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Mutation analysis of phenotypic characteristics of Astragalus membranaceus
germplasm resources induced by space mutagenesis
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Abstract: The 33D and 22H populations established by Astragalus membranaceus with seeds in space and the
SP,—generation adult strains without seeds in space were selected as the research objects. The characteristic varia-
tion and diversity of 19 phenotypic characters were analyzed to screen the germplasm resources of Astragalus mem-
branaceus with excellent characters.The results showed that the variation amplitude and genetic diversity of 19 traits
in mutagenic progeny population were different to various degrees. The variation coefficient CV of four quality traits
in the 33D, 22H and CK populations were 0.35 to 0.78, 0.38 to 0.84, and 0.41 to 0.64, respectively, and the var-
iation range was 22H>33D>CK. The range of genetic diversity index H' was 1.67 to 2.13, 1.66 to 2.02, and 1.44
to 2.21, respectively, and the variation range was CK>33D>22H. CV of the seven quantitative traits ranged from
0.17~0.62, 0.17~0.67 and 0.20~0.83, respectively. H' of genetic diversity index ranged from 1.47 t0 2.01, 1.72
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to 2.04, and 1.59 to 2.11, respectively, indicating the range of variation was CK>22H>33D. The variation coeffi-
cients of the eight yield components ranged from 0.09 to 0.53, 0.15 to 0.55, and 0.09 to 0.97, respectively, and
the variation range was CK>22H>33D, the H' of genetic diversity index ranged from 1.81 to 2.09, 1.73 to 2.06
and 1.59 to 2.03, respectively, and the range of variation was 33D>22H>CK. By principal component factor analy-
sis, 12 quantitative traits of mutant progeny plants were simplified into 4 principal factors. The cumulative contribu-
tion rate of quantitative traits in 33D and 22H populations was higher than those in CK, reaching 68.669% and
70.414% , respectively. The secondary branch number, single stem mass, effective root length, lateral root
number, root length and drying rate were selected as the representative indexes for the evaluation of Astragalus
membranaceus. After mutagenesis, membership function value of above-ground traits in SP, —generation was less
than CK, and membership function value of yield constituent traits was greater than CK. By membership function
and cluster analysis, the two populations of SP,—generation after mutagenesis were classified into three different
types of plants-types I, II and III. Group I was the good type, Group Il was the dominant type, and Group Il was
the reserve type. A comprehensive evaluation found 39 germplasm with excellent traits, 16 germplasm with excellent
yield composition traits, and 3 high-yielding germplasm with dwarf type.

Keywords: Astragalus membranaceus; space mutagenesis; phenotypic characteristics; variation analysis;

germplasm screening
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Table 1 Code designed for quality traits in Astragalus membranaceus

FF5 FRAL PEAR I B
No. Part Character Assignment value for quality character
] ZEMRIEE(HS) J=0;8i=1;"H=2;%=3
2 Surface fuzz (fuzz) None =0; Sparse =1; Medium =2;Dense =3
) Steam N B E(E0) B=0;1/4%=1,2/4 % =2,3/4 =3, 2% =4
Anthocyanin color ( stem color) Green =0;1/4 purple =1;2/4 purple =2;3/4 purple =3;Full purple =4
3 FEREHEE(ME) IE=1;HE=2
- Upper surface fuzz( leaf fuzz) Hairless =1; Less hair =2;
A et ANEITHIEAR (O TR =05 = 1; =2, =3

Apical shape of lobule( tip shape of leaf)

