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Genetic Diversity Analysis of Sinopodophyllum hexandrum
( Royle ) T.S.Ying Germplasm Accessions Using ISSR Markers
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Abstract: In order to provide information for the domestication and protection of wild Sinopodophyllum
hexandrum ( Royle ) T.S.Ying that serves as genuine medicinal material, we analyzed the genetic diversity by
using ISSR markers in thirteen populations with 153 DNA samples, which were collected from the southern
part of Gansu province. By cluster analysis using the un-weighted pair-group method with arithmetic average
(UPGMA ) and Mantel test with geographic distance, we constructed a dendrogram out based on the molecular
data. In total, 155 alleles and 1320 polymorphic loci were amplified using these 11 ISSR primers. Each marker
produced 10-17 alleles, with an average of 14.1. The average percentage of polymorphic loci ( PPL ) was 65.50%.
The Nei's gene diversity ( H ) and Shannon’s information index ( /) were 0.2101 and 0.3191, respectively. The
genetic distance range from 0.0316 to 0.3769. The genetic diversity among 13 populations of Sinopodophyllum
hexandrum ( Royle ) T.S.Ying was relatively abundant and the gene flow within the populations were frequently
observed. The genetic differentiation within the population was significantly higher than that between populations,
and no correlation was observed between the genetic diversity and the distances among populations.
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#k L& ( Sinopodophyllum hexandrum ( Royle )
T.S.Ying ) & /)y B £l ( Berberidaceae ) #k JL L J&
( Sinopodophyllum T.S.Ying ) Z4F 4 FLAAEY), X
24 VR L 5 DO P e X e Rz i A H I, & —
P P2 , R RS 25 FHAE Y s th T AR TE
WHERAZER R ML LA SR 5, M 2
Ik A, - LR S DR e, ol ™ M A, 5
A EAEY L a5 ) ChERZA 1)
b E 2 i fE A ) 44 5 ), & B R R
P12 WL A R A A I K, B
L RAE S 30 b DCHR A A, AR TR A 3 0 TE VS
AR L T R S A AR TR A MR Mk
IL-ErZs M E S R L R L L s S s,
HM ZEE SHUmAYa B R R AR a e T
IRy, SR iz r ) 24 I 2 5T S 40 A 4
Hoag 7 Wb E 2 1977 4R R ) W, [
JESAE Ry 24/ N B v [ 247 0 ) P FH v
25 ) AP 2 Vit R, [ Ak A
G F R PR Y AR BN TS HOR , fh2
O3 M ATEE TS T, st 2Rk 5 B AR BRI
WFFEAXT D

R1 BILEERRE AMIERHE

ISSR (inter-simple sequence repeat ) BRI f&j B 5L &2
FEA A3, iz F ISSR 3 FAric AR 15 B i 25 1
HAMREWRE SEEME, SRR AR,
JIr#s DNA i i /0, HANTT 280, S50 AR
JEE AR TS 25 A, W R SR
BEESE R T 2 B bR e, AR B B R 24~
SR AT R ISSR A FARicH AR L L
G3AT XS H R RO T B AR BRI T T i 2R S
(TR = 0 e ) O w2 AN N [ B AR 22 9 O o
WL ZFEEACE X B AR L-E S TR B HE AR I R -
1 MRl5EE
1.1 &

2015 4F 9 JT, AR 4fa e MCH) 57 8 55 it % DX I,
TH R U A b A5 R AT, SR AR B A Mk L e it
F, R T S Sr BIVHCE A7 A 7R Uk I i) 2 B A
AF, AR ASAE R T 10 DREAS, SR BE AR EEAS /)N
T 25 mo IERAANFESM G S B A Y
MR (2 1), A 13 AN ERE (HH A B2
PUILERFFREAZAC S 4 4, PRUHCAL T35 8 5 S X A1
A MR SOy 7 SR EN S %

Table 1 Geographic features of the sample collection sites of the wild Sinopodophyllum hexandrum ( Royle ) T.S.Ying

