3)
3WD(T2 -T1)
ELWR =1~ WE-W3
WF
Lwe = WE-WD
WF
e = WE-WD
WD
ELwe, = WE-W3
WF - WD
Lwi, = WE-W1
WF
rwp = W3- WD
WF - WD
WUE = GY
ETE = BY

Days from planting date (first irrigation) to botting of
50% of the plants in each plot.
Days from planting date (first irrigation) to appearance
of spike in 50% of the plants in each plot.
Days from planting date (first irrigation) to flowering of
50% of the plants in each plot.
Days from planting date (first irrigation) to physiological
maturity of the seed (the time after which seed dry
weight does not increase).
Days from appearance of anthers in 50% of the spikes in
each plot (50% pollination) to physiological maturity of
the grain.
The ratio of grain yield (g) to grain filling period.
Chla =12.21(A663) - 2.81(A646)
Chlb =20.13(A646) —5.1(A663)
ChIT = Chla - Chlb
Car = 1000(A470) —3.27(Chla) —104(Chlb)

227

" WF, WD and WT, leaf fresh, dry and turgor weight, respectively; W1, W2 and W3, leaf weight separated from the
plant after two, four and six hours, respectively; GY, Grain yield; BY, Biological yield; WU, Water used; A663,
A646 and A470, Bio Tek Powerwave (XS2) ELISA reading at wavelengths of 663, 646 and 470 nm, respectively.
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Table 3. SSR primers used to assess the genetic diversity of bread wheat accessions in this experiment

Primer Name Sequence ( 5'-3") ™ GC% Size (bp)
XGWM350-7D-F 5' ACCTCATCCACATGTTCTACG?3' 57 47.6 150
XGWM350-7D-R 5' GCATGGATAGGACGCCC 3' 64.7
XGWM334-6A-F 5' AATTTCAAAAAGGAGAGAGA 3' 30
XGWM334-6A-R 5' AACATGTGTTTTTAGCTATC 3' 50 30 100
XGWMI155-3A-F 5'CAATCATTTCCCCCTCCC 3' 58 55.6 100
XGWMI155-3A-R 5' AATCATTGGAAATCCATATGCC 3' 36.4
XGWMS577-7B-F 5' ATGGCATAATTTGGTGAAATTG 3' 31.8
XGWM577-7B-R 5' TGTTTCAAGCCCAACTTCTATT 3' 3 36.4 150
XGWM70-6B-F 5' AGTGGCTGGGAGAGTGTCAT 3' 55
XGWM70-6B-R 5' GCCCATTACCGAGGACAC 3' 523 61.6 200
XGWM642-1D-F 5' ACGGCGAGAAGGTGCTC 3' 58 45 180-200
XGWM642-1D-R 5' CATGAAAGGCAAGTTCGTCA 3' 64.7
XGWM136-1A-F 5' GACAGCACCTTGCCCTTTG 3' 52 57.9 250
XGWM136-1A-R 5' CATCGGCAACATGCTCAT 3' 52.6
XGWM124-1B-F 5' GCCATGGCTATCACCCAG 3' 61.1
XGWM124-1B-R 5' ACTGTTCGGTGCAATTTGAG 3' 513 45 200
XGWM265-2A-F 5' TGTTGCGGATGGTCACTATT 3' 45
XGWM265-2A-R 5' GAGTACACATTTGGCCTCTGC 3' 583 524 150
XGWM410-2B-F 5' GCTTGAGACCGGCACAGT 3' 51 61.6 250
XGWM410-2B-R 5' CGAGACCTTGAGGGTCTAGA 3' 55
XGWM165-4B-F 5' TGCAGTGGTCAGATGTTTCC 3' 50
XGWM165-4B-R 5'CTTTTCTTTCAGATTGCGCC 3' 506 45 200
XGWM4-4A-F 5' GCTGATGCATATAATGCTGT 3' 40
XGWM4-4A-R 5' CACTGTCTGTATCACTCTGCT 3' 523 47.6 250
XGWM192-5D-F 5' GGTTTTCTTTCAGATTGCGC 3' 507 45 100
XGWM192-5D-R 5' CGTTGTCTAATCTTGCCTTGC 3' 47.6
XGWM233-7A-F 5'TCAAAACATAAATGTTCATTGGA 3' 26.1
XGWM233-7A-R 5' TCAACCGTGTGTAATTTTGTCC 3' 46.7 40.9 100
XGWM2-3D-F 5' CTGCAAGCCTGTGATCAACT 3' 50
XGWM2-3D-R 5' CATTCTCAAATGATCGAACA 3' 494 35 250
XCFD5-5B-F 5' TGCCCTGTCCACAGTGAAG 3' 505 57.9 200
XCFD5-5B-R 5' TTGCCAGTTCCAAGGAGAAT 3' 45
XGWMI129-5A-F 5' TCAGTGGGCAAGCTACACAG 3' 55
XGWMI129-5A-R 5' AAAACTTAGTAGCCGCGT 3 506 44 .4 250
XCFD168-2D-F 5' CTTCGCAAATCGAGGATGAT 3' 45
XCFD168-2D-R 5' TTCACGCCCAGTATTAAGGC 3' 56 50 250
XGWM234-5B-F 5' GAGTCCTGATGTGAAGCTGTTG 3' 50
XGWM234-5B-R 5' CTCATTGGGGTGTGTACGTG 3' >4 55 220-230
XGWM33-1A-F 5' GGAGTCACACTTGTTTGTGCA 3' 47.6
XGWM33-1A-R 5' CACTGCACACCTAACTACCTGC 3' 59 45.5 100
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Table 4. Mean squares (MS) and coefficient of variation (CV) derived from analysis of variance of different
traits in bread wheat accessions under rainfed and irrigation conditions

