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Abstract: To investigate the karyotype characteristics and evolutionary relationships of different popula-
tions of Psammochloa villosa ,» we studied the karyotype of six populations of P. villosa in the Inner Mon-
golia Plateau using the traditional squashing method. The result showed that: (1) the chromosome num-
ber of six populations of P. wvillosa was constant, all of which were 2n = 2x = 46. (2) There was a total
of four chromosome types including the center centromere type (M), centromeric subtype (m), subcentral
centromere type (sm) and proximal centromeric type (st), and the amount of centromeric subtype is the
largest in all populations. (3) The karyotype formulas were different among six populations of P. villosa.
(4) There were four karyotype types of P. villosa ,» including 1A, 2A, 1B and 2B. The average arm ratio
of chromosomes was 1. 29—1. 62, the length ratio was 1. 73—2. 68. (5) The karyotype asymmetry coefficient
was 55. 96 %6—59. 95% , which implied the karyotype of P. willosa was symmetrical and primitive. More impor-

R E#E.2021-05-06; & FR Y2l B #.2021-07-15

HETB . BHE A RBIFEIES (41761009) 5 75 14 BHE R0 F BB (2019-Z]-7011) 5 o [ BF 22 B “ P4 &8 2567 A A 55 38341 (2019-1-
4) 5 T A T R 24 S A 4 % R R S S 56 & 0 H (2020-2]-Y40)

EHZBA . LB A996—) & Bl L5 A, FEMNF IS RSG5 IE . E-mail: 1157991403@ qq. com

xEEEE T B HR, FENEE Y RS S ST . E-mail: xusu8527972@126. com



1490 ode Moy % iR 41 4

tantly, the karyotype asymmetry coefficient of 37 population of P. villosa was the largest among all the popula-

tions, and the evolution degree of it was much higher than that of others, whereas that of 34 population of P. wil-

losa was the smallest, and the evolution degree was much lower than that of others. (6) The six populations of P.

villosa were clustered into two categories, Among them, the 37 population of P. willosa was singly clustered into

one group, while other populations were clustered into one group, and they had the relatively distant relationship.

In the present study, we reported the karyotype characteristics and evolutionary relationship of different popula-

tions of P. willosa for the first time, which could provide the cytological evidence for systematic evolution and se-

lection of fine germplasm resources of P. willosa in the future.
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Table 1 Experimental materials and sources
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P();Elﬁfi??nljcode KAEH Locality Lﬁ{%de Loiiigt:ude Altiﬁﬁi/m \i%hljer
P10 N5 T3 B Alxa League, Inner Mongolia 39°21'00"N 102°10'12"E 1542 SX-2019-010
P32 N 52T B kSR 3 Xilin Gol League, Inner Mongolia 43°08'24"N 112°55'12"E 1054 SX-2019-032
P33 N 52T B Ak SR B Xilin Gol League, Inner Mongolia 43°48'36"N 113°41'24"E 1089 SX-2019-033
P34 N5 MR EE 8% Xilin Gol League, Inner Mongolia 43°13'48"N 114°25"12"E 1003 SX-2019-034
P37 N 52T B MRS 8% Xilin Gol League, Inner Mongolia 42°33'36"N 114°48'36"E 1194 SX-2019-037
P55 PS8 B 3% 8 Alxa League, Inner Mongolia 40°03'35"N 103°54'36"E 1474 SX-2016-055
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Fig.1 Mitotic chromosomes in metaphase of P. wvillosa
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Table 2 Chromosome parameters in different populations of P. villosa

SAES
EEAT  RAKEE HER I FE R+ 8 = 4 O X B R - o
. ! Index of relative length 34 e
Population No. of Relative length Arm ratio Type
3 < — 0, d
code chromosome (short+long=total length) /% L R L Kuo

