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Assessment of genetic diversity in alfalfa (Medicago sativa L.) ecotypes from
central and eastern regions of Iran using SSR markers
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La SLis ol 3l (Mengoni er al, 2000) ol,LSan
Slacs ST e &Sy by, sl sl —
OHLSen 5 cp il s S eslitwl amiy o1y
s KLss 3l esliwl L (Sandrine et al, 2008)
L) o105 amis o8 s o (S5 655 o)l gabe )
33983505 NS T 0315 oV g5 5 o
Sl s (Ellwood et al, 2006) O, Sen
—SE 5 s 8= ) 6 S esl
Aol Hl 8 eslanwl 5y 90 M. truncatula ads sa
AV (Bernadette et al, 2003) ol,LSus 3 Sosls
Yo VIR - Y PN PN ST o 4 |
TR YT I YUNRIPOC P P Y g oy
OLLSn 5 oMo . isls 5 eslinul 350 A5 bl 5
g5 o 03 (Falahati-Anbaran et al, 2005)
Slaasmis Comar 28 e 5 5 0953 (S35
0L SSR KA Law 5 Ol ! (M. sativa L.) e\,
N ey Cl e 4 eumaz 0553 £ 55 Ol e 45 stinld
Lalnas 03,3 OLaLS o33 Lot o s
Cadben SLacomaz 5 ails SYL e 5555 5
Sl Kol a8 sy oo i3 4 s g 05 g8 b o Kaal
55 G Sl i 8 5 s Sl 0l s0le 2
L5k glaans s 55 e ihe S Lo 5 5 (S5
g5 Sl LeT 150 Salagl sl 53 5 sl e
Ol G 35S o (s slaamiy ~S55
0)9 sl A S molA g Lo b sl
Moy o3l Sl iy 53 (2 5me slaas
Lins o JSCi5 1y 6ola sladt yly e 5 Llos S
o=l 4d g g (Yadi-Samadi and Abd-Mishani, 1995)

(@ g wlres s s jlas s (a)l:m» daas g
Sl 5Ll ol 53 il oo Labein Slos gast
3T ol Ol5me Ol m G5 5 S 0 Sbomar
DSl (s 2 Bn b e (0 (55 0L 2 Ol e
3550 0l Glaass gy 55 Kol el At 5

55 5 s

ovy

LVIEV-1Y

o) e ChS g 5 A 5
o cl_..a Cf‘; 3 f g esleiul 4 (Medicago sativa)
o J 2,0 5L el sladals s 5o T <S5
31 ks > .(Abd-mishani ez al, 1992) &l 5| s
S5 000 5 (bl amiy ol 5 g5 S 0 el
C}_ﬁ s ‘U‘L‘J"L‘J (Karlml, 1988) Sl el
a3 i y3 il o 5 opl ys a5
Ol Sl 5 3000 gl L I ST sla Sl
Ll ol pan ¢ eSS 5l S5 0l e 4y
S vy PR U U IS IR Sy PUl P SPY
L5 8 e O3 o3lial 5 0 aLE S5 sk
u)}‘d>fﬁjjjabﬁ&>u%‘ﬂﬁu@d
(Manifesto et al, 2001) Xz s3lizul o6 oLE
a5 0935 (SSKE) f 55 (o 2
L) R g .t | I G S SE N W P
N e Cblis an g a5 030 25N (S5
M‘&gjgﬁgﬁ\,@\yﬁ,ﬁjcu
sl KL gales I .(Peng er al, 2007) =S
o3l sla s U oylpnlay sls Kol o JoSJ 50
U_;j > 45 Lz (Simple Sequence Repeat) 6J‘J§5
4_3}4_§)|.> S>3 Q‘jlj_‘z)j_bd\_:g:;bj;}n
Ol g ilaal (65, — b e
«(Morgnate and Olivieri, 1993; Wang et al, 1994)
(S5 5 Glade sazme Ly pis LS| SIS
g L $SS 4 Ol 5 S b 4kl

.(Gupta and Varshney, 2000) . 3%
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AL Mge
T Gl &5 ol am g 0355 ¥ (Gudios p) 3
e Sl s s 5 (83,5158 Dlikod S 50
RS- g U g G N PP U S P,
5 elyjog, S (hags b s layd () sae)
b el SIS w3 Els (bl Aol
OIS 2 5l daasalS i) 5l g 5 Lis 228 7 S

