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

g s 6 e S35 oo oo ity o e sl 65T o Jouo s
Accession Number' Origin Code’  Accession Number Origin Code
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2-Ecotypes code, based on origins longitude. (C=Center, E=East)
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Table 2. Name and sequences of primers and polymorphic information of primers

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

5’-tccgatettgegtectaact-3’

MTIC345 LR 5’-ccattgeggtggctactct-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’-ggtcatacgagctcctecat-3’ 6 5 83 3.62
5’-gcttgttcttcttcaagetc-3’

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

MTICA432 LR 5’-ggccataagaacttccactt-3’ 5 4 80 2.68

5’-gatgagaaaatgaaaagaac-3’
FMT13 LR 5’-caaaaactcactctaacacac-3’ 7 6 85.7 3.04
5'-taaaaaac ggaaagagttggttag-3’

AFct45 LR 5’- gecatcttttettttgettc-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’-ttgagtagcttttgggttgtc-3’ 7 7 100 5.66
5’-gectgaactattgtgaatgg-3’

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

Average Sl 6.2 5.2 80.64 3.2
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Fig. 1. Two dimentional diagram related to alfalfa ecotypes diversity using factorial analysis
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Table 3. Polymorphism Information Content (PIC) of total population and subpopulations of alfalfa

STl Comer JSPIC (C) 55 comer 45 PIC (E) 5 come 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
FMT13 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 ;&L 0.62 0.61 0.61
Average of PIC
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Table 4. Calculated indices related to genetic diversity within subpopulations of alfalfa.

sl Comex S (C) 5 5o oz 25 (E) 6,4 Comem 5
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) 1.49+0.3 1.48+0.3 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 S go sla JT 5l =NE o otalin JIT sl =Na
Na= Observed number of alleles, Ne= Efficient number of alleles, H= Neis gene diversity, I= Shannons information index
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Table 5. Calculated indexes related to genetic diversity between subpopulations of alfalfa

el (St.d) ous aclons i
Statistic Calculated Value (St.d)
Hp 0.3037+0.02
Hg 0.3004+0.02
Gsr 0.01
Nu 44.56

S50k =NM 5 S5 5l o 8 =GST (G, 5 57 o) icamar 5 J21s (S5 ¢ 55 =HS (ol (S5 ¢ 55 =HT
HT= Total genetic diversity, HS= Genetic diversity within subpopulations, GST= Gene differentiation coefficient, NM=

Gene flow

w2y GBS ST o 55 25 90 53 0 65 o3l gla st la —F s

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

) (St.d) ous aclous i
Statistic Calculated Value (St.d)
Hr 0.3197+0.02
Hs 0.2341£0.01
Gsr 0.267
Num 1.36

&30k =NM 5 55 sy o =GST s $10555 S5 ¢ 5 =HS (o6 Ss5 55 =HT
HT= Total genetic diversity, HS= Genetic diversity within ecotypes, GST= Gene differentiation coefficient, NM= Gene flow

A3 3 UPGMA i3, 5| J—olo ol § 5,05
5o (Y JSs) wsl s Lacs STsL 5 SasT,
Calides bl& Gl g a o S10 57 Lol ilesT
skiler 5 s 55T mer Ol ST 5 Ol & gladld
&G 4 Glaze Sl ST cdas o L pl 85,5 o
G55 et it olS|y Calizes LIS 5 Ol

ovy

ol Olaisk 4 4 25
Seslial U Lacs 81 o &S5 Lol gy (oo 2
(o Slaatien 4 4 5 05051 5 als 4Ll g 0
aS 5l OLES (gl 93 4l 45 () Jﬁi) A ol
5 ails 3oy Lago3 oS53 (6505 sl S8,

..\;:_mﬂsa.x_;flﬁ.)l:}_g‘_gwlj)l@;’-ﬁ):u%;\


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.12.5
https://agrobreedjournal.ir/article-1-165-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-15]

[ DOR: 20.1001.1.15625540.1389.12.4.12.5 ]

S pren (S5 SI go sLaesls I ol ol 85 5005
638 Gyl f ol .call ol i gl o
@bl g GbLie 5 58050 slaesls GLbil pus o
g2 30 () Bl 535S Glaimi g 3 p g n S o)
O 05 Ol o odss 51 il el o S
=5 s bz 035 25 55 5 blmer

sl
S s oo Ol bl ol s edeT s w mb

B 9 35 o Sz 93305 sl Cal S s g b

OV 5\F slac,lai) (,1)?},,\_;; placs ST oy
1555 (OS5 5 Oliamw) Ui Ol 53 as 3kaza
(Slgran S s e OL Ll sl
s bl s oS ge slresls (o oalin
3 S
,5(Shah-Nejat Bushehri er al, 2008) l,LSon

i'.ﬁ;)l ,F;,l ':.,;)\J 55 > 9
wlis 51,5 48 Wsls oLis RAPD [ SSLii b el

5035 omly el o S5 58 Ol Vb S5

—
10 .J_ﬂ'_;-Khnrasan

15
N 4 3".5 " Kerman
_::4 kel 5~ Khorasan
7
Ji sl m=Khorasan
_| 1}
+ 16 ! #Khorasan
r +15
1
oo I_'_-f_Khorasan
k)
1 o g Gorgan
1 itiae Semnan
12
il
1 Sl S ‘Kerman
7
: '
' v
« 3 ol 4 Kerman
_| -