1 2.15 + 2.06 = 4.21 1. 45 L 1. 04 m

2 2.27 + 1.94 = 4. 21 1.45 L 1.17 m

3 2.63 + 1.37 = 4.00 1.38 L 1.92 sm

4 2.14 + 1.70 = 3.84 1.33 L 1. 26 m

5 2.35 4+ 1.34 = 3.69 1.27 L 1.75 sm

6 1.97 + 1.49 = 3.46 1.19 M, 1.32 m

7 1.86 + 1.59 = 3.45 1.19 M, 1.17 m

8 1.96 + 1.31 = 3.27 1.13 M, 1. 50 m

9 1.56 + 1.49 = 3.05 1. 05 M, 1. 05 m

10 1.61 + 1.33 = 2.94 1.01 M, 1.21 m

11 1.73 + 1.20 = 2.93 1.01 M, 1. 44 m

P10 12 1.36 + 1.32 = 2.68 0.92 M, 1.03 m
13 1.40 + 1.26 = 2.66 0.92 M, 1.11 m

14 1.42 + 1.19 = 2.61 0. 90 M, 1.19 m

15 1.47 + 1.11 = 2.58 0. 89 M, 1.32 m

16 1.28 + 1.17 = 2.45 0. 85 M, 1.09 m

17 1.24 + 1.15 = 2.39 0. 82 M, 1.08 m

18 1.43 + 0.89 = 2.32 0. 80 M, 1.61 m

19 1.32 + 0.97 = 2.29 0.79 M, 1. 36 m

20 1.21 + 0.91 2.12 0.73 S 1.33 m

21 1.14 + 0.96 = 2.10 0.72 S 1.19 m

22 1.08 + 0.74 = 1.82 0.63 S 1. 46 m

23 0.82 + 0.75 = 1.57 0.54 S 1.09 m
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RS ORORES  RHKEC =21 R TR
code chromosome (short+long=total length) /% R L Kuo rm ratio Type

1 1.41 + 1.17 = 2.58 1. 50 L 1.21 m

2 1.17 + 0.97 = 2. 14 1. 24 M, 1.21 m

3 1.22 + 0.85 = 2.07 1. 20 M, 1. 44 m

4 1.11 + 0.94 = 2.05 1.19 M, 1.18 m

5 1.03 + 0.94 = 1.97 1. 14 M, 1. 10 m

6 1.03 + 0.83 = 1.86 1.08 M, 1.24 m

7 1.28 + 0.54 = 1.82 1. 06 M, 2.37 sm

8 0.99 + 0.82 = 1.81 1. 05 M, 1.21 m

9 1.17 + 0.60 = 1.77 1.03 M, 1.95 sm

10 0.90 + 0.85 = 1.75 1.02 M, 1. 06 m

11 1.04 + 0.70 = 1.74 1.01 M, 1.49 m

P32 12 1.25 + 0.42 = 1.67 0.97 M, 2.98 sm

13 0.89 + 0.76 = 1.65 0. 96 M, 1.17 m

14 0.83 + 0.78 = 1.61 0.94 M, 1. 06 m

15 0.98 + 0.62 = 1. 60 0.93 M, 1.58 m

16 1.01 + 0.55 = 1.56 0.91 M, 1. 84 sm

17 0.78 + 0.77 = 1.55 0.90 M, 1.01 m

18 0.89 + 0.62 = 1.51 0.88 M, 1. 44 m

19 0.77 + 0.73 = 1.50 0. 87 M, 1. 05 m

20 0.77 + 0.66 = 1.43 0. 83 M, 1.17 m

21 0.89 + 0.46 = 1.35 0.78 M, 1.93 sm

22 0.78 + 0.55 = 1.33 0.77 M, 1.42 m

23 0.79 + 0.50 = 1.29 0.75 S 1.58 m

1 2.14 + 1.51=3.65 1.45 L 1.42 m

2 2.27 + 1.21 = 3.48 1. 38 L 1. 88 sm

3 1.74 + 1.49 = 3.23 1.28 L 1. 17 m

4 1.71 + 1.39 = 3.10 1.23 M, 1.23 m

5 1.78 + 1.31 3.09 1.22 M, 1. 36 m

6 1.47 + 1.40 = 2.87 1.14 M, 1.05 m

7 1.82 + 0.96 = 2.78 1. 10 M, 1.90 sm

8 1.41 + 1.26 = 2.67 1. 06 M, 1.12 m

9 1.37 + 1.28 = 2.65 1.05 M, 1. 07 m

10 1.39 + 1.15 = 2.54 1.01 M, 1.21 m

11 1.58 + 0.87 = 2.45 0.97 M, 1.82 sm

P33 12 1.33 + 1.10 = 2.43 0. 96 M, 1.21 m

13 1.20 + 1.19 = 2.39 0. 95 M, 1.01 m

14 1.29 + 1.06 = 2.35 0.93 M, 1. 22 m

15 1.31 + 0.93 = 2.24 0. 89 M, 1.41 m

16 1.20 + 1.02 = 2.22 0. 88 M, 1.18 m

17 1.15 + 0.96 = 2. 11 0. 84 M, 1. 20 m

18 1.48 + 0.63 = 2. 11 0. 84 M, 2.35 sm

19 1.18 + 0.91 = 2.09 0. 83 M, 1. 30 m

20 1.04 + 1.01 = 2.05 0. 81 M, 1.03 m

21 1.13 +0.79 = 1.92 0.76 M, 1. 43 m

22 0.92 + 0.89 = 1.81 0.72 S 1.03 m

23 0.98 + 0.79 = 1.77 0.70 S 1. 24 m
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%232 2 Continued Table 2

BRSSO ORES HIRH I CRIE 41 — 240 XK B RS . e
Population No. of Relative length Index of relative length A ’5”‘/‘ . ,T‘Cﬂ
code chromosome (short+long=total length) /% LR L Kuo rm ratio ype
1 1.34 + 0.88 = 2.22 1. 35 L 1.52 m

