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Table 1. Origin of the alfalfa populations used in the current study
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Table 2. List and code of the primers used in the current study

Gz ol )3 olitel 350 (sl ST 08 g ] Y S

Skl s

" Skl Silelas Skl Silel s Skl Siel s Skl
Pcrlon;:r Primer Primer code Primer Primer code Primer Primer code Primer
SSR1 AFcall hIR1 TmslRetl *RE1 TmslRet1-459 ISSR1 425
SSR2 AFcttl IR2 LORE1 RE2 TmslRet1-A7 ISSR2 426
SSR3 AFat15 IR3 LORE2 RE3 TmslRet1-A12 ISSR3 438
SSR4 AFct60 IR4 Tpsl2a RE4 TmslRet1-B1 ISSR4 440
SSR5 AFcal IR5 TmslRetl- LOREL RE5S TmslRet1-438 ISSR5 443
SSR6 B14B03 IR6 TmslRetl- LORE2 RE6 TmslRet1-443 ISSR6 456
SSR7 MTLEC2A IR7 TmslRetl- Tpsl2a RE7 TmslRet1-818 ISSR7 459

IR8 LORE1-LORE2 RE8 TmslRet1-825 ISSR8 825
IR9 LORE1-Tpsl2a RE9 LORE1-840 ISSR9 848
IR10 LORE2-Tpsl2a RE10 LORE1-848 ISSR10 A7
RE11 LORE2-849 ISSR11 A12
RE12 LORE2-857 ISSR12 A13

RE13 Tpsl2a-459 ISSR13 Kourda

RE14 Tpsl2a-438 ISSR14 UBC808

ISSR15 UBC812

ISSR16 UBCB849

a RE=REMAP, b: IR=IRAP

Coror (Swi§ L (owy

Syl alolid g bl a0 0 &Sl 4 29 L
Ll 6938 Camex Lo o)y Wlao b by
Vo il oolaiwl b addllandyge Curen Hldle lanl pluls
5 ISSR 551 V8 REMAP ST\ JRAP 5k
285 8 ey dpse (¥ J92) SSR ST e v
oS N3ges ST Legi olSe YEA US> W55kl ol
WS gl 5SS sl e o 3 FVYY ol
|y 2ol Gingh 0 ol Vb s MSaa o
Conog o3l 3)90 s )SSLis Vb D) & ol
5 GresSjeye odd (gbpdsel Sl sble
s 090 Sy oL A 4 5 oy (LI5S
oigy 4 dl@l S wims (VR) ob
slcuzes g 3,8 Hlei 4 B Neighbor Joining
Srumex sl (pauie (siuog)S 5 355 asdllae 3)90
(Ve JS3) ol ) addllas 590

b, Sl dos I Jobs (slawsl claosly Lo 5 450
g il (9> pis) o 5 (19an) S Ojgod
A5 eolaiwl Cuxo> )L..>Lw =35 dl): J.ol> ‘)M;))La
Neighbor  bg) & yuwdS &35 33l (gaines S (sl
pbol (V+) TASSEL3 ljéle, 5l soliwsl L Joining
Gl §) Job codls Lolul  Cumen kLo .83
234 STRUCTURE ljls 5 5l elizl b la,Silis
9 Burn-in ;L V... L Admixture b > (V)
Yo b 5K alies yolis 5 MCMC 1S5 L e e
Cagas phe eple B gy (K 2 iln )15 V)
oM™ &y 548 o Bl i saiad lis aS (Q) a8l
ly (For) Conts (ald (S0l pien 5 AdLo
2905 S5l e Sl ool L 5 ezl (sloog S 505
2 (Jen] glcures ) dlaw) augy K sae 08
Jsdles 5l odlizel L (V) delta K sy, el
45,5 oo (V) STRUCTURE HARVESTER
5 (Kinship o yle) 381 suiglings balg) e ile
TASSEL 3 Jli8leys L MLM 35, 4 bls)l 4jo0
alln 3,90 Clio b by (sl L5 (1 1) €85 ol

Lad ol +/+Y 1 S P-value yalie 4 a5 b


http://jcb.sanru.ac.ir/article-1-693-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-21 ]

Al

VA0 5ol N o)l [piin Jlo /ol; lalS Mol dsliingsy

Bagh3
T 597

Ba
/dg Baghi
/ / LTI

Baght

BagSagh
Baghs }P
F hid
!

ADD poem
noruq/f

AOBOTE e o
G

ot

Harmn?
Harml
Ghi
Gho2 %nm o
1 1}
| GhOB
GhiT
GhO&

:GhM) SSR 4 ISSR REMAP dRAP ,S5Lis ¥#4 bl ,; Neighbor Joining g, 4 asdlles 590 azogy ol 3l pl 59,00 -V S5
) TU @bga )l oS :Aord ¢ Sliea Ham goliss Bagh «ledol e MES capog )| a9:0,8 :GhO g1iS' Sle asvigso
JoSLe :TUS
Fig 1. Neighbor Joining dendrogram of the alfalfa genotypes using 369 IRAP, REMAP, ISSR and SSR markers

(GhM: Garayonjeh Malekkandi, GhO: Garayonjeh Urmia, MEs: Mahali Esfahan, Bagh: Baghdadi, Ham: Hamadani,
Aord: Azerbaijan Ordoubad, Tu: Elchi, TuS: Sakuel
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Table 3. Mean of fixation index (Fst) of each cluster measured using Bayesian model-based cluster

Fixation index Cluster Fixation index Cluster Fixation index Cluster
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Fig 2. Bayesian model-based cluster analysis of 80 alfafa genotypes based on 369 IRAP, REMAP, ISSR and SSR
markers(K=6). Each color represents a sub-population or cluster. Digits on horizontal and vertical axis shows
genotype number and cluster membership coefficients, respectively.
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Table 4. Markers associated with studied traits in 80 alfalfa genotypes (P<0.02)