Hirs U5 i (N) 2% (E) B (m)  FEARKL ARG

Code Source Latitude Longitude Height Numbers No. of sample

1 TR IR 5T S 34° 58.629' 102° 53.888’ 2881 18 1~18

2 HA Ty 20 7 A 34°29.489' 102° 41.137' 3014 13 19~31

3 HNURERRT)1 & B TA 34° 17.409' 104° 05.424' 2481 10 32~41

4 Hok e 2ol 34°20.713' 102° 58.064' 3486 12 42~53

5 HA R BRI 34° 23.287' 103° 33.852 2783 11 54~64

6 HONH R R G 2 AL TR 34° 55.591' 102° 53.601 3274 11 65~75

7 HRAT T EL4RE L P L 35° 47.026' 104° 03.112" 2268 4 76~79

8 NI EFHATE & 34° 09.120' 102° 47.381" 2505 11 80~90

9 HR ik BRI & 34° 13.442' 103° 11.750 2835 10 91~100

10 TN FNEC R L R H 35° 12.886' 103° 12.782' 2977 16 101~116

11 HA R AR B L 34° 54.989' 103° 43.810 2870 13 117~129

12 HN R BT 34° 55.062' 103° 43.653' 2409 13 130~142

13 AL T ) E AR P LRV 36° 49.294' 102° 31.434' 2460 11 143~153
1.2 Ak W T 80 CUKAATRAFIF . 7E 1.0% BUIEHEBENL
121 EFEZEDNARNEREWRN SHK RN e UK DNA AR ; Marker 247 2K plus 1T DNA

CTAB JEZ5 AR 6, FIH 2N 4 A DNA $2H
R &5 CTAB L AHSS 15 58 HUE P #F i DNA, 7E
1% 11 35t I A 868 e Hh e KK DN J5i i, DNA ¥
J&E 5 4l 3 )2 3 3k o Y6 G BE T A T A2, DNA AR

Ladder marker ( Jt 5t XA WH AR F R A ), B
TRGE UG FE LA T UG SR,

122 BEZRLZGEXEITEIPCRER R
Ly (4°) 1E 223 5 5 11, % 5 i ISSR-PCR ) 3 %
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WA T ISSR A THRIZIIT AL LB (G S LRSS 131

A2, B155 DNA % &  TagDNA & . ANTPs . 5|
By Mg WEETE T 5 N K 4 KPR bT , 2okt T
16 A3, AP 3 R E R . OVAR R SRR
} 25 uL, f34% 10 x buffer 2.5 uL, A L AT ddH,0
#ME 25 pL, DUHCR L A R I B K &
Je ## ST Mk L ISSR-PCR 2 () e fE1A £ Jy DNA
e 40 ng/ul, Mg”2.5 mmol/L, dNTPs 0.20 mmol/L,
Tag i 0.5 U/25 uL, 514 0.4 pmol/L' ',

1.2.3  5|¥0% 1%, ISSR-PCR & N 5 # 18 7= 41 44 i)
R4 2 7 BBk )L L ISSR-PCR 2 I 1 f HE 4 &
BEMLIERE T A JEFER B L L DNA B, M 100
Z% ISSR 38 FH 5|9 vp i ik H & Sz Rl 0 51 9, 78
PCR {% ( 3 [# Bio-Rad 7~ #], C1000 Touch Thermal
Cycler ) 115 & I B0 5 10 6 111 2% 5 | 0 A9 e 1R
O BE  7E 2.0% Bt B M B H L UK ( DDY-6C 7Y
HL UK A, JE 3 7S — A8 T ) 43 5 PCR R ™= )5
Marker f# [ 2K plus I DNA Ladder marker ( Jb 514>
KELEWHARGIRAT ). BIKTERIEELINET
BAGELIFHA IR, e T b E R R 5 B A )
AR D SR E AT

124 HW\HEITHH AEKRE RS F15 3
ISSR-PCR " 34 7 4y 11 FL Pk 25 5% , AR 4l iy i #8171
I B SAEWAA TE T g AR R E AR
FE PR SHC N 17, JCAT B2 BB S5