2 1.14 + 0.84 = 1.98 1.21 M, 1. 36 m

3 1.05 + 0.92 = 1.97 1. 20 M, 1. 14 m

4 1.22 + 0.70 = 1.92 1.17 M, 1.74 sm

5 0.99 + 0.92 = 1.91 1.16 M, 1. 08 m

6 1.00 + 0.89 = 1.89 1.15 M, 1.12 m

7 1.03 + 0.73 = 1.76 1.07 M, 1.41 m

8 0.97 + 0.78 = 1.75 1. 07 M, 1.24 m

9 0.94 + 0.81 = 1.75 1. 07 M, 1.16 m

10 1.01 + 0.64 = 1.65 1.01 M, 1.58 m

11 0.89 + 0.76 = 1.65 1.01 M, 1. 17 m

P34 12 0.81 + 0.77 = 1.58 0. 96 M, 1.05 m
13 0.78 + 0.78 = 1.56 0. 95 M, 1. 00 M

14 0.85 + 0.70 = 1.55 0.94 M, 1.21 m

15 0.81 + 0.73 = 1.54 0. 94 M, 1.11 m

16 0.82 + 0.70 = 1.52 0.93 M, 1.17 m

17 0.86 + 0.59 = 1.45 0. 88 M, 1. 46 m

18 0.96 + 0.49 = 1.45 0. 88 M, 1. 96 sm

19 0.71 + 0.69 = 1.40 0.85 M, 1.03 m

20 0.77 + 0.58 = 1. 35 0.82 M, 1.33 m

21 0.70 + 0.62 = 1.32 0. 80 M, 1.13 m

22 0.77 + 0.52 = 1.29 0.79 M, 1.48 m

23 0.70 + 0.58 = 1.28 0.78 M, 1. 21 m

1 1.66 + 1,53 = 3.19 1.43 L 1.08 m

2 1.94 + 1.07 = 3.01 1. 35 L 1.81 sm

3 1.61 + 1.28 = 2.89 1.29 L 1. 26 m

4 1.93 + 0.95 = 2.88 1. 29 L 2.03 sm

S 1.28 + 1.21 = 2.49 1.11 M, 1. 06 m

6 1.54 + 0.93 = 2.47 1. 10 M, 1. 66 m

7 1.61 + 0.80 = 2.41 1.08 M, 2.01 sm

8 1.25 + 1.08 = 2.33 1. 04 M, 1. 16 m

9 1.20 + 1.05 = 2.25 1.01 M, 1.14 m

10 1.27 + 0.92 = 2.19 0.98 M, 1. 38 m

11 1.73 + 0.46 = 2.19 0.98 M, 3.76 st

P37 12 1.26 + 0.89 = 2.15 0. 96 M, 1.42 m
13 1.32 + 0.82 = 2,14 0. 96 M, 1.61 m

14 1.08 + 1.03 = 2.11 0.94 M, 1.05 m

15 1.15 + 0.94 = 2.09 0.93 M, 1. 22 m

16 1.25 + 0.80 = 2.05 0.92 M, 1.56 m

17 1.08 + 0.90 = 1.98 0. 88 M, 1. 20 m

18 1.36 + 0.57 = 1.93 0. 86 M, 2.39 sm

19 0.99 + 0.89 = 1.88 0. 84 M, 1.11 m

20 1.10 + 0.69 = 1.79 0. 80 M, 1.59 m

21 1.08 + 0.63 = 1.71 0.76 M, 1.71 sm

22 1.21 + 0.45 = 1.66 0.74 S 2.69 sm

23 0.94 + 0.71 = 1.65 0.74 S 1.32 m
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BRSSO ORES HIRH I CRIE 41 — 240 XK B RS . e
Population No. of Relative length Index of relative length A ’5”‘/‘ . ,T‘Cﬂ
code chromosome (short+long=total length) /% LR L Kuo rm ratio ype
1 2.35 + 1.48 = 3.83 1. 30 L 1.59 m
2 2.01 + 1.77 = 3.78 1. 28 I 1. 14 m
3 1.99 + 1.56 = 3.55 1. 20 M, 1. 28 m
4 1.74 + 1.73 = 3.47 1.18 M, 1.01 m
5 1.91 + 1.50 = 3.41 1. 16 M, 1.27 m
6 2.29 + 1.12 = 3.41 1. 16 M, 2.04 sm
7 1.75 + 1.55 = 3.30 1.12 M, 1.13 m
8 1.94 + 1.22 = 3.16 1. 07 M, 1.59 m
9 1.58 + 1.52 = 3.10 1.05 M, 1. 04 m
10 1.70 + 1.40 = 3.10 1.05 M, 1.21 m
11 1.57 + 1.40 = 2.97 1.01 M, 1.12 m
P55 12 1.74 + 1.17 = 2.91 0.99 M, 1. 49 m
13 1.67 + 1.11 = 2.78 0. 94 M, 1. 50 m
14 1.81 + 0.95 = 2.76 0. 94 M, 1.91 sm
15 1.40 + 1.34 = 2.74 0.93 M, 1. 04 m
16 1.46 + 1.20 = 2.66 0.90 M, 1.22 m
17 1.37 + 1.22 = 2.59 0. 88 M, 1.12 m
18 1.56 + 0.97 = 2.53 0. 86 M, 1.61 m
19 1.32 + 1.17 = 2.49 0. 84 M, 1.13 m
20 1.25 + 1.10 = 2.35 0. 80 M, 1.14 m
21 1.32 + 1.03 = 2.35 0. 80 M, 1. 28 m
22 1.57 + 0.77 = 2.34 0.79 M, 2.04 sm