Marker P-value R? Marker P-value R Marker P-value R?
b Sy olaws 48l dlaw
Height Number of leaves Number of stems
IR6-6 0.017 0.074 IR2-4 0.001 0.129 IR2-4 0.001 0.143
RE5-6 0.011 0.082 RE11-5 0.017 0.076 IR6-5 0.004 0.113
ISSR9-2 0.006 0.087 ISSR4-4 0.010 0.083 RE5-5 0.003 0.114
ISSR14-4 0.018 0.068 ISSR13-9 0.006 0.095 ISSR14-4 0.019 0.072
il Kid 5 NATS ™ I 5o
Dry stem weight Chlorophyll content Total wet weight
IR4-9 0.008 0.089 IR8-4 0.002 0.12 IR5-6 0.012 0.083
IR2-4 0.012 0.085 IR4-11 0.006 0.1 IR2-4 0.004 0.107
IR5-6 0.005 0.106 IR8-7 3.66E-04 0.16 IR6-5 0.008 0.092
IR6-5 0.008 0.092 RE7-4 0.008 0.091 IR6-6 0.013 0.08
IR6-6 0.003 0.111 ISSR6-3 0.015 0.074 RE5-5 0.009 0.086
RE5-5 0.011 0.084 ISSR14-3 0.013 0.073 ISSR14-4 1.07E-04 0.176
ISSR14-4 6.17E-04 0.144 ISSR14-4 2.14E-08 0.307 SSR2-4 0.016 0.072
ISSR15-5 0.014 0.075 ISSR15-6 0.012 0.077 SSR2-6 0.006 0.091
ISSR12-7 0.015 0.07 SSR2-4 0.004 0.102 SSR2-7 0.005 0.096
Sp S G Bl 3i0js JS s s
Dry leaf weight Wet stem weight Total dry weight
IR4-4 0.019 0.072 IR2-4 0.002 0.119 IR2-4 0.013 0.082
IR5-6 0.014 0.082 IR4-9 0.009 0.084 IR4-9 0.015 0.075
IR6-5 0.013 0.083 IR4-11 0.017 0.070 IR5-6 0.006 0.102
IR6-6 0.011 0.087 IR5-6 0.005 0.104 IR6-5 0.008 0.094
RE3-7 0.015 0.075 IR6-5 0.009 0.09 IR6-6 0.004 0.107
RES5-1 0.004 0.107 IR6-6 0.011 0.084 RES5-1 0.017 0.073
RE5-5 0.015 0.077 RE5-5 0.015 0.075 RE5-5 0.010 0.086
ISSR14-4 1.16E-04 0.182 RE9-3 0.017 0.063 ISSR14-4 1.69E-04 0.171
SSR2-4 0.019 0.071 ISSR13-7 0.019 0.068 ISSR15-5 0.019 0.067
SSR2-6 0.017 0.073 ISSR14-4 2.68E-04 0.158 ISSR12-7 0.014 0.072
SSR2-7 0.018 0.073 ISSR15-5 0.01 0.080 SSR2-6 0.015 0.074
SSR2-6 0.012 0.077 SSR2-7 0.019 0.070
SSR2-7 0.005 0.097
Sy Foss 4l dlass &4 Sy dlass il Sid e 4 S SidS jg
Wet leaf weight Number of leaves’'Number of stems Dry leaf weight/Dry stem weight
IR6-5 0.009 0.086 IR6-6 0.003 0.118 ISSR8-7 0.017 0.077
RE5-5 0.008 0.087 IR7-14 0.012 0.085 ISSR8-12 0.013 0.084
ISSR14-4 1.20E-04 0.174 RE1-6 0.007 0.093 ISSR13-2 0.018 0.086
SSR2-4 0.007 0.089 ISSR14-2 0.011 0.085 ISSR16-9 0.004 0.109
SSR2-6 0.005 0.095 ISSR12-1 0.014 0.076 IR7-12 0.017 0.080
SSR2-7 0.008 0.088 ISSR12-5 0.004 0.092

8 5o e J5 Sk oy
Total dry weight/Total wet weight

RE7-2 0.003 0.106
ISSR11-3 0.016 0.071
ISSR13-4 0.008 0.081
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Abstract

In the current investigation, 10 IRAP, 14 REMAP, 16 ISSR and 7 SSR primers and mixed
linear model (MLM)-based association analysis were used to identify molecular markers
associated with 13 morphological traits in cultivated afalfa (Medicago sativa L.).
Morphological traits studied, were height, chlorophyll content, total wet weight, total dry
weight, wet leaf weight, dry leaf weight, wet stem weight, dry stem weight, number of |eaves,
number of stems, number of leaves/number of stems, dry leaf weight/dry stem weight and total
dry weight/total wet weight. Analysis of genetic structure of the populations revealed 6 sub-
populations (K=6). In general, MLM association analysis identified 95 markers associated with
studied traits (P<0.02). Fifty-four percentages of the associated markers were retrotransposon-
based markers (IRAP and REMAP), while SSR and ISSR markers constituted 46 percentage of
the associated markers. Marker 1ISSR14-4 was associated with 8 traits. The maximum number of
markers (13) was associated with dry stem weight. Markers associated with dry stem weight and
wet stem weight was also linked to the other studied traits.Results of the current study presented
useful information about the genetic basis of the traits studied and can be used in dfalfa
breeding programs to produce hybrids with high biomass.

Keywords: Association Analysis, Cultivated Alfalfa (Medicago sativa L.), MLM, Molecular
Markers, Morphological Traits
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