Concave =0; Flat =1; Circle =2; Tip =3
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Fig.1 Growth dynamics of Astragalus membranaceus in SP, generation
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Table 2 Variation analysis of quality traits

in above-ground parts

B e e AESRE %
WM OPE ROMERKE o gl
Ind Tr M Mi M # ZHE
ndex reatment ean n ax ,

cv H

33D  2.61+0.14a 0 3 0.35 1.67

S 22H  2.46+0.16a 0 3 0.44 1.77
Stem fuzz

CK 2.18+0.18a 0 3 0.53 2.07

33D 2.39+0.13a 1 3 0.36 1.89

MRTEE 22H  2.09+0.15a 0 3 0.46 2.02
Leaf fuzz

CK  2.20+0.14a 0 3 0.41 2.01

33D 1.96+£0.19a O 4 0.65 2.13

EHEE 22H  1.77£0.23a 0 4 0.84 1.87
Stem color

CK  2.25+0.22a 0 4 0.64 2.21

MR 33D  1.39+0.16b 0 3 0.78 1.88

Tip shape 22H 2.11+0.12a 0 3 0.38 1.66

ofleal  cK  1.93:0.13a 0 3 0.44 1.44

s R S [R] /N B AR [F] — 8 An A [R) Ak B ) 22 5 W 25 (P<
0.05) , T,

Note ; Different lowercase letters in the same column represent signifi-
cant differences between different treatments of the same index (P<0.05) ,

the same below.
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Fig.2 Grade distribution frequency of quality traits in above-ground parts
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Table 3  Analysis of genetic diversity index variation of above-ground characters
Eiztan S OB ¥iE R/ME SEY NI 5 R L Z R
Index Treatment Mean Min Max cv H'
. 33D 114.25+3.09b 71.80 164.30 0.18 1.98
o
Plant height /cm 22H 125.80+3.16a 70.80 172.50 0.17 2.04
CK 130.38+3.96a 71.50 205.30 0.20 2.11
. 33D 77.87+2.04b 56.20 674.00 0.17 1.94
i
Plant width/cm 22H 91.46+3.17a 56.50 148.20 0.23 1.88
CK 97.28+5.62a 26.50 192.30 0.40 2.01
_— 33E 3.21+0.13a 2.30 5.60 0.21 1.90
5
Based height /mm 22H 3.67+0.13ab 2.10 5.60 0.23 2.00
CK 3.38+0.14b 1.60 5.50 0.27 1.76
. 33D 8.91+0.23a 6.12 12.27 0.17 2.01
i*ﬂ 22H 9.09+0.32a 4.71 18.10 0.23 1.76
Stem diameter/mm
CK 9.29+0.34a 4.73 14.18 0.24 1.91
. 33D 3.34+0.18a 1.00 7.00 0.36 1.47
IR 22H 3.75+0.30a 1.00 11.00 0.54 1.82
Basal branch
CK 3.31+0.19a 1.00 6.00 0.39 1.59
- N 33D 31.18+2.51b 8.00 95.00 0.53 1.82
— BB 22H 26.43+2.35h 0.00 76.00 0.59 1.87
Secondary branch
CK 41.37+5.20a 2.00 143.00 0.83 1.78
33D 518.11+48.19a 112.00 1330.00 0.62 1.80
L
22H 519.79+52.33a 38.00 1824.00 0.67 1.72
Compound leaf number
CK 555.88+47.22a 97.00 1623.00 0.56 1.85
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Table 4  Analysis of genetic diversity index variation of yield component characters
Eistn b3 HfH /M wRMH AR R B 2R
Index Treatment Mean Min Max cv H'
K 33D 35.01+1.15a 18.60 51.40 0.22 2.09
22H 35.46+1.26a 17.80 51.00 0.24 2.06
Root length/cm
CK 36.88+1.36a 11.20 62.10 0.26 1.84
K 33D 24.39+0.64a 12.82 33.35 0.17 2.03
. 22H 25.47+0.85a 14.21 36.59 0.22 1.96
Root diameter/mm
CK 21.40+0.77b 11.14 37.24 0.24 1.97
33D 170.80+11.54a 59.45 438.24 0.45 1.89
> o PR L
SR 22H 188.79+12.97a 49.79 390.72 0.46 1.87
Fresh mass per root/g
CK 173.95+13.10a 19.90 432.42 0.53 1.92
- 33D 54.19+3.43a 22.34 152.26 0.42 1.81
BB 22H 60.84+4.16a 14.11 115.96 0.45 1.98
Dry mass per root/g
CK 62.25+4.98a 5.33 188.32 0.56 1.79
33D 67.12+0.92a 54.42 87.51 0.09 1.89
*ﬁq.:%:/% 22H 66.67+1.55a 25.95 82.87 0.15 1.77
Drying rate
CK 64.34+0.82a 48.35 77.01 0.09 1.91
N . 33D 3.31+0.27b 0.00 11.30 0.53 1.82
AR
. 22H 3.69+0.30b 1.00 9.00 0.55 1.92
Effective root length/cm
CK 5.05+0.74a 0.30 27.60 0.97 1.59
" 33D 12.48+0.74a 4.00 26.00 0.39 1.84
MR £
22H 9.91+0.75b 3.00 33.00 0.50 1.73
Lateral root number
CK 11.34+0.76ab 4.00 30.00 0.44 1.76
_— 33E 12.32+0.88a 0.00 24.00 0.47 1.98
< 22H 13.79+1.01a 1.00 29.00 0.49 2.00
Bud number
CK 11.82+0.89a 2.00 27.00 0.50 2.03




