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Table 1. Populations used in this study with their characteristics

&, <5 05 SLas Sosleer Joe sl Jsb slilsr oe G eld)
Row Species Gene bank code Collection site Longitude Latitude Height (m)
o
1 Astragalus vegetus 544 e - - -
o 0 Tehran
2 A Vegetus 3421 S J\"“)l"i - - -
Chaharmahal-Bakhtiary
3 A vegetus 18371 > —Oleaal . - 250
Isfahan —Daran
4 A. vegetus 25786 duf’ 58°34"07 38°28'36" 2154
Khorasan
5 A iranicus 2791 Ol 48°45'00" 36°50'00" 250
Zanjan
6 A iranicus 20473 F Ol - - -
Azarbaijan Gharbi
- - Koo L:.w) JS TAR! (AT
7 A. iranicus 29856 g 46°50'39 35°30'44 206
Kurdistan-Sanandaj
8 A. ebenoide 11443 Ok p-Olgl - - 230
Isfahan-Frieden
9 A vanillae 13764 ng 50'23'00" 34°36'00" 130
S
10 A\ chrysostach 18218 © - - -
¥s0 ¥ Isfahan
11 A. chrysostachys 35142 0k #-olgis 49°58'35" 33°13'30" 2450
Isfahan-Frieden
g
12 A. glycyphyllos 18269 © - - -
glycyphy Isfahan
Jds s
13 A.dl hyllos 16770 E - - -
gyopy Ardebil-Khalkhal
14 A. jodostachys 27211 Jobo o - - 183
Avrdebil-Khalkhal
15 A stevenianus 20105 J2d 46°34' 36°18' 185
Ardebil
16 A. bombycinus 20114 Ardebil |.s 47°54' 38°52' 1700
17 A. bombycinus 20472 Oldas - - -
Hamedan
b L\:>r4 me L@;— O, T n e} 1 "
18 A campylorrhynchus 29856 35 A Jle 50°55'56 32°18'04 2008
oy Chahar Bakhtiari-Shahrekord
19 A caragana 35803 olocalm ol 47°40'17" 36°39'40" 170
Zanjan-Mahneshan
20 A. pseudocyclopyllus 35821 "\"_”)' 48°07'22" 36°41'39" 2150
Zanjan
21 A macrorus 20853 gl Ol 5 46°50'39" 35°30'44" 2066
Kurdistan-Sanandaj

Al pastal LOT s sl 5 e 5 dsb dd jasite "= Cadle LS placand
Areas marked with "-" sign, their latitude, longitude and height are not specified
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Table 2. Summary of karyotypic characteristics of studied Astragalus species

(XS) Cora

2n >TL SC A1 A2 FT% DRL KF
Population (code)
A. vegetus (544) 16 26.92 2A 0.43 0.18 35.60 6.81 m3+5Sm
A. vegetus (3421) 16 30.96 3A 0.54 0.19 30.70 6.84 8Sm
A. iranicus (2791) 16 26.81 2A 0.44 0.13 35.90 4,97 m1+7Sm
A. ebenoides (11443) 32 4574 2A 0.43 0.10 35.97 2.20 m7+9Sm
A. vanillae (13764) 16 2137 2A 0.50 0.21 32.56 7.49 8Sm
A. jodostachys (16770) 32 4402 2A 0.42 0.19 36.23 3.87 m6+10Sm
A. chysostachys (18218) 16 31.81 2A 0.40 0.23 36.67 8.55 m3+5Sm
A. glycyphyllos (18269) 16 22.67 1A 0.43 0.19 36.00 6.77 m3+5Sm
A. vegetus (18371) 16  28.80 2A 0.40 0.13 37.45 5.06 m4+4Sm
A. stevenianus (20105) 32 48.37 3B 0.51 0.22 32.63 5.15 m-+15Sm
A. bombycinus (20114) 16 32.79 2A 0.46 0.21 35.24 5.06 m+7Sm
A. vegetus (25786) 16 36.11 2A 0.47 0.19 34.40 7.02 m+7Sm
A. jodostachys (27211) 16 26.25 2A 0.48 0.19 33.50 8.05 m+7Sm
A. bombycinus (29472) 16 29.37 2A 0.49 0.17 33.42 6.04 8Sm
A. iranicus (29473) 16 2495 2A 0.44 0.19 34.96 7.22 m2+6Sm
A. campylorrhynchus (29586) 16 29.97 1A 0.51 0.12 40.56 4.87 m6+2Sm
A. chrysostachys (35142) 16 26.23 1A 0.39 0.15 37.61 5.48 m4+4Sm
A. caragana (35803) 16 21.83 2A 0.39 0.21 36.51 7.52 m4+4Sm
A. pseudocyclophyllus (35821) 32 4775 2A 0.40 0.14 37.15 2.95 m9+7Sm
A. macrourus (29853) 16 2264 2A 0.48 0.17 34.33 5.96 m2+6Sm
A. iranicus (29856) 16  30.85 2A 0.35 0.17 38.83 5.78 m6+2Sm

