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Abstract: This study employed conventional chromosome preparation techniques to observe and analyze the
karyotypes of five natural geographic populations of Chionanthus retusus in Shandong Province, in order to
reveal the karyotypic features, differences, and phylogenetic relationships among different populations,
and to lay the cytological foundation for further investigation of the systematics and evolutionary relation-
ships of C. retusus. The results showed that: (1) the chromosome number of the five populations of C.
retusus was stable, with 2n=2x=46; small chromosomes were dominant, and the karyotypes were mainly
composed of median centromeres (m) and submedian centromeres (sm), with the former being more
abundant, and there were two types of chromosomes, 1B and 2B. (2) The karyotype formulae of the five
populations of C. retusus were as follows: population B had 2n=2x=43m+ 3sm, population T had 2n=
2x=46m, population S had 2n=2x=45m+sm, population WS had 2n=2x=44m-+2sm, and population Z

Y fE EH#.2022-06-10; & B FR I 2l B #3 . 2023-04-07

BT LKA E SV & KRB AU TR I E MO T 58 IR 42 I8 545 %58 (2021L.Z2GC023) 5 1L 75 4 4 Mk B B2 9% 4 (bRl A
FAFD MR 2 ARSI E 52818 (2019LY001)

EHZ BN A BORA996—) B I A, EEMNFHARE T IS . E-mail:675353624@qq. com

x MAEVEHR B0, B LA R, EENFMRABREEFT M S EYH R . E-mail:jhli@sdau. edu. cn



4 1 A B S < AR LIRS [ R Y e (MR R AT 583

had 2n=2x=45m-+sm. This may be related to their respective environments. (3) The asymmetry coeffi-

cients of the karyotypes of the five populations were between 54. 29% and 58. 00% , and the relative evolu-
tionary levels of the populations were B> S > WS > Z > T. (4) The results of cluster analysis showed
that when the genetic distance was 1, the populations T and WS and the populations B and S were first

clustered together, indicating that their genetic relationships were relatively close. The study suggests that

the B and S populations are more advanced in their evolutionary process, while the T population is relative-

ly primitive, indicating that the T population (located at Mount Tai’s Luohan Cliff) is relatively well pro-

tected.

Key words: Chionanthus retusus; karyotype analysis; evolutionary relationship
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Table 1 Experimental materials and sources

S 1 9

Population code

JE HEAE

Population locality

B W& 44 Y5 N A = Baiyun Cave, Qing-
zhou, Weifang City, Shandong Province

AR A #4Th #2 1L P L Taishan Luohan Cliff,
Tai’an City, Shandong Province

LLUZR A8 388 T T T R B e Ll B K 4 Sk e A
S Shuimotou Hebei Village, Nanlushan Town,
Yiyuan County, Zibo City, Shandong Province

7R A8 #5111 7 M AR FE 4R - FE AT AR East of Di-

T

WS aozhuang Village, Shaozhuang Town, Qing-
zhou, Weifang City, Shandong Province
7 AR 48 1 T T M % E Zhengjiazhuang, Zibo City .,

Shandong Province

4z %4 7 AE R K R
Latitude Longitude Altitude/m  Annual precipitation/mm
36°41'01"N 118°19'07"E 516 697.6
36°13'37"N 117°7'56"E 737 690. 3
36°29'01"N 119°13'32"E 401 1 500.0
36°41'23"N 118°28'37"E 412 664.0
36°22'13"N 118°14'30"E 389 885.9
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Fig. 1 Mid-mitotic chromosomes in different populations of Chionanthus retusus
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Fig. 2 Chromosome idiograms in different populations of C.
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Table 2 Karyotype comparison in different populations of C. retusus

Jii ¥ i
Population
code

B
Karyotype
formula

AR R e €5 A 21 1 KE L L =>2 1 e A L ]
Relative chromosome Length Chromosome proportion
composition ratio of arm ratio excess to 2

(e
Type

T H I

Arm ratio

B
X R R A
As. K%

B
T

WS

2n=2x=43m+3sm

2n=2x=46m

2n=2x=45m+sm

2n=2x=44m+2sm

2n=2x=45m+sm

2n=10m, +28m, +8s 3.42 0 1B
2n=2L+17m, +25m, 25 3.15 0 1B
2n=6L~+15m, +23m,; +2s 2.58 2.17 2B
2n=3L+14m, +28m, +s 2.59 0 1B

2n=2L+24m, +17m, +3S 2.71 0 1B

1.
1.
1.
1.
1.

