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Genetic diversity and quality analysis of cultivated Pesudostellaria heterophylla
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Abstract: Objective To study the genetic diversity and medicinal quality of Pesudostellaria heterophylla and to provide a
reference for rational utilization on germplasm resources and fine variety breeding of P. heterophylla. Methods The genetic
diversity of the 12 cultivated provenances of P. heterophylla were analyzed by ISSR molecular markers, and Heterophyllin B
(HB) in the root of P. heterophylla was analyzed by HPLC. Results A total of 82 bands were produced by 10 primers, among
which 73 bands were polymorphic bands, and the percentage of polymorphic bands (PPL) was 89.02%. The average value of
Nei’s genetic diversity index (H) was 0.257 9, Shannon’s information index (/) was 0.388 4, genetic differentiation coefficient
(Gy;) was 0.274 1, and the gene flow (V,,) among provenances was 1.323 8. Cluster analysis based on genetic identity indicated
that 12 provenances could be divided into three groups. There were great differences of HB content among and within
provenances. Heterophyllin B content (0.049 4%) in provenance 4 was significantly higher than those in the others, and their
coefficient of variation (9.51%) was less in this provenance. Conclusion The high genetic diversity could be attributed to the
provenances exchange in different production areas of P. heterophylla and its biological characteristics. Comprehensive
consideration of genetic diversity and HB are made, and the provenances 3 and 4 of P. heterophylla have better quality, which
are suitable for germplasm conservation and variety breeding.
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KT ZAHATTRHY )L S Pseudostellaria
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W, A assdmy. Edmihe ™. i, K
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S ) Jith SREAE HLDX o 5 DX ) PR A R R RS
KT Z I RIERARR I ZHE, 2R A AE TR AN
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T 08 o B B B A ) SR R, e rh 2 A K
ST AR T T B 45 R [N ) S (it 24
PR YR A A A7 Bl B4 2 AR
o HAEA R, e Mg . Pk T 2
FIREAL Bl 3L B S s fiabn 2 —. Bt 2R
158 4% 22 FE VAT 284 i TORE 245 FAEL ) Al o 08 s 1R A T
I EFIPEAY S w] AR G BRI FURL 2R F R ot B8 U5
SEALHA -

HAT, SRR KSR i B m
WAk ZREVER Y, BRI R P 25 b (R 5 22 R
FT BN KT S A 2RV S 25 et
ITERE T IRE AR LR IE . ASEEG R ISSR A
ICAT HPLC VEZ55 001 T 12 NREFE R TS5
JUF IR A5 2 FEVEFI 2584 5 0, SRR IE K+
S iE 2 FEE R AR = AR B = AR,
NRE—D TRl R SR IE E TSR A A k.
1 #RL UEE5RF
1.1 ##

KFZHEM Mk B2 1o, SN A
AR TR, 2011~2012 SE4R7E T 50 M4 it R L
A KK TSRl S A 5 2 U5 . AT ISSR 43
WTIIRE St A B A R s B RIRE 9~ 10 4 bk,
119 4. HT HPLC 20 #2541 2012 47 Hh
FRAE, BRI S bk, 3560 hFEdh. WL 1.

x1 MHUER

Table 1 Information of samples

Tt g T BT 8 YR T 53¢ ISSR B % HPLC A%k
1 R IR-1 BRI AR, SIS, R 2 4F 10 5
2 TRUE -2 BRI, SRR, R 2 4F 10 5
3 TLIRA) 751 SRR, IR RER, RE 1R 10 5
4 TLIRA) 452 FRUIEF MR, SIS, ARds 18 10 5
5 LA R)4E-3 LRSI, SRR, B 1A 10 5
6 YL IR FLE B AR, SIM R, ARds 1A 10 5
7 T3 5 LA, SR RS, R 2 4 9 5
8 A b R MR, IR RS, B 1 4F 10 5
9 Bt it -1 A RIERF A AR, FEHE 20 4F 10 5
10 B it -2 JSRAR 5K A B, ARHTIT 5 AF 10 5
11 Bt -3 W FEA KIS, R R i3 5~8 4, IR 10 5
FTBHUEIE 14
12 Bt Pt -4 4 R BUR FARFE IR, FrF s . 1l 5~8 47, 4l 10 5
BT U5 [ DR AT 2 4
1.2 {U& 1.3 iRk F