Trait Irrigation Rainfed

MS CV% MS CV%

Grain yield 24612.73™ 16.78 9874.99™ 23.85
Relative water content 69.47" 9.50 89.84 " 15.38
Water saturation defici 69.48" 16.27 89.84 ™ 18.21
Relative water loss 45.12" 20.28 30.76" 29.90
Excised leaf water retention 93.02™ 17.71 113.37™ 16.75
Excised leaf water loss 191.03™ 21.44 250.59™ 22.94
Leaf water loss 63.16™ 24.32 38.14™ 30.30
Rlative water protective 188.98™ 13.24 250.71* 12.62
Leaf water content 14.59 ™ 4.92 7.50™ 3.72
Initial water content 1091.79 ™ 13.39 537.30™ 10.72
Water use efficiency 0.31" 16.79 0.93" 23.40
Evapo-transpiration efficiency 0.87" 18.80 6.95™ 20.81
Chlorophyll a 2.92m 10.83 517 13.60
Chlorophyll b 0.21" 11.71 0.23" 13.46
Chlorophyll total 4.62" 10.98 7.56™ 13.43
Carotenoid 0.25" 11.05 0.39™ 14.88

Days to botting 12.27* 0.97 24.27* 0.96

Days to appearance of spike 23.98™ 1.02 26.01" 1.02
Days to flowering 15.08™ 1.04 26.39™ 1.11
Days to physiological maturity 3.49™ 0.42 12.35" 0.50
Grain filling period 13.75™ 5.49 10.95* 8.72
Grain filing rate 12.62" 20.74 12.11" 18.62

55, " and ™ Not significant and significant at 5% and 1% probability levels, respectively.
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Table 5. Diversity indicators of microsatellite markers in the studied wheat accessions in this experiment

No. of No. of . Effective . Polymorphic

Marker  Chromosome total polymorphic Polymorphic Marker multiplex Resolving information
bands bands percentage index ratio power content
XGWM350 7D 3 3 100 1.011 3 3.12 0.337
XGWM334 6A 2 1 50 0.074 0.5 0.16 0.147
XGWMI155 3A 1 1 100 0.499 1 0.96 0.499
XGWM577 7B 2 2 100 0.934 2 1.60 0.467
XGWM70 6B 2 2 100 0.557 2 1.28 0.278
XGWM642 1D 2 1 50 0.23 0.5 0.72 0.461
XGWM136 1A 5 5 100 1.76 5 2.32 0.352
XGWM124 1B 2 2 100 0.768 2 1.92 0.384
XGWM265 2A 2 2 100 0.614 2 1.68 0.307
XGWM410 2B 1 1 100 0.365 1 0.48 0.365
XGWM165 4B 3 3 100 0.973 3 2.96 0.324
XGWM4 4A 2 2 100 0.422 2 3.52 0.211
XGWM2 3D 2 2 100 0.755 2 224 0.378
XCFD5 5B 2 2 100 0.883 2 1.76 0.442
XCFD168 2D 3 3 100 1.466 3 3.20 0.489
XGWM234 5B 1 1 100 0.493 1 0.88 0.493

Total - 35 33 - - - - -

Mean - 2.188 2.063 93.75 0.738 2 1.8 0.371
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Figure 1. The banding pattern of SSR markers using XGWM350 primer in bread wheat accessions
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Table 6. Markers with significant relationship with yield and physiological and phenological traits of bread

wheat accessions under rainfed conditions

Regression

Standard

Significant

i i _ 2 ; 2
Trait Marker coefficient (b) error t-value level R Adjusted R

Grain yeild Constant 320.44 17.871 17.931 o

XGWM124 (ay) -68.482 20.944 -3.27 ok 0.397 0.342
XGWM410 (a;) 52.57 22.02 2.39 *
Rlative water Constant 41.73 1.73 24.12 wok

protective XGWM350 (a3) -9.96 3.11 -3.202 *k 0515 0.446
XGWM334 (ar) -12.96 5.08 -2.552 *
XGWMI165 (a)) -12.971 5.113 -2.54 *
Water use Constant 3.31 0.156 21.201 *k
XGWM124 (ay) -0.553 0.187 -2.96 wok
XGWM410 (ar) 0.483 0.196 2.47 *