40
19
29
25
20

58.00
54.29
56.19
55.40

55.06
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Table 3 Chromosome parameters in different populations of C. retusus
I éﬂ]ﬂ{'ﬂﬁ?\ﬁ X *ﬁﬁf‘:lﬁ?@ﬁ

EEAT Makrs  Retvelegh  ROURCOEN e mpmn g Reliveleogh RO
Population No. of Arm B Population No. of Arm ks

code chromosome ~ MH +RKE=2K ratio Type code chromosome A+ K =2k ratio Type

Short+ Long= LR.L Kuo Short+ Long= LR.L Kuo
Total length Total length

1 1.24+1.43=2.67 1.11 M2 1.16 m 1 1.48+2.11=3.59 1.65 L 1.42 m
2 1.01+1.43=2.44 1.01 M2 1.41 m 2 1.24+1.89=3.13 1.44 L 1.53 m
3 1.23+1.64=2.87 1.19 M2 1.33 m 3 1.05+1.59=2.65 1.22 M2 1.51 m
4 1.18+1.61=2.78 1.15 M2 1.37 m 4 1.05+1.49=2.54 1.17 M2 1.42 m
5 1.08+1.38=2.46 1.02 M2 1.28 m 5 1.05+1.40=2.45 1.13 M2 1.34 m
6 1.05+1.26=2.30 0.96 M1 1. 20 m 6 1.27+1.32=2.59 1.19 M2 1.03 m
7 1.04+1.32=2. 36 0.98 M1 1. 26 m 7 1.07+1.31=2.38 1.10 M2 1.23 m
8 1.13+1.33=2.46 1.02 M2 1.18 m 8 1.07+1.41=2.48 1.14 M2 1.31 m
9 0.94+1.23=2.18 0. 90 M1 1.31 m 9 1.19+1.22=2.40 1.10 M2 1.02 m
10 0.93+1.39=2.33 0.97 M1 1.49 m 10 0.92+1.09=2.02 0.93 M2 1.19 m
11 1.04+1.21=2.26 0. 94 M1 1.16 m 11 1.21+1.24=2.44 1.12 M2 1.03 m
12 1.02+1.48=2.50 1.04 M2 1.46 m 12 1.22+1.26=2.48 1.14 M2 1.03 m
13 0.83+1.20=2.03 0. 84 M1 1.45 m 13 1.11+1.25=2.35 1.08 M2 1.12 m
14 1.10+1.46=2.56 1.06 M2 1.32 m 14 1.10+1.12=2.22 1.02 M2 1.02 m
15 1.18+1.52=2.70 1.12 M2 1.29 m 15 1.07+1.12=2.18 1.00 M2 1.05 m
16 0.97+1.60=2.57 1.07 M2 1.65 m 16 1.06+1.21=2.27 1.04 M2 1. 14 m
17 0.88+1.20=2.07 0. 86 M1 1. 36 m 17 0.89+1.19=2.08 0.96 M1 1.34 m
18 0.85+1.29=2.14 0.89 M1 1.53 m 18 1.00+1.11=2.11 0.97 M1 1.10 m
19 0.97+1.30=2.27 0. 94 M1 1.34 m 19 1.06+1.13=2.20 1.01 M2 1.07 m
20 0.91+1.34=2.25 0.93 M1 1.48 m 20 0.97+1.06=2.02 0.93 M1 1.10 m
21 1.02+1.37=2.39 0.99 M1 1.34 m 21 0.96+1.15=2.12 0.97 M1 1.20 m
22 0.85+1.52=2.37 0.99 M1 1.79 sm 22 0.85+1.28=2.14 0.98 M1 1.50 m
23 1.10+1.24=2. 34 0.97 M1 1.13 m = 23 0.88+1.24=2.12 0.97 M1 1.42 m
b 24 0.93+1.24=2.17 0.90 M1 1.34 m ! 24 1.00+1.03=2.04 0.94 M1 1.03 m
25 0.92+1.32=2.24 0.93 M1 1.43 m 25 1.05+1.09=2.14 0.99 M1 1. 04 m
26 1.06+1.34=2.41 1.00 M1 1.27 m 26 1.13+1.18=2.31 1.06 M2 1.04 m
27 0.93+1.43=2.36 0.98 M1 1.53 m 27 1.07+1.16=2.24 1.03 M2 1.08 m
28 0.86+1.31=2.17 0. 90 M1 1.52 m 28 0.99+1.13=2.12 0.98 M1 1.14 m
29 0.914+0.98=1.89 0.78 M1 1.07 m 29 0.90+1.05=1.95 0.90 M1 1.18 m