R 2 ISSR S| HMIFFI R HEEFE

“0”, 5k “0, 17 JRLAKEREEE

i% ] POPGENE 32 #4174 5 A= kL
L EBE ISSR 45 it A7 51t b , A5 BN 2 B0 S H
3% (PPL ) WL S5 A3, 3 VB ( Na ) A RSV JE A
L (Ne ), Nei's it1& ZFEPEF840 ( H ). Shannon {55 B,
F8 (1) R Nei's 815 #5255 2 %0, FIH NTSYS
BT Nei's A2 HE BS #E4T UPGMA R4y
Mro FIFHH G Y SIMQUAL & 5% 135 Fr A R A 1]
BIRAE AL R AN, e m il id Tree-plot 7274 iR
Bl A T HR T R B 5 a0 A% B A O, AR R
Arcmap ST BEL-E RO A B B, H R iE
& Vegan 1" HE1T Mantel #5 ,

2 ER5HM

2.1 ISSR ¥ & E RS

FHBE L 4T N 40 DNA 38 2 35 I8 W e e v ik
i, ) s FH 20 Y66 BE T 54T DNA 437 i K
U, OD {H J2 DNA 5578 B #4978 /&£ ISSR-PCR 3

FH 16 9 11 25519 %k 153 43 8k JL-& DNA
FEARPEAT P38, A58 155 S0 &0 W B A £
B, Z BN E 0 F N 99.4%, B 51
PR DNA S 500 10~17 45, F308 141 5%
(322),3X4 DNA Fr BOR/NFZAEHE 1000~5000 bp

Table 2 The sequences of ISSR primers and the outcome of PCR amplification

" e FEIR K BIGREEC C) PR MR Z2EMNK
Primes Sequence R ( .OC ) Annealing Total bands Polymorphic WHATH
Academic Tm temperature number bands (% ) PPB
UBC807 (AGAG),T 54.6 53.5 14 14 100
UBC823 (TC)C 54.6 54.5 16 16 100
UBC824 (TC)G 54.6 53.5 13 13 100
UBCS825 (AC),T 54.6 53.5 13 13 100
UBC835 (AG):YC 51.5 553 14 14 100
UBC836 (AG)YG 61.8 60.8 16 15 93.7
UBC840 (GA)YT 52.6 50.4 14 14 100
UBC844 (CT)4RC 53.0 51.0 10 10 100
UBCS873 (GACA ), 53.0 53.9 17 17 100
UBC895 (AG ), TTGGTAGCTCTTGATC 14 14 100
UBC900 ACTTCCC (CA ),GGTTAA 52.6 54.6 14 14 100
(CcA),
£t Total — — — 155 154 100
SF-H4% Mean — — — 14.1 14 99.4

PPB: The percentage of polymorphic band
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ZlE, Horp g LY A iR 2 51
J& UBC873, ik 17 4, ¥ 3 K B Dy 51 ) 2
UBC844, 110 4%, LT A5 25 EH o1
170 100%, (AL — 25514 UBC836 5| ¥ 2451 H
93.7%, 7 W] ISSR BB /R BRI 2 81k
2.2 #kJLE ISSR WIEE SHEMED

i it POPGENE 32 {4, %8k L& 13 4~ 87 4E
JEH#E ISSR 25 SR kAT et 43 A vl WL (3R 3), J& i 2
Aty B 000 2 4 AR R ) 22 AP S ) He
15, K 86.45%, JEAE 7 H b i v B 2% R 1L v 1 JE

®3 BIOKILEEREESHFE

(1) 22 35 A A5 43 BB fIK, o 29.68%. M JE K
S FORE, 13RI 2SS E S A
65.50%; Nei's 1815 ZREMFE%0 (H ) 7 0.1100~0.2882
Z [a], SF-1491E 4 0.2101, Shannon's {5 B FE % (1) 78
0.1633~0.4365 Z [}, *F- ¥ {6 /7 03191, 4% J& BE 1)
Shannon's {5 BAEECK/ VB 5 Z 2507 45 H 53 HLIEAH
XKoo FEPIFUKF- B BOLE 13 M EBEZAN S E Y
EE SR 100.00% . 5t 1% Z2 FE 445 5 0.3261 , Shannon's
5 EAEECN 04941, ISSR 43 FhRic Byigif% ZREM 43
I, BP AL R REAEAE A R 1A 22k