23 1.27 + 0.95 = 2.22 0.75 S 1. 34 m
L KA M,. g ad M, Ry EMA;S mg Gk
Note: L. Long chromosome; M;. Medium-short chromosome; M,. Medium-long chromosome; S. Short chromosome
F3 DHEAEREREMNZILELE
Table 3 Karyotype comparison in different populations of P. wvillosa
4 B 2 KR I FHEL F > 2 R KL %R X Bk R 3K e
Population Karyotype formula Length Average Chromosome proportion Karyotyp'elasymometry Karyotype
code ratio arm ratio of arm ratio >2 coefficient/ % type
P10 2n=2x=46=42m+4sm 2.68 1.29 0 56.12 1B
P32 2n=2x=46=36m-+ 10sm 2.00 1. 46 8.70 58.02 2B
P33 2n=2x=46=38m+8sm 2.06 1. 34 4.35 56.71 2B
P34 2n=2x=46=2M+40m+4sm 1.73 1.29 0 55.96 1A
P37 2n=2x=46=36m+8sm+2st 1.93 1.62 21.74 59.95 2A
P55 2n=2x=46=40m+6sm 1.73 1. 36 8.70 56. 89 2A

X (8 8, A o [RIRE T VDB A (R B L
FIAZ A FR 2R BT 5 B e B0 0 e A SR T
A HEEA BT B, R 37 JE T P (A 2
T LI AN O 28 e R 2 L A e P2 25 5 AR T
34 JE T G 0 AT R O A RN XK 2R B/ 1
B BRI (18] 3.B) ik 5 BRI 4 R — 2L
PO ABFTEUC VDM 34 Jo e R R, R P I

M 37 JE e IR A , AR B e (1 3)
2.5 WHAREHENLBAEZBERESN

X VDM [ J B R AT RS A M A5 R (1 &
B Y AL BE B 1.0 B VD HE 6 AN RBFR R 3 28, L
32 R 33 JERER N —2K, 10,34 F1 55 JREFR N —
e M0 37 JE AR — 8 Y AE IR B y 9. 0 B,
TOHE 6 AN EEEIR N 2 28, 37 JE BEAT B 3R o — 2%,



1496 (LS - 7/ = - 11 %
3r 1.5r B
) .10
< B
= <=
X o | Ny 0.5
220 22 O
8. <E .05
(5] o
- m
22 -1.0
_3\1 2 3 -l 5 () 7 X 9 l(ill ]7llvllélll\‘l()ll7I]8I|9IZl)I2||22I23I —IAS\\] I2I3I4I5I6I7I?4‘‘)‘ll)ll]IlZIIEII-lIISIlﬁll7ll?§ll‘)lZl)‘Zl‘ZZ‘Z}I
2071 15F b
13 1ol
® 1.0 N
m5 0.5 s 05
25 0 “5
E 2 -05 ‘E’ 2
=E .10 <E-05
&£ .15 &
2.0 10
\ 234\678910111213141\1617181920212223 :\12ﬁ436789l[)ll121314131617181920212223
201 E 2.01 F
1.5 1.5
£ 10 210
mE 05 e 0.5
25 0f 25 0
E2.05 E2-05
=210 *E-1.0
o Q
~ -1.5 ~ -1.5
2.0F 22.0f
S S S S S S S S S ST S ST S ST S S | _2.5|||||||||||||||||||||||
1 23 45 6 7 8 9101112 1314151617 1819 20 21 2223 1 23 45 67 8 910111213141516 171819 20 21 2223
Yot fR 75 Code of chromosome Yetifk 755 Code of chromosome
A. P10; B. P32; C. P33; D. P34; E. P37; F. P55
Bl 2 Vb HEAS ] R A g o A A TR A
Fig. 2 Chromosome idiograms in different populations of P. willosa
29r 60.51 P37
55l Pio £ 60.0f .
= A %5958 o ’
© 25 < 59.0f
Eﬂ 2.3t P32 B 5851 P32
ool P33 . % ssor .
&7 ° P37 & 515F PSS -
o | [ ] ja o P33
€19 P34 P55 i 370 ol
'§< Y o r:’r 565 [ PIO L
17} o
sl—_ ... 55.5 a2 _—
120 125 1.30 135 140 145 1.50 1.55 1.60 1.65 120 125 1.30 1.35 140 145 150 1.55 1.60 1.65
S L MAR SE35 R HE MAR
3 Vb HIEAS [ S e €0 1A A% 7R 3 A 34
Fig. 3 Evolution trend of chromosome karyotypes in different populations of P. wvillosa
165585 Genetie distance TR 47 J O — % . B9 S DT 3 4 5
0 5 10 15 20 25 .
o 137 R 5 HL AR ORI RE B
0
=
S P33
> o N A
A 31 1®
# 5 PSS% . ‘ - .
B2 pig et (A AE Ry A= ) 240 B A v i) i B2 B R
[~ v Al s N N
P37 H B G R A58 B e AT AR S W) o 2