10 ._,',-Khorasan

+ ke 5 Kerman

+ 16 .'_-L-J':dKennan

&glpyu,gﬂyéuuugulw,ﬁ%UPC}MAb;,,pouw;gf},m—*Ji.:

sy A4S

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

geographical location of alfalfa

OYA


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.12.5
https://agrobreedjournal.ir/article-1-165-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-15]

[ DOR: 20.1001.1.15625540.1389.12.4.12.5 ]

WAL e ¥ ojled o033155 dor "0l pl (2155 p ke als'

pawj@;soTcswuﬁuj_t@ﬁ@ﬁ&it
i30S 5 A 3,0 555 O 1l Slaani s 53 45
50l Glaamisy 03508 (Rl Cgr (Lo
Sla by 5 (Sl pliyl sloml s LeT 5l esliznl
) A Oy (8 B e (859,503 (M
@D‘J_A&S‘)‘}:_Ml) s 3 b o dlgbg Coda
S 5 eld Cuy Sl ulal , (Descriptor)
(35S Caliee Gblie slaami g 5 ol =l b laam
A 5 eSS SaS 5 Jaally s ol bl
5 ol slaasl s LT 51010 b W ps 5l
;msu@\,zp,\fju,oucw\vu)ugj

-3 god 6,':?%-6%

S5 Rl
S303LaS sbgr S)ls g G ml a5
ity LD b 6 s ol ab e DY uamen S35

aﬁ@ﬁzsdﬂﬁ.\;SCMhMC;—bﬁo\ﬂj

References

3525 313 o 2V Sl 55 (S5 sl s |
035 58 53 o Sl (Sn 3L 555 pl 3l
Q)Qlk@k&c(@f:_p‘-wﬁ\')@dﬁog
dmi gy 1550 03,5 adls QU 5 (a5 o g
213 0Lt b ST o (K55 855 (om0 2 gl 3L
g5 Jel (ol (S5 8 esa Ve Sl e oS
it SES faE 5 035 L 510555 S
= iy S 4 a5 Ll 03 ol b ST
238 5 oS 5l gab able gl s ea s O
3 st e bl by (bl (2l 01!
350 SLaComer ¢S 4lis bl oo sl 5 o
a6 ol 1 (A il 5 or Gt ) 3 anlllas
s plamlr 5 ey 028 dle (b odeT 5 2
il Ol ) Calben bl
L;l_m,.,_:}_,flqjsbgl_iéo.\_ﬁ;_u:g@l_:}
Lo Lo 5 YU 5500 2 153 01l 53 550 5
6T 3 oslizul 5 s oo 5 51 b sldne &y g0 4
a5 b dsl o s Ol (Sl o)l A5 s

oolaiul 390 sl

Abd-Mishani, S. and A. A.Shah Nejat. Bushehri. 1992. Advanced Plant Breeding. Tehran University Press.

(In Persian).

Anderson, J. A., J. E. Church, S. D. Autrique, S. Thanksley and M. E. Sorrells. 1993. Optimizing parental

selection for genetic linkage map. Genome 36(1) 181-188.

Bassam, B., J. G. Caetano-Anolles and P. M. Gressho. 1991. Fast and sensitive silver staining of DNA in
polyacrylamide gels. Anal. Biochem. 19: 680-683.

Bernadette, J., V. Sandrine, B. Philippe, C. Gaelle, S. Sylvain, H. Thierry and H. Christian. 2003.
Construction of two genetic linkage maps in cultivated tetraploid alfalfa (Medicago sativa) using
microsatellite and AFLP markers. BMC Plant Biol. 3:1-19.

Diwan, N., A. A. Bhagwat, G. B. Bauchan and P. B. Cregan, 1997. Simple sequence repeat DNA markers in
alfalfa and perennial and annual Medicago species. Genome 40: 887-895.

Diwan, N., J. H. Bonton, G. Kochert, and P. B. Cregan. 2000. Mapping of simple sequence repeat (SSR)
DNA markers in diploid and tetraploid alfalfa. Theor. Appl. Genet. 101: 165-172.