Table 3 The genetic diversity of 13 wild Sinopodophyllum hexandrum ( Royle ) T.S.Ying populations

o L ST by S A el - S e

Jliiizii;n q;;;rﬁff $ﬁﬁ§fﬂ% Nei ;;;;5# Shann;l;; 15 57‘5@ AR
code Na Ne H I {iLxL NPL syt PPL
1 1.8194 + 0.3860 1.4006 + 0.3431 0.2431 +0.1791 0.3736 £ 0.3736 127 81.94

2 1.8645 +0.3433 1.4808 +0.3303 0.2882 +0.1673 0.4365 £ 0.2275 134 86.45

3 1.6387 £ 0.4819 1.3286 + 0.3629 0.1958 +0.1924 0.2994 + 0.2716 99 63.87

4 1.6774 + 0.4690 1.4047 + 0.3668 0.2379 +0.1959 0.3562 +0.2777 105 67.64

5 1.6000 + 0.4915 1.33.3 £0.3632 0.1963 +0.1941 0.2978 £ 0.2768 93 60.00

6 1.7613 £ 0.4277 1.3913 + 0.3506 0.2364 + 0.1819 0.3624 + 0.2536 118 76.13

7 1.2968 + 0.4583 1.1923 £ 0.3419 0.1100 +0.1822 0.1633 £0.2628 46 29.68

8 1.6000 + 0.4915 1.3527 + 0.3874 0.2034 + 0.2037 0.3045 +0.2875 93 60.00

9 1.6710 £ 0.4714 1.3784 + 03642 0.2249 +0.1920 0.3402 £ 0.2722 104 67.10
10 1.7097 + 0.4554 1.3535 £ 03559 0.2127 +0.1882 0.3263 £0.2643 110 70.97

11 1.6645 +0.4737 1.3273 + 03557 0.1967 + 0.1898 0.3021 £ 0.2680 103 66.45

12 1.5806 + 0.4951 1.3080 + 0.3548 0.1841 +0.1931 0.2799 £ 0.2764 90 58.06

13 1.6323 +0.4838 1.3409 + 0.3657 0.2020 + 0.1952 0.3065 £ 0.2764 98 63.23
JERE/KE Population level 1.6551 +0.4561 1.35493 + 3571 0.2101 +0.1889 0.3191 £ 0.2760 1320 65.50
WFh 7K Species level 2.0000 + 0.000 1.5470 + 0.3085 0.3261 +0.1407 0.4941 £ 0.1737 155 100.00

Na: Observed number of alleles, Ne: Effective number of alleles, /7 = Nei's gene diversity, / = Shannon’s Information index, NPL: The number of

polymorphic loci, PPL: The percentage of polymorphic loci. The same as below

23 #EILE ISSR iR &S ESGEFGERXER

2 #if POPGENE iz 5. 15 2| 19 45 SR (£ 4) it
750 M, 13 AN 85 AR Bk LB s B ARG 3k (R &2 B
03227, FiE N A4S 2 AR PR O 0.2101, R BT H
i Z MR A TR ZN, HEE S RECHh
0.3489, & A 18 Fli 6] 1) 35t 1% 43 1k hy 34.89%, W] el
T 65.11% Mt (& s FHL-E RN &4, TR
RO Btig e P S R Ry el 1 L o 0 N
T T8) A9 35 PRI Nm=0.933 1, 3 BH J& i = (8] /) 3 1A
W EE, AREIE R al A ok RS R

B AR /D A7 AE B SE TR, w] DL T Rl P9 G g8 4%
A Ak, 3 DRG0 A R P R B i) 7 A AR S i) T

XA BEL-E AR B BRI R P iy 2
S MR S5 Z R A8 bR 31T Pearson AH G
K, M4EFR 5, Na, Ne H.I it ZREMT805 5
ZPE AR RE RN A G R B 22 50 S 5 A
KRN AEFE ARG, 55 AH G 1 Heg D, r 8% (B
0.1263~0.7052, Bk JL-L B HE Y st 2 Z R in 5 24
JE ABAR IR IR 1) 6 R AR B
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x4 BJLEMBRMFMBENS FERHIH
Table 4 Nei's analysis of Sinopodophyllum hexandrum
( Royle ) T.S.Ying populations

