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Table 1. The names of species of Medicago
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Row Species Section
1 M. sativa L. Medicago
2 M. lupulina L. Lupularia
3 M. radiata L. Hymenocarpos
4 M. orbicularis Bartalini. Orbiculares
5 M. noeana Boiss. Spirocarpos SubSec. Rotatae
6 M. scutellata (L) All. Spirocarpos SubSec. Rotatae
7 M. rugosa Desr. Spirocarpos SubSec. Rotatae
8 M. laciniata (L.) Mill. Spirocarpos SubSec. Leptospireae
9 M. minima (L.) Bartalini Spirocarpos SubSec. Leptospireae
10 M. polymorpha L. Spirocarpos SubSec. Leptospireae
11 M. sauvagei Negr. Spirocarpos SubSec. Leptospireae
12 M. arabica (L.) Huds. Spirocarpos SubSec. Leptospireae
13 M. coronata (L.) Bartalini Spirocarpos SubSec. Leptospireae
14 M. littoralis Rhode ex Loisel. ~ Spirocarpos SubSec. Pachyspireae
15 M. tornata (L.) Mill. Spirocarpos SubSec. Pachyspireae
16 M. constricta Durieu. Spirocarpos SubSec. Pachyspireae
17 M. aculeata Gaertn. Spirocarpos SubSec. Pachyspireae
18 M. rigidula (L.) All. Spirocarpos SubSec. Pachyspireae
19 M. rigiduloides Small. Spirocarpos SubSec. Pachyspireae
20 M. truncatula Gaertn. Spirocarpos SubSec. Pachyspireae
21 M. turbinata (L.) All. Spirocarpos SubSec. Pachyspireae
22 M. syriaca Small. Spirocarpos SubSec. Pachyspireae
23 M. ciliaris (L.) Krocker. Spirocarpos SubSec. Intertexteae
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Table 2. Plant characteristics of Medicago species