TF “.5-4))‘}&})5 O u)LEJ r.LG u.a)—l.&r A2 ‘Lf“j))‘}; [,‘j): ;,‘)LE C.LO U‘Q’-L‘:’ .Al ‘jt.hﬂ\ U,AMS C‘}J SC ‘(:).j Jsd}]a C)w ZTL
%ﬁ)S%KF ‘C‘})}Aj)s vﬁj:aujsbrj)}ﬁ})sdjjm Jw.l J).la eS| DRL QJSJQMJJ
¥TL: Total length of genome; SC: Stubbs class type; Al: Intra-chromosomal asymmetry index; Az: Inter-

chromosomal asymmetry index; TF: Percentage of total shape; DRL: Relative length difference of the longest
chromosome with the shortest chromosome; KF: Caryotype
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Table 3. Mean comparisons of karyotypic characteristics of 21 different Astragalus populations

—e2 TL LA SA AR Cl TF% AL A2 DRL LA% SA%
Population
A. vegetus (25786) 4512 295 1558 1.96% 0.34% 34.39%c 0.46% 0.19° 7.02% 65.60%°¢ 34.39%°C

A. bombycinus (20114) 4.09% 2,64 1.46% 1.90% 0.35%° 3523%c 046 0.21° 8.64° 64.76™C 35.23%c
A. Chrysostachys (18218) 3.97% 2,52% 145® 176 0.37%¢ 36.67%° 0.40° 0.228 8.54% 63.33%¢ 36.67%¢
A. Vegetus (3421) 3.87% 270 1.17%° 2.45% 0.31° 30.69° 0.54% 0.19° 6.84® 69.30* 30.69°

A. iranicus (29856) 3.85% 2.35% 150 159 039 38.83® (.35* (.16 5.78% 61.16° 38.83%

A. campylorrhynchus (29586) 3.74% 2,23% 152® 151 (0.40% 40552 0.50° 0.128 4.86% 59.44° 40.55%
A. bombycinus (29472) 3.67% 2.48% 1.19%¢ 2.06® 0.33° 33.42¢ 0497 0.16* 6.04% 66.58% 33.42"
A. vegetus (25786) 3.60% 0.25% 1.35%c¢ 175b 0.37%c 37.45%c (0397 (0.13* 5.06% 62.55%¢ 37.45%¢

A. vegetus (544) 3.36% 2.16% 1.20°%° 1.86® 0.35%° 35.60%° 0.43* 0.18% 6.81% 64.40%¢ 35.60%°

A. iranicus (2791) 3.35% 2.14% 1.20%° 1.81® 0.36%°c 35.90%° 0.43* 0.13* 4.97% 64.09%¢ 35.90%°

A. jodostachy (27211) 3.28% 2.18% 1.10%° 2,05% 0.34%°c 33.49°° (.48 0.19° 8.05% 66.50® 33.49"

A. chrysostachys (35142) ~ 3.27% 2,03% 1.24%c 168> 0.37%¢ 37.45%¢ 0.39* 0.14% 548% 62.39%c 37.61%c
A. iranicus (2791) 3.11% 2,03 1.09%c 1.92® (0.35%°c 34.96%¢ 0.44% 0.18* 7.21% 65.03%° 34.96%°

