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Multivariate Analysis of Karyotype Parameters in Clones of Alfalfa
(Medicago sativa L.) Accessions from Turkey
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Table 1. Chromosome number and karyotype formula of clones of alfalfa

(Medicago sativa L.) accessions

ady Joe p35303,5 S Sl b
No. Location X Chromosome No. Karyotype Formula
1 Turkey/ Burdur/ Yesilova-3 8 2n=4x=32 20 m+ 4sm + 4~sm+ 4sm*"
2 Turkey / Burdur/ Bucak-2 8 2n=4x=32 24m+ 4~sm + 4~sm™ + 2B
3 Turkey / Isparta/ Egirdir-2 8 2n=4x= 32 28m+ 4~sm™
4  Turkey /Isparta/ §. Karaagag-2 8 2n=4x= 32 28m + 4m™
5  Turkey / Isparta/ Yalvag-3 8 2n=4x=32 28m+ 4sm*™"
6  Turkey / Isparta/ Senirkent-2 8  2n=4x= 32 28m+ 4~sm*™
7  Turkey / Afyon/ Cay-2 8 2n=4x=32 24m+ 4sm+ 4m*™
8  Turkey/ Afyon/ Sultandagi-1 8  2n=4x=32 28m+ 4sm™
9  Turkey / Afyon/ Bolvadin-3 8 2n=4x= 32 28m+ 4~sm™
10  Turkey / Konya/ Beysehir-1 8 2n=4x=32 24m+ 4~sm+ 4sm*™
11 Iran/ cv. Maragheh 8 2n=4x=32 24m+ 4sm+ 4sm*™
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Table 1. Measurements (mp) of somatic chromosomes for clones from 10 alfalfa accessions from Turkey
and one population from Iran. L: Length of the long arm of the chromosome (num), S: Length of the short

arm of the chromosome

(um), CI: Centromer index, (m: Metacentric, sm: Submetacentric,st:

Submetacentric); sat Satellites, L% and S%: Indices that express the contribution of each arm of each
chromosome to the total length of karyotype, RL%: Relative length of chromosomes and TC: Total length
of haploid set chromosomes.

