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Chromosome Karyotype Analysis of Malabar Spinach
(Basella alba) from Different Origins

SUN Bo, GU Jinhua, TONG Yuantao, LUO Jiaheng,

TIAN Yuxiao, ZHANG Fen, TANG Haoru”
(College of Horticulture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract ;: In order to investigate the karyotype characteristics and evolutionary relationships among malabar
spinach (Basella alba) from different producing origins, we used eight cultivars of malabar spinach from
seven origins as plant materials, and analyzed chromosome karyotypes using conventional pressed slice
method. We also conducted the karyotype evolutionary tendency and principal component analysis in the
present study. The results showed that: (1) the chromosome numbers in all cultivars of malabar spinach
were 2n=2x=44, and no abnormal chromosomes was found. The chromosome types included metacentric
chromosomes (m) and submetacentric chromosomes (sm), while the amount of m was more than sm in all
cultivars. (2) The significant differences on karyotype formula, karyotype type, the location of satellites
(SAT), ratio of chromosome length (L/S), arm ratio, and range of chromosome relative length were ob-
served among malabar spinach from different origins. Although each cultivar of malabar spinach owned one
pair SAT, the locations of SAT were distinct among different cultivars. (3) The karyotype types contained
1A, 1B and 2A according to Stebbins classification criteria, and the high frequency was found on 1A,
which in five cultivars. (4) The ratio of chromosome length (1./S) ranged from 1. 51 to 2. 06, and average
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arm ratio ranked from 1. 30 to 1. 48 among malabar spinach from different origins. The chromosome,

which the arm ratio was more than 2, was only found in Jilin ‘Lifeng’ and Jiangxi ‘ Hangcheng’. (5) The

karyotype asymmetry index (As. K) of cight cultivars were from 56. 25% to 59. 17%, which implied the

karyotype of malabar spinach was symmetrical and primitive. Among the cultivars, the karyotype of Hebei

‘Jinfa’ was the most primitive, and the karyotype of Jiangxi ‘ Hangcheng’ was the most evolutive. The

results provide a reference basis for the cytogenetics study of malabar spinach (Basella alba).
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Table 1 Experimental materials

%5 No 7#Hb Origin M AP Cultivar Az 77 R Manufacturer
JLLF Ak Jilin F# Lifeng KA R FE R A BR 2y 7 Tianjin Jinke Lifeng Seedlings Co. , Ltd.

BJJX b5t Beijing HJH Jingxu

HBJFu jdt Hebei HUfE Jingfu
HBJFa {/db Hebei 4k Jingfa

SCNF  pgJi] Sichuan ™ W% Nanfeng
# i Qiyan

M3k Hangcheng

CQQY K Chongging
JXHC VLV Jiangxi

GDLS  J7% Guangdong 24 Lvshuai

AL 5T T BEAR b T A BR A B Beijing Wanlong Yufeng Seed Co. , Ltd

H B BE M E A bl Qingxian Jingfu Seedling Breeding Center
WM T 42 & P 48 F 0 Cangzhou Seedling Sales Center

28 BH T 16 55 S F 98 T Mianyang Nanfeng Vegetable Research Institute
PR A7 B R 22
3T ML AL A BR A 7] Fengcheng Hangcheng Seed Industry Co. , Ltd

i Chongging Qiyan Seed operating Department

T T TS X K K VTSR A )E Zhangshuijiang Vegetable Shop in Yuexiu District of Guangzhou
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Metaphase chromosomes, karyotypes and idiograms of malabar spinach from different origins