30 0.77+1.33=2.10 0.87 M1 1.73 sm 30 0.93+1.04=1.97 0.91 M1 1.12 m
31 0.73+1.10=1.83 0.76 S 1.50 m 31 1.00+1.08=2.08 0.95 M1 1.08 m
32 0.76+1.14=1.90 0.79 M1 1.49 m 32 0.93+1.00=1.94 0. 89 M1 1.08 m
33 0.96+1.31=2.26 0. 94 M1 1. 36 m 33 1.03+1.11=2.13 0.98 M1 1.08 m
34 0.79+1.17=1.96 0.81 M1 1.49 m 34 0.89+1.11=2.00 0.92 M1 1.25 m
35 0.70+1.16=1.87 0.77 M1 1. 66 m 35 0.83+1.11=1.93 0. 89 M1 1.34 m
36 0.72+1.29=2.01 0. 84 M1 1.79 sm 36 0.90+1.16=2.06 0.95 M1 1.30 m
37 0.80+1.17=1.97 0.82 M1 1.47 m 37 0.89+1.07=1.96 0.90 M1 1.21 m
38 0.90+1.13=2.03 0. 84 M1 1.26 m 38 0.75+1.24=1.99 0.91 M1 1.65 m
39 0.71+1.05=1.76 0.73 S 1.49 m 39 0.96+0.98=1.94 0.89 M1 1.01 m
40 0.95+1.24=2.19 0.91 M1 1.31 m 40 0.83+1.00=1.83 0.84 M1 1.22 m
41 0.70+1.10=1.80 0.75 S 1.58 m 41 0.914+0.94=1.85 0.85 M1 1.03 m
42 0.70+1.09=1.79 0.74 S 1.55 m 42 0.86+0.93=1.79 0.82 M1 1.08 m
43 0.74+0.99=1.73 0.72 S 1.34 m 43 0.82+0.97=1.79 0.83 M1 1.19 m
44 0.74+0.78=1.52 0.63 S 1.07 m 44 0.84+0.94=1.78 0.82 M1 1.11 m
45 0.69+0.78=1.47 0.61 S 1.13 m 45 0.76+0.88=1.64 0.75 S 1.15 m
46 0.48+0.79=1.27 0.53 S 1. 64 m 46 0.67+0.91=1.58 0.73 S 1. 36 m
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214 3 Continued Table 3
HIA K I R R - HIXHE 7 5
BB deikpn  Reavelemh  REECOEh D pgn mkrs Reltivelengh  ROORe®
Population No. of co Arm e Population No. of Arm R
code chromosome A+ K =2k ratio Type code chromosome A+ KF =2k ratio Type
Short+ Long= LR.L Kuo Short+ Long= LR.L Kuo
Total length Total length
1 1.21+1.69=2.90 .33 L 1.40 m 1 1.36+1.66=3.02 .39 L 1.22 m
2 1.16+1.74=2.90 .34 L 1.50 m 2 1.54+1.82=3.35 .54 L 1. 18 m
3 1.35+1.44=2.79 .28 L 1.06 m 3 1.274+1.56=2.83 .30 L 1.22 m
4 1.09+1.79=2.88 .32 L 1.65 m 4 1.27+1.43=2.70 .24 M2 1.13 m
5 1.15+1.67=2.82 .30 L 1.44 m 5 1.19+1.47=2.66 .22 M2 1.24 m
6 1.17+1.71=2.88 32 L 1.46 m 6 1.16+1.65=2.82 .30 M2 1.42 m
7 1.12+1.56=2.68 .23 M2 1. 40 m 7 1.094+1.50=2.59 .19 M2 1.38 m
8 0.82+1.78=2.60 .19 M2 2.16 sm 8 1.12+1.46=2.58 .18 M2 1. 30 m
9 0.98+1.22=2.21 .02 M2 1.24 m 9 0.97+1.42=2.38 .10 M2 1.46 m
10 1.21+1.33=2.55 .17 M2 1.10 m 10 0.94+1.56=2.51 .15 M2 1. 66 m
11 1.09+1.10=2. 20 .01 M2 1.01 m 11 0.83+1.47=2.30 .06 M2 1.76 sm
12 1.03+1.17=2. 20 .01 M2 1.14 m 12 1.13+1.51=2.65 .22 M2 1.34 m
13 1.07+1.20=2.28 05 M2 1.12 m 13 0.90+1.30=2.20 .01 M2 1. 44 m
14 0.97+1.15=2.12 .97 Ml 1.19 m 14 0.80+1.46=2.26 .04 M2 1.82 sm
