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Abstract: The aim of this study is to reveal the genetic diversity of Polygala fallax Hemsl germplasm resources, and
analyze their genetic differences, so as to provide theoretical basis for the selection and breeding of Polygala fallax Hemsl

germplasm resources. Taking Polygala arillata Buch as the outer group, the inter-simple sequence repeat (ISSR) molecular

WS B 85 .2021-10-13 markers were used to explore the genetic diversity and

HETE. ViR KL T (R AA18118015) ; HEbkT B K& 15 genetic relationship of natural populations of Polygala
(20190101 ) 5 H: MR TH Bl 22 0F 55 5 5 R IF & 11 % 5 H fallax Hemsl from ten regions. The results showed that a
(20190208-3) ;J PUtEHM LR BT 78 5 1 FH B o5 S B0 % total of 132 bands were amplified with 11 primers, inclu-
5 H ( ZRJJ2018-7 ,ZRJJ2020-5)

YEBB T 5B W (1996-) , 2, VU St N, B LA 5 A B9 O )
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ding 91 polymorphic bands (PPB), and the proportion of
PPB was 68. 94%. At the species level, Nei’ s gene diver-

sity index (H) and Shannon’ s diversity index (1) were
com

BINMEE . % 4 P, (E-mail) 57643787 @ qq.com; B %, ( E-mail) 0.163 7 and 0.250 1, respectively, showing high genetic
913529761@ qq.com diversity. At the population level, the mean values of H
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and [ were 0.063 4 and 0.098 8, respectively, showing low genetic diversity. The results of Nei’ s genetic diversity and mo-
lecular variance analysis (AMOVA) showed that the genetic variation was mainly distributed among populations, with a
large level of genetic differentiation ( gene differentiation coefficient was 0.610 9, gene flow was 0.318 5). The genetic i-
dentity and clustering results indicated that the genetic relationship between the populations of Polygala fallax Hemsl was
relatively close (genetic distance was 0.032-0. 182) , and the genetic relationship with Polygala arillata Buch was relative-
ly far (genetic distance was 0.428—-0. 536). At the level of genetic identity of 0. 630, Polygala fallax Hemsl and Polygala
arillata Buch (YN) could be separated. Ten populations of Polygala fallax Hemsl could be divided into three types at

0. 867. In view of the relatively low level of genetic diversity in the population of Polygala fallax Hemsl, the wild resources

should be rationally utilized and protected in the future.
Key words;
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T B AR K 3 ( Polygala fallax Hemsl) 31| FR 85 1
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T E ARG RN, A T P E R X, R LT
HEIR 360 ~ 1 650 m HY L3 AR AT 850 T4 45 AR
S Tl B 3 24 BT
SRRy v A R R AR AMS
(1N RN 1Y TR i A 7 = R ST [ 0 | I
& RIFSERT fERIE &AM 25 DTS Ao
f 1L AL ( Polygala arillata Buch) 5 35 4615 /K 3% [7]
RIS R R
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Table 1 Information of samples

Polygala fallax Hemsl; inter-simple sequence repeat (ISSR) molecular markers; genetic diversity;

FEVERR FEREAK, 4> FhRic el T RENLY 3 235 1%
DNA (RAPD) &85 FARic IO Bk, B9k 2 g 3t
FiSRN | &S| io¥ri SRl Bt £ A 2 a o RO = s
R WA K EACBEKIE B L 2 E S RGE , R AR
TFE A I fri B 42 B TRl 16 (ISSR) BoA, LA il
FEAEAE R ANERE RSk [ 10 ASHBIX 4 55 46 £ K 25 s
BRI T LTS S22 7000, BTEM S F /KR /R AN
Hi DX A AR B M SR G R, N B AR (R K 1
TRARP AN 2 )5 B A B AR HE AT SR HE