1234567 8 91011121314151617 1819202122
Btk FF 5 Chromosome Number

12345678 91011121314151617 1819202122
But4 K75 Chromosome Number

12345678 91011121314151617 1819202122
BetafkJ75 Chromosome Number

12345678 91011121314151617 1819202122
Yutifk 75 Chromosome Number

12345678 91011121314151617 1819202122
Btk FF 5 Chromosome Number

12345678 91011121314151617 1819202122
Zuta 4k 75 Chromosome Number

12345678 91011121314151617 1819202122
Butt4K 75 Chromosome Number

P T S T T T T S T T T S S T T S S R T |

1234567 8 91011121314151617 1819202122
Butifk 7S Chromosome Number

BB R
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Table 2 The parameters of chromosomes of malabar spinach from eight different origins
) = r i =) K pE
89 Gromoume o ME N xm | as o CEET e N 22

number ratio number length/ % ratio yp

1 2.74-+3.13=5. 86 1.14 m 1 2.12+3.56 =5.68 1. 68 m

2 2.62-+3.03=5.65 1.16 m 2 2.53+ 2.99=5.52 1. 18 m

3 2.29+3.12=5.41 1. 37 m 3 1.95+ 3.26=5.20 1. 67 m

4 2.43=2.91=5.35 1. 20 m 4 2.15+3.02=5.17 1. 40 m

5 2.08+3.27=5.34 1.57 m ) 2.49 +2.63=5.11 1. 06 m

6 1.61+3.52=5.12 2.19 sm 6 2.22+2.86=5.07 1. 29 m

7 2.11+2.70=4.80 1.28 m 7 1.734+2.95=14. 68 1.71 sm

8 2.0842.65=4.73 1.28 m 8 2.06 +2.59=4.65 1.25 m

9 1.83+2.89=4.72 1.58 m 9 1.80+ 2.85=4. 64 1.58 m

10 1.52+3.13=4. 65 2.06 sm 10 2.08+ 2.52=14.61 1.21 m
JLLF 11 2.22+2.34=4.56 1. 05 m BJJX 11 2.20+ 2.39=4.59 1.09 m
12 2.15+2.35=4.50 1.10 m 12 1.52+ 2.93=4.45 1.92 sm

13 1.43+2.93=14. 36 2.05 sm 13 2.06+ 2.28=4.34 1.11 m

14 1.87+2.37=4. 24 1. 26 m 14 1.51+ 2.80=4.32 1. 85 sm

15 1.76+2.46=4. 22 1.40 m 15 1.46+ 2.81=4.27 1.92 sm

16 2.00+2.19=4.18 1.10 m 16 1.59+ 2.60=4.19 1. 64 m

17 1.9442.11=4.06 1.09 m 17 2.02+2.11=4.13 1. 04 m

18 1.85+2.16=4.01 1. 16 m 18 1.83+2.17= 3.99 1.19 m

19 1.85+2.09=3.93 1.13 m 19 1.48+ 2.45=3.93 1.65 m

20 1.44+2.37=3. 80 1. 65 m 20 1.71+2.15=3. 86 1. 26 m

21 1.58+1.95=3.53 1.23 m 21 1.37+ 2.44=3.81 1.78 sm

22 1.284+1.69=2.96 1. 32 m 22 1.63+2.14=3.77 1.32 m

1 2.82+3.19=6.01 1.13 m 1 2.41+ 3.17=5.59 1.31 m

2 2.42+3.21=5.63 1.32 m 2 2.50+2.91=5.41 1.17 m

3 2.27+3.11=5.38 1. 37 m 3 2.39+2.98 =5.37 1. 24 m

4 1.85+3.40=5.25 1. 84 sm 4 2.11+3.10 =5. 21 1.47 m

5 2.49-+2.55=5.04 1.02 m 5 1.84+43.35=5.19 1.82 sm

6 2.13+2.80=4.94 1.31 m 6 2.26+2.64=4.90 1.17 m

7 1.7243.20=4.,92 1. 86 sm 7 2.07+2.80=4.87 1. 35 m

8 2.25+2.53=4.77 1.12 m 8 2.384+2.46=4.84 1.03 m

9 2.05+2.69=4.74 1. 31 m 9 1.99+2.81=4.80 1. 41 m

10 2.11+2.63=4.73 1.25 m 10 2.27+2.42=4.69 1.07 m
HBJFu 11 1.85+2.82=14.67 1.53 m HBJFa 11 1.984+2.63=14.61 1.33 m
12 1.95+2.69=4. 64 1. 38 m 12 1.99+2.46=4. 45 1.24 m