A. stevenianus (20105) 3.02% 2.04% 0.98%° 2,08% 033 32.63*° 0.50* 0.21* 5.15% 67.37% 32.63"
A. pseudocyclopyllus (35821) 2.98% 1.88% 1.10%°¢ 1,73 0.37%° 37.14%c (0,397 (0.14* 2.95% 62.85%¢ 37.14ac
A. ebenoides (11443) 2.85° 1.83% 1.03%°c 1.83% 0.36%°c 35.96%¢ 0.42% 0.09* 2.20° 64.03%¢ 35.96%¢

A. glycyphyllos (18269) 2.83% 1.81% 1.02%c 183 0.36%°c 35.99% 0.43* 0.19* 6.77% 64.00%¢ 35.99%¢
A. macrourus (29853) 2.83° 1.86% 0.96™ 2.01® 0.34%c 34.32%c (048 0.17* 5.96% 65.67%¢ 34.32%¢

A. Jodostachys (16770) ~ 2.75° 1.75° 0.99%c 1.81% 0.36%° 36.23%° (.42 (.18 3.87% 63.77%¢ 36.23%c
A. caragana (35803) 2715 172 0.99%c 1.76° 0.37%°c 36.51%c (0,397 0.20* 7.51% 63.49%¢ 36.51%°

A. vanillae (13764) 2.67° 1.80® 0.86° 2.08® 0.33" 30.69*° 0.50° 0.21* 7.49% 67.44% 3255

A JS IS8 ao s TF ¢ sl Gatls Cldagsb e AR 65 (5550 Jsb SA s 5550 Jsb LA ‘55055 IS Jsk TL
LS Lps3ses S n ik o sk Ml DRL ¢ 55505 S o 05 pe 2 la A2 £ a5 505 S 0553 O ple s ls
U 5S 3L o Jsb o3 SAY taily $53L os sk Ao s (LAY 1555055
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; Cl: Centromere
index; TF: Percentage of total shape; Ai: Intra chromosomal asymmetry index; A,: Inter chromosomal

asymmetry index; DRL: Relative length difference between longest and shortest chromosome; LA%: Percentage
of relative length of long arm; SA%: Percentage of relative length of short arm

Astragalus o5 Ciles glacunex YV o 3 oy 550 S S5y Stewes =8 Jsdr
Table 4. Correlation of studied characteristics among 21 different populations of Astragalus

Traits

TL LA SA AR Cl TF A1 Az DRL LA% SA%

TL 1

LA 0.9682™ 1

SA 0.9116™ 0.7800" 1

AR 0.0016  0.2458 0.4017 1

Cl 0.0299 -0.2167 0.4309 -0.9760™ 1

TF 0.0760 -0.1722 0.4739 -0.9760 0.9883™ 1

Az 0.0959 0.2544 0.1773 0.7038" -0.6943" -0.6510" 1

Az 0.0555 0.1620 0.1329 0.4165 -0.4387 -0.4899  0.1554 1

DRL 0.3455 0.4076 0.1894 0.3098 -0.2902 -0.3315 0.1690 0.7580" 1

LA% -0.0760 0.1722 0.4739 0.9760™ -0.9883"" -1.0000 0.6510° 0.4899  0.3315 1
SA% 0.0760 -0.1722 0.4739 -0.9760™ 0.9883" 1.0000  -0.6510" -0.4899 -0.3315 1 1

Loy 005 JLAS?"C}G‘A)Q)‘QL;M W PV
*and ": Significant at 1% and 5% proability levels, respectively
A JS S ao s TF (g e 5l jasls Cl tlagsb s AR b S 650 Ik SA el g5k Job LA i3S JS Jsb TL
LS Lpsses S n ik o sk Ml DRL ¢ 55505 S o 005 pe o la A2 £ a5 505 S 0553 O ple s
b5 (655L Lo sk o3 SAYN il (g55L s b Loy LAY 55055
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; Cl: Centromere
index; TF: Percentage of total shape; Ai: Intra chromosomal asymmetry index; A,: Inter chromosomal

asymmetry index; DRL: Relative length difference between longest and shortest chromosome; LA%: Percentage
of relative length of long arm; SA%: Percentage of relative length of short arm