PCR X (Mastercycler, #&[ Eppendof); &%
B A5 (GGM/D2, Ji[E Syngene); HZFRE &4 HTIX
(Nanodrop 2000, F[F Thermo); HiJK{X (DYY—6C
B, db s — s ) B KR O L
(Centrifuge5810R, ffi[E Eppendof); &0 itk
1 (LC—20AD, HANH); HTKF (EL104,
H7 - METTLER TOLEDO ) ; i 7 I i Ut 2%
(SK1200H, Rkt A AR AR,

Premix Ex Taq"" Version 2.0 (Loading dye mix,
FAEY TRERIEG WA R]D; 0.5X TBE 2201 (Tris
TR F VK 22 P s B TR BE (P BE 2 Biowestagarose )
EB (AL LBEH W RT203, Tiangen /A +]); Marker
(D2000, Tiangen A +r]); HEE (pffral, FilgHe>
WL~ &fiF ((ikal, Tedia A7)D; KT
fik B Xt H AL (5 111887-201001, H €0 il 24
KERTFERED o
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2 H&E
2.1 E[FH DNA AYREL

KM CTAB PHRIUK T2 54 DNAL 1.0%E5 IR
PAERS KA S DNA e, IR = HT U
I DNA T[4l BRI E, FBE 42 30 ng/uL.
2.2 ISSR 3|#IH9& B 5FiE

ISSR 51 it 2 &= KB HL K2 A A
(F) 741 (SetNo. 9, No.801~900), i gt T 4
Y TRERARIRSS A B A A & . AR DIRHE 9
KBTIk, 69 4% ISSR BIWfHk 10 424
PEUF. 4 o Ai¥s) . TE WS R 1 ok 3
2.3 PCR ¥ #5744

VAR Z:25 pL R R 1 E DNA 1 pL, Premix
Ex Taq (¥ TaKaRa Ex Taq 1.25 U/25 pL, dNTP
Mixture 0.4 mmol/L, Ex Taq ZZ{'# 4 mmol/L
Mg™, {63 Marker, HLEIGINIMIAIELEH)D 13 uL,
5149 (1 pmol/L) 1 uL, #HZAIKENE 25 uL. §H8FE
F: 95 CHIARM: S min; 95 ‘CA8ME 30s, 42 ‘CiBk
455, 72 ‘CHEMP 1.5 min, 40 XAIEHR; 72 CJ5 & 7
min; 4 C{R{F. PCR ;"4 5 uL T 1.5%I5NEHHEE K
ik 1.0 h iy, BEIRSUR RS g .
24 HEFITS SR

[F]— 5 |04 34 B UK A 56— 3 4t 7y id
17, eHIie N “0”, TERL 0/1 HiFE . H Popgene32
AR Z 50 58 28N A % (PPL).

M12345 678 91011121314 1516 1718 19 2021 222324 25

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

M 26 2728 29 30 31323334 35 36 3738 39 40 414243 44 4546 4748 4950

- e

Nei’s mAEZ RS0 (H). Shannon’s Z &1E(E B
& (D, B RE (G RZERT (N,
AR A5 [R) R Ist AL AR AL, fEH] NTSYS2.1 8
X R AT SR 2K
2.5 KFSINA B BINE

SISCER TR, MK TS0k B (Heterophyllin
B, HB) &, JishtiAK (A -2 (B); A
# 0.9 mL/min. BHEVENIZAME: 0~10 min, 10%~
25%B; 10~30 min, 25%~40% B; 30~35 min, 40%~
45% B; #1330 C; Al 203 nm. LA HB /A%
Wi, bR L, THRR O H.
3 “R5%H
3.0 KFSYHEEMMES ST