ROW Cas, Plant characteristics 28 Slino Score P
1 Longevity Sje,5  O=annual; 1= prennial; a= annual or perennial dlodis L JLSK=8 e k=) (WLS=
2 Chromosome number passes S sl 0=16; 1= 14 2=30; 3=32 PYSY =Y AP (pges S V9=
Leaf <y
3 Leaflet length b.f, Jsb  0=5-9.9; 1=10- 14.9; 2=15-20 1O-Ye=Y NV eoVFASY 0-4/4=-
4 Leaflet narrowness =, 5, O=narrow; 1, 2, 3, 4=broad HemF YO Sl
5 Number of marginal serrations on leaflet o 4 gballs s 0=4-6; 1=7-9; 2=10-12; 3=13-15 AFS10=F VoYY v-4=) (F-f=e
i - P . S=F F/B=Y V=V (Y=t
6 Distribution of serrations on leaflet @S p bl w55 0= distal two fifths; 1= distal three fifths; 2= distal four fifths; 3= distributed over entire margin
7 Shape of marginal serrations slasl cbalss Ko O=sharp; 1=very sharp . Slewm) Gt
8 Uniformity of serrations [PYEIREN M 0=uniform; 1=middle; 2=nonuniform IS eaa =Y «Ja..nw—\ O K sen=e
8 Presense of leaf blotchs ) ; » 43 0=absent; 1= presence 3,ls=) Q)u;_
10 Evidence od anthocyanin stain el 5T Ju ses  O0=never; 1, 2, 3, 4= frequent Olgl p=F Y o=
11 Number of abaxial veins M}suuf) sl O=indistinct;1, 2, 3, 4= distinct = B ,,”wu_
12 Leaflet apex shape Ny Kz 0=acute; 1= truncate; 2= slightly cordate; 3= deeply cordate s BRI (BT ol ) S J,
13 Length of terminal tooth S oS pallsdb 0= 20-30; 1= 40- 50; 2=>50 X0 O S . SO N U P
14 Gl slagllis SI les 41> S8 Ol 0= yniform:; 1,2,3,4= nonuniform [Sian =F O (¥ ) [SKhan=
Distinctiveness of terminal tooth compared to remammg serrations it ZETT A =
3 ) 5\;::5;:1.@ — - 1=1-10 2=11-20" 3= Vs .7 - ..
15 Number of abaxial hairs per square nﬁrmefh) S O=absent; 1=1-10; 2=11-20; 3=>20 Yo YT O-Ves) ol
;«-(oi élkdf;é‘-lﬁ - 110 1= 20" 9= _30- 3= _A0- 4= 41 - S E—C1. o . o o .
16 Number of adaxial hairs per square rrﬁf‘mefb [ 0=1-10; 1= 11-20; 2= 21-30; 3= 31-40; 4= 41- 50; 5=51-60  &V-5+=0 F\-0.=F AATS TP UL PRSP
17 Presense of multicellular hairs Jw oS s O=absent; 1, 2, 3, 4=presence Syls=F Y ol
. Stipule o lgde5
18 Length of stipule olsi S Jsb 0=4-5; 1=6-7; 2=>2 SV=Y F-v=) F-0=
19 Number of lobes on outer si(ée of stipule Ll g el slaes O=absent; 1=2-4; 2= 5-7; 3=>2 SV O-V=Y Y-F) @lls Ol
tem 48l
20 Length of middle internode oo Sle Jsb  0=<30; 1=30-50; 2=>50 Soe=Y Feode=) (LYoo=
21 Length ) . Jsb  0=<20; 1= 20-30; 2=>30 Sye=Y (Yeofe=) (<Yeme
22 Frequency of simple hairs osle eSS Jlsl s O=absent; 1, 2, 3, 4=abundant Ol p=F O Y O ol
23 Frequency of multicellular hallzrs . Jiluds¢S” ST O=absent; 1, 2, 3, 4=abundant Ol 3=F Y ) s ylh=r
ruit oo
; SVioV FrVe=§ B =8 Fro0r =F XFoFe =¥ Yeo¥esY AeoYes) O rS=e
24 Thichness of dorsal suture S50 et 02010: 1210-20; 2=20-30; 3=30-40; 4=40-50; 5=50-60; 6=60-70 7=>70 ’
25 Colur . &, 0= Ilght 1=medium brown 2=dark om=Y (s sl ose=) o=
26 Intersuture distance iy alel  0=<20; 1=10-30; 2=30-40; 3=40-50; 4=50-60, 5=>60 SH0 b Br-Fr=F FroBde=t FeFasY () eFas) (Y >o
27 Rigidity of mature wall c s, o)lgs o= O=easily bent; 1=moderately tough; 2=very stiff S L= (s (p =t
3 0 gn Slilas 1. q— . H—E. Q—Q- f—
28 Number of fruits persisting on mature mfructescence e 0=1;1=2-3; 2=5; 3=8; 4=>10 ZVe=F ASY DY ¥ (=
29 Density of simple hairs on young frU|t Olsr 0 595 05l eSS .51 O=absent; 1, 2, 3, 4,=abundant Olgl p=F & ¥ &) eslu=
50 S ki eSS\ ST 5 _ . _ o ..
30 Density of multicellular hairs on young o friit o 17 O=absent; 1,2, 3, 4,= abundant Al S=F X ) el
;Aﬁ.u SS9y ebly s _ 1= _ .
31 Presence of fimbriations or appendages on ventral suture 2072 O=absent; 1=present i 2l=) eol=
32 Vein relief on face of pod Pu Syl L;Lauf) se5  0=not evident; 1=obscurely evident; 2, 3, 4=notably raised ada=f Y asia b =) adial=e
33 Vein reticulation on face of pod L mbw g9, & s, O=absent; 1= poorly defined,; 2=well defined paeia lS=Y ¢ paseia gl =) 0ol
34 Presence of submarginal vein on face of pod L ,ua,d S5 Slail 55 & ,545 O=absent; 1=poorly defined; 2=well defined pasia YalSEY (| adete gl G=) o,ldi=e
S35 S5 0k a4l 5 _ - _ .
35 Presence of distinctive vein- free area on Facgh‘f pod ° O=absent; 1=present 2515=) e,
i saef, Saas ol _ . i .2 R
36 Degreeof curvature of radial veins on f&ce of ﬁgd 0 F # O=uncurved; 1, 2, 3=highly curved o SV Y ) et Ly 55
37 Number of seeds per fruit ose s als sl 0=10; 1=10-20; 2=40-60; 3=60-80; 4=80-100 SVer=d ArmY o= oAt FaofasY (1 eoYes) (Ve
. . o 53 w3 oS M o)l 3 3 — fetinete 1= i ioti e NACY el sn s,
38 Presence of septa separating seeds in fruit 2 5 0=not distinct; 1=poorly developed; 2=highly distinct oaia MalS=Y (ST5L Glad =) (asial=
39 Seed length als Jb  0=<20; 1=20-30; 2=30-40; 3=40-50; 4=>50 Soe=F Frode=t Fe-Fe=Y Yoo¥em) (<Yemo
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ROW Cws, Plant characteristics 28 Slivo Score a5
40 Seed darkness 415, 0=light yelloe; 1=yellowish orang; 2=redish brown Slosgs 5= auoba,y =) ey sy
41 Seed tubercularity als Susy > ol 0=smooth; 1=tubercular olS 5 =) (olo=r
42 Ratio of radicle length to seed length Wl dsb 4 et , db cws 0= <Y 1= Y%; 2= > Y5; 3= semiequal b L ,3=F (i 1 28mY (e =) (L ) S
. 55539 43 eyl -0 1=