PRLLFY AT R A AL R B AR B 5 IR R IR R A S 0 A

Table 5 Principal component analysis of 12 quantitative characters of Astragalus membranaceus

R5 BEEER RAMHEERERS S

LERIN 33D 22H CK
Trait 1 2 3 4 1 2 3 4 1 2 3 4
BE# Plant height 0.550 -0.152 -0.028 0.135 0.509  0.640 -0.093 -0.036 0.501 -0.618 0.062  0.346
FEIR Plant width 0.336 -0.551 0.286 -0.045 0.591 0.279 0.348  0.242 0.553 -0.223 -0.597  0.095
Z2H Stem diameter 0.506 0.121 -0.651 -0.007 0.371 0.430 0.071  0.259 0.671 -0.260 0.015  0.242
— Y / K
— IR 0.818 -0.197 -0.064 0.128 0.798  0.315 -0.206 -0.227 0.618 -0.229 -0.384 -0.137
Secondary branch number
st
X 0.683 0.009 -0.491 0.157 0.818 0.233 -0.324 -0.151 0.739  -0.067 -0.066 -0.143
Compound leaf number
F2 1 Root length 0.377 0.478  0.194 0.592 0.381 -0.307 -0.009 0.757 0.112 0.583 -0.376  0.384
HEHL Root diameter 0.509 0.258 -0.060 -0.528 0.522 -0.616 -0.044  0.088 0.417 0.266  0.269 -0.471
ﬁ‘A =N
ARG i 0.791 0.130  0.503 -0.201 0.606 -0.242 0.660 -0.098 0.731 0.323 0.469  0.193
Fresh mass per root
AR 0.776  -0.208  0.471 0.057 0.834 -0.399 0.071  0.001 0.777 0.400 0.275  0.115
Dry mass per root
P+ Drying rate 0.234 0.633  0.099 -0.526 -0.412  0.184 0.781 -0.039 -0.100 -0.257 0.639  0.318
ﬁﬁi/ﬁk -0.334 0.538  0.262 0.391 -0.144  0.689 0.127  0.321 -0.332 0.167 -0.112  0.740
Effective root length
MAR%
0.785 0.180 -0.135 0.188 0.424  0.000 0.359 -0.383 0.148 0.712 -0.161 0.012
Lateral root number
FFF{E Eigenvalue 4.219 1.457 1.365 1.199 3.900 2.027 1.481 1.042 3.402 1.833  1.467 1.295
TIHER Eigenvalue/%  35.160  12.145 11.372  9.992  32.500 16.890  12.339  8.685 28.352  15.272 12.221 10.793
L e
Cumulative contribution  35.160  47.305 58.677 68.669  32.500 49.390 61.729 70.414 28.352  43.623 55.844 66.637
rate/ %
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Table 6 Membership function values of phenotypic traits of Astragalus membranaceus