0345 ol 3 oJMJ&@‘ﬂﬂcd)jT@?Jmc@dx Sesg (s oyl =Y Jsd

Table 1. Accession number of alfalfa ecotypes, origin, geographical code and ecotypes number

g 3 0l 25T oo Joe ity o s ol 6257 o Jouo iy
Accession Number' Origin Code’  Accession Number Origin Code
44-1 Zarinshahrl \ ¢5 )5 C 268 Fezve3 Yoy C
23-1 Damghan Olasls C 11-1 Kahrizsang <&, o8 C
126-1 Fezvel Yoy C 126 Fezved Fogb C
68 Zarinshahr2 ¥ 5 55 C 188 Rafsanjan Ol E
42 Kohpayel Vasla S C 25 Sabzevar BTy E
47 Kashanl YoLals C 24 Yazd 5 E
9-2 Gorganl VoS C 145 Jiroft S E
39 Kohpaye2 Yala S C 29 Gonaabad SuE E
27 Shahrood 352 C 10-2 Neishabor Splis E
45 Golestankoh . k.8 C 34-2 Birjand 1 Vo e E
67 Gorgan2 Yo 8 C 6 Sirjan Ol e E
83 Falavarjan . ol C 34-1 Birjand 2 Yl o E
30-2 Varamin ol C 36-1 Shahrebabak b e E
147-1 Fezve2 Yos C 4 Sistan = Ol sb 5 Ol E
8 Esfahan Olgas! C 32 Torbat Sy E
14-2 Kashan2 Yol 56-2 Bam - E
5 Meyme dase C

Ll gr s BB Olghol b mlin 5 (6555187 Dlido S e 51 s )3 ek €l SlaaS b o ST 500
1-The ecotypes seed are accessible from Agricultural and Natural Recourses Center of Esfahan

Q\J{ldj{:;L;hdﬁé\jE}jffdhdﬂé\jc.6)}TC~?4.&J=;A&\:§U&:_-J‘,LJLAJ{LM;}S.\§-Y

2-Ecotypes code, based on origins longitude. (C=Center, E=East)

S S gl oble Ly ol Sa V0 oo
S5 Al S5 ¢ st 53 S Y se (s 5300
IV T SLET a5l e 5 PV Gl ek 6l
355 hols3 0 8 L0 WNTP (b ghinn Jgo Jn
(il Sl 93 e OT =5 S V/Y

oYY

(PCR) 31 yosly 510y 5 s
Sl mlin 5335 ga o)l palay s SSliies

o.ﬁuﬁ_wl.’)"_djc\fﬁ_w‘w)ﬁo_i‘r\_?ﬁ\‘s‘ﬂ
Bernadette et al, 2003, Diwan ) (Y Jsd>) &3 8 )\ 3

3 Gl s (gl iy i STl et al,

2000
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Table 2. Name and sequences of primers and polymorphic information of primers

ST et W ST s L sl IS i L sl S e s Sl e s
Primer name (L=Left,R=Right) Primers sequences = Number of bands  Number of polymorphic bands  Percentage of polymorphism  Marker index

5’-tccgatcttgegtectaact=3’

MTIC345 LR 5’-ccattgcggtggetactct-3” 5 4 80 2.8
5’-gccgatggtactaatgtagg-3’

B21E13 LR 5’-aaatcttgcttgcttctcag-3’ 6 4 66 2.18
5’-ccctgggtttttgatccag-3°

MTIC332 LR 5’-ggtcatacgagctcctccat-3° 6 5 83 3.62
5’-gcttgttcttcttcaagetc-3’

B14B03 LR 5’-acctgacttgtgttttatge-3° 6 5 85.7 3.5
5’-tggaatttgggatataggaa-3’

MTIC432 LR 5’-ggccataagaacttccactt-3’ 5 4 80 2.68
5’-gatgagaaaatgaaaagaac-3’

FMT13 LR 5’-caaaaactcactctaacacac-3’ 7 6 85.7 3.04

5'-taaaaaacggaaagagttggttag-3’

AFct45 LR 5’- gecatcttttcttttgette-3° 8 7 87.5 4.58
5’-attcacacaaacccatcttc-3’

MAL369471 LR 5’-aaacccttagcaccgaca-3’ 4 3 75 1.08

5’-cgaacttcgaattaccaaagtct-3’

ENOD20 LR 5’-ttgagtagcttttgggttatc-3’ 7 7 100 5.66
5’-gcctgaactattgtgaatgg-3’

MTIC250 LR 5’-cgttgatgatgttcttgatg-3’ 8 5 62.5 2.87

Average Sl 6.2 5.2 80.64 3.2

oYy
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oy JS sl PIC jasla sblse pogde jastla oyl
o ity 5438 55 551 IS i S
das e O it ol A5 g |, S5LET