43 Angle of seed axis and ventral suture of fruit - - 0=0; 1=90degrees =) o=
L Rz IR — C 1= .
44 Growth of cellular tissue on mature pod fase 0 g S O=absent; 1=present 2lo=) eali=
45 Presence of clockwise coils ol sl cg>  0=0pposite of clockwise; 1=clockwise Celo a4 ie Cgr 3=) (el 4 ie Cg NS o=t
46 Number of veins per pod face ol mbw 53 &, sl 0=<10; 1=10-30; 2=30-50; 3=50-70; 4=70-90 Vem8e=F e —Va=l (=Y (Y etes) (<Vese
Eﬁf&f"}”. Aol 0-c50: 1=50-100: 2= S Y e een) B i S
47 Direct distance from proximal to distal ends offpo whh 0=<50; 1=50-100; 2=>100 VoSt @m0 S
48 Ratio of axis length to widest width of pod ol e adsb ows  0=somewhat shorter; 1=approximate|y equal; 2=somewhat longer Sl i B=Y ol L B=Y Al S g e
49 Number of coils 4l sl 0=<10; 1=10-20; 2=20-40; 3=40-60; 4=>60 SPe=f Foofosl (YeoFesY (VeYes) e Sl zaS=s
1S 51=Y (ol st aulS” !iS Y codd lsails aulS s HalS'=+
50 Presence of legume and calyx wlS 5l sy O:highIE/ contracted while within calyx, 1=slightly to moocerately coiled Wlﬁ’un calyx; 2= emerging
from calyx uncoiled or only slightly coiled
51 Degree of adpression of coils ol Ss,24-,5  0=very loosely coiled; 1, 2, 3, 4=very tightly coiled 03,53 MalS=F Y o lT low=
52 Presence of appendages on dorsal suture ok 55 69y 0kl 35 0=none; 1=merely tubercles; 2=spine =Y ede=) o lu=e
53 Spine length J=dsb 0=none; 1=<10; 2=10-25; 3=>25 SYO=F () e-¥O=Y (<Y e=) (s lki=e
54 Spine curvature S Laws 0=none; 1=uncurved; 2, 3, 4=highly curved oozt SLlS=F OF (¥ (ites=) (3, =+
55 Spine tip hooking Sl 0ds 5N e-,s  0=none; 1=uncurved; 2, 3, 4=strongly hooked IO SalS=F O O (s =) 03l =
56 Interspine sulcation S 69y ,ke 0=none; 1= ungrooved 2 3 4=strongly grooved I3 5La=F Y L Ol =) oldi=r
57 Spine stockiness near base S a4l cules  0=none; 1=slim; 2, 3, 4= socky USSP S 0 0L G P RN T
58 Degree of spine branchs S oblksil ol 0=none; 1= I|ttle 2 3 4, 5=abundant 3b Oleiil = 0 OF OF (Yo oS Ol L= eo,ldi=r
59 Density of simple trochomes on spines S sy o3l ¢SS Ol 0=absent; 1,2, 3, 4=many hairs present SLeS S L=F Y ) e lu=e
60 Density of multicelled trichomes on spines =4, , Jswti> oS S0l 0=absent; 1, 2, 3, 4=many hairs present L3S S L=F O O osyl=
61 Spine uniformity b =15 0=highly variable; 1, 2, 3, 4= hlghlyuniform S eS=F Y ) RKenl=r
62 Number of rows of spines on dorsal suture =z, ;,» w; S slacws, sl 0=none; 1=one row; 2= two ro Gy 95=Y sy $SG=) 0, =1
63 Number of spines per coil farlszei Al mlaw 53,k sluss 0=none; 1=<10; 2= 10- 20; 3= 20 30 4=>20 SYiozF YeoPe=F eoYe=Y (<KYVem)oo,ll=e
ower &
64 Number of flowers per raceme 25T, s f sl 0=1-3; 1=2-4; 2=5-6; 3=7-8; 4=9-10; 5=>10 SV0=0 @-Ve=F VA=Y BD-F=Y (Y-F=) )-F=e
65 Peduncle lenght e Jgb 0=mm .. L.
66 Calyx length KaksJb 0=2-3; 1=4-5; 2=6-7 F-V=Y (F-d=) Y-Y=»
67 Calyx teeth s skalns  O0=equal; 1=unequal sbaali=) (g slus=
68 Ratio of teeth to calyx tube WS o ains cws  0=<1; 1=equal; 2=>1; 3=twice Sl 5= ) 1 2Eu=Y (Gsle=) ) ) zaS=e
. = , Glode g oslu=Y (oS 20 oslu=Y 0S| s oslw=) o )lh=1
69 Hairness of calyx & IS 555 0onone; 1=simple scattered: 2=simple compressed: 3=simple and glanduiar e *
70 Flower colur KL, 0= purple 1=ligth yellow; 2=yellow; 3=yellowish orange caoobia bl 3, 5= =Y by y5m) o it
71 Ratio of corolla to calyx 4wl 4 el s O=equal; 1=little more; 2=1.5 times; 3=twice A Y=Yl V=Y (i wS =Y (sl
72 Vexillum length ey db  0=<25;1=2.5-5.5; 2=>55 S0/0=YY/0-0/0=\ X/d | zS=+
73 Vexillum width peys e 0=<25;1=25-55;2=>55 S0/0=Y X/0-0/0=Y ¥/ ;| zaS=+
74 Vexillum shape 2é,s ke O=subcircular, 1=ovat; 2=obovate OS5l & =Y & pato=) (G S dnw=
75 Vexillum at base s eas6 O=attenuate; 1=small claw; 2=long claw 1 ST <ol oS G ol 3 S e
76 Vexillum apex s, i, O=emarginate; 1=entire =Y Gl
77 Vexillum to wing ratio Jua s, o O=equal; 1=little more; 2=1.5 times; 3=twice A Y=Yl V=Y (i S =Y (sl
78 Wing length Jueslut  0=<2.5; 1=2,5-5.5; 2=>55 S0/0=Y X/0-0/0=\ /0 | zaS=+
79 Wing shape Ju g 1K O=deltoid; 1=oblong; 2=obovate & e Sle=Y ¢ A= o, o Wa=e
80 Curvation of wing blade Jb e, Sawe=  O=uncurved; 1= curved odeasi=) (paiane=t
81 Wing blade to claw ratio Sl J oSy s 0=equal; 1= > 1.5times; 3=twice A Y2V Ol /0= (bl mim) w,u_-
82 Auricule wing Jes &  0=small; 1=medium; 2=large; 3=very large oy At ‘jj 5= (o =) (S S0
83 Pocket Li,slws  O0=smaller; 1=equal; 2=longer S PR P St
84 Keel to wing ratio Juasbcws  0=<25; 1=25-55;2=>55 S0/0=Y X/0-8/0=\ /b 3| zaS=-
85 Keel length Lol 0=<1; 1=equal; 2=>1; 3=twice o Y=Y S 51 2= (G slae=) (OSS l eST=e
86 Keel blade to claw ratio Seaba o oSy cs 0=<2; 1=2-5; 2=>5 >0=YX¥-0=) <Y¥='
87 Fossette of keel apex UYL, 5;,,,5 0=<2.5; 1=2.5-5; 2=>5 S0/0=Y X/0-0/0=Y /b ;| zaS=
88 Pistil length Sskojwl  O=small; 1=large &) (oS S
89 Degree of pubescence of pistil Esk g8 5 O=glabrous; 1= pubascence S8 =Y oSS k=t
90 Stamen length o= poilul  0=<2.5; 1=2.5-5; 2=>5 > 0/0 =Y X/0-0/0=) /b | zS=+
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Fig.1. Phylogrnetic tree resulting from cladistic analysis of morphological characters after successive weighting with