Ellwood, S. E., N. K. D.Souza, L. G. Kamphuis, T. I. Burgess, R. M. Nair and R. P. Oliver. 2006. SSR analysis

ova


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.12.5
https://agrobreedjournal.ir/article-1-165-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-15]

[ DOR: 20.1001.1.15625540.1389.12.4.12.5 ]

of the Medicago truncatula SARDI core collection reveals substantial diversity and unusual genotype
dispersal throughout the Mediterranean basin. Theor. Appl. Genet. 112: 977-983.

Falahati-Anbaran. M, A. A. Habashi, M. Esfahani, S. A. Mohammadi and B. Ghareyazie. 2005. Evaluating
of genetic structure and genetic diversity within and between Iranian alfalfa (Medicago sativa) populations
using SSR. Iran. J. Agric. Sci. 36: 979-989. (In Persian with English abstract).

Gupta, P. K. and R. K. Varshney. 2000. The development and use of microsatellite markers for genetic
analysis and plant breeding with emphasis on bread wheat. Euphytica. 113: 163-185.

Karimi, H. 1988. Cultivation and Breeding of Forage Crops. Tehran University Press. Pp332. (In Persian).

Manifesto, M. M., A. S. Schlatter, H. E. Hopp, E. Y. Suarez and J. Dubcovky. 2001. Quantitative evaluation
of genetic diversity germplasm using molecular markers. Crop. Sci. 41: 682-690.

Mengoni, A., A. Gori and M. Bazzicalupa. 2000. Use of RAPD and microsatellite (SSR) variation to assess
genetic relationships among papulations of tetraploid alfalfa, Medicago sativa. Plant Breed. 119: 311-317.
Morgnate, M. and A. M. Olivieri. 1993. PCR-amplified microsatellites as markers in plant genetics. Planta 3:

175-182.

Nei, M. 1973. Analysis of gene diversity in subdivided populations. Proc. Nat. Acad. Sci. USA. 70: 3321-3323.

Peng L. Z., L. S. Gong and C. Y. Qing. 2007. A novel statistical method for assessing SSR variation in
autotetraploid alfalfa (Medicago sativa L.). Genet. Mol. Biol. 30: 385-391.

Powell, W., M. Morgante, C. Ander, M. Hanafey, J. Vogel, S. Tingy, and A. Rafalaski, 1996. The
comparision of RFLP, RAPD, AFLP and SSR (microsatellite) marker for germplasm analysis. Mol. Breed. 2:
225-238.

Prasad, M., R. K. Varsheny, J. K. Roy, H. S. Balyan, and P. K. Gupta. 2000. The use of microsatellite for
detection DNA polymorphism, genotype identification and genetic diversity in wheat. Theor. Appl. Genet.
100: 584-592.

Roder, M. S., V. Korzun, K. Wendehake, J. Plaschke, M. H. Tixier, P. Leroy and M. W. Ganal. 1998. A
microsatellite map of wheat. Genetics 149: 2007-2023.

Saghai-Maroof, M. A., K. M. Soliman, R. A. Jorgensen and R. W. Allard. 1984. Ribosomal spacer length
polymorphism in barley: mendelian inheritance, chromosomal location and population dynamics. Proc. Nat.
Acad. Sci. USA. 83: 1757-1761.

Sandrine, F., R. Joélle, B. Pierre, B. Philippe, H. Thierry, H. Christian and J. Bernadette. 2008. Genetic
diversity among alfalfa (Medicago sativa) cultivars coming from a breeding program, using SSR markers.
Theor. Appl. Genet. 111: 1420-1429.

Shah-Nejat Bushehri, A. A., H. A. Fattahi and B. Yazdi-Samadi. 2008. Evaluating of genetic diversity of
commonly grown Iranian alfalfa cultivars (Medicago sativa) using RAPD markers. J. Modern Genet. 3: 35-

43.

ov


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.12.5
https://agrobreedjournal.ir/article-1-165-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-15]

[ DOR: 20.1001.1.15625540.1389.12.4.12.5 ]

WAL e ¥ ojled o033155 dor "0l pl (2155 p ke als'

Wang, Z., J. L. Weber, G. Zhang and S. D. Tanksley. 1994. Survey of plant short tandem DNA repeats.
Theor. Appl. Genet. 88: 1-6.

Yazdi-Samadi, B. and C. Abd-Mishani. 1995. Breeding Field Crops. Tehran University Press. (In Persian).

Yeh, F. C., R. C. Yang, T. Boyle. 1999. POPGENE, the User-friendly Shareware for Population Genetic
Analysis. Molecular Biology and Biotechnology Center, Unerversity of Alberta, Canada.

http://www.ulberta.ca/fyeh/

oy


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.12.5
https://agrobreedjournal.ir/article-1-165-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-15]

[ DOR: 20.1001.1.15625540.1389.12.4.12.5 ]

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

central and eastern regions of Iran using SSR markers
Rezaie, M'., M. R. Naghavi’ 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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