o L F R HoIRAE BT 3 R e

Average membership value of

7R AR A PR 2 S

Average membership value of yield

H]\EJ? above-ground character index composition character index
o]
7552 ¥IfE 7352 ¥IfE 7557 ¥IfE 7S5 ¥IfE 7352 ¥ifE 753 ¥IfE
Code Mean Code Mean Code Mean Code Mean Code Mean Code Mean
1 33D-6 0.760  22H-38 0.736 CK-32 0.780 33D-6 0.680  22H-2 0.649 CK-33 0.614
2 33D-3 0.592  22H-37 0.573 CK-46 0.654 33D-17 0.595 22H-37 0.637 CK-11 0.563
3 33D-18 0.569 22H-34 0.556 CK-38 0.594 33D-26 0.581 22H-12 0.631 CK-44 0.559
4 33D-32 0.554  22H-2 0540 CK-43 0.582 33D-11 0.563  22H-8 0.614 CK-40 0.542
5 33D-16 0.547 22H-1 0.482 CK-26 0.563 33D-28 0.554  22H-7 0.608 CK-45 0.523
6 33D-34 0.507 22H-12 0.460 CK-14 0.539 33D-22 0.545 22H-6 0.565 CK-28 0.515
7 33D-11 0505  22H-6 0458  CK-11 0.536 33D-16 0517  22H-1 0.561  CK-20 0.479
8 33D-13 0495 22H-14 0457  CK-48 0.535 33D-33 0510 22H-28 0552  CK-10 0477
9 33D-33 0.477 2H-11 0.457 CK-6 0.514 33D-8 0.465 22H-20 0.551 CK-17 0.471
10 33D-9 0.465 22H-9 0.443 CK-49 0.509 33D-34 0.456 22H-42 0.548 CK-38 0.466
35 33D-2 0290 22H-21 0283  CK-37 0.250 33D-12 0339  22H-27 0387 CK-36 0.302
36 33D-19 0.279 22H-42 0.279 CK-2 0.245 33D-18 0.332 22H-36 0.385 CK-23 0.297
37 33D-35 0.277 22H-30 0.275 CK-15 0.239 33D-42 0.329 22H-15 0.380 CK-29 0.291
38 33D-17 0.271 22H-25 0.269 CK-44 0.237 33D-36 0.316 22H-31 0.373 CK-15 0.287
39 33D-10 0264  22H-29 0258 CK-42 0.237 33D-35 0309  22H-17 0310 CK-18 0.282
40 33D-39 0256  22H-40 0.238 CK-8 0.236 33D-20 0284  22H-22 0.306 CK-32 0.263
41 33D-7 0.254  22H-28 0.231 CK-16 0.215 33D-39 0.267 22H-35 0.273 CK-34 0.258
2 33D-14 0235 22H-5 0.178  CK-40 0.190 33D-7 0223  22H-21 0256  CK-21 0.233
43 33D-38 0200 22H-22 0.147 CK-5 0.179 33D-5 0.176 22H-32 0.239 CK-30 0.232
44 33D-5 0.156  22H-43 0.092 CK-21 0.067 33D-37 0.099 22H-33 0.185 CK-5 0.194
[ [ #E 25 Eucidean distance [ IS #6125 Eucidean distance [ [ #E 25 Eucidean distance
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
33D-1 A T T T T 22H-21 = T T T T T CK—I() - T T T T T
33D-39 H 22H-32 H CK-42 H
33D-14 H 22H-33 M CK-35
33D-36 H 20H-36 H CK-37
33D-10 H 22H-10 [ CK-31H
33D-24 H -1 H cK-7H
33D-44 H 22H-24 [ CcK-10 H
33D-4 H 22H-3 M1 CK-40 H
33D-9 H 22H-8 A CK-44 H
33D-29 H 22H-9 [ CK-12 H
33D-15 5507 H CK-13 H
33D-22 R CK-22 H
33D-28 H T CK-33 H
V2 H S H CK-24 H
33D-41 H 52H-28 M CK-28 H
33D-23 H m 52H-30 [ CK-39 H
33D-37 H ot | ! CK-15 H
33D-35 H s CK-41R| |
33D-42 H I 2MH %1 H CK-9 H
33D-2 H o H CK-34 |F
33D-7 H 22H-26 CK-5 R
33D-21 H 22H-39 L CK-21H
33D-17 [~ 22H-40 1 CK-3 H
33D-5 -— 22H-44 1 CK-25 H
33D-19 22H-25 T CK-2 H
33D-13 22H-43 CK-16 H
33D-25 3— 2H-1 [ Klen
33D-30 22H-11H cK-27 H
33D-33 22H-4 14— CK-23 H
33D-34 Il 22H-14 4 CK-1
33D-32 22H-23 4 CK-20
33D-40 22H-15H4 |11 CK-18
33D-27 2H-16H R
33D-26 22H-17 H CK-26 Il
33D-43 22H-6 CK-14
33D-20 22H-34 H CK-17
33D-31 22H-2 H— CK-11
33D-3 22H-12 H CK-43
33D-18 22H-18 H CK-38
I ﬁl_‘ il L il s m
33D-16 - -
33D-6 — 22H-38 f—od CK-1