1. Yesilova-3

Sz o pled JSdsk bl WS gail gl ol ol G e ik e e b
S s 5k bl S paises S
Pair No. Total Long arm Shortarm Armratio CI(S*100/ Sat Type L% S% RL%
(LAS) um (L) um S)um  (AR=L/S) (L+S))
1 2.85£0.11 1.80+£0.08 1.05+0.03 1.71+0.06 37 - sm 8.77 514 1391
2 2.71£0.10 1.49+0.06 1.224+0.05 1.23+0.04 45 - m 7.28 595 1323
3 2.60£0.11 1.45£0.08 1.15£0.04 1.27+0.06 44 - m 7.10 561 12.71
4 2.52+0.07 1.56+0.05 0.97+0.03 1.62+0.05 38 - ~m 7.61 471 1232
5 2.41£0.06 1.31£0.02 1.10£0.05 1.23+0.07 45 - m 641 537 11.78
6 2.32+0.07 1.26+0.04 1.06+0.04 1.21+0.05 46 - m 617 517  11.34
7 2.21£0.08 1.17£0.05 1.04+0.04 1.13+£0.03 47 - m 572 506 10.77
8 2.85£0.12 1.34+£0.05 0.82+0.05 1.66% 0.06 29 0.82 ~sm 6.56 8.01 13.93
Mean 2.56+ 0.04 1.42+£0.03 1.05+0.02 1.38+0.03
Total (TC)=20.47 £39995 S Job 55.62  45.02
2. Bucak-2
1 3.52+0.12 2.18+0.08 1.34+0.06 1.65+0.06 38 - ~sm 8.69 532 14.01
2 3.40+0.15 1.87+0.09 1.53+0.07 1.23+0.04 45 - m  7.46 6.10 13.56
3 3.24+£0.13 1.75£0.08 1.49+£0.07 1.18+0.05 46 - m  6.97 594 1291
4 3.11£0.12 1.81£0.09 1.29+0.05 1.41+0.05 42 - m 7.22 515 12.38
5 2.97£0.10 1.58£0.04 1.39+0.06 1.15+0.04 47 - m 628 553 1181
6 2.74£0.09 1.48+0.05 1.26+0.05 1.19+0.05 46 - m 590 5.00 1090
7 2.49+£0.10 1.40+£0.06 1.09+0.05 1.31+0.06 44 - m 557 4.33 9.90
8 3.65£0.14 1.60+ 0.08 1.02+0.06 1.59+0.06 28 1.03 ~sm 6.38 8.15 14.53
Mean 3.14£0.06 1.71+0.03 1.30+0.03 1.34+0.03
Total (TC)= 25.11 PIIge9 s 5 Job 54.47 45.51
3. Egirdir-2
1 2.56£0.03 1.45£0.04 1.12+0.02 1.31+£0.06 44 - m 7.66 591  13.57
2 2.47+£0.04 1.54+0.02 0.94+0.02 1.65+0.03 38 - m 8.15 496 13.10
3 2.39+£0.04 1.33£0.03 1.06+£0.03 1.27+0.05 44 - m  7.06 5.61  12.67
4 2.31£0.04 1.31£0.03 1.00+0.03 1.33+0.05 43 - m 694 528 1222
5 2.23+£0.03 1.20+0.02 1.03£0.02 1.17+0.03 46 - m 635 545 11.81
6 2.12+£0.03 1.11+£0.02 1.01+£0.02 1.11£0.02 47 - m 590 533  11.23
7 1.97£0.03 1.05£0.02 0.93+0.02 1.13+£0.03 47 - m 554 491 1045
8 2.83£0.07 1.25£0.05 0.76x£0.02 1.67+0.07 27 0.82 ~sm 6.64 834 14.98
Mean 2.36+0.03 1.28+0.02 0.98+0.01 1.33£0.03
Total (TC)=- 18.88 £93g085 IS Job 5424 45.78
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Table 2. continued Y Jgd> aalsl
4. S. Karaagac-2
1 3.28+0.15 1.87£0.09 1.41+0.06 1.34+0.05 43 - m 7.88 5.92 13.80
2 3.15£0.17 1.89£0.13 1.25+0.05 1.51+0.06 40 - m 7.96 527 13.23
3 3.05£0.15 1.75£0.11 1.30+£0.05 1.35+£0.06 43 - m 7.37 545 1281
4 2.92+0.13 1.69£0.09 1.23£0.06 1.39+0.06 42 - m 7.12  5.16 12.28
5 2.79+£0.12 1.52£0.08 1.27+0.05 1.20+0.04 46 - m 6.39 532 11.71
6 2.72+0.13 1.54£0.08 1.19+£0.07 1.32+0.07 44 - m 6.46 498 11.45
7 2.51+£0.11 1.30£0.05 1.20+=0.06 1.09+0.02 48 - m 547 5.06 10.54
