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Abstract

Objective

Late spring cold stress in the early reproductive growth of wheat causes damage due to a sudden
drop in temperature. The genetic diversity of plants determines their potential to increase
efficiency and, as a result, their use in breeding programs. This study was conducted with the aim
of evaluating population structure, diversity of wheat genotypes, and selection of superior
genotypes under cold and normal stress conditions.

Materials and methods

Sixty-seven bread wheat genotypes were evaluated through pot cultivation in the field under two
normal conditions and late spring cold stress. The experiment followed a randomized complete
block design with two replications. Stress was applied by transferring the pots to a growth room
with a temperature of -3’ at the beginning of the reproductive stage. Phenotypic traits, including
performance and performance components, were measured. Genotyping was done using a single
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nucleotide polymorphism (SNP) array with 9K density. A total of 17,093 SNP markers were used
in this study.
Results
The polymorphic information content for SNP markers ranged from 0.03 to 0.38, with an average
of 0.26. Population structure analysis grouped the genotypes into five subpopulations. Molecular
variance analysis showed that 75% of the observed variance in the population was related to intra-
population differences. The studied genotypes were divided into four groups based on SNP
markers and five and six groups based on phenotypic traits under normal and stress conditions,
respectively. The genotypes in the first group, which exhibited higher average traits than other
groups under stress conditions, were identified as tolerant to late spring cold.
Conclusions
The results indicated that main spike weight, seed yield per plant, seed weight in main spike, and
weight of 100 seeds were the most important factors for grouping under late spring cold stress
conditions. The calculated molecular indices, including marker indices and diversity indices,
demonstrated that the SNP markers used performed relatively well in calculating genetic diversity
within the studied population. In cluster analysis based on the genotypic matrix, cold-tolerant
genotypes formed separate groups, indicating different tolerance mechanisms among these
genotypes. These findings provide useful information for wheat breeders regarding the selection
of diverse genetic resources to improve cold tolerance
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39 (+1V+) 1B pgisag)s a bgsye ol 12558 5 (+/71) 3D pgjges)S 4 by PIC (3o (0 5Vl gy yuito +/VF L il
Dy e [0 G +[+¥ jl adllas oyl ;> GD e 3l ciéllas (2020) Kumar et al. zuls b sdel cundas zols (¥ Jois)
U pAS poiy dw G 5> D odalie (/YY) 1B pojsag)S )3 (iS5 (+/F) 2D pgigenS 15 (55 €95 ke cn YL
IVE :Slo b g /0 5+ /o) s MAF atels () IS5) 15593 D pois 4y bigsyo (+/YA) PIC o (+/¥0) GD 1sSileo 5L
43,5 L5 )3 Wedgu s PIC >4/0 ,,5lis (Shete et al. 2000) 54 aalgs GD | 5268 adion PIC ( T (sl puilS )
oo g oleMb! d9l> PIC <./va )J.)Lo.o 9 "\’9‘“’&" 4».9; )JQJ 90 Modgw ;L\.u-u) <[0—+/Y0 03945 > PIC )J.)Lo.o de.»u.c

SleMbl b ] PIC polie asyls T g5 cunle SNP (cla Slis a5 Lol 51 .(Kumar et al. 2020) wiws (Sl
YA
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23lie 5 adllae oyl y> (Eltaher et al. 2018) ws' o5 5ol +/0 51 )] jlaie oy i g Bgub g0 48,5 a5 13 oS L lawgie
MAF s ke .(Chao et al. 2009; Allen et al. 2011; Eltaher et al. 2018) »,1s cuillas 155, osliwl pa3 )

39y Syt o T )y lacwigis ST a8 ol opl (sosimd Ui wd odnliie adlllas oyl y3 a5

OU @8 (slregjg0g,S 15 b SNP 599 9 (S £945 (J9NVg0 (s ad L T Jgua
Table 2. Molecular parameters of genetic diversity and distribution of SNPs on bread wheat
chromosomes

Range 2l
(Means) (xS5ke)

4B 4A 3D 3B 3A 2D 2B 2A 1D 1B 1A P939°555
Chromosome

003- 003- 003- 003- 003 003 003 003 003
05 05 05 05 05 05 05 05 05 00305 SEiew

032 0.34 0..38 0.32 O.éS 0.4 (0..33) (O.él) (0.-28) (0.24) (0.35) GD

0.06- 003- 003- 003- 003 003 003 003 003 003 003 <Mblglyxe
038 038 037 038 037 038 038 037 038 038 038 <h