3 33D22H # CK BHEARBMERRELER
Fig.3 Cluster dendrogram based on phenotypic traits in 33D, 22H and CK groups
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Table 7 Agronomic character characteristics of germplasm of each group
F8FR Index Wi H Ttem 33D-1  33D-II 33D-III 22H-1  22H-1I 22H-II  CK-I CK-II CK-III
Kk /em YI{H Mean 110.54  114.78  133.04 12091 128.94 165.10 128.14  139.07 106.80
Plant height BRERE CV 0.16 0.22 0.13 0.16 0.15 0.06 0.22 0.12
PRIE/ cm HIE Mean 75.34 82.53 80.34 84.74  102.31 78.32  102.08 93.19 86.50
Plant width BRZRE CV 0.12 0.23 0.21 0.25 0.18 0.54 0.38 0.52
HE/em Yl Mean 3.87 3.75 4.32 3.65 3.64 3.90 3.19 3.93 3.60
Plant base high BRRECV 0.23 0.21 0.39 0.27 0.16 0.22 0.29 0.15
254/ mm I Mean 8.52 8.56 10.77 8.81 9.54 7.40 8.89 8.89 10.08
Stem diameter ASERBCV 0.16 0.26 0.09 0.28 0.13 0.53 0.25 0.42
IR I Mean 3.26 4.08 3.20 3.35 4.14 3.43 3.19 3.43 3.00
Basal branch number RRK CV 0.42 0.43 0.41 0.65 0.39 0.57 0.35 0.47
OB ¥IH Mean 23.70 40.25 49.80 16.50 39.57 30.71 43.08 49.21 42.00
Secondary branch number R CV 0.52 0.24 0.52 0.40 0.22 0.66 0.92 0.91
CAUR I Mean 311.11  691.42  1220.00 30223 78279  601.52  420.77  634.57  1623.00
Compound leaf number AR RE CV 0.31 0.17 0.07 0.34 0.22 0.77 0.38 0.54
HWEK/em I Mean 34.39 34.43 39.80 34.72 34.29 28.11 37.33 32.37 43.10
Root length SRR CV 0.23 0.18 0.21 0.24 0.23 0.57 0.31 0.40
HRL/ mm ¥J{H Mean 23.92 24.23 27.35 24.70 26.41 20.83 21.02 19.26 24.58
Root diameter BERRE CV 0.21 0.10 0.10 0.23 0.21 0.54 0.19 0.43
PN EE R g IE Mean 90.14  110.62  157.14 10631  148.08  121.54  108.66  141.18 163.65
Fresh mass per root mREH CV 0.64 0.54 0.71 0.64 0.49 0.69 1.01 0.84
HRT i g I Mean 50.86 56.06 67.65 53.02 71.91 99.16 55.61 71.99 69.64