Vo)
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SlSS et edins LA Ll 5 e 5505 S Dlalllas
Demes 3l LS Gl par gba S anls s
Shale boslw 3 ool 3 el Sledbl
SO\l Bl o 25 5 50057 e S o e ssses S
3 eslial 350 sllas Dlio JUEl 5 (SO 55 S5
5l Care= VY iass opl 5o (Nasirzadeh, 1997) 5 .8
il LS s Astragalus s il slad S
N3 asdlae 5 o 2350 (S8 s 55 Bl 51 528
gl sde b e el Gy ol il s S
(YN =YX=11) LS shos Sy 934 X=A ag5504 S
C’l” L oS s edalie (YN = £X = YY) as i
2 b cilhe 05 Sl Slles LU
YOVATN 5088 FEYY AATVY Comax £ 5l odkal Covidas
ol a8 sl olas (sl e Al vegetus 48 4 lae oS
Ll X = A 01 al sde 5 ey ASkes &8
Sk b LS (T Gl s 5 41 slad i)

,ls calkes (Ranjbar et al., 2014) O, Kes 5 i

(Astragalus spp.) 048 sLa S 3 &5 S5, andlas

3 S e e S il sl @ a
4 Sl datimar o g ol 5o 58 Slis
ol aadlle 3 (N Jgd) LS eslinal Lol addse o
Aoy VIVA 5 TVINY 00/10 i 5 s p g B I add 5o
adlje aw (pl g game 53 5 50 a5 1y Wbl IS )
ol Sl A Juls ) g ge g5 IS S A8/ E
bl 53 L 8 op i Jul ad je oS 315 0L gy
TF% Cl AR sl adlze 53 515 bagmer o 55
e 3 5SA SLA TL p55 ailie ;3 SA% 5 LA%
35 Zganl 5= DRL 5 Az As g5

el g e gluaias slien 1glad 5 4 20
Ward Sy, 4 ladss a5l e85 olis
VAN ot 3l ol js (glad g 4t b s eslana
w8 3 glacarer A8 1305 50 53 loner
Sl B ol a5 50,8 Slis L 5l 8 S 5o
sls Ol K b VL

—Care 02 8 G Shs ¢l n e el oss s bty dons o 5 03 Wl adle alis —0 I
Astragalus ¢S —alies sla

Table 5. First, second, and third component values, percent of variance and percent of cumulative variance for
karyotypic characteristics in different Astragalus populations.

A TL LA SA AR ClI TF%
Variables

claais, TP L

g
A2 DRL LA% SA% S, 7= .
Stagnant Percent Cumulative

of h
roots \ -riance Variance

Jsl ad 36

First  -0.017 0.081 -0.178 0.395 -0.398 -0.401 0.287 0.224 0.167 -0.401 0.401  6.06 55.15 55.15

component

£33 adlje
Second
component

p o 48 3o

0.567 0.550 0.514 0.007 0.010 0.029 0.056 0.122 0.297 0.029 -0.029 2.98 27.11 82.26

Third  -0-156 -0.179 -0.101 -0.130 -0.116 0.045 -0.346 0.657 0.587 0.045 -0.045 130 1178  94.04

component

AL JS IS8 ao s TF ¢ e sl ot la Clda il e AR b S (5550 Jsb SA s 5550 Jsb LA 55055 JS Jsk TL
AU bpsssns S cp ik g Jsb Ml DRL ¢ o5 505 S o O pie s At o5 505 8 0503 O ple arls
b5 (655L Lo sk Ao ,3 SAY il (g55L s b Loy LAY 53055
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; CI: Centromere
index; TF: Percentage of total shape; Ai: Intra chromosomal asymmetry index; A,: Inter chromosomal

asymmetry index; DRL: Relative length difference between longest and shortest chromosome; LA%: Percentage
of relative length of long arm; SA%: Percentage of relative length of short arm
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Figure 1. Distribution of different Astragalus populations in five distinct groups based on first and second
components in Karyotypic characteristics
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Figure 2. Dendrogram of different Astragalus populations based on karyotypic characteristics
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Figure 3. Mitotic metaphase chromosomes of populations 544 of Astragalus vegetus (A) and population 3421 of
Astragalus vegetus (B)
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Figures 4. Metaphase shape, karyotype and idiogram in population 3421 (A) and population 544 (B) of A. vegetus
el s Sen e g5 505 S U5k
Length of chromosome are based on micrometre.
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Figure 5. Metaphase shape, karyotype and idiogram in population 25786 (A) and population 18371 (B) of A. vegetus
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Length of chromosome are based on micrometre.
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Table 6. Karyotypic characteristics of population 544 of A. vegetus