(Anderson et al, 1993, Powell, et al 1996)

o S5 e e by e gLl

\ Al

2ol p ) 093 9 (Ny 9 Ggr Hg Hry)

POPGENE32 ;31 o 5l eslizl Ly (I s H N N,)
s -(Yeh, 1999) (05 F clad i) Ldd anlos
Slaatius 0 4o s olol W s o S35 Ll
A Lol DARWin 5 15581 p 5 5 eslizl U ol
Sleslial U Lads gai cpmr oS5 Loty () JSK2)
L a0 01 855005 5 dmlone s 455 g
b oo S UPGMA 55 51 o3bitel
o g mbi

i Sl

s 4z, S oylgaley, SHET Chmos sl
g5 8V § game 55 5 dmdls Yo A L L5T ol
Sl s g JSi A IS OY 48T ULs _ase e
e SET a6l Sl VY I Kt sla,l g
Sy by e S B 15 ot 0
S 55155 VL ENOD 20 5 AFct 45 sls S 5T
LMAL369471 S3LT Cis 4 bg o K8 dir s
Sl K L SIS O/Y 55 #Y Sla s Ll Y
A oy (Y Jsids) b Jols La ST e
L MTIC 250 ST (gl dwys #Y/0 51 SIS
G do oV U S i s o S
(s i Aoy o i LENOD 20 5 5LeT
Loy AR (IS i Ol Sole 52 ke
O Sen 5 M (Y Jod) dd e _wlons

909 ‘.r<'§‘) g5 (Falahati-Anbaran et al, 2005)

ovY

g o&s 53 3l ey (slo iy STl pln
aiss Hlgx Slej 4l » L (Bio Rad, USA) IS La
s Vool Kl am 53 AF s adyl (o5le ad ol
Jlail gbes &5 55k 4 ) Touchdown &)y guo 4 4J
uéjf).léj):;j\ng}'s sbes 51 YL 4?-)5@\)
T w0 b s g a8 Los Slam 53 5 a5 2 8 03
Jols o Y0 5 (dyy SHET Cosd slos 5 o
s & g a3 00 53 a4l ¥ a5 AF s il ¥
sl b el ol 5 sl 4 53 VY s
o351 ;5 A vl_?dl 4> Ty O a>= 5 VY >
Aoale K5 s S g b5 ey sl iy 25T
iss B Sde b (5,108 50 1 S 5 b ies Loy AA
@o:j@&p&)&wﬂjwﬂb@):‘\b b s
Sy 03550 5 bgliee 1 ady Se 03 Lkl Jizie
I5i835 —t edale p &5 5 5l och sl i
Aoy i 3yl Sl 4 july dad ST
6,148 ;L (Bio Rad, squi-Gen GT , USA o&Kzws ,3)
AU SRUNUPERCH P DU K PSS Y TV
) e 3 plol (ol J b s 4y 4l
A el o8 Ol gy Sl eslined L J5 (g5l
.(Bassam et al, 1991)
yosls fuxig 4 s

301539 10 &K Dy 4 a5 35l
.gL_'leQ)}_.pc)\j_SaH}r.\_a‘_glj_gJé_.p
03,5 5340 @l Jsb olel 03 50 glres s
5 (4530008 GLsl s b L) C U S 00y 5]
[ 53 05—FY LUl jr J5b 1) E S G805 8 o
(PIC) (IS sz SLoMbl Ol e s o
Jse 2 Ll (Polymorphic Information Content)

PIC=1-" P’ )

Sl jas s iomen 5 (Prasad ef al, 2000)
Jse 2 3l eslewsl L (Marker Index)

MI = PIC.N.3 ")

50l PICAS At aculoes La S5LT alS” (ol
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Fig. 1. Two dimentional diagram related to alfalfa ecotypes diversity using factorial analysis

4 PIC Ol ;s .(Roder et al, 1998) AL acils U
s Ll s JIT sl dsile Jol o
45 0 i 51 ST (155 55T 5 G Slads 2S5
Hs5 sk 5 (ools IS0l b (e (Sen
slass ((Roder e al, 1998) C—wlausly 5, S
Slgmen b 55 050 sale s pisla SHLET slaw 5 e 53
.(Prasad et al, 2000) 5 J3.C e ;S;““““ PNt
S eheS a Gl (MI) S5 e L 4 lons
aS 3l Ol oY Jgus) eslaswl 5,4 L;LajiiL.iJ
T b St a8 0l
ST 4 by je ldiie o 2aS 5 (8/9%) ENOD20
¥IY Lasls ool :S0La 5350 (1/+A) MAL369471
A5 00 ST oo ity als ol alons
Anderson et al, 1993) das oo Ol |y i 65
.(Powell et al, 1996 4
Bouro 23 0909 (85 99