0.06-0.5

(0.26) (0.28) (0.29) (0.26) (0.28) (0.31) (0.27) (0.25) (0.23) (0.2)  (0.28) PIC
0.01- 001- 001- 001- 001- 001- 001- 002- 0.01- . T
00305 "5 049 05 049 05 05 049 05 05 O005S LIS
(0.22) (0.26) (0.31) (0.23) (0.26) (0.31) (0.24) (0.22) (0.2) (0.17) (0.27) MAF
Sl olass

630 524 164 1135 944 549 1339 1026 472 1574 996 N. of
markers

P93909)S Jobo

666.05 74431 614.69 82926 749.40 33650 25801 71780 23495 00689 55593 Length
(Mbp)

total 7D 7B 7A 6D 6B 6A 5D 58 5A 4D P93905)5
Chromosome

003- 003- 003- 006- 003 003 003 003 003
05 05 05 05 05 05 05 05 05 O0W0S SEiew

(0.33) (0.31) (0.32) (0.36) (0.38) (0.36) (0.3) (0.36) (0.34) (0.34) (0.38) GD

0.03- 003- 003- 003- 006- 003- 003 003 003 003 013 <ol
038 037 038 037 037 038 037 038 037 037 037 < s

0.26) (0.25) (0.26) (0.29) (0.3) (0.29) (0.24) (0.29) (0.28) (0.28) (0.3) PIC
001- 001- 001- 003 001- 001- 001- 001- 001- 0.07-

0.03-0.5

00105 79 05 049 049 05 049 05 049 049 o049 LI ShlA
(0.24) (0.23) (0.24) (0.28) (029) (026) (021) (0.27) (0.25) (0.26) (0.28) MAF
SOl olass
17087 126 1012 1019 161 1335 1066 170 1782 1017 46 N. of
markers

14039.82 633.39 750.605 736.69 472.89 72099 61589 564.95 712.70 708.44 509.48 9% 55 sk
length (Mbp)
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mmmmm Number of Marker ooy length(Mbp) Density (Kbp)
eessse GD — «P|C MAF
10000 0.4
51.58%
9000 .....o‘ 0.35
R --.oo-oo-o....... .'......,....oo
o] 0, 03
¥ 7000 38.58% e =
_8' 0.25
6000
2 6.76% 856% -
& 5000 3 % . 0.2 5
% 4000 0.15
(Ve
O 3000
Z 2000 o
1000 0.05
0 0

A B D
Wheat Genome

90 (s H15g03) £ (s yad i o (5] Alao 413903) SNP ,S5LEG YV QY 05155 5 22597 duslio .Y IS

O px8 2D 3B A (slaagi;
Figure 1. Comparison of distribution and density of 17093 SNP markers (bar chart) and
diversity indices (line chart) in A, B and D genomes in bread wheat

i VS5 55 SNP )l 5l oolil b b paiS edgiy BV 0 Cunan Jlidlos oy ol 1Cumon LAl oy

e bl aige K Ol ams o ol 1y aige K jlade s sl blite 0g,5T 13503 (B) ¥ S5 sl 0 o3
K jlade o polil cpl ol osel )3 508 i b b posid 90 &yt Kl pois ] 5l s a5 conl (clabais Jléze g 5]
b P8 iy SV S 5l /5 e Sl wilil o ()5 a3 b ad bl (K=5) gy b ol asllles (ol 5 dinge
@ o$i I g polee b 4 g Cutn pgu Lo 4 g WY pgd )il 4 G Cuda o Jgl B Lo 4 Cipi VY
iy} Usas po> 09,5 g dgusg) 98 Lo b (slocaisiy bos pgus 5 Jgl sloogS (D) ¥ JS5) 4285 3las ooty 3o
ol s cliie g 0t odmlite ldlyin Lo bl oesls 09,5505 gt dlllas 390 Copma 53 1igs LIS g 1S, o Lt L
Sl oxmd (lis gl cpl ((A) ¥USE) oyl Cumar )3 goite bond (Slacudyiy el sl spine a3l
55 b (iblio b )5S & (3late (slacaisi] o (e cpy ool (llyin adlats 1o S9)0 g9 Al i) (o bl
1 N5 Lo o (S5 Aol il M) g e (sinegS (Slalay b s S5 abold ey o T
& ine op S w3 5 4 Joote pB)) Mol sl oy moin 9 Egite Slawin) Ll g |y (sdiedd)]
S5 Jadliy b oS )93 sl 4 ot Kl oo Ly cpl o (B bl jid ] 9 O (S5 Aol a2 pn