15 1.04+1.09=2.13 .98 M1 1.05 m 15 1.11+1.27=2.38 .10 M2 1.14 m
16 0.88+1.34=2.22 .02 M2 1.52 m 16 1.00+1.05=2.05 .94 M1 1.06 m
17 0.99+1.39=2.37 .09 M2 1.40 m 17 0.94+0.97=1.91 .88 M1 1.03 m
18 0.85+1.30=2.15 .99 Ml 1.54 m 18 0.99+1.12=2.11 .97 Ml 1.13 m
19 0.95+1.15=2.10 .97 M1 1.21 m 19 0.96+1.17=2.13 .98 M1 1.22 m
20 1.09+1.24=2.33 .07 M2 1. 14 m 20 0.92+1.20=2.11 .97 M1 1.31 m
21 0.95+1.06=2.01 .92 M1 1.12 m 21 0.97+1.22=2.19 .01 M2 1.27 m
22 1.10+1.11=2.21 .02 M2 1.01 m 22 1.00+1.15=2.15 .99 M1 1.15 m
. 23 1.02+1.13=2.15 .99 M1 1.11 m ) 23 1.07+1.15=2.22 .02 M2 1.08 m
S 24 1.00+1.15=2.15 .99 M1 1.16 m s 24 1.00+1.05=2.05 .94 M1 1.05 m
25 0.90+1.19=2.09 .96 M1 1.33 m 25 0.77+1.08=1.85 .85 M1 1.41 m
26 1.06+1.27=2.33 .07 M2 1. 20 m 26 1.01+1.03=2.04 94 M1 1.02 m
27 1.04+1.20=2.24 .03 M2 1.16 m 27 0.92+1.10=2.03 .93 M1 1.19 m
28 0.93+1.32=2.25 .03 M2 1.42 m 28 0.84+1.17=2.01 .92 M1 1.39 m
29 0.88+1.11=1.98 .91 M1 1.26 m 29 0.88+1.09=1.96 .90 M1 1.24 m
30 0.93+1.27=2.19 .01 M2 1.37 m 30 0.94+1.04=1.98 .91 M1 1.11 m
31 0.79+1.08=1.87 .86 M1 1. 36 m 31 0.84+1.01=1.85 85 M1 1.20 m
32 0.82+1.20=2.02 .93 M1 1.45 m 32 0.89+0.92=1.81 .83 M1 1.03 m
33 0.71+0.94=1.65 .76 M1 1.31 m 33 0.92+1.02=1.94 .89 M1 1.11 m
34 0.84+1.04=1.88 . 86 M1 1.24 m 34 0.83+1.11=1.93 .89 M1 1.34 m
35 0.89+1.10=2.00 .92 M1 1.24 m 35 0.87+1.14=2.02 .93 M1 1.31 m
36 0.86+0.99=1.85 .85 M1 1.15 m 36 0.86+1.13=1.99 .92 M1 1.32 m
37 0.85+1.15=2.00 .92 M1 1. 36 m 37 0.98+1.00=1.98 .91 M1 1.02 m
38 0.91+0.94=1.85 85 M1 1.04 m 38 0.91+0.92=1.83 .84 M1 1.01 m
39 0.92+0.97=1.89 .87 M1 1.05 m 39 0.97+0.98=1.95 .90 M1 1.02 m
40 0.79+0.81=1.60 .74 S 1.02 m 40 0.7841.09=1.87 .86 M1 1.39 m
41 0.69+0.99=1.69 .78 M1 1.43 m 41 0.82+1.09=1.91 .88 M1 1.32 m
42 0.70+0.94=1.64 .76 S 1.34 m 42 0.75+1.16=1.92 .88 M1 1.55 m
43 0.70+0.95=1.65 .76 M1 1.37 m 43 0.91+0.94=1.84 85 M1 1.03 m
44 0.71+1.15=1.86 . 86 M1 1.61 m 44 0.91+0.97=1.88 .87 M1 1.06 m
45 0.77+1.08=1.84 85 M1 1.40 m 45 0.75+0.98=1.73 .79 M1 1.30 m
46 0.84+0.99=1.82 .84 M1 1.18 m 46 0.81+0.70=1.51 .70 S 1. 15 m
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R NS A it
ERES Qefafkpe Relatve length cocfficient B ey || ERHS  Qeafipe  Relative length cocfficient  TH s
Population No. of Arm 75" | Population No. of Arm ¢
code chromosome A+ K =2k ratio Type code chromosome i+ KE=2K ratio Type
Short+ Long= LR.L Kuo Short+ Long= LR.L Kuo
Total length Total length