8 337+£0.16 1.38+£0.07 0.96+0.05 1.44+0.03 28 1.03 m 5.80 8.36 14.16
Mean 2.97+0.06 1.62+£0.04 1.23+0.02 1.33+£0.02
Total (TC)=23.79 rigesy N Job 54.45 45.53
5. Yalvag¢-3
1 3.62+0.20 2.10£0.12 1.52+0.09 1.40+0.05 42 - m 8.03 580 13.82
2 3.42+0.18 2.15+0.12 1.27+0.06 1.68+0.03 37 - m 8.19 4.86 13.05
3 336+0.14 1.88+0.09 1.48+0.07 1.27+0.05 44 - m 7.17 5.66 12.82
4 3.16£0.16 1.82+£0.10 1.34+0.07 1.37+£0.05 42 - m 6.94 511 12.05
5 3.11£0.14 1.69+£0.08 1.41+0.07 1.21+£0.04 45 - m 6.46 538 11.85
6 2.93+0.14 1.56£0.06 1.37+0.08 1.15+0.04 47 - m 593 523 11.16
7 2.62+0.14 1.38£0.07 1.25+0.07 1.11+0.03 48 - m 525 476 10.01
8 3.99+0.21 1.99+£0.13 0.99+0.05 2.02+0.08 25 1.02 sm 7.58 7.65 15.23
Mean 3.28+£0.07 1.82+£0.04 1.33+£0.03 1.40+0.03
Total (TC)=26.21  p3jgesy S5~ Job 55.55 48.45
6. Senirkent-2
1 3.51£0.19 2.07£0.13 1.45£0.09 1.45+0.08 41 - m 827 578 14.04
2 3.25+£0.19 1.81£0.11 1.44+0.09 1.26+0.04 44 - m 7.23 575 12.98
3 322+ 0.18 1.91£0.11 1.31+£0.07 1.47+0.03 41 - m 7.64 522 12.86
4 3.14£0.20 1.73+0.12 1.41+0.09 1.23+0.03 45 - m 6.90 5.63 12.53
5 2.88+0.19 1.58+£0.09 1.30+0.10 1.23+0.04 45 - m 631 521 11.51
6 2.77£0.16 1.47£0.08 1.30+0.08 1.14+0.04 47 - m 5.87 520 11.07
7 2.67+£0.15 1.44+£0.09 1.23+£0.08 1.19£0.05 46 - m 577 490 10.67
8 3.59+£0.21 1.56£0.09 1.01+£0.06 1.56+0.05 28 1.02 ~sm 623 8.10 14.33
Mean  3.13+0.07 1.70£0.04 1.30+0.03 1.32+0.02
Total (TC)=25.02 p3igesy S5~ Job 54.22 45.78
7. Cay-2
1 4.17+£ 028 2.38+0.19 1.79+0.11 1.34+0.07 43 - m 798 597 1395
2 3.93+0.22 2.48+0.15 1.45+0.07 1.70+0.03 37 - sm 8.29 4.85 13.14
3 3.80+£0.21 2.13+0.11 1.66+0.12 1.31+0.05 44 - m 7.13  5.56 12.70
4 3.67£0.18 2.07£0.13 1.60+0.06 1.29+0.05 44 - m 6.92 535 12.26
5 3.50+£0.18 1.99+0.14 1.51+£0.06 1.32+0.07 43 - m 6.67 5.05 11.72
6 3.33£0.19 1.78+0.09 1.55£0.10 1.17+0.04 46 - m 595 517 11.12
7 3.11£0.17 1.68+0.11 1.44+0.07 1.17+0.07 46 - m 560 481 1041
8 4.40+0.23 1.93+£0.10 1.28+0.09 1.55+0.07 29 1.18 m 6.47 8.23 14.71
Mean  3.74+0.08 2.06£0.05 1.53+0.03 1.36+0.03
Total (TC)=29.90 p3iges,5 5 Jgb 55.02 44.99
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Table 2. continued Y Jsd> aalsl
8. Sultandagi-1
1 4.41£0.39 2.76+£0.27 1.65+0.12 1.66+ 0.05 38 - m 8.65 5.16 13.81
2 4.35+0.37 2.56£0.23 1.79+0.15 1.44+0.04 41 - m 8.02 5.59 13.61
3 4.02£0.33 2.16£0.18 1.86+0.16 1.18+0.05 46 - m 6.77 581 12.58
4 3.79£0.33 2.04£0.19 1.74+0.14 1.17£0.04 46 - m 640 546 11.85
5 3.79+0.27 2.33+0.21 1.46£0.07 1.59+0.09 39 - m 730 4.56 11.86
6 3.65£0.27 1.90+0.15 1.75+£0.13 1.08+0.03 48 - m 594 548 1142
7 336+£0.28 1.73+0.13 1.63+£0.15 1.07+0.03 48 - m 542 511 10.52