oy &lp owlel oply (Spanic et al. 2016; Domiciano et al. 2021) 355 (s j52) 395 pills & Cans YL
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AR FST (J jlade by 5 G slacumen 4 odlisal (FST) cos yadls ) 06 pAS Comaz o gy o (S85 2l
25 ot 0 oy 5 i Ll 9 ) e Sl ] uSile M o 0gde azzils |y bl oy 5cSenss +/+4 L
Lol lis +/OY b plpy FST jlade L) pled dyd o 5YL 4w 9 93 slacames 1) a5 Jo ;5 g0 50l jls 6 rCures
lpa gl 53 (plly (3 Oglite Sl il B35 5158 Cuglyl ) bl Camar 93 cul o J Ll o Jg2)
drwg &S L5 o3l i wglite Lite b paiS slaan)ly 3 SNP SLi 51 ooliw] b (K55 g95 anlllas )3 a0l ]38l
Spanic et al o sl s ) p6)] Mol (sl i gy 4 (lituod oISl g5 o gt (S5 Ao b iy
2 g blumer 2 plo & S G5 ulyd > (s Slao 281 (el 06S0le Jlke (3508 Gl 9 Cumex 5 (2016
Jloys g s bl 93y 3 digy pd ild dlus g gy o aily 5 Shae las (1Sbo (p by sl &S Jloa £,8 Corenr Jlds
09° > Sl £95 I (g b 38 blatul Slgice (S psboas (F Jgia) 390 A5 Ll 53 gy > el JS (g
Joo5 o)) oS 5 4 Sl sl g 8l glate Wl oo Loy a4 Jootie ains) (SHB5 oS 5 9 2)10 292 baluner
S w5 & Jess ¢y 50 (2020) Belete et al 4 (2010) Dodig et al adllas ;5 .ol jls calises glio 5l Loy 4
ol 0l )58 dlie gl )b paiS yo

oaabio auman 5 o )3 95 20y VY el (0l )3 1 (S5 £95 S ad L 9 (Jg0 (il lg 4525
o 04 ol (S53 pled (oplplo (0 Jgia) Ad sdalie cuses w3 J5b )0 saod YA Clpss il a8 Jbs j>
2L uxes (4900 ©bsl o Gl a5 b sdmlie 3L iCaxes w0 9 S Cures pj o CuiSSl 941 )
(394000 by ol AS (0 (5 3 po e Laumen o 45 1 &S L] (slas il il o Jlo 53 23l Sge (S5 29w (o138
0900 b duslie ) aCames (3 ()0 me g 58,5 s e Hobas (Belete et al. 2021) was o 41, Gl 4
sdalis b gxe B3I (MdIuli et al. 2020; Tehseen et al. 2021 )col oas 5155 uize plo bowg begres
sl 0nd plsl (shinog)S Como 530l 35 (B Jgiz) oad dslome PRIPT o)Ll ulul 1 bacumaz yj o 3 00
03d s & Joda 50 dalllas (pl o oad | plulid Camon y3j gy 50 o duwloes (S5 £45 sl yad Ll L0l o Cunes 5
9 GD=+/V 1 Ske b 93 o)lod Cunes pj 5 95 cpyids PIC=4/Y0 § GD=+/¥ (Sle L & Cuner pj -Gl 045
ol i 1y 95 (a8 PIC=+/+A

ot 31 i G ile dslono (sl T (o 90 (0SS (ol 2 (Slaigs 3 g AL (Lo drnwlone
Jloyi bame 3 IVY) SiidS cp8 (2 3YL s & UPGMA o) 5l (isid £1,55)85 s 5 sl 5 (opl8l alols

aiwd (gl UPGMA g, 510 oalitwl old go i b ig,y wle 51 pipe 1y o3l caalud g 540 (5 basee )3 +/50 4
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Dodig et al. 2010; ) cowl oss oaliul 5,505 alie Sldllae )3 igd Slis g J9g0 sla,Kilis b puiS slacuse

(Voss-Fels et al. 2015; EI-Rawy & Hassan 2021; Sénmezoglu et al. 2022
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Figure 2. Population structure analysis of 67 bread wheat genotypes; a- cross-entropy
showing the number of populations, b- Bar plot of 5 sub-populations by kinship matrix