Dry mass per root RRE CV 0.34 0.33 0.48 0.47 0.39 0.12 0.60 0.50
HHARK/em YA Mean 3.68 2.81 2.54 3.63 3.71 2.99 4.43 5.19 3.50
Effective root length BRERB CV 0.55 0.40 0.39 0.59 0.52 0.64 1.04 1.20
AR %L I Mean 10.89 13.67 18.20 9.23 11.21 9.25 11.54 12.29 9.00
Lateral root number A BB CV 0.41 0.30 0.29 0.35 0.65 0.72 0.46 0.50
R YIE Mean 11.78 12.92 13.80 12.19 16.57 14.50 13.19 12.30 6.00
Bud number A SERBCV 0.53 0.42 0.35 0.51 0.40 0.57 0.44 0.48
11 CK-TA 1 8k, HORBETHH CV, Note: CK-1III has only one plant, so CV cannot be calculated.
F=8 MREFEESZEEES (FE)WEXRY N A
Table 8 Correlation coefficient between trait index 3 —[’TJ‘ Te
value and composite score . .
: 3 AXZFTEEER SP, RMRARESH Y
FE545 Index 33D 22H CK
M Plant height 0.196 0557 0.203 jﬁﬁ )
BRI Plant width 0.112 0798 *  —-0.029 Z AR 43 BT X BT i R R F LA SR W B S B TR
22# Stem diamete 0.069 515% " 397% " >
o e OITT 0TI R TR RS R A R
. * - S N ) [23 ) N
Secondary branch number 0.298 0.507 0.014 %F%nlﬂ:.ﬂﬁ E@E%Qﬁﬁilﬁﬁ : o %‘%ﬂ l‘é’lj(/ljfilfﬁ:_
oK o7 oacore  oses  VDBMIEEREELER AT LRRI | F
Compound leaf number : ’ : — — RTS - —
e e o o KH&%%%KHAMSIEH%F“TMJ:&AHj%KIEJ
oot lengt . 00 o . '
LR it B [}
FH Root diameter 0.018 0.091 0.240 *IEZ E’J% . /\ 'MKIETJ iﬁ%#ﬁ*ﬁﬁ'} ﬂrJ DD*EPE& E
e 25 25 — JUIRNEN
AR o oo osgsee RECRDHIN T FRRE, BT R PR
Fresh mas t : ’ '
Em ;E AL Kﬂz*ﬂéﬁéﬁﬁﬁuﬂ faj {, n] A4 I
AR B . . s
Dry mass per root 0.373 0.447 0.816 ﬁ%*ﬁ%ﬂg ’y/#ﬁ?ﬁzg 5 ﬁﬁ‘%‘ E %ETLYZMLFH ﬂ:%'
7T Drying rate 0.208  0.137 0.277 AW Fh TG IR B HF T Y AR IE XK 2 AR
i L0001 0354 0219 33D 22H ff{A S CK {4 SP ﬁ*ﬁﬁkiﬂziiﬁé} 174
ective root lengt
- PERIEAT AU &I, 5 CK FH e, 175748 J5 FE A b
) 0.483** 0.298* 0.321"