ST = TL+SE LA +SE SA +SE AR TC Cl LA% SA%
Chromosome pairs

1 424%0.25 292+019 132+060 221  Sm 0.31 10.85 2.90

2 3.85+0.34 235+0.14 122+021 203  Sm 0.34 8.73 453

3 3.80+0.20 236+0.16 1.44+004 163 m 0.38 8.77 5.35

4 3.66 + 0.20 254+018 1.12+0.09 231  Sm 0.31 9.44 4.16

5 3.31+0.13 124+025 1.33+001 1.50 m 0.40 7.39 4.94

6 3.05+0.1 1.88+0.06 1.17+016 1.68 m 0.38 6.98 6.58

7 2.87+0.30 1.75+0.07 112+026 174  Sm 0.38 6.50 4.16

8 2.41+0.16 152+0.09 089+014 1.83  Sm 0.36 5.65 3.31
g 26.92 17.31 26.92 *533”‘ 6430  37.93

Total m

B N K e
The numbers in the tables are in micrometer.
¢ o5 5l yaxls Cl 955005 5 TC dlassb i AR b S g3L Jsb SA cads so3b Jsb LA 955095 Jsdsb TL
Sylkal glas SE b S g5k e Jsb Ao s SA% b 550 s Jsb Loy LAY te33505,5
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; TC: Type of

chromosome; CI: Centromere index; LA%: Percentage of relative length of long arm; SA%: Percentage of
relative length of short arm; SE: Standard error

A.vegetus £ 58 SITEYY Camar o 50,8 Slasiie =V Jd
Table 7. Karyotypic Characteristics of population 3421 of A. vegetus

(’”J”JJS w TL + SE LA + SE SA + SE AR TC Cl LA% SA%
Chromosome pairs
1 5.00 = 0.56 3.48 £+ 0.56 1.53+£0.33 262 Sm 031 1123 494
2 45+ 0.57 3.31+0.61 1.20 £ 0.08 2.83 Sm 0.28 10.69 3.88
3 429 £+ 0.36 3.07 £ 051 1.21 +0.20 277 Sm 0.29 9.92 3.91
4 3.94 £ 0.38 2.50 £ 0.29 1.44 +0.08 1.72 Sm 0.37 8.07 4.65
5 3.71£0.20 2.60 = 0.22 1.11 £ 0.16 250 Sm 0.30 8.40 3.59
6 3.59+£0.18 2.62+£0.21 0.97 £0.09 277 Sm 0.27 8.46 3.13
7 3.09+0.21 2.09+0.31 1.00 £ 0.10 219 Sm 0.33 6.75 3.23
8 284 +£0.21 1.95+0.14 0.89 £ 0.09 221 Sm 0.31 6.30 2.87
(Total) JS g 30.96 21.61 9.35 Sm8 69.82 30.20

Jw;bdajzﬁjjﬁfa o sl 55 552 50 slael
The numbers in the tables are in micrometer.
¢ o5 5l yaxls Cl 255055 ¢ TC dlassb i AR b S g3k Jsb SA cads o3t Jsb LA 555055 JS Jsb TL
5kl (gUas :SE €6l 58 555b s Jsb o3 SAW caly 655L s Ik Ao s LAY te5309 S
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; TC: Type of

chromosome; Cl: Centromere index; LA%: Percentage of relative length of long arm; SA%: Percentage of
relative length of short arm; SE: Standard error

A Vegetus « 5 5INATVY S o5 5008 Slasiio —A J 5
Table 8. Karyotypic Characteristics of Population 18371 from Species A. Vegetus