13 2.03+2.59=4.63 1.27 m 13 1.95+2.46= 4. 41 1. 26 m

14 1.98+2.48=14. 46 1. 25 m 14 1.914+2. 44=4, 34 1.28 m

15 2.12+2.25=4.37 1. 06 m 15 1.96+2.36=4. 32 1. 20 m

16 1.89+2.26=4.15 1. 20 m 16 2.02+2.23=4.26 1. 10 m

17 1.73+2.23=3.97 1. 29 m 17 1.83+2.30= 4.13 1. 26 m

18 1.84+2.06=3.91 1.12 m 18 1.7442.36=4.09 1. 36 m

19 1.7842.00=3.77 1.12 m 19 1.744+2.17=3.91 1.25 m

20 1.38+2.22=3.60 1.61 m 20 1.76+1.92= 3.68 1.09 m

21 1.69+1.82=3.50 1.08 m 21 1.31+2.25=3.56 1.72 sm

22 1.38+1.54=2.92 1.11 m 22 1.34+2.04= 3.38 1.53 m
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yu F=A [ P F=A o+ K fE 2
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number ratio number length/ % ratio

1 2.75+43.23=5.98 1.17 m 1 2.29+3.77=6.06 1. 65 m
2 2.47+3.01=5.48 1.22 m 2 2.70+2.99=5.68 1. 11 m
3 2.60+2.83=5.43 1.09 m 3 2.17+2.93=5.10 1. 35 m
4 2.2843.03=5.31 1.33 m 4 2.27+2.73=5.01 1. 20 m
5 2.3842.73=5.11 1.15 m 5 2.30+2.66=4.96 1.15 m
6 1.93+3.07=5.01 1.59 m 6 2.37+2.58=4.96 1.09 m
7 2.224+2.71=4.93 1.22 m 7 2.00+2.88=4.88 1. 44 m
8 1.7442.92=4.67 1.68 m 8 2.32+42.54=4.87 1.09 m
9 2.21+2.41=4.62 1.09 m 9 1.83+2.99=4.81 1. 64 m
10 1.58+3.01=4.59 1.91 sm 10 1.75+3.03=4,77 1.73 sm

SCNF 11 1.76+2.78=4.54 1.58 m CRRY 11 1.92+2.62=4.54 1. 36 m
12 2.15+42.36=4.50 1. 10 m 12 1.924+2.49=4.41 1. 30 m
13 1.84+2.40=4. 24 1. 31 m 13 1.69+2.72=14. 40 1.61 m
14 1.92+2.23=4.15 1.16 m 14 1.64+2.75=4.39 1. 67 m
15 1.93+2.12=4.06 1.10 m 15 1.88+42.50=4. 37 1.33 m
16 1.90+2.14=4.04 1.12 m 16 1.46+2.66=4.13 1. 82 sm
17 1.49+2.51=4.00 1. 69 m 17 1.42+2.61=4.02 1. 84 sm
18 1.65+2.30=3.95 1.39 m 18 1.864+2.12=3.98 1. 14 m
19 1.39+2.52=3.91 1. 81 sm 19 1.69+2.29=3.98 1. 36 m
20 1.78+2.10=3. 89 1.18 m 20 1.634+2.31=3.94 1.42 m
21 1.89+1.96=3.85 1. 04 m 21 1.65+1.94=3.59 1.17 m
22 1.35+2.39=3.74 1.77 sm 22 1.35+1.78=3.13 1. 31 m
1 2.63+3.92=6.55 1. 49 m 1 2.76+3.42=6.18 1.24 m
2 2.26+2.82=5.08 1. 24 m 2 2.42+3.28=5.70 1. 35 m
3 2.1742.88=5.05 1.33 m 3 2.23+3.31= 5.53 1. 48 m
4 2.09+2.95=5.04 1.41 m 4 2.05+3.11= 5.16 1.52 m
5 1.79+3.26=5.04 1.82 sm 5 1.86+3.13=4.98 1. 68 m
6 1.86+2.93=4.79 1.57 m 6 2.11 +2.76=4.87 1. 31 m
7 1.91+2.84=4.75 1.48 m 7 2.36+2.43 =4.78 1.03 m
8 1.86+2.82=4.68 1.52 m 8 2.064+2.67=4.73 1. 30 m
9 1.96+2.68=4. 64 1.37 m 9 1.71+2.96 =4.66 1.73 sm
10 1.73+2.87=4.61 1. 66 m 10 1.80+2.82=4.62 1.57 m