B4 VDA ] S B U 0 iR % T R G R A
Fig. 4 The clustering analysis of chromosome karyotypes

in different populations of P. wvillosa

ARG AL 5 R AF ST 0 B A0 M A P . A
GE AW VDM () J B ) Yo € R 2 Sy A% A Y g
KEAF 1 ~ 4.21 pm, RJEF/NRGAAE, X523



9 1 T 55 VMR [R]85 H S R o b 1497

AR IR E 45 R — 30 DT A SR8 B e 6
RECE BN 46 %, 3X 5265 Je i i i v Hi
e R H S 40 2 BARR TR FRATTIN g i 7T B8 J2 i
TH AR g A S 28, W 58 X v e
AN JE G AR SN GE it o3BT FRATTIE e BRVD HEAS
[Fi) g T 2 ) Fg e (AR S A TE 25 7 e L (AR B8 LU AN
Rl o N 3 =87 e G [t =0 o A
RPN (Elymus nutans) JERERY G AR BIBF 5T
TNy R ) G € AT 25 Bt o 2 S5 AN [l i e A A2 4k
EIfFTERERIE S 2, REAKESEHRET
SR Wb a2k G AR RN AL A 32 A
RRAE AT S 0 M0 A LA R ) 11 Y £ 1 K
H ABJE AN, Al LU & 1R T 5 — $ i A [
AEASTERE, [FA R AR A AR RN T 4
AOPE T S i 7 24 1l 1) F AR A 28 BB AT 1T B & A0 T
PR [R) 9 A 25 JE A L Dot FRATTIA O 10 A T
JERF R OB 1Y 22 AL B AR KRB W] S 20y
B2 IO UE T JEHT I 2R A B
WF 5% 2 WY A e € AR A D 0 0 A 8% el X
A\ [ B o AP 1 £ 0B A e . /A 29
A A AEL W A AE HAT 8000 R Y e (8 A2 A% Y T A ) R
10 e (0 PR B B 3 8 A7 TE TR AR AR ) S R v, D
R TR A e R P G T F O R R I AR
XFUDHE 6 A FE e € A% RUAS X FR R HORIA% B A
AIBIEFE . FRATT A B VD #IE J A% 2R X PR R B T
50% ~ 60%0, BTy 1A 2A 1B 5% 2B &, &

TR AR 8 B R T A% TR S R R /R IR Oy 37
> 32 > 55 >33 > 10 > 34 R, R ENER
et Ak b i 7 AN TR TR B 35 2 R ARG B 2 1
ST 25 R N A5 F5 B KA 3 (Stipa grandis) %Y
WA Oy — 35, M Ah , Jk T U R A B 3 fk
AT T 45 1 AT IFIRE & BV ¥ R B 37 A kAL
JEARRT R, 34 i BE Y a2E A0 AR B AH 6T ARG, R B 37
JEBELE VD HE T A 23 B b B S i PR
DRIV HE 37 J8 B AE A I VDM 5t % B Rl AR R o %
T8 35 LA S it At iy P 45 1 LA B R A

15845 ) 5T 8RR RA M AN ST LA e S ) o ] 1) 2 2
SRR LT FL AT DA I 4 7 1E Ak 2o AR v 4 431k 1Y
DiRs ., Y B A KT R RIE R,
% BRHE HEA T RO 4 11 IF R IS4, LA Al R st 4%
FE B, BES 22 1) 1 L ST AR 1Y) L 22 4k 1 25 5 R[] ) AH
AR DT 40 VB 90 ol i) £ 2 % 5 R A M
Yo £, PR A% 70 3 8 4y BT A8 BE A% 0 S B S () e A ] 1Y)
BAEMERE GRS . AR s: R BoR, Yk
PR 9 B, VO HIER ) 7= A 6 A4 SR R R
Ho— K24 10.32.33.34 1 37 JEBEM I, 0 X
5 AN JE B 1] 5L AT A X #5030 19 5 % O AR, 1% I i) A AL
JEE R R AR BE B R AL s 55 — R 2BAUA 37 Ja 4
AL e HA R B ) R O R AT, M AR
ST JE KT 1B O VD R e R R R AT T A
ARG HRGE , B AE NS5 U HE R R gt b R R A
B YRR G 24 R it L A BIE T B A A A R