8 4.58+0.31 2.15£0.17 1.04+0.03 2.06+0.14 23 140 sm 6.73 7.62 14.34
Mean  3.99+0.12 2.21+0.08 1.61=0.05 1.40+0.05
Total (TC)=31.95 paigess I Job 55.23 44.78
9. Bolvadin-3
1 3.43£0.06 2.06+0.04 1.37+0.03 1.51+0.04 40 - m 858 5.71 14.29
2 3.16£0.03 1.79+0.04 1.37+0.04 1.32+0.06 43 - m 747 569 13.17
3 3.03£0.03 1.75£0.04 1.28+0.03 1.38+£0.06 42 - m 7.28 532 12.61
4 291£0.04 1.58+0.04 1.33+0.02 1.19+£0.04 46 - m 6.58 5.55 12.13
5 2.75£0.03 1.49+0.03 1.26+0.04 1.19+£0.06 46 - m 6.20 525 1145
6 2.63+£0.04 1.35£0.02 1.29+0.02 1.05+0.01 49 - m 5.61 536 1097
7 243+0.05 1.27£0.03 1.16+0.02 1.10+£0.03 48 - m 530 4.82 10.13
8 3.66+0.12 1.46+0.04 0.93+£0.06 1.60+0.08 25 119 ~sm 6.10 8.84 15.26
Mean  2.99+0.05 1.60+0.03 1.25+0.02 1.29+0.03
Total (TC)=24.00 paigegy I Job 53.13 46.55
10. Beysehir-1
1 3.23£0.06 1.94+0.05 1.28+0.03 1.52+0.04 40 - m 8.15 538 13.54
2 3.1240.06 1.79£0.04 1.33+0.05 1.36+0.05 43 - m 7.50 559 13.09
3 298+0.06 1.65£0.04 1.32+0.03 1.26+0.03 44 - m 694 556 12.50
4 291+ 0.07 1.80+0.04 1.11£0.04 1.65+0.05 38 - ~sm 7.56 4.64 12.20
5 2.84+0.06 1.55£0.04 1.29+0.03 1.20+0.03 46 - m 649 543 11.92
6 2.69£0.06 1.42+0.03 1.26+0.03 1.13+£0.02 47 - m 598 530 11.28
7 248+ 0.04 1.31+0.03 1.17£0.02 1.12+0.03 47 - m 548 491 10.39
8 3.60+£0.10 1.58+0.06 0.96+0.04 1.72+0.13 27 113 sm 6.64 8.79 15.10
Mean  2.98+0.04 1.63+0.02 1.22+0.02 1.37+0.03
Total (TC)=23.83 praigess I Job 54.74 45.60
11. Iran/ CV. Maragheh
1 5.02£0.10 3.06+0.09 1.95+£0.03 1.57+0.05 38.96 - m 835 532 13.70
2 4.80+0.06 3.04+£0.04 1.76£0.02 1.73£0.02 36.58 - sm 829 4.80 13.10
3 4.63£0.05 2.59+0.03 2.04+0.04 1.28+0.03 43.98 - m 7.07 557 12.63
4 4.58+0.04 2.63+0.06 1.95£0.02 1.35+0.04 42.54 - m 7.18 532 1250
5 436+ 0.09 2.34+0.08 2.01£0.05 1.17£0.04 46.22 - m 638 548 1190
6 420+ 0.07 2.34+0.09 1.87+0.10 1.27+0.10 44.41 - m 638 5.10 11.46
7 4.02+0.08 2.12+£0.05 1.9+£0.05 1.12£0.04 47.17 - m 578 5.18 10.97
8 5.04+0.14 2.38+0.09 1.3+0.05 1.83+0.05 2587 135 sm 649 355 13.75
Mean  4.58+0.07 2.57£0.06 1.85+0.04 1.41+£0.05
Total (TC)=36.65 g9 I Job 55.93 40.33
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Fig. 1. Ideogram and standard karyotype of alfalfa accession of Iran (cv. Maragheh)
according to the method by (Zarifi et al., 2018)
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2als (TC) (s shls 45 saese psisnsS JS dsb (SAT) <ol o3l (TL) - Kkwe) p23sS Jsb oSl (KF) 552,15 Jgnp tods anllas domigy sla 035 31 Joole Lol olS o 50,8 Sl o ¥ J g
G555 Lesls (interchromosomal asymmetry) esjses S Obe O b Lesls A2 4 (intrachromosomal asymmetry) g5, 0555 o)lizet jesle Al (Interval) Lap 555055 ojluul