SR WoR, 10 551y 82 454, T3
N2 A/MESAT, PPL H 89.02%. 3455 Wml 18
o 5~12 417, PRSP 1 8.2 44,
Sl 1G  Beds oK 2 U /e 250~2 500
bp, LA 500~2 000 bp fH%£. 10 %59+, 4 45|
IR Z AT 100%, S5 RS0 40%. UL
K1, %2
32 AREMBEXFSHEERZHMN

KT BIEYFIKT L) PPL k%) 89.02%, H
0.3553, 14 0.528 5, Wt st 2 KT
FEPPR V-1 2 AL SO PPL 53934 60.58
73.88%, H } 0.194 9~0.306 6. 1 >} 0.301 6~0.466 7.

M 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

M 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

- e - - - - . -

L A I
T e “wwww Wevw.  ww “ewwwwww www
500 bp

250 bp

100 bp

1~50 RKUCR B 1~5 14 10 MAEREA, 51~100 U TR 6~10 1 10 MMAREA  M-Marker
1—>50 are samples of 1—35, respectively, 51—100 are samples of 6—10, and 5, respectively M-Marker
1 514 C54 (A) 71 C23 (B) AT SR IEE
Fig. 1 ISSR amplification of primer C54 (A) and C23 (B)
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Table 2 Amplification of different ISSR primers
EIE B 1P (5°-37) ISKiiet 2 A AL PPL /%

110815C21 GAGAGAGAGAGAGAGAC 9 8 88.89
110815C23 CTCTCTCTCTCTCTCTT 7 7 100.00
110815C24 CTCTCTCTCTCTCTCTA 7 6 85.71
110815C52 GGAGAGGAGAGGAGA 11 11 100.00
110815C53 ATATATATATATATATC 6 3 50.00
110815C54 TATATATATATATATAT 12 11 91.67
110822C65 GAGAGAGAGAGAGAGAYG 7 6 85.71
110822C71 CACACACACACACACARG 11 9 81.82
91020P34 ATGATGATGATGATGATG 5 5 100.00
91020P38 GAAGAAGAAGAAGAAGAA 7 7 100.00

it 82 73 89.02

1212 AR, R 3 2 BALSECh 75 4,
PPL }j 91.46%. PPL {51 80%[) Ml A7 Filit 1
105 FRYE 11 Z8PEAL S D, A 49 4>, PPL
H59.76%, PPLALT 70%MI R JEEH FHE 5. 64
7H9, WL 3,
33 KFSHMBEREES L

Wright 250150y, FBERIIEN ZHEVE (HD
ﬁ“%%ﬁﬁwﬁl%ﬁﬁ<H>ﬁﬁﬁ@ﬁﬂ
ZFEME (D)o KT ZRHERZ R 0.355 3,
Horp HOM Dy A9 0.257 94 0.097 4, 425
H, 111 72.59% 27.41%. FhIRIEP) Gy k0274 1,
B 27.41% 8 4% A8 5 A7 70 T AP Ta], 72.59%

x3 TRMHEXRFS

I AL AR S AP AE TR IR, R BKT 2 i i 15t
FEAR S KT R R AL AR 5 o KT SR 173
N, 0 1.323 8, KWK S PP 2 8] (1) 3 K A2
TR o
34 KFESMEMEEIEESEE—BUE

KFZ 12 IR gL —SUSAE 0.818 2~0.972
5, HARiE 1 5 2 BistE— S80S RE, b 09725, X
WISERG R REBE . HLUChME 5 5 7, it —3UE
40950 9. gL —BULRACMRZFIE 9 5 11, HF
0.818 2, W3 4. MM A 1)L —38E, H
NTSYS 2.1 AR s 2R IE . 85 R WoR, ik
fE—35 4 0.87 B, 12 NIRRT 5) ok 3 95 Ff