Lateral root number

e+ fRERERBIE (P<0.05), * = RFEFWEE(P<0.01),
Note: * represents significant differences (P<0.05), * * represents

extremely significant differences (P<0.01).

RO S, R PR AR T A K B, LA R
WU R BE M, 2R RO, B 2
ARAERHLA 4 )2 22H BEARTE IR 3 WA A B 25 22
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Table 9  Comprehensive score of character index ( F value)

BT 735 FAE B 7322 FiE B 753 Fid BT 752 F1H

Group Code F value Group Code F value Group Code F value Group Code F value
1 33D-10 0.891 1 33D-12 0.725 11 33D-13 0.829 1 22H-7 0.572
I 33D-5 0.887 1 33D-42 0.680 I 33D-25 0.810 I 22H-13 0.549
1 33D-14 0.860 1 33D-41 0.679 11 33D-27 0.746 I 22H-41 0.513
I 33D-15 0.856 1 33D-39 0.642 11 33D-40 0.742 I 22H-1 0.642
I 33D-8 0.846 1 33D-24 0.625 I 33D-31 0.577 1 22H-12 0.617
I 33D-2 0.827 1 33D-23 0.603 11 33D-34 0.535 I 22H-2 0.584
1 33D-7 0.824 1 33D-28 0.578 11 33D-20 0.524 1I 22H-14 0.517
I 33D-22 0.818 I 33D-29 0.529 111 33D-6 1.146 I 22H-6 0.517
1 33D-1 0.817 11 33D-32 0.911 111 33D-16 0.872 111 22H-37 0.585
I 33D-21 0.806 11 33D-33 0.906 1L 33D-11 0.809 11 22H-38 0.505
1 33D-17 0.785 11 33D-43 0.863 11T 33D-3 0.669
1 33D-9 0.765 11 33D-26 0.846 111 33D-18 0.557
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S 1 5 B Rt STk 353 38 35.160% |
32.500% ,28.352% , tl 1% T JE A MR T8 b 19 246 5
IMEE. EERT 1 933D 22H FEA K CK BEASY
SIFRRET 10 4.6 1.8 AHRTEFR, K B it e K
(R A5 43 51 R 90 4y BB (0.818) | BRLAR T it i
(0.834) MM THHR(0.777) ;7EEHF 2 L4l
BT 1A (CARMRE) 34 (M 22 A S0
) 24 (R AR E) MR T8 bR, o 27 R K

B4 B R AT SR (0.538) AT RUR T (0.689) AR
$(0.712) 5 EHE T 3 L#ERRAHERIESR 250 0.2
ARG T E P TR) 1A TR) EERT
4 FIEREM TR A SR K K ARREK x5
AR AN 53 Ak AL s SR AR BRI 16 4=
SR T AR PR RO | B B BLER A IR
FIZE A — 80, 25 BT, Rk AR IR
AR MR AR T R i A AR B
PRFh e A 25 S 0 MR 7, ] VR b B8 B
BRI APEARTEM FE R
33 AZFERIXEFE SP, RUERREZHEE

K HTMH

BT R SR TR pREL o BT 2 B I 9 IR 25 AT
Wi o 2 F B, CEM TR IEMER T Z 0
PSSR R s BN 28 bR AT 2R A VAN, 1R
= TR IRZE G VT A R T £ 3 2 SR T
AJEED AT R SR i R EROT 2 (B R S AR
RESEHFE SP, ACH_E 3 43P IR AN 7= S 4 it R i A7
ST EBL(E T),5 CK AHEE,33D A1 22H BEfAH: -
TR SIS, Hb b B R e AL R R Bk
> T AR PR 3R BRSSP RS, (L
i T RBIMAR Z) 52 A B 5 AN R TR R s, il L
BB TR T TR R A S B R M, N R
TR B A XS K 2 175 7 B8 58 B P PR AT R
TR B S8 FNSIE . AR EET 9 A Al sk
AR SR PR, L 2 B 5 o ™ i R SR UL R
FhTE 22 4y s [RIAS % 33D 22H K CK BEAASS 44 £y 24
RFEA 15 DECE MR AT RIS FFIE AT A%
FEAR AT HIVAR 3 K2, A 284 B AR 1 2 B
Bon S AR, FIHZEE TR F X 5588 15
AR JE AR T A O MR 25 A VR, O 1 R A 1
REE A VE M R B A B R B 39 1, X 5 AR
VAR SRR TG IR AR 25 MR B 25 A T 45 SR A



553 Fo a5 RS YR N vy PO B B IR IR I A S o0 A 11
Bl AR 55 TEMEARALGE S FITR (4 Weieh, Ve, SR, % KAspmusessi sp2 (02 FArpki
AR % PEAE S AL, DA PV IS, 2, 240 6768
CHEN Y Z, CHEN Y, GUO F X, et al. Genetic variation of SP2
HJ' '_JFK %Fﬁ E}JA @J_L 475)( 5( = E/J I:P#j*j‘%? El!lﬁll biennial population from Astragalus membranaceus seeds carried in space
4% A [J]. Modern Chinese Medicine, 2022, 24(4) ; 687-695.
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19 /> “ﬁf ?Pf Béﬂﬂﬁiﬂ AR JE R 33D,
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