B AR PR B RAST R AL F SRR P ER S SR E M GIRE R, AR F 5T

ERFXNEIT UL E BB BRI LS T35 Ae,

CE e

(1] 3% 2. WA ARFE GRS R L 2R [ D] @M.
@R KA, 2019,

[2] AR, E FFLERCE. RBEMY RS WK
AR CH AR M0 ,2019,32(6) ¢ 97-110.
HUA LY, WANG X, QIAN G Z. Karyotype analysis of Ma-
lus mill[J]. Journal of Liaocheng University (Natural Sci-
ence Edition), 2019,32(6): 97-110.

[3] LE#HG.4& F.5 W.% 24T 6 a8 kI
RGAEYFRAELT]. 3 LERIR %244 . 2020,43(3) : 300-304.
ZUO Q Q. QIAN L, GAO Y, et al. Karyotype analysis and sys-
tematic botany features in Senecio scandens Buch. -Ham. ex D. Don
[J]. Jowrnal of Zunyi Medical University » 2020,43(3) : 300-304.

(4] 324, 5k K 0T, = B R 55, 33 FhoR A B AL 9 10 e €4 1k
A FE]]. P R, 1991,13(5) ; 1-13.

YAN G X, ZHANG S Z, YUN J F, et al. The karyotype
studies on 33 forage species of Gramineae native[J]. Grass-
land of China » 1991, 13(5): 1-13.

(5] kIR, RERI B 5 3. FRARE/NE R 24N S BE 4% B 53 B
[J]. e bR .2015,54(15) 0 3 600-3 603,
ZHANG T L, XIONG G Y, ZHANG Y. Analysis on karyo-
types of five taxa in triticeae of Poaceae[ J]. Hubei Agricul-
tural Sciences , 2015,54(15); 3 600-3 603,

(6] BEM B, A P EREEROEGZEASHI]. AW
F R CABRBF AR ,2003,21(3) » 223-225.
GUO Y T, WEI L J, YAN P. Analysis on karyotye of Ach-
natherum splendens[J]. Journal of Shihezi University (Nat-
ural Science) , 2003,21(3): 223-225.

(7] B BULSCH. SFESEIECRAED Y 5 R 8 H )
TBLCY/ /Rt ERR I R G SRS —— 2011 SRR RS S



1498

(LT i

7/

41 %

(8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

PEAGAE 5 5 TR T AR AR 28 3 BRI, 20112 79-80.
A, PEMYEIM] duat B 2E ek 1987309,
X, Bt x]SR R A A IR A RV R A v B
MG S )], )P, 2020,
LIUF, MA Z L, LIU T. Fruiting of Psammochloa villosa , an
endemic desert plant, under different ecological and environmental
conditions[ ]/ OL]. Guihaia: 1-9[2021-03-13]. http://kns. cnki.
net/kems/detail/45. 1134, Q. 20200708. 1143. 020. html.

Bt X WL RETY S WA A R R R S L
SOFFELI]. M . 2021,41(1) ; 60-66.

LU T, LIU T, LIANG R F, et al. Morphological variations of
different populations from Psammochloa villosa s a peculiar sandy
plant[J]. Bulletin of Botanical Research » 2021,41(1) ; 60-66.
BB RN R B U AR A Y U M 2R B OE S RAE
Je H A TE N ARSI, APIIEST,2018.38(3) : 330-337.
LU T,LIU Y P, ZHOU Y H, et al. Micromorphological char-
acteristics of leal epidermis and ecological adaptation of Psammo-
chloa villosa, a desert plant from the Inner Mongolian plateau
[J]. Bulletin of Botanical Research s 2018,38(3): 330-337.
BPRIE. BRIRK T v AL 1] Y R R v R OR OIS R R 5 3 8
WS R, VUL Y24 . 2003,23(7) « 72-77.

HUANG Z Y. Adaptation strategies of seed dormancy and
germination of Psammochloa villosa . a sand dune grass in-
habiting Ordos Plateau, Chinal[]]. Acta Botanica Boreali-
Occidentalia Sinica s 2003,23(7): 72-77.

AR LB ML NG AR EEOR VDAY S L B R S K o R
ZHEPEL)]. R F4R,1999,41(5) ; 88-91.