(length=611, Cl=0.398, RI, 0.436, RC=0.173), Bootstrap values greater than 50% were shown above the branches
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Fig. 2. Karyological evolution in the Medicago genus based on phylogenetic tree of ribosomal DNA
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Phylogenetic realationships of Medicago species in Iran
Ghanavati, F.

ABSTRACT

Ghanavati, F. Phylogenetic realationships of Medicago species in Iran. Iranian Journal of Crop Sciences. 13(2): 424-435.

(In Persian).

Phylogenetic analysis of 23 species of Medicago (Fabaceae) was performed based on 90 morphological
characteristics by maximum parsimony approach as implemented in PAUP software-using heuristic search and
branch swapping option of tree bisection-reconnection. Analysis of the characters with successive weighting
using rescaled consistency index generated more reasonable phylogentic trees than the analysis with equally
weighting characters. M. radiata was as outgroup. The analyses showed that there are five clades in Medicago
that to some extent are in accordance with sections in Medicago genus. Perennial species, M. sativa and M.
lupulina, with 91% confident intervals grouped together in the clade and among annual medics. This implies that
annual medics are paraphyletic and in evolutionary process cross-pollinated species (M. sativa) have been
evolved from self-pollinated species (annual medics). The most phylogenetical relationships was observed
between M. rugosa and M. scutellata, M. sativa and M. lupulina, M. coronata and M. minima, M. rigidula and
M. rigiduloides, M. polymorpha and M. arabica, M. tornata and M. turbinata. This information can be used in

determining the dgree of success of inter-specific hybridization between different species in Medicago genus.

Key words: Inter-specific hybridazatio, Medicago, Morphology and Phylogeny.
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