Dgr yusia NEY B 2[00 5 i byl 13 g MRE B /AY 51 Jloy bl s (5 ely; Glan ool awsdddl alold asels
VY slbcwg; o alols oy yiaS 9 (DISCUS) Y10 g (WALDE) Vv slacwigs o alols oy i Jloy buse
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Sle iy 1y dlold oy 28 (TIGER) Y1) 4 (LIONA) YF clacuisss ¢ alold oy i (Bezenchukskaya 380)

L o6 A5 g3 TV 51 bl iy e 25 0 ot ((FST) sl (s L) K605 5215 ¥ Jpan
SNP 55U 51 salaw!

Table 3. Genetic differentiation (Fixation index, FST) among the 5 sub-populations of 67
bread wheat genotypes evaluated by SNP markers

pop5 pop4 pop3 pop2

0.091 0.166 0.137 0.302 Ve 2
popl

0.479 0.438 0.567 Vogna 2
pop2

0.23 0.287 Yegman yij
pop3

0.232 Flgman )
pop4

2y 55 g Jloy bl s (sl "NDCIUSE" (61581 p 5ty o3kl 3)90 (slaadls ST ol adigs dlass oy yia
Ll 53 031 caigis ¥ g ¥ ¥ VA A sl ol ey & iy B <S5 1 baog,S Jloys Lasl i 13 391 cuiyi &y 09,5 £50 L
Olyisa g w3l polaidl g 4 1) jlade o yide Clio Cll )3 5:0ke yobas ooty 9 Jgl slrog)S Sl (Jloys
YYY 3 (WALDE) vy (HOLME) Y (clacuss; 03515553 p)lea 09,5 (5 Jgaa) 3ab wlesl Y 5,Sdes b (slaog,S
Fo Slacaisy Jols o pow 09)S b 4l Jloy kulyd > ol 3)Sbes b (95 plyeas 5 35 (ZG K T 159/82)
b a3 lis bawgio 3,Slas b 05,5 lsicdy 35 59 (AlMari) YA o (Aring 11)
ZG VYF iy Joli poty 09,5 035 i gif Vg Ve VY Y ol b Jlaa B e slog,S (5 Ll o
I8 Jgl eg,S &8 slacwss o (BIrUZa) YOY cugj g (Biruza) Yoy cuwig; Jols Lis og)S o (K T 159/82
ol acwigs cnlpls 939 bog S plo d Consd adlllas 390 Clio 351 (gl (65,5 e s (Sbe jgboay w235
55 g5 aalllae Sy 3 (F Jgia) 8l Joocte (A5 ) ol (g yieS dxS 53 9 K32 Yipglie Loy (5 4y S 095
@ o)l o Slopw G35 kalpd ) 5 09,5 dw 4 Jlo Lulyd 5 adlllas )90 iy Vo Sl Slao Sl eslial L

(Asadi et al. 2018) L5 wamds 09,5 ;Lo
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Table 4. SNP and phenotypic based genetic parameters among five populations of 67 bread
wheat genotypes

Dura>  Ylure> Yiuwror Ylures Vluze> SNP , i e3ls

pop5 popd pop3 pop2 popl SNP parameters

0.28 024 022 01 03 GD S35 g9

0.23 019 0.8 0.08 0.25 PIC 5w cledbl glgime

0.2 0.17 016 007 0.22 MAF 56 I Jlgl,3

19 8 12 7 21 N of genotype —uigj sl

(Normal) Phenotypic parameters  ..isé sla 25l

0.965 0931 0.936 0.930 0.868 Fertility tiller ratio < (s,5)b o
1.364  1.280 1.285 0.779 1.565 Main spike weight (g) (Lol dbiw 3

0.610  0.614 0550 0.446 0.5944 Grain weight per main spike (g) Lol aliw > @l 4
28.847  31.77 28.619 27.008 31.575 Grain number per main spike Lol aliw ;> als sluss
3.313 3.379 2933 3551 3.7103 Spikes weight per plant (g) x5 ) aliw s

87.938 121.711 85.97 106.396 86.86 Grain number per plant «g ) «ls sliss
3.327  2.926 3.0632 2.500 3.024 100-grain weight (g) «ls -+ 54
1.924 2643 1696 1.543 1.990 Grain yield per plant (g) g ,» 4l 3 Sles