BfES T

Table 3 Genetic diversity of P. heterophylla from different provenances

Ne H 1

MRS ZAMEE PPLI% Na
1 67 81.71 1.817 1£0.389 0
2 60 73.17 1.731 7£0.445 8
3 75 91.46 1.914 6+0.281 1
4 63 76.83 1.768 3+0.424 5
5 57 69.51 1.695 1+0.463 2
6 52 63.41 1.634 1£0.484 6
7 55 67.07 1.670 7£0.472 8
8 65 79.29 1.792 7+£0.407 9
9 52 63.41 1.634 1+0.484 6
10 71 86.59 1.8659+0.3429
11 49 59.76 1.597 6+0.493 4
12 61 74.39 1.743 9+0.439 2
Ty 60.58 73.88 1.738 8+0.427 4
PRIk 73 89.02 1.8902+0.152 1

1.468 2+0.332 5
1.4531+0.3829
1.502 84+0.299 0
1.415740.342 5
1452440379 8
1.383440.360 3
1.3939+0.349 7
1.4929+0.344 9
1.31744+0.343 9
1.5171+0.343 4
1.366 0£0.361 1
1.4404+0.363 6
1.433 61+0.350 3
1.6165+0.311 8

0.281 7£0.169 6
0.262040.194 5
0.306 61+0.1452
0.252240.176 7
0.261240.1977
0.227 8+0.194 6
0.236 7+0.188 4
0.2902+0.178 1
0.194940.181 8
0.304 4+0.166 2
0.21714+0.197 3
0.260 01+0.186 7
0.2579+0.1814
0.3553+0.138 6

0.426 0+0.2359
0.391 0+0.270 7
0.466 71+0.192 9
0.385040.247 5
0.38691+0.279 3
0.3415+0.279 6
0.356 6+0.270 8
0.433010.249 3
0.301 610.260 5
0.4573+0.224 1
0.324 61+0.284 5
0.391 1+0.261 5
0.3884+0.254 2
0.528 51+0.168 9
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Table 4 Genetic distance (below diagonal) and genetic identity (above diagonal) of P. heterophylla provenances

P g5 1 2 3 4 5 6 7 8 9 10 11 12
1 ok 09725 08774 0.8747 0.8842 0.8678 0.8725 0.8884 0.8308 0.8653 0.8615 0.863 6
2 0.0279  wkx 0.8751 0.8999 0.8977 0.8740 0.8994 0.8893 0.8416 0.8476 0.8696 0.848 4
3 0.1308  0.1334  *=**x 09008 0.8855 0.9263 0.8656 0.8574 09189 0.8891 0.8678 0.8882
4 0.1338  0.1055 0.1045 ***+ 08800 0.9224 0.8734 0.8999 0.8500 0.8389 0.8411 0.8562
5 0.1231 0.1080 0.1216 0.1278 **** 08920 0.9509 0.8858 0.8723 0.8728 0.8795 0.8665
6 0.1418 0.1347 0.0766 0.0808 0.1143 ***x 08678 0.8714 0.8905 0.9125 0.8433 0.8665
7 0.1346  0.1060 0.1444 0.1354 0.0503 0.1418 ****x 08302 0.8341 0.8206 0.8336 0.83638
8 0.1183  0.1173  0.1538 0.1522 0.1213 0.1376 0.1861 ****  0.8289 0.9046 09240 0.8678
9 0.1854 0.1725 0.0854 0.1625 0.1366 0.1160 0.1814 0.1877 **** 08724 08182 0.8754
10 0.1447 0.1654 0.1176 0.1757 0.1360 0.0916 0.1977 0.1002 0.1365 **** 08741 0.8596
11 0.1491 0.1398  0.1418 0.1730 0.1284 0.1704 0.1820 0.0791 02006 0.1346 **** 08905
12 0.1466 0.1644  0.1186 0.1553 0.1433 0.1432 0.1782 0.1418 0.1331 0.1513 0.1160 ****