JXHC 11 1.84+2.66=4.50 1. 44 m GDLS 11 1.71+2.79=4.50 1.63 m
12 2.04+2.40=4. 44 1.17 m 12 2.03+2.43=4.46 1. 20 m
13 1.70+2.66=4. 36 1.57 m 13 1.98+2.21=4.18 1.12 m
14 1.72+2.64=4.35 1.53 m 14 1.414+2.75 =4.17 1.95 sm
15 1.67+2.64=4. 31 1.58 m 15 1.40+2.70 =4.11 1.92 sm
16 1.46+2.83=4.28 1. 94 sm 16 1.76+2.24 =4.00 1.27 m
17 2.00+2.17=4.16 1.08 m 17 1.38+2.58= 3.97 1. 87 sm
18 1.86+2.25=4.11 1.21 m 18 1.41+2.54 =3.95 1.79 sm
19 1.83+42.24=4.06 1.22 m 19 1.87+2.06 =3.93 1. 10 m
20 1.83+2.07=3.91 1.13 m 20 1.37+2.55 =3.92 1. 86 sm
21 1.53+2.32=3.85 1.51 m 21 1.47+2.37=3.85 1.61 m
22 1.07+2.34=3.42 2.18 sm 22 1.7741.99=3.76 1.13 m
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Table 3 The karyotypes of malabar spinach from eight different origins
%M‘ SAT I > 7l
95 (RN K/ A PRI Ef‘;‘ﬁc AR TR R B
No Karyotype fomula B PR NSRS L/S Arm ratio ty yp As. K/%
Number Chromsome number ype
JLLF 2n=2x=44=38m(2SAT)+ 6sm 2 5 1.99 1. 38 2A 57. 34
BIJX 2n=2x=44=34m(2SAT) +10sm 2 13 1.51 1. 45 1A 58. 50
HBJFu 2n=2x=44=40m(2SAT) +4sm 2 12 2.06 1. 30 1B 56. 26
HBJFa 2n=2x=44=40m(2SAT)+4sm 2 17 1. 65 1. 30 1A 56. 25
SCNF 2n=2x=44=38m(2SAT) +6sm 2 20 1. 60 1. 35 1A 56.76
CQQY 2n=2x=44=38m+6sm(2SAT) 2 13 1.93 1. 40 1A 57.89
JXHC 2n=2x=44=38m(2SAT)+ 6sm 2 9 1.92 1.48 2A 59.17
GDLS 2n=2x=44=32m~+12sm(2SAT) 2 18 1. 64 1.48 1A 59.08
59.5 JXHC
$ °
§ 59.0 GDLS g}]
<585 * BIJX 2
~ (9]
= 58.0 4
& 58 * COQY =
S %
2575} . K
i JLLF =
2570 H -
X & SCNF
56.5 . . : " . .
HBJFu g 1 o ika A5 -0 50 5 10 15
56.0 . . . . ' E%4r1 PC125.0%
1.25 1.30 1.35 1.40 1.45 1.50
137 L Arm ratio el 8 ORI A S 2 By 2 445 43
B 2 A [R)  Hi A S A A TR A S R e R A TR Fig. 3 PCA Score plot of karyotypes parameters of

Fig. 2 Scatter diagram of malabar spinach
from eight different origins based on the degree of

karyotype asymmetry
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malabar spinach from eight different origins
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