23503 S i
Chromosome TL+SE LA +SE SA +SE AR TC Cl LA% SA%
pairs
il 399+036 220+£007 179+029 125 M 0.45 7.63 6.23
2 3.87+0.16 269+029 118+013  2.33 Sm 0.31 9.35 4.10
3 3.64+003 232+001 132+002 176 Sm 0.36 8.06 4.59
4 358+ 068 209+023 149+045  1.49 M 0.41 7.25 5.18
5 354+031 229+011 125+020  1.87 Sm 0.35 7.96 4.33
6 351+013 216+003 135+010  1.60 M 0.38 7.50 4.69
7 347+088 206+044 142+044 150 M 0.40 7.15 4.92
8 3194005 2.18+004 1.01+001 217 Sm 0.32 7.57 3.50
(Total) JS" moxr 28.80 17.99 10.81 4m + 4Sm 62.47 37.53

LB e ey S o Jldr 53 55 50 slas]
The numbers in the tables are in micrometer.
¢ o5 5l yaxls Cl 255055 ¢ TC dlassb i AR b S g3k Jsb SA cads a5k Jsb LA 355055 JS Jsb TL
sylleal glax SE 60l S (555L Lomd dsb do3 SAY iy (c55b s Jsb Ao, LA% ‘23555
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; TC: Type of

chromosome; CI: Centromere index; LA%: Percentage of relative length of long arm; SA%: Percentage of
relative length of short arm; SE: Standard error
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Table 9. Karyotypic characteristics of a population of 25786 species of A. vegetus

5835 L
Chromosome | TL#SE  LA+SE SA+SE AR TC cl LA%  SA%
pairs
1 557+042 374+0.21 1.83+0.13 2.07 Sm 0.33 10.37 5.07
2 542+0.01 343+0.14 1.99+0.15 1.74 Sm 0.37 9.49 5.52
3 510+0.01 3.30+0.11 1.80+0.10 1.85 Sm 0.35 9.14 4.97
4 449+0.10 3.23+0.05 1.26 +0.05 2.56 Sm 0.28 8.94 3.49
5 445+0.04 2.64+0.05 1.81+0.09 1.47 m 0.41 7.31 5.01
6 402+0.03 263+0.24 1.39+0.29 2.02 Sm 0.35 7.28 3.85
7 3.85+0.61 262+0.53 1.23+0.07 211 Sm 0.32 7.26 3.40
8 3.21+0.81 2.08+0.47 1.14+0.34 1.87 Sm 0.35 5.73 3.15
(Total) Js o 36.11 23.66 12.45 m-+7Sm 65.53 34.47

LB e ey SKn oy Jldr 53 355 50 slas]
The numbers in the tables are in micrometer.
¢ o5 5l yaxls Cl 355055 ¢ TC dlassb i AR b S g3k Jsb SA cads a3t Jsb (LA 355055 JS Jsb TL
Sylkal glas SE b S s45b e Jsb Ao s SA% b 550 s Jsb Loy LAY te3355,5
TL: Total chromosome length; LA: Long arm length; SA: Short arm length; AR: Arm ratio; TC: Type of

chromosome; CI: Centromere index; LA%: Percentage of relative length of long arm; SA%: Percentage of
relative length of short arm; SE: Standard error
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Figure 6. Cytogenetic study of 18371 population (A) and population 25786 (B) of Astragalus vegetus.
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Abstract

Astragalus with more than 800 species is one of the largest plant species in Iran and most of its species
are medicinal and native. In this study, karyotypic characteristics of 21 populations from 13 species
including A. vegetus, A. iranicus, A. vanillae, A. chrysostachys, A. glycyphyllos, A. bombycinos, A.
campylorrhynchus, A. macrourus, A. caragana, A. ebenoides, A. pseudocyclophyllus, A. stevenianus
and A. jodostachys were examined and compared. The results showed that there was a significant
difference between the populations in terms of all measured traits (TL, LA, SA, AR, CI, TF%, DRL,
LA% and SA%), except for traits A; and A.. Population 25786 of A. vegetus species from Khorasan
with average length of 4.51 pm had the highest total chromosome length and population 13764 of A.
vanillae species from Qom with 2.67 um had the lowest mean total chromosome length. According to
the values of AR, CI, TF%, A1, Az, DRL, LA% and SA%, population 3421 of A. vegetus species is the
most asymmetric and population 29586 of species A. campylorrhynchus had the most symmetrical
karyotype.
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