LB i

1.1 RIed A

PR IR UL R 1, 384T 166 A, Horb 3%
BRI A 10 DMEPA TR e ILEAE R A = Fd
BB A, 0 HOAE it B A AR O SR AR L Ay B
A B TR TS IR

Yk SR Hb L (N) /25 (E) R (m) R
ALK ( Polygala fallax Hemsl) FEAZS T (LP) 24°24'39"/110°38'59" 490 16
HEAEFRE (GY) 25°25'46"/110°0'47" 860 16
FEMAEIE (GC) 25°3'18"/ 110°39'25" 520 16
FEMRRNIE (LC) 25°26'8"/111°0'47" 970 16
FEM 21 (MS) 24°11'56"/110°39'25" 423 17
SRIERGE(TD) 23°81'48"/106°58'47" 620 12
HEHE I (JX) 23°4'3"/106°28'42" 750 10
M Elsk B (RS) 25°2040"/109°13'48" 916 16
WR N T (AN) 25°11'39"/111°48'47" 939 15
IR ER(CD) 22°35'59"/111°14'14" 629 15
frf L4 4 ( Polygala arillata Buch) XTI (YN) 25°11'39"/111°48'47" 2 240 17
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1.2 FHik
1.2.1 AR DNA 69 BB AR kit =
I EL 98 1k 4% ( CTAB) v:1T 32 BURL 9 T 4 i
DNA, Fi Thermo Nano Drop™/ND-2000C £ ill] H: ik
JE 1% B MR I FEL TR RS DNA A4S 140 B
% 50 ng/ 57 T-20 CHRAF,
1.2.2 PCR ¥ 3 PCR ¥ 14 W 7E Bio-Rad PCR
A E AT, 20 wl VAR R AL G 50 ng DNA B4R (10
ul 2xMaster Mix, 10 pwmol/L ISSR 5%, H ddH, 0
R, PCR ¥ F2 )7 HAK IR .94 °C WiAs
5 min;94 CA8ME 30 5,50 CiB 2k 35 5,72 CIEfH 1
min, 45 4?@%;72 C L 10 min, P =)
WL 1.5% B BEBE S UK HE AT 40 85, T 140 V i
VK 50 min J5 28R4 L 5E (EB) G5, 15 T UVP
EC 310 % MEER AR T B AR AR IS HE AT 454 4t
55,
1.3 HESZIT 5L

HRAE PCR 71 7= 9 78 56 I v ok 0 % 2 1
() 22 5, XA ) L ik 2% SR 01 (B 32 4 4 5=
RURCHE R I, Ge T 25 51 W) 6 4k B, 2 4
Bo,ib A 2 S M &AW (PPB) L #Il, H Pop-
gen32 "R T BN R 4% S50 S SR R
(N,) Z2VENL S (PPL) Fo il A3 20055 137 35 R4
(N,) Nei’s SN ZHMHAEH(H) B AL Z
FEVEFEEL(H,) Shannon Z HEPEFEEL (1) B HEN
W ZREETR B (H,) R (N, FIEE R 434k
ZH(G,) . J GenAlEx 6.5 ¥ {1 i1 %8 5t 14 — 3
AL R AT T 7 2208 (AMOVA) , H
NTSYSpe F A4 @k Jin AL 41 F 25 3% ( Unweighted
pair-group method with arithmetic means, UPGMA )
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FRPE LIRSS T, N 50 255kt i 11 44
WM TR WS, Y A R L 2,
PEH ARSI H%T 166 4~ DNA FEARVEAT PCR, SL31 15
132 ZRI5 I AT LY 250, Horb 91 R iF B A 28
P S Z 2510457 (PPB) Ll 68. 94% |, 45 24551
YY1 0 200 BN 12 45, 2B BN
4~15 %%, BT 514 UBC899 1) £ &1k 45717 L 5 Jy
40. 00% 4, HoAth 5| ¥ ¥ BA B i) 2 8 1 4500 L
%, H54.55% ~100. 00% , I 1 9 5[4 UBCS08 ¥~
S ERITIONEERY i o8
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Table 2 Polymorphism of amplification products by inter-simple

sequence repeat (ISSR) markers

pis zam ZA0E
sl A3 wHC B D

G R g

UBC807 AGAGAGAGAGAGAGAGT 10 6 60.00
UBC808 AGAGAGAGAGAGAGAGC 13 8 61.54
UBC810 GAGAGAGAGAGAGAGAT 11 8 72.73
UBC827 ACACACACACACACACG 11 11 100.00
UBC835 AGAGAGAGAGAGAGAGYC 13 9 69.23
UBC844 CTCTCTCTCTCTCTCTRC 11 6 54.55
UBC857 ACACACACACACACACYG 14 11 78.57
UBC836 VDVCTCTCTCTCTCTCT 11 6 54.55
UBC887 DVDTCTCTCTCTCTCTC 12 7 58.33
UBC895 AGAGTTGGTAGCTCTTAGTC 16 15 93.75
UBC899 CATGGTGTTGGTCATTGTTCCA 10 4 40.00
vl 132 91 -