S T Jols pmam 0353 la s s 00

oYo

b o)) iy Comar b 3 1) (Smez
59 5 d0ls 55wy 5y sm 0l saleny Slis St
ey ¢ JS iy )5 V/YP Kol b S 5
...,U:)}T
Ciz a6l o (PIO) S ik Sledbl Ol 5
6ua>}33uo:jjdfé\jﬁlf‘&)jbcu_c)fjl.{:T
s | 80l 5 b el 0121 G5 5 S e
GOl G5 S e Saess 5 PV bes s JS 6l
L (P i) Al alows /8Y 0 /5Y 5 5
35 2 ¢l PIC jluws - 2 i (415> ENOD20
Sl 5 (A 5 VA G55 ) Gd g S e Come
33 2 5 PIC Hldde o ,2S (6l,ls MAL369471
5 CIYF 5 /WY 5 a0) G 5 55 0 Cmmar
5 e PIC Hldie o 2is LENOD20 Kl ol sl
S5 Aol Lol g 4y LS 4 e Sl b
2 S el o S e e Laas gl
sde Ul 5 ad 503 95 slize PIC Ol jas cla 2l 5T


www.SID.ir

ff)éﬁ@xguWﬁjj&L@W)J(PIC)hﬁmﬁ&g\w—rd;%

Table 3. Polymorphism Information Content (PIC) of total population and subpopulations of alfalfa

ST et Cune JS'PIC (C) 55 # comaz 5 PIC (E)5 4 conax 5 PIC
Primer name Total Population PIC  PIC of Central subpopulation ~ PIC of eastern subpopulation
MTIC345 0.7 0.67 0.72
B21E13 0.55 0.55 0.51
MTIC332 0.72 0.72 0.72
B14B03 0.68 0.64 0.71
MTIC432 0.67 0.66 0.65
FMTI13 0.5 0.53 0.42
AFctd5 0.65 0.66 0.63
MAL369471 0.36 0.37 0.34
ENOD20 0.81 0.78 0.83
MTIC250 0.57 0.58 0.55
PIC ;5L 0.62 0.61 0.61
Average of PIC

j./r)./n%'_;j‘\_féﬂi'ﬁi—{fk.'—:’w’.’ﬁj
EP /T s 05 SLedbl et
e aS Uas e O LS A s
sl a s gl oL 8 s (615 e
33 0 g Sl s g ez ) 95 B D
LT Lol sliw 53 Ol 55 5 L Comass
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il Sl

t}.ﬁ «Ne) JJ}.& ‘_;U:JjT sldas (Na) ol odalie

JS W=D sl sledbl jasls y(H) 5 55
23 SSE LG5 S e GhCamer 1) 5 Cunex
ol odalive gla PT ke .l o @1y F gt

Gd 9 7S o Glalamar 5 5 Comex |5
23 s gl T sluss L-ﬁijl._.n)\/‘\? 2y s sl
Ot B Cmmaz 35 55 9 VIFA 557 0 S 5

d g S Camazr 55 09530 Cureze [§ S5 G35 2050 03 ol 6,5 oIl gl et ls —F Jgu

Table 4. Calculated indices related to genetic diversity within subpopulations of alfalfa.

el Comaz S (C) 5 o ez 5 (B) 6,4 comazx 2
Statistic Total population ~ Central population  Eastern population
Na(st.d) 1.96+0.19 1.96+0/19 1.96+0/19
Ne(st.d) 1.4940.3 1.4840.3 1.49+0.31
H(st.d) 0.3+0.14 0.29+0.14 0.3+0.15

I(st.d) 0/46+0.18 0/45+0.19 0/46+0.19

05l Sl jasla =l 5 (S5 g5 =H ¢ f 50 sl JT sl =Ne ot otalis JT 515 =Na
Na= Observed number of alleles, Ne= Efficient number of alleles, H= Neis gene diversity, [= Shannons information index

o ol (ol Comer 53 (S e e Al
O 0§ s el 5 s 5 (S5 g s
oS sl 0l s (Nei, 1973) il o aoma
2338 basal ol Comer 5o (55 p s )M
O 70 £ o 5 Sl Lalomasr 55 51