Days to botting Constant 167.36 0.678 246.752 *oE 0.237 0.204
XCFD168 (a;) 2.734 1.022 2.674 *

Days to Constant 205.14 0.384 534.03 *oE 0.244 0212

physiological v G265 (ay) -3.03 111 2.73 * ' '
maturity

Grain filing Constant 12.621 0.224 56.47 o
rate XGWM124 (ay) -3.24 0.247 -13.13 ok
XGWM350 (a;) 1.87 0.212 8.84 wok
XGWM642 (ai) -0.825 0.17 -4.851 wok
XGWM410 (a)) 1.60 0.148 10.77 ok
XGWM136 (as) -2.04 0.194 -10.52 ok

XGWM2 (ay) -1.16 0.162 -7.144 ok 0.991 0.983
XGWMI165 (ai) -1.782 0.224 -7.972 wok
XGWMS577 (az) 1.52 0.176 8.624 ok
XGWMS577 (a)) -1.30 0.165 -7.843 ok
XCFD168 (a2) 1.354 0.263 5.15 ok
XGWM136 (az) 0.824 0.255 3.231 ok
XCFD168 (a3) -0.713 0.257 -2.78 *

“and ™" Significant at 5% and 1% probability levels, respectively.
T ay, a, a3, a4, and as are the average alleles 1, 2, 3, 4, and 5, respectively.
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Table 6. Markers with significant relationship with yield and physiological and phenological traits of bread

wheat accessions under irrigation conditions

. . Regression Standard Significant 2 Adjusted
Trait Marker coefficient (b) error t-value level R R?
Grain yeild Constant 374.72 12.76 29.371 wE
XGWMS577 (a2) 145.70 19.04 7.653 HE
XGWM136 (a3) 171.744 33.40 5.143 HE
XGWM265 (ai) -122.541 26.084 -4.70 ok
XGWM410 (ar) 89.64 18.29 4.902 wk 0.885 0838
XGWM2 (az) -62.80 18.43 -341 ok
XGWMS577 (ay) -58.85 16.294 -3.612 ok
XGWM136 (a4) -79.04 29.13 -2.713 *
Rlative water Constant 56.65 1.072 52.87 *%
content XGWM165 (a3) 5.88 1.212 4.851 HE
XGWMI155 (a)) 4.741 1.01 4.72 wk 0.800 0.747
XGWMT70 (ap) -12.01 2.68 -4.483 wk
XGWMS577 (az) 4.12 1.12 3.682 wok
XGWM234 (a;) -2.50 1.064 -2.35 *
Water saturation Constant 43.352 1.072 4.46 wok
deficit XGWM165 (a3) -5.88 1.212 -4.851 wE
XGWM155 (a;) -4.741 1.01 -4.72 Hok 0.800 0.747
XGWMT70 (ap) 12.01 2.68 4.483 wE
XGWMS577 (a2) -4.12 1.12 -3.682 ok
XGWM234 (a;) 2.50 1.064 2.374 *
Relative water Constant 23.983 0.72 33.36 wok 0.242 0.209
loss XGWM334 (a;) 6.90 2.542 2.712 *
Rlative water Constant 32.82 1.563 20.994 wk
protective XGWM265 (a;) -13.95 3.83 -3.643 ok 0.467 0.418
XGWM350 (a3) -8.922 2.771 -3.22 ok
Water use Constant 1.32 0.045 29.352 wok
efficiency XGWMS577 (a2) 0.514 0.067 7.652 wE
XGWM136 (a3) 0.605 0.118 5.141 ok
XGWM265 (a;) -0.432 0.092 -4.694 ok 0.885 0.838
XGWM410 (ar) 0.316 0.064 4.902 wok
XGWM2 (az) -0.221 0.065 -341 ok
XGWMS577 (a)) -0.207 0.057 -3.61 ok
XGWM136 (as4) -0.279 0.103 -2.714 *
Days to boting Constant 168.714 0.484 348.65 ok 0.232 0.198
XGWMI168 (ai) 1.922 0.730 2.64 *
Days to Constant 215.31 0.191 1.13 wk
physiological XGWM124 (a;) 0.687 0.328 2.091 *
maturity XGWM136 (as) 1.30 0.341 3.81 Hok 0.700 0.640
XGWM155 (a) 1.022 0.283 3.61 Hok
XGWM334 (a;) -1.481 0.534 -2.78 *
Grain filling Constant 36.22 0.584 61.99 ok
period XGWM265 (a;) 2.84 1.12 2.541 * 0.342 0.283
XGWMT70 (a;) -1.75 0.741 -2.361 *
Grain filling rate Constant 16.78 0.575 29.194 woE
XGWM124 (ay) -6.511 0.615 -10.59 wok
XGWM410 (a;) 2.12 0.406 5.22 wok
XGWM124 (a;) -4.163 0.662 -6.29 % 0.893 0.858
XGWM350 (a;) 1.391 0.414 3.36 wok
XGWM642 (a;) -1.25 0.354 -3.52 wok
XGWMT70 (az) 3.732 1.13 3.31 ok
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