P 23 5 FRME 7 —2 iR 9 STLIRHIX [
P 3. 4y 6 25 PR 11, 100 12 F1 8 2K,
DL 2.
3.5 ARMBEXFSHMFAFSIFK B (HB)
HEES

(hE i) 2010 EROME HB SmAHE T
0.02%. 12 MFRE A 6 NFYEN HB Sk 324
R, T o A s R PR 4, 4 0.049 4%
JFCER Ay BUSAR A FhIE 8 F110, 43510 4 0.000 1%-
- g

E—

g 9

s 3
_,—: Hh 6
s 4
s 8
e —
g 10
R 12

v T T T T
0.86 0.89 0.92 0.94 0.96

il %
2 KFSMiRIEEERMIKE

Fig. 2 Dendrogram for genetic distance

of P. heterophylla provenances

0.004 6%, MHBFRX IS 2R, VETRHLIX BRFmE 7 45,
Hofl, 4 ANFRYEHAR ) HB BET 0.02%. /i
FHBX KRR 9 (0.0194%) FRYE 11 €0.025 6%) Fl
P 12 (0.022 0%) B () HB BN AHLT, K
HB #1255 SRS IR A — € A k. i
N HB 84855 REUNT 20% A M5 4. 6 F19, £
HJIX 3 ANFE N AMATR] HB #3858, KEZHK T3
FEATCRAPIEIA] . FRYE A1) HB =22 BRIk S,
4 g
41 REBEKFSEEZHMEKE
)AL Z FEPE K 5 A R AR
DA SRR AL 2 AT 3 (1), AR KRR RS2 B
BRY. s Aial AL AR TR 1856 7
A, Az M dkE K210 PPL 1
59.76%~91.46%, WFI/KE L PPL 2 89.02%,
WIS KT Z 1Al Z 0K 2 e i . ik
JUTAER, BEER TSRS M, eAIm A
KR AT N 800 m F] 2 700 m, £ ALK AR AR,
BRI LIRAAT, AR TS gl #l
EMZ A (34 AR IS RIE B 1 4F

£S5 RAMEBEXRFEHEMAKFSINK B BINELR

Table 5 Determination of HB in P. heterophylla from 12 provenances

T 5 B EL % P e /A 1 % T = B EL | % P 5w /A 1%
1 0.0124£0.015 4 124.19 7 0.012 4 —
2 0.0162£0.014 3 88.27 8 0.000 140.000 2 200.00
3 0.027 1£0.008 8 3247 9 0.025 6+0.004 9 19.14
4 0.049 4£0.004 7 9.51 10 0.004 6+0.008 7 189.13
5 0.024 840.007 2 29.04 11 0.0220 —
6 0.023 0£0.003 3 14.35 12 0.019 4%0.008 4 43.30
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A, KGR, BAERRIEA TR . tkAh, K
TS0 B LB I, Jr vl P AR R e
1 B RIEFM T, 5 T2 AN B N A
e AR AE MR EUR v N T A S
FEPRAE milfl e Tk, B KT SAEAWHE A K 1)
eIt R BE PR R AR T IS N AR, (EIERI I 2
FEPERGIN T
42 REXRFESHEERRSEEI L

AT &M FIEIF ) Gy R 0274 1, B
A 72.59% ML AR S ALAE T FRIN,, R KT S Fh
V5 NI AL AR S KT MR LA 5 . TN I 2
7= DR PP BT T RS2 e
FTF AN TS EALE], RIS B
RN BT ), R IE R BT TR A . Ak,
AR T Z I N,=1.323 8, iEWIE K15
Tt ) (R BE DR A8 SRR MR (1), 3 — 7 T2 a0 Rl P
BA WMt AR S, 59— AT N o A
BRI AT AU BIZH 17 3T R B it ek 15 K
TSRS R R, P 9 RIkKIE A3 1
. R AR, PUREEE 9 MR EMIREIN
H Pl Y AN ] 1 22 St b A KB, A Szt v A%
BT A R PR, BT 3 X R K
TZMBAE MM GAR T &, aifuPpdi. B E R
EE R SRS N —2 TAERE A
43 KFSMEMBEEEBRNEE—BE