WANG K Q, GE S, DONG M. Allozyme variance and clonal
diversity in the rhizomatous grass Psammochloa wvillosa
(Gramineae)[J]. Acta Botanica Sinica s 1999,41(5); 88-91.
B, XKML JE B, SF. T BUAE ¥ U HiE (Psammochloa
villosa) i JBT 5% Y5 Wi 6 B it R st A% - (L Wi R ) . w224,
2018,26(3): 733-740.

LUT, LIU Y P, ZHOU Y H, et al. Germplasm collection
and preliminary studies on genealogical differentiation of A
desert species—Psammochloa villosa[]]. Acta Agrestia Sin-
ica, 2018,26(3): 733-740.

B0 AR e 2 R TR LD]. 7T
WK ,2019.

WL INIOL B FRE R 5 Rl RO AR B A%
HAEFEL)]. PEALA Y 2F 4R . 2020,40(7) : 1 157-1 163.

XU B, SUN W G, LI Z M. Karyological study of five cushion
plants of Caryophyllaceae in Qinghai-Tibet plateau[ J]. Acta Bo-
tanica Boreali-Occidentalia Sinica, 2020,40(7). 1 157-1 163.
WRE L WL R RIS AR A AR
B4y HTLI]. Mol BHEGE I, 2020, (5) ¢ 24-27.

FEIZ X, LET S, CUI M M, et al. Karyotype analysis of
wild Cymbidium goeringii and Cymbidium faberi from Qin-
ling[J]. Forest Science and Technology . 2020,(5) . 24-27.
AREHE A WL R B SE RIRE A A B A L],
hZibt,2016,39(3) : 493-498.

DENG A H, LI K, CHENG Y, et al. Karyotype analysis of

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

different populations of Tulipa edulis[J]. Jowrnal of Chi-
nese Medicinal Materials, 2016,39(3): 493-498.

FEZ. TER 4 MR R AR L ELT]. b E AR R R
F,2017,(6): 21-25.

LI G T. The Liliaceae four plant chromosome karyotype analysis
(J]. Forest by-Product and Speciality in China , 2017,(6); 21-25.
AE. MY R Y AR AL S BT[], AR AR . 1981,
16(4) . 18-21.

LI M X. Genome and karyotype analyse of plant[J]. Bulle-
tin of Biology, 1981,16(4); 18-21.

KOU S R, WANG T T, HUANG T C. Karyotype Analysis of
some Formosan Gymnosperms[]]. Taiwania , 1972,17(1): 66-80.
ARANO H. Cytological studies in subfamily carduoideae
(Compositae) of Japan IX. the karyotype analysis and phylo-
genic considerations on Pertya and Ainsliaea (2) []].
Shokubutsugaku Zasshi, 1963,76(895) : 32-39.

STEBBINS G L. Chromosomal evolution in higher plants
[EB/OL]J. 1971, 48. 85.

T 5 e BE 21, 22 5 00, AF L R R S R DT R B E ALt
(1. Mol Bhe,2007,43(1)  21-27.

XING SY, GAOJ H, JIANG Y Z. et al. Karyotype evolu-
tion trend in Ginkgo biloba special germplasms[]J]. Scientia
Silvae Sinicae, 2007 ,43(1) . 21-27.

ZEWERT BONTAE L 1 B S 5 SR R e o R 5 R
KoL PR EY 2. 2019.40(1) : 79-86.

LIX L, HEX Y, XIAO X H, et al. Karyotype and cluster a-
nalysis of five cassava(Manihot esculenta crantz) varieties[ ] ].
Chinese Journal of Tropical Crops. 2019,40(1); 79-86.
MR U0 30, T RUBE L A RO TR M S 1 Y 66 R B
H R AR Hr (1], M A B2 4, 2019,55(7) : 967-974.
LEI HY, HOU Q W, BAIF L, et al. Chromosome number and
karyotype analysis of Sophora flavescens Ait. from eight different
habitats[J]. Plant Physiology Journal , 2019,55(7): 967-974.
ML e o, EEST S 16 AL S R iR R A ],
P e 2. 2016.,37(12) « 2 283-2 287.

YANG G S, LENG Q Y, WANG C D, et al. A karyological
study of 16 Anthurium cultivars[]].
Tropical Crops, 2016,37(12); 2 283-2 287.

SR, s HL kR AL AFL DL R 12 A 3 B e R
RERRZBURTZEL) ], PHALAE A 27 1. 2008, 28(5) : 946-955.
ZHANG J B, BAI S Q, ZHANG X Q. et al. Karyotypes of

Chinese Journal of

12 Elymus nutans 1. in the northwestern plateau of Sichuan
Province[ J . Acta Botanica Boreali-Occidentalia Sinica ,
2008,28(5): 946-955.

I g FEaAE, Bk, B RIR MR B S Y (o 1A% A
SrprlI]. PEALAE A4, 2017,37(8) : 1 525-1 532.