S 12 8 68.94

M1 23 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

2 000 bp =31 R |
0 B B B B e e e e e
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M Marker; 1~20; 8 #E8)7K 3% ;21 ~ 30 . f (0, LLEEAE .
B 1 35]4 UBC808 Xf&B4#F & DNA HIH 4R

Fig.1 Amplification results of DNA extracted from some samples by primer UBC808
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n3 3 PR, FEFOKSE I AR BIKE 10 4
JERERSEASEE (N, ) S1.590 9, 4 RS FE %K
(N,)H1.278 9, Z3MEA7 5 (PPL) LR 59.09%,
Nei’s JERI ZREVEFE S0 (H) 240.163 7, Shannon £+
PEFEEL (1) 90.250 1,

x3 BREKE0ANEFNZHESH
Table 3 Diversity parameters of 10 populations of Polygala fallax

Hemsl
JEHE N, N, H 1 PP (L%kgﬁ' !
BlUK(RS) 11212  1.0574  0.0352  0.0544 12.12
KE(TD)  1.2273 11065 0.0660  0.1026  22.73
WPE(JX) 11136 1.0553  0.0339  0.0522  11.36
ZE0(MS)  1.2803  1.1256  0.0797  0.1243  28.03
HM(LP) 12197 1.1026  0.0631  0.0976  21.97
RJ(LC) 12727  1.1406  0.0844  0.1291  27.27
Hyk(ce) 12727 11281 0.0782  0.1209  27.27
WEFH(GY)  1.2045  1.0910  0.0552  0.0860  20.45
JTZ(GD) 12197  1.0840  0.0550 0.0881  21.97
WIHG(HN) 13258  1.1253  0.0828  0.1329  32.58
iy 12258 1.1016  0.0634  0.0988  22.58
YR 15909 1.2789  0.1637 02501  59.09

N, + 5 IR N, 1305 LT B H s Nei” s JE T 2 FEPETE B 1
Shannon ZFEVEFEH PPL: ZARHEALLA .

M3 3 T LAE e SR K b A5 R 4k
(N,)A1.113 6~ 1.325 8, ¥J{H H1.225 8; A R H 1
FENE(N,) H1.055 3~1.140 6, ¥{H M1.101 6; £
AL S (PPL) H ] 4 11.36% ~ 32. 58% , ¥ {H N
22.58%;Nei’ s KK Z HE 45 %0 (H) 4 0.033 9~
0.084 4, {8 40.063 4; Shannon ZFEMEFEE (1) Hy
0.052 2~0.132 9, #J{f50.098 8, 7E 10 EE LR /K
BEFRRECD W R R R (CHN ) A28 S P88 2 e R (A oz ik
R 1.325 8, AR JE R 1.125 3, Nei” s &
[K 22 FE P 45 %0 4 0.082 8, Shannon £ ¥E M 48 B
0.132 9, Z M7 & LU B ol 32.58%) , %5 74 J& #F
(IX) W28 AR B /N (R BRI 1. 113 6, A 3K
Sf3 FE BN 1. 055 3, Nei” s K ZREPEFE 50 H
0.033 9, Shannon ZHEPEFEEH0. 052 2, Z M
MBI 11.36%)

23 BE#mfEoUath

HRH Popgen32 HYTHEEAEAL | AL (517K 34 8 B
Wik 2 FE 48 B (H,)= 0.162 8 (#5 1fE I 25 N
0.037 6) , JEHEN R AE ZHEEFEE(H,) = 0.063 3(Fr
TR 22 40.006 4) , FEF LR E(G, )= 0.610 9, %
BV (N, ) = 0.318 5, BLHAA 61. 09% 15t 14 728 5 i
PUAE SR REM] AT 38. 91% st A5 48 5t BLAE JE BN
DT I ESHT(AMOVA) 538 5 ik Popgen paRRo
H—3, BREEREER TR, A 56% MR KA
TEJE B Z 0], 44% B 7% 53 & A 7E B3R, X 5
Nei’ s JEH 2R PR 0 — 350, 3R 01 & T B[R] R 9 1
B g ALK
24 EZXRRREERSM