ARSI R A — B G R BoR, Mgtk
—HER 0.87 B, 12 ANAREEFIIEEA BT 40k 3 2K,
FRRIR AN IS AL O RRAR B RF A b 22 5, dnRpiE 1.
2 SRR SO 7 IR, WHBREEEORE, K
SRR E I SVL IR A2 B R B AN AT U,
HILAAEE 90 2 AH, B/RiZZM I e i s | F
K. FHYR 104 11, 12 5 8 B4 —3, HEMIX 3 A~ Fh
5 AR AR A A AR AT . FIRE, 2 A
LR HOIX R CRPJR 3 Rl 4) KR|E—E, E
BUZIX 2 ANFRE PR TR IS S —FE, FPUE 4 1
MRIEARIN A ZE N ek th, SRS, SRS R
BOnSET, EMOTREE B AR AR S AN . K
TSR A PRI IB AT OC 28 17 56 32 0 o ] 4 2 DAL s
HK S EANREE R IR R

FEBAERE B b, BRI 1 5 2 msl—8U0E R,
$50.972 5, HRAMYE S 57, 409509, EHEY
V& T R DI 5 Bl o 8% — B SR R 2
P95 11, 40.8182, KX 2 AP A Eeds H A

[ X Ji s BBt NIF TR T S0 A, BLAE it
FRERA A 3 KEF=X 2 —, FEIEYE A 20
90 EAMIINI I R, FhUsCR Ame, g4
EAHBIINAL sk it SR A AP T o TRl I [
L, TR GIATL IR 8L R PER
TZME, FE. DARMMEERHER S &L
Uiy AFIX— =X [ TR RIS A
44 REBRXFERERFPYEEESHEEKFE
25 DI AR ()6 1 5 AR AN S 36
FERFYEAR G, T HAESZ IG5 00 o ANl R 24
M HB MR 2R RON, A iEsy, W
FhJE 1.2 51F St AL 1 4F, HB F545504 0.006
4% 0.006 8%, M4 2 4F HB mhJIA%] 0.012 4%F!1
0.016 2%. CVABIFURB, B ARE o Mt 5 1K1
Z 5 U R ER R Y BB B e =R, St
ot SR X v B AU A, AP R R AE 14~
16 ‘C, MM ELE 1060~1200 mm, 4 %L
1195 hy LR IR X B2 RE R PR T ZE SRR
LIPS N A - =) AR VR B S S R ST ./
RS SR AH AT, (R4 H SR it SR X
AEUEBL eI S ok B N 26K TS b HB K
B, AL, AR KT S 26
e H HB [Py, AH S il 3 19 4R el 5 Rl 20
FERIRTZ, H HB fEREES] (P EZM) 2010
ERIE « BRE, KSR A4
5] e 5SS R F A — @ dHRrE, g
PRI M R 55 K 21X R IR A A ) O B L6
INGIF P
ARk ) R A 85 1 6 B g T
TR S (RN, Ak 2R, XIS
AR IR IE I i Ak, L (AR AV Rl 2
FREARES TAE PG 2 - R A 35
FEZ VK, SUORFRRSE A 29880 IR A A )
IR . PEIRAS S IO AS R AR BS PG ) HB 2 FE A%
LR, RIEFE 4 Pl HB & PPL
W, 094 0.049 4%, 76.83%, HRGERNE 3,
Wit 2 HEME PPL ik 91.46%, HB A 0.027 1%.
WAE R TR RF R R Ak d b,
HEFE WX 2 AT LB S KL

23 30k
[1] EZi. —3% [S]. 2010.
[2] EBEE, TakE. 2R SIEMGT M) i
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