Wﬁjjbﬂ)abﬁpgﬂuwji‘j

oys

Lol g Bouwm 95 o (S0 Eo9
b glalames 5 o bils) s S
dloen (e e Sla e s D11 G5 5 S
5 g5 Sl e b sl (0 Jder) ks
b ge e la i 55T 50 /¥ 0 3190 L (Hp) ol
dmlowe /Y (Hg) LaComas 15 513 55 (35 55
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Lalomer 1) O £05 3 AU olg Come 53 0l
g5 3 U ol Comer 3§58 L) A8 5
e Sl Fle (55 0L sliae .Sl o3 g 531
OTL ite (Sisar 5035 bamar 0 55 3l
3ol
m bty s S o Ll (o 2
4S sl olis =T (# Jydr) L anlows  max

g5 Jool oSS 55 ol g 55 Ao Vel i
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Table 5. Calculated indexes related to genetic diversity between subpopulations of alfalfa

Statistic

(Sted) s aculous i
Calculated Value (St.d)

Hr
Hs
GST
Ny

0.3037+0.02
0.3004+0.02
0.01
44.56

&30k =NM 5 5 55 e s =GST G5 5 580 bicamar 25 Jo1s (S5 55 =HS ( ole (S5 ¢ 55 =HT
HT= Total genetic diversity, HS= Genetic.diversity within subpopulations, GST= Gene differentiation coefficient, NM=

Gene flow

don gy ST S o £ 3550 53 0k S S o3Iul Gla et ls % Jad

Table 6- Calculated indices related to genetic diversity between ecotypes of alfalfa

etls (St.d) odts anloes ldin
Statistic Calculated Value (St.d)
Hp 0.3197+0.02
Hg 0.2341+0.01
Gsr 0.267
Num 1.36

G50k =NM g5 pls s 5 =GST o S10550 (S5 ¢5=HS (o6 (S5 g5 =HT
HT= Total genetic diversity, HS= Genetic diversity within ecotypes, GST= Gene differentiation coefficient, NM= Gene flow

A3 7S UPGMA iy, J—wl> (,\J?”.x;;
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Celn G 31 55 51 0 5 il 3T
skiler 5 Ls (55T mear Ol S 5 Oll 5 sladln
& 4 Glaze sl ST das o DLl 85,5 o
ESU 5 miomat it oS |y Calibes LU 53 Oliul

ovy

Sl Slae 4 4 o
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Fig. 2. Depicted dendrogram using UPGMA method for study on consistency of molecular data and

geographical location of alfalfa
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Assessment of genetic diversity in alfalfa (Medicago sativa L.) ecotypes from

central and eastern regions of Iran using SSR markers
Rezaie, Ml., M. R. Naghavi2 and R. Maali-Amiri’

ABSTRACT

Rezaie, M., M. R. Naghavi and R. Maali-Amiri. 2010. Assessment of genetic diversity in alfalfa (Medicago sativa L.)
ecotypes from central and eastern regions of Iran usingSSR markers. Iranian Journal of Crop Sciences. 12 (4): 520-532.

(In Persian)

Genetic variation in 33 alfalfa ecotypes from central and eastern regions of Iran was assessed using SSR
markers. PCR analysis was performed on genomic DNA using 10 ‘microsatellite’ primer pairs. PCR products
were detected using denatured polyacrylamide gel. From 62 reproducible bands identified, 52 bands were
polymorphic corresponding to an average of 5 bands per locus. The proportion of polymorphism with an average
of 80.64% varied from 62.5 for MTIC250 to 100 for ENOD 20. The average of polymorphism information
content (PIC) was 0.61. ENOD20 and MAL369471 primers had the highest PIC value (0.78 and 0.83) and the
lowest one (0.37 and 0.34) in central and eastern ecotypes, respectively. Nei’s gene diversity and Shannon’s
information index for both of populations were calculated and their values were 0.29, 0.3 and 0.45, 0.46,
respectively. Genetic similarity was estimated using the Dice coefficient, and dendrogram was constructed using
the UPGMA method. Generally, results'showed that despite of the similarities of genetic structures between the
ecotypes from two regions, high variation was observed among individual plants possibly due to the high
allogamy (90%), insects activity (particularly bees) and pollen transmission among ecotypes. Genetic similarity
between ecotypes in this study could be considered as consequeneces of genetic equilibrium that have been

occurred over long time of cultivation of alfalfa in these regions as well as seed exchange among provinces.

Key words: Alfalfa, Genetic variation and Microsatellite marker
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