W 4 FiR, 11 AN JEFE 35 A5 — 0% 40,585 ~
0. 968, ¥J{E K 0. 836 ; &t 1% 5 %5 470.032~ 0. 536, 2]
B> 0. 187, & A6 45 /K 34 J5 BF 19 5t 1% — 80
0.833~0.968, ¥ {f Ky 0. 882; 5t 1% FF 25 24 0.032~
0. 182, ¥J{E K 0. 126, B AEABI /K 34 5 B vk P J 7
(GY) 5ASUE B (GC) 1A B A ey W st 1% — BUE
(0.968) , H 35t & F B % /N (0.032) , 1 R 1| & #f
(LC) 534 & 1 (IX) B A m AR 0 815 — BUE
(0.833) , BB R R (0. 182) . farfl Il AL BT
AL AR K S R 18] () 3845 — 35U M 0.585 ~ 0. 652, ¥I{H
} 0. 630, B AL HE B 40.428 ~ 0. 536, HI{H K 0. 462,
R BALBEKIE 3 1A 2 AP Z [ 7 35t 4%
FHEWAEES,

JH NTSYSpe HffH:Tisifl— 3B H# UPGMA &
FE, HE 2 ATLE TG — S0 0.630 4T L
VEFEACBEAGE RS A A LA TR B (YN) K43 TF
FE A6 B K G B A rh, A8 3R BF (GC) 5 7 BH = B
(GY) e —ile, BAT e AL — 808 ; B, 2
A st —BUE A0 52 LR HE(MS) 53 P4 R B
(JX) , FEBE—5UE K 0.867 AL TTHE 10 A HHEDRJEA
[l A B AE KGR TR A 3 e, 28 ISR SEAIM fl
JKIERE(RS) R AR % & JRHE(GD) s SIS 5 4
T ERE, S BEEMGRH R R (LP) (S5 E RAEERE
(TD) A EIFPGSERE(IX) SRR (MS) LU )
FAZKINERE (CHN) 5B TG R )1 E#E (LC) JFEAK
FEIRERE(GC) KAEMUAERHERE(GY) o T PHA M X
()RR IS0 o SR AR AE S TS HE, A REAR T 1l
(LP) RAEAEEETDERE, 5 AR [ bR e B 10
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Table 4 Genetic distance and genetic identity of 11 populations

JEHE RS TD JX MS LP LC GC GY GD HN YN
RS 0.866 0.846 0.879 0.907 0.880 0.877 0.848 0.913 0.852 0.585
TD 0.144 0.946 0.951 0.933 0.860 0.867 0.857 0.871 0.913 0.641
JX 0.167 0.055 0.953 0.904 0.833 0.866 0.836 0.841 0.905 0.652
MS 0.129 0.050 0.048 0.931 0.850 0.863 0.863 0.876 0.922 0.651
LP 0.098 0.070 0.101 0.071 0.868 0.894 0.868 0.884 0.889 0.612
LC 0.128 0.151 0.182 0.162 0.142 0.949 0.938 0.852 0.836 0.621
GC 0.131 0.142 0.144 0.147 0.112 0.052 0.968 0.848 0.858 0.641
GY 0.165 0.154 0.179 0.147 0.141 0.064 0.032 0.836 0.845 0.636
GD 0.091 0.138 0.173 0.132 0.124 0.160 0.165 0.179 0.850 0.622
HN 0.161 0.091 0.100 0.081 0.118 0.179 0.153 0.169 0.162 0.642
YN 0.536 0.445 0.428 0.429 0.492 0.476 0.444 0.453 0.474 0.444

RS MV UK R 5 TD 52 72 KA St s X 1 (3 P S b s MIS AR M S8 L0 S 5 LP AR T S 3 5 LC AR AR RN s GO R ARAS IR Y o 4R
AREFHJETE; GD 2 ) AR 2 2 SR e s HIN W R AR T YN AT LA i SCIL TR . 22 A BB D ist A e, A B A B s A — 88U

W R FEE(RS)
JURE EEH#E(GD)
—— SEAERAEEHE(TD)
TS TUEREIX)
{ FEIMZELLEAE(MS)
TR, 1 FEHE(LP)
R AR T (HN)
FEPR R FRHEE(LC)