)8 SasT, jasls (AD (g8 Sl a3 e ls (CV%) Sl i o (TF%) (i 5,8 IS IS a5 «(Stebbins, 1971) (SC) it ax 53 ol 3 i )8 sy 58 «(CD)

Table 2. Karyotype details of studied clones from alfalfa accessions; Karyotype formula (KF), The mean length of chromosomes (TL), size of satellite (SAT), Total
length of haploid set chromosomes (TC), Range of chromosomes size (Interval), Al; Intrachromosomal asymmetry and A2; Interchromosomal asymmetry, Centromer
index (CI), Symmetry class (SC) (Stebbins 1971), The total form percent (TF%), Coefficient of variation (CV%), The karyotype asymmetry index (AI), The dispersion
index (DI) and difference of range of relative length (DRL).

@ o5 38 Jse Job Sl o1l aels Jsdsk N T P ) a3 Oolanl Oleslb Jsbawls ds oelo 5Y
£355035 esiss S 355035 SrsAl Sl ol 00 ol eSS S8, ol
Samples KF Mean (TL)  Interval TC Cl  SAT CV% Al A A, DRL  TF% DI SC
Yesilova-3 20 m+ dsm + d~sm+ dsm™  2.56+0.04  1.69-3.69 20.47+0.084 4145 082 1491  0.142 0251 0.096 3.15  41.01 6.185 2B
Bucak-2 24m+ 4~sm + 4~sm™ + 2B 3.14+0.06 2.12-4.57 25.11£0.140 4183 1.03 17.54 0.128 0231 0.126  4.63  41.43 7.337 2B
Egirdir-2 28m+ 4~sm*™ 236£0.03 1.83-3.19 18.88+0.095 42.04 082 12.04 0.123 0226 0.112 454  41.44 4.994 2A
S.Karaagag-2  28m + 4m™ 297+0.06 1.94-435 23.79+0.104 41.72 1.03 1831  0.127 0237 0.097 3.63 4121 7.982 1B
Yalvag-3 28m+ 4sm™ 328+0.07 1.73-520 2621+0.150 4130 1.02 20.78  0.142 0255 0.127 523  40.56 8.488 2B
Senirkent-2  28m+ 4~sm*™ 3.13£0.07 2.05-5.04 28.38+0.163 4209 102 21.83 0.122 0224 0.107 3.67 4172 8.768 1B
Cay-2 24m+ 4sm+ 4m™ 3.74£0.08 2.44-593 29.90+0.151 4158 1.18 21.63 0.135 0245 0.115 430  41.03 8.957 2B
Sultandagi-1 ~ 28m+ 4sm™ 3.99+0.12 2.50-5.82 31.95+0.149 4122 140 23.64 0.138 0252 0.105 3.82 4041 8.515 2B
Bolvadin-3 28m+ 4~sm™* 2.99+0.05 2.18-4.24 24.00+£0.145 4263 1.19 1355  0.109 0208 0.134 513  41.58 5.842 1A
Beysehir-1 24m+ 4~sm+ 4sm™ 2.98+0.04 224-435 2383+0.121 4151 1.13 1389  0.134 0242 0.115 471  40.85 5.756 2A
Iran/ cv. 24m+ dsm+ 4sm™ 458+0.07 3.88-5.37 36.65£0.131 4071 135 8349  0.152 0270 0.080 224  40.33 3.473 2A

Maragheh
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Fig. 2. Karyogram of studied clones from alfalfa accessions according to the method of standard karyotype (Zarifi et al., 2018)
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Fig. 3. Scatter diagram for studied clones from alfalfa accessions based on Al and A2
asymmetry parameters.
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Jsb dTL) p 355058 sk Ko tami sy (slaos 5 51 ol SO SIST sas5 5058 sla sl (ANOVA) byl 455 —F It
(SAT) el Jsb u:‘-i‘l':“ 3 (CD 09 sl LexLa (AR=L/S) b 55L s «(S) U S s95b Jsb (L) s 655L

Table 3. Analysis of variance of chromosomal parameters in clones from Alfalfa accessions; The mean length of
chromosomes (TL), L: Length of the long arm of the chromosome (um), S: Length of the short arm of the chromosome
(um), armratio (L/S), CI: Centromer index, The mean length of satellite (SAT).