1 1.35+1.57=2.92 1.34 L 1.16 m 24 0.87+1.14=2.01 0.93 M1 1.32 m

2 1.19+1.77=2.96 1.36 L 1.48 m 25 0.80+1.23=2.03 0.93 M1 1.53 m

3 1.12+1.44=2.56 1.18 M2 1.28 m 26 0.86+1.43=2.28 1.05 M2 1.67 m

4 1.11+1.53=2.65 1.22 M2 1.38 m 27 0.98+1.15=2.13 0.98 M1 1.17 m

5 1.24+1.25=2.49 1.15 M2 1.01 m 28 0.92+1.27=2.19 1.01 M2 1.38 m

6 1.10+1.29=2.39 1.10 M2 1.18 m 29 0.93+0.99=1.93 0.89 M1 1.06 m

7 1.04+1.33=2.37 1.09 M2 1.28 m 30 0.94+1.09=2.03 0.93 M1 1.15 m

8 1.11+1.46=2.57 1.18 M2 1.32 m 31 0.87+1.12=2.00 0.92 Ml 1.28 m

9 1.24+1.25=2.49 1. 14 M2 1.00 m 32 0.86+0.87=1.73 0.79 Ml 1.01 m

10 1.22+1.22=2.44 1.12 M2 1.00 m 33 0.94+1.10=2.03 0.94 M1 1.17 m

11 0.94+1.28=2.22 1.02 M2 1. 36 m 34 0.90+1.04=1.94 0.89 M1 1.16 m

Z 12 1.01+1.26=2.27 1.04 M2 1.24 m zZ 35 1.08+1.12=2.21 1.02 M2 1.04 m

13 1.12+1.19=2.31 1.06 M2 1.06 m 36 1.054+1.06=2.11 0.97 M1 1.01 m

14 1.14+1.19=2.33 1.07 M2 1.05 m 37 0.93+1.07=2.00 0.92 M1 1.15 m

15 1.11+1.20=2.31 1.06 M2 1.07 m 38 0.99+1.01=2.00 0.92 Ml 1.02 m

16 1.17+1.36=2.54 1.17 M2 1.16 m 39 0.89+0.96=1.85 0.85 M1 1.07 m

17 0.93+1.30=2.23 1.02 M2 1.39 m 40 0.91+1.08=1.99 0.92 M1 1.19 m

18 1.08+1.38=2.46 1.13 M2 1.29 m 41 0.76+1.04=1.80 0.83 M1 1. 36 m

19 0.95+1.24=2.19 1.01 M2 1.31 m 42 0.70+1.11=1.81 0.83 M1 1.59 m

20 0.98+1.24=2.22 1.02 M2 1.27 m 43 0.78+0.98=1.76 0.81 M1 1.26 m

21 0.76+1.50=2.25 1.04 M2 1.98 sm 44 0.65+0.87=1.52 0.70 S 1.33 m

22 1.014+1.35=2.36 1.09 M2 1.34 m 45 0.65+0.69=1.34 0.62 S 1.05 m

23 1.02+1.27=2.29 1.05 M2 1.25 m 46 0.71+0.79=1.50 0.69 S 1.12 m

S YA ML PR E M2, R AR L KRY A m, P 22 i AR sm. JT IR 22 e A A XS BE AL pm
Note: S. Short chromosome; M1. Middle long chromosome; M2. Medium short chromosome; L. Long chromosome; m. Central kinetochore chromosome;

sm. Subcentral kinetochore chromosome; the unit of relative length is pm
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Fig. 3 Evolution trend of chromosome karyotypes in different populations of C. retusus
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in different populations of C. retusus
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