ER ST (C[0)
TEMRRE I EHE(GY)

- A L EAE 2R SRR (YN)

1
0.628 0.713 0.798
B — B

1
0.883 0.968

B2 EFEGE—HENIEMNETHE(UPGMA) BELER
Fig.2 Unweighted pair-group method with arithmetic means (UPGMA ) clustering analysis based on genetic identity

3 17 i

1AL 22 REE SR Wb X B 0 N7 R A B e s A
ZAEVERR T R, AR W Bl e 2 2 R rh A A7 O HE
R IS T R A R R R T A
B BB AL 2 R, 400 3 RS A 0 b 0 LA A A1
IR ZREME . — T FH Nei” s JER ZRETE TR
% Shannon Z £ 18 Ok VE 0 W) 1) 15t 4% 2 FE P
AN ARSI 11 45510 10 A EAEEK
YEHARFERE 1 o G I EE AR B B 3L 166 SN A
HEAT PCR 4744, JL45 3 132 Scmvk &, i £ 8
PR 91 45, 28550 5 LLR 68.94% , i
Xt it Z REVERR B AT B R B, B4R K SE 10 4

JERERY Nei” s JE K ZREMETE B0 - 240,063 4,
AT 7 Ja8 4 5 A 0 328 35 (H=0.265 6) ) Fil
Nybom' "™ e iR RS % ZRE M T3 15 (0.22) , %
A B A0 A K J R [ 19 38 4% 2 RE RO AR, (HAE
PIFPKSF- L BRI K G A PR 4 B I st A% 24
PE(H=0.163 7,1=0.250 1) , 1€ J& #EK 7 b 1 4%
ZREHARTTAE D FPK Y- L 13 L 2 Rt E i 4
TR T A 1 R DA A
K E WAL BAT 300 £ & st L Z R (A2 bl
B NIE S AT AR RIS AL FEIKE TP
(L3RR Y T N O TR AR B S M N
PR O B A A o 1 35 A% Z2 R T S V) D 7
BARK B ZHEE
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Nei’ s G ZHEPE T R (6, =0.610 9) =M,
HALBIKEA 61. 09% 13515 A8 S A7 A6 T IR B R], A
38. 91% 115t 1 A8 S WU A S e N 0 R A IR B R e
¥ Nybom[ BIGEHAR RO LT T U E A2 R S b il (IS-
SR - FHric) BB L K (G, =0.34) | RIS
FEF LG PEAA AW 2 A A5 19 38 4% 43 A oK
(G,=0.526 0)"" 1 BH 8 AL (8] K % 1 it 1L A8 S 2 38
K HE#ER], Hastfe b K m . Whos &3, SE R R
MR AL AR S R B RE A k e BAA B XY
N, >1 I AT LA ] 2 9 Ao asi A 5820 0 J A 1] 23 Ak 1Y)
YEF, 5N, <1 B 025 55 5 | e 45 W P A 5 A8 Fn s A
L1 B s A (14 % N 1 S RO Wil G 9y
N, =0.318 5<1. 000 O, FHAE A 317K 3 8 B ] 1
BT WA Ak 3 AT AR AR K Y B
L AT K, BN & B, S AR K E A Fh
T2 MEEZAH 2 Moy X Tl S RIS TR R A
AR S L 0] R A e, Rl o R85, KR
ST AT, PR S AR A
AR IEEA R P XA | E 2 A KA K
N H A AR RN, B LS AR I S B B ) A
PR, Ak, Yk PG B SR 425 B A6 (B K S B A R
1 AR SR A BB M 4 /N Y T R g
B T IR T TR AR (] 35 PR A5 B

25 A B AR UK SR A FE RETE JR R K B
T RIS AL Z R, P A X LA 3R H Y
(] ERFU A TR 1 S0 B A DR A 2 B AR B K
TERP LAt AR AT S SR R AN
JERECHN) (EEAR 2 )1 J& BE (LC) | AR AR IS 3 s 7
(GC) FEIMNSZ 1L JERE(MS) 4 A 5 e ELA A X %5 e
() Nei” s 15 Z R, R RRF X 4 A R BEAL Je ff
P71, R AL R AP A T st A% 2

SE 3k
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