@357 a3 MS Sl Sl
S.0.V. Ol S e df TL L S AR=L/S CI SAT
Clones (Cl) oS 10 24717 798" 386" 0.1127  13.27"  0.654"
Chromosome (Ch) 0355055 7 11817 5747 1567 3247 3530.99”
CIxCh 0355035 X OIS 70 0.137"  0.109"  0.103"  0.237" 88.82"
Error L 868 0246  0.092  0.046  0.034 9.33 0.009
C.V (%) Ol ekl o b A5 15.82 17.66  16.66 13.61 7.32 6.8

* ok

.M):\jbdk}\cla.ujajbéu%j@:* )
Jls gae o M8

*  kk

, : Significant at the 0.05 and 0.01 probability levels, respectively.
ns: Not- significant
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Fig. 4. Scatter diagram for studied clones from alfalfa accessions based on As:
karyotype asymmetry index; CVcr: coefficient of variation of chromosome length;
CV¢r: coefficient of variation of centromeric index (Paszko 2006)
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Table 4. Pearson correlations for asymmetry indices and karyotype characteristics; The karyotype asymmetry index (Al), The dispersion

index (DI) and difference of range of relative length (DRL), As: Karyotype asymmetry index.

db N S b a5k ol e bl e e
p55005  piss S bl U bbled s sl olple Ol e KIS FaF, il el
Parameter A TL TC L S AR CI SAT CV%  DRL TF% DI Al As
TL 0355055 I oSika 1
TC poipsS JS A 09997 1
L bt 0998 0.998" 1
S S sl 0.999™ 0.999" 09957 1
AR byl 0.565 0.562°  0.605°  0.524" 1
CI Srofle gals 20.654 -0.6517  -0.693" -0.618" -0.9517 1
SAT il 0.8777 0.878" 0.8577 0.8827 0338  -0384 1
CV% Sl e s 0.078 0.076  0.062  0.083 0.044 0.061  0.102 1
DRL i dsbanls 20,453 -0.452  -0476  -0.444  -0.401 0.572"  -0203 0264 1
TF% S UK as s 20,668 -0.667°  -0.6997 -0.630° -0.938** 0910 -0.546  0.028  0.335 1
DI SAB, esls 0262 0264  -0245  -0.276 0.061  -0.124  -0.321  0.192  -0.541"  0.047 1
Al SolEbar,s 0561 0.558"  0.606°  0.525°  0.954** 0977 0246 -0.073  -0.549° -0.866" 0.123 1
As Sl el 0.179 0.178  0.168  0.174 0233  -0.077 0248 09457 0267 -0.195 0.123 0.042 1
oy3 ) 50 Jloi o 53 3 gme i ja s
“and ™ : Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 5. Eigen vectors of the first three principal components (PCA) of karyotypic
parameters to classify alfalfa accessions

Components Lol 4o
Parameters b eyl 1 2 3 Sr
Short Arm (S) LS sk 0.9427 0.227 0.050  0.941
TC p2isaS JSdL 09407 0.262 0.056  0.955
TL e S db oK 09397 0.264 0.058  0.955
Longh Arm (L) bt 09297 0312 0.052  0.963
Sat ol 09157 -0.011 0.099  0.847
Al ol ey Lasls 0,376 0.878"°  0.034 0913
Al O35 Oolt 0.444 0.853"  0.076  0.931
CI Srsple pesls 20,486 -0.8407  -0.057  0.945
Armratio(AR) Lol 0.429 0.808" 0202  0.878
TF% S IS as s 20,605 -0.662°  -0.148  0.826
sm &S plabe ol 20,267 0.659"  -0.465  0.722
CVcl*CVci/100=As YT oo -0.025 09777  0.973
CV% Sl e -0.003 -0.106 0.955"  0.923
CVel 035373, db 53 oei %5 -0.003 -0.106 0.955"  0.923
Eigen value o5 15 S5 6.142 5.863 3.638
% of Variance ool de o 39 364 30.860 19.145
Cumulative% 32364 63.224 82.369
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Fig. 5. The scatter plot of clones from alfalfa accession based on the first two
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components (63.22%) of principal component analysis.
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Fig. 6. The dendrogram of cluster analysis using ward method on karyotype parameters
in clones from accessions of alfalfa (Medicago sativa L.) (Cophenetic; = 0.70)
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