(Late cold stress) o)l (o (slo g a5

0.842  0.901 0.849 0.720 0.749 Fertility tiller ratio < (s,5)b o
0.852  0.831 0.747 0.6120 0.806 Main spike weight () Lol aliw (5
0.432  0.454 0.402 0.286 0.434 Grain weight per main spike (9) Lol aliw ;> &l 5
23.695  24.08 21.424 18.837 25.346 Grain number per main spike Lol dliw ;> &l ol
2.189  2.873 1.808 1.880 2.0942  Spikes weight per plant () «s: ;> aliw 5
50.313  68.98 45.377 63.480 54.021 Grain number per plant 4, ;> 45 sl
1.878 1759 1.799 15190 1.6477 100-grain weight (g) «ls -+ 54

Grain yield per plant (g) <4 ,» 4l 3, Sles

1.145 1565 0.944 0.825 0.997 e .
Fertility tiller ratio as (¢)9,b coms

5 J5s0 (gla Sl 5l eoliul [ amigis (W0 wlwl p (gladigd 3o g AliS o pilo drwlxe
Sej kly) a5 (Se55 £95 2L Sln b e (Sl pgi) i 3 08Ty ISSae aglS s s Iy alelis

(Gostimsky et al. 2005)cw! 03,5 wal,é (g5 19,3 9 (SIA6S oy
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Table 5. Analysis of molecular variance (AMOVA) among and within populations in 67
bread wheat genotypes using SNP markers

Sy do > Canod 59> by Sla e 1k @il sy &y @olie
% Est. Var. Means of square DF S.0.V
22% 598.350 9824.394 4 Among Pops lacuses (w
78% 2166.340 2166.343 62 Within Pops bacuses (49,3
100% 2764.690 66 Total s

PhiPT=0.216**, p=0.001

Height Height

AW WNa == LN
N ORI WWND O W WOW HWRD

(Camly) Jlo s aalpad )3 oigid lioo wlasly U @8 caigi§ T (o1 po ks S3izaudgs IS

(ea)oslen oy 23 Slopw 5 9
Figure 3. Hierarchical clustering of 67 bread wheat genotypes based on phenotypic traits
measured under normal (right) and cold late stress(left) conditions
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Table 1. Average of traits in the clustering groups of 67 bread wheat genotypes based on

phenotypic traits under normal conditions and late spring cold stress
(Normal)  Jl

> Sdes g o bl o
Voo iy &b olass P ab e daw e Cas _

»ab 5 aliw  alw Lacl sluss 05,5

B al g o " chol dliw ol ey (o)t

% %

Grain 05 Grain  Spikes °M  Grain  Main

yield rain number ng ht number weight  spike Fertility

per g g per g P tiller  No of members Group

plant weight  per per plant per main weight

of @ st @ it wike@ @

252 341 10048 351 3214 071 1.59 0.96 38 1
129 258 8697 315 2720 044 0.88 0.92 28 2
162 210 10941 497 4014 0.70 1.01 0.74 2 3
1.04 293 6387 356 1873 0.33 1.36 0.63 3 4
370 5.09 9214 345 3571 0.55 4.09 0.95 2 5
(Late cold stress) ol ()23 slopw i
171 194 6569 287 2924 057 1.00 0.90 21 1
1.05 186 5470 2.07 2270 045 0.77 0.80 27 2
046 136 3619 135 1659 0.24 0.57 0.91 10 3
036 089 4201 139 16.03 0.14 0.49 0.43 7 4
025 285 3887 123 2839 0.13 0.68 0.63 1 5
070 284 8018 285 3082 0.32 1.46 1.00 1 6

B> 9 (LAl Sl Wl o g Canl (azee SIS ) Jiitune J5Sge Jlod g 425 ¢ (Sool58 )90 Sl b dunlie