SUN B, GU J H, TONG Y T, et al. Chromosome karyo-
type analysis of Malabar spinach (Basella alba) from differ-
ent origins[ J|. Acta Botanica Boreali-Occidentalia Sinica ,
2017,37(8): 1 525-1 532.

BOKLL R R DT EEPAE. AN 35 S8 8 R AR R B
AT, P22, 2014,49(14) ;1 194-1 199,



9 3 FETS 55 VDA )5 R (A% H R R A 1499

DUAN Y H, QU Y F, WANG Y Q, et al. Analysis of kary- WU J B, CHEN C B, BAO X Y, ez al. Chromosome num-
otypes and resemblance-near coefficients of Sophora flaves- bers and karyotypes of Stipa baicalensis, Stipa grandis and
cens from different producing origins[ J]. Chinese Pharma- Stipa krylovii in Inner-Mongolia Steppe[ ] . Bulletin o f Bo-
ceutical Journal, 2014,49(14) . 1 194-1 199. tanical Research , 2009,29(5): 534-538.

[31] o5RFkse. 2= 47, SSEAR, 55, W25 & 09 40 i B0 2 a3 A [33] 2=y, LR, Y, % BARBHY 6 A #0J a1k
(V). PEILAE9 %, 2021,41(2) : 323-330. BEL AL, A3 A% BT I 4. 2015, 16 (1) : 185-191.
SUD M, L1J, GUO X L, et al. Cytogeographical analysis LI X L, WANG X S, CHENG S H, et al. Chromosome kar-
of Lilium lankongense[ J]. Acta Botanica Boreali-Occidenta- yotype analysis of six populations in Arractylodes DC[]].
lia Sinica, 2021,41(2) . 323-330. Journal of Plant Genetic Resources, 2015,16(1): 185-191.

[32]  ZAlule. BRmW A mes . 28, Ph gy op 4R 3 0 S DL ZK B2
RS [OET 50 (0 Je AR A A LT, MW BESE, 2009,
29(5): 534-538. CI EES

(B EI =M IR A

L ABRERE (AU o) R VGAE T e 4, 325 T 3 SR s A% 7 R or T AR e AR
TR B i i 2 A O 2ene AR AR BRAE A 2 TR oy 0 A L B B v AR A s AR 2
B ALY X R S5 LR BRSO 5 05 T ELAT BB R B D6 98 SORT AT 5 2 R OK S B 2838 18 3

2.8 WP IR A B (P LA 2 ) 2 5 78 9 3 Cheep: // xbzwxb, alljournal. net) iM% A5 . 1
Fo] DIERE 1~2 AR AR AR N . SRR IR 8 55 6 05 (VY U AR ) 2 4T )18 SCE AR AU A VRl
PR B AL AS AT 9 35 480 I 2 G 45 3 L 2018 AL AS I3 iy I AN e JBC ol A 2%

LEMWEFTBWMBEER  HMIESCHNAEI F I IF N FAIBE T 30, A 88 K AR, J0 M R ) AR =
AR A S )8 5 HL G — i £

4 RBIERER AEHUEAS  TAERAL b AR B E-mail, I 725 & 5050 B8 SCAY 2 4 T H
KR TR ST s VR A LG Ik 44 CH 2R AR —) VPR L2 g L 2 CRTE B F 58 A ) L IR (L A 3 0 B
) B N B8 LML B 5ET7 18

5. HERRZESR  CRAEHM 5 55 15 ARATHEHERG, BSR4 A SCHIE AL E . bR S AT S IRIER . A S0
BER NG AT BT ST T BRMA L T bR e AR TE R . LSO OCH B R I i 44 2 R TS
A CRHAO FF R TE iR .

6. IWXXFER AT FIEIL CEREF A DGE , LLT $2 3] (19 18 32 R TR 3 s B i 30844 AR
HUEA N A R OS] s A A AL . D Ah SRR T ST LR A T U5 R S
Xt 1L 5 4 P PR 407 L2 B A 20 A s 44 R B SR v e SO

7. 5Z 3 WP IS5 SOk RN BRI SCHR T b s L Hen b SCR AR R R AR e ST
SCF SR TP SORHE Y T SCHRTE SCIR 2 7% SCHER R Hh 4 0 25K SR ) o SCRITSESCRGH 25 5%, TR U W 2 L [ ol 2 2%
SCHRAS UK

8. UWLRA N R ARSZ P IRIE A T E A FE 0 R ] 2 A S ) R 48 R0 ) P e A 38 ) e 3 )
& 28 O 7 8« BOF A RIRE) | i SCRHS 0 P 22 ORLH 788 4 1 £ 8L v T R AR B2 IR A 7D b [ 5 3
He S TR 95— B R (CEPS) 1 22 3] TR0 2 A1 3 35 11 B 2 5 7 RS W — W 20 £ 45
. MfF—2 T IR R T 2 A