pAS i) Y e o acals gy Sy g olulis cas (Dhillon et al. 2009) aas «l)l (Ss5 g95 obs) sl |,
baisss o S5 4ol 85 )3 oy 3390 SNP S oDl Jols (S5 abols s plo wallns 390 o
S5 gl cp it g g ol poi) aw )3 39290 VL g5 oind (LIS 45 39y pusie V¥ B o/ e eV 0390000
Yy o (Al'bina 45)W2WF clacwe; omw @olds oS o (Ai-bian) Wy 4 (NI9814) WA gl 90 o
adllas )90 sl > (S dlold 1 She cpien 9 b osalie (ITkutskaya ozimaya)yyy 5 (Kulundinka)
4 baye dg M= +/A ply &S Coys opl Hlade cp iy a8 ol lis  SidsS  Stuod o pd dulbe guls g V/+10
e LM p1,55,555 5 ol gl ins 29t UPGMA g, ) ol o855 (g o ilo 5 (565 alols g o
St 05,5 oz & |y oy UPMGA s, 4 sladgs ayjos §) ol ults ctls Jlss on ) (S5 alol
(Goldfield) ¥¥d uigs Jolis p)laz 09,5 g 6292 uigiy 208 VA g ¥ F Jolis 5 4y pgus U Jgl 095 (@) ¥ US5) 2,8

oS s pgbos sl o i (Mol 55 g psbateds cplly B (sl (S aloll 5 go5 5l Jols gl 25,
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295 plly & Cond 5V (S5 awiliy b (2laS 00 sl 4 oo Wil oo iy (i) alol b glacigiy o S
- dgu

(PCOA) alols s silo oluly ol cliaisis &y &y 355 3l 1 ami g3 (g0 (wlwl o ol Olaiduw a4 300
a3 o0 Ui g g Jgl adlge 93 olul |y iy STy 5 @i F JSub b oslitul i (saiu0g)S (owyp sl 38
5 osel cawds leMbl 53,8 amgi |y IS uibylg 5l (Egesme y3 doyd VENA) ko )3 BIAY o Vo /YY i 4 adlge 93 (pl
ool 2 555l 9 93 o Slaumex g (rizred 9 Cull Gl ob b Lo jE gl adgd o0 5 ol Clathe 4 4 jo0
ol o8 w518 ks (slaog)S 53 Loy a4 Jerxie slacudsi - (C)F JSi3) wload b jS0aS6 1 (e Jgl adlge 9
S eMel 4 a4 > (Shakiba et al. 2017)cu! cglite aewisss ol ) loyw 4 oo (K55 bl cmd g0 (LS
S22 By 00 03l oy Sloyw 4 Jo2S 3900 sl dacdgil cnl 2 39290 (S5 £95 51 B amd e ) el ol paS
Slive a5 200> (Lt 9 2385 51,8 oglite (slvog ) 53 (395 Sladisd w3 3 Loy & Jooie (Slacuii] 9> 55y 2 adlllae
(Visioni et al. 2013)cul cglite 9> clacasg; 1 o)l slopw 4 oo S

Slllas )3 (S5 b Jiis yobods (JoSUge 9 (59 Gasbyy jl odlisul L pasS (S35 @l o (S) 2151y 5 £95
.Nazarzadeh et al. 2020; EI-Rawy & Hassan 2021; Shabannejad et al. 2022) col osis b, 55 0,500
(Suid i g Jloy balyd )3 pAiS )3 (S 5 wyp 59y 35> sadlllae ) (2022) Shamuyarira et al ke 4l
Ty Egoe b oy Adlge dw 9 WO Galippdl 09,5 dw & | adllas 3550 puS (slacuisy SNP Sl eolil L
SNP sl S5l jl eslatl JS jobods 133,8 slulid (a5 g Jloy balyd )3 sy 4 doyd SIS+ g duoyd A JAY &l s
ThOMSON ) sl 01 3135 caslio 45 A5le oy 5 S5t oosis Skl b alS K5 g5 anlllas 15 oy 4
Oliee 3 oolitl Jlo (igoil 5] isis 5 (aip® slaodls ulsly s} aiog)S o Cilae gy sl (2014
(P= IYA) LN bl 5 Ll 539 (P= /YY) /oY Ll Jlogi bl )3 (ou39i8 b (o) (sinog)S (o (Niosod
5955 sooald (oll 1 o} (saneg ) il pas dmi )3 5 Jilo (903l (1352 515 (dme i (SodBILE U al g2
o oy (15 9 Jlop Lulyd 93 55 ddlllas 3)90 lao oluly gl (gaeg)S S Jbopd aidbie (oigid
el (2021) Belete et al. 4.(2019) Verma et al slaasl b zols ol ols olis |y (0=« ) 1=+ /¥Y) (gl ne
ol ) isd Slao s DNA (la SLis oy oyl (Stamsed Jdods Sl o i35 5 adid (5095 3illal pus o)1
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