FER

MR e 350 S

E: LREHE ‘ﬁif LRH %:ﬁ
Ht s Gst

Y Mean 03227 02101 03489  0.9331

P2z 0.0204  0.0099 - -

Standard deviation

24 ETISSR - FHricIRED

FIFH 11/~ ISSR 51 Py 4L 4 14t 155 4% 454k,
IEBELE 13 AN EBEAY Nei's 18t 4 1 25 s 4 A1
RIREL (K 6). JEHEZ ] 1Y 1% B 25 A8 A5 A
0.0316~0.3769,F14 0.1574, 13 3874 Bk JL-E 1)
FHAL ZR BUAE 0.7061~0.9689 22 [6], - {E 4 0.8546,
U BT BE Bk L AR AE 2 T KO B 22 RO,
Histte ZHEPERS . 55 M 6 5 AR R K,

RS5 SHUERSESEERER Pearson XML

k1 0.9689, FHHIX 2 ANEAREIY 400 R IR, L AH
IR R e fe i (0o K iR 25 G ek “0, 17 4 FE
e, PR NTSYS SR 7554505307, ARl ISSR
Sy FhRie T s A AR B B, X 153 AR
13 4~ & BE 1T UPGMA 254007 (& 1), 45 %
B, FE AL R 402 0.82 4b, 13 AN FE 4 K 2K,
[ SBFFE 1 5 H I TR T LS RN 2 5 Hoi i
it B2 A R s T2 SR 4 al 3 SR, T1-1
BN 3 S HINIRER T & B R 4 5 H
e Bt I fERE; -2 2588 5 S HR e B
RIEIEFERERT 6 5 H ol H e At 275 2 pfilih
T0E A, 8 S H R BFL 2R & R 9 5 Hol
W LR & R, 10 S H R RE BB L R
SJERBEA 11 5 H ol B AR BB LR RE, 12 5 Hl
A BATARIE FERERT 13 575 b 1l 1 Bh 5 ARk
ISP TR T1-3 28880 7 5 H e b B %k
P LR R

Table 5 The Pearson test between genetic index and geographic distribution

EZ 2 iEtn 2R i Tk
Diversity index Longitude Latitude Altitude
SIS S5 FE PR BL Na -0.5501(0.0515) -0.3472(0.2451) 0.6542(0.0153)
SIS A R S L Ne -0.3172(0.2910) 0.1367(0.6562 ) 0.1263(0.6811)
Nei' s i Z A5 H -0.6128(0.0260 ) -0.4259(0.1467 ) 0.7052( 0.0071)
Shannon’s {5 B 5% 1 -0.6040 ( 0.0288 ) -0.4159(0.1575) 0.7031(0.0073 )
ZAVENL S E 5L PPL -0.5499(0.0516 ) -0.3467(0.2458 ) 0.6531(0.0155)
R 6 ETISSR > FHriE#tILtE 13 NNBEIRI Nei's BEEBE (A TH ) REEHAURE(ALR)

Table 6 Nei's genetic distance ( left corner ) and genetic similar coefficient ( right corner ) of 11 wild Sinopodophyllum hexandrum

( Royle ) T.S.Ying populations based on ISSR markers

STt =
Population Code

2

3

4

5

6

10

13

1

O 0 9 N W A WD

— — [ —
w NS} - O

sokokox

0.0486
0.2193
0.1995
0.2271
0.2205
0.3769
0.2779
0.2642
0.2479
0.2399
0.2504
0.2715

0.9525
ook ok
0.2028
0.1915
0.2290
0.2113
0.3480
0.2768
0.2574
0.2427
0.2337
0.2430
0.2682

0.8031
0.8165
sk
0.0875
0.1396
0.1551
0.2157
0.1987
0.1623
0.1310
0.1656
0.1265
0.1437

0.8191
0.8257
0.9162
sokokok
0.0810
0.1054
0.2044
0.1207
0.1004
0.0947
0.1152
0.1154
0.1120

0.7968
0.7953
0.8697
0.9222
EEEES
0.0316
0.1443
0.1241
0.0871
0.0905
0.0987
0.1033
0.1119

0.8021
0.8095
0.8563
0.9000
0.9689
ok
0.1479
0.1426
0.0930
0.1161
0.1020
0.1063
0.1250

0.6860
0.7061
0.8060
0.8151
0.8657
0.8625
ok ko
0.1953
0.2047
0.2052
0.2327
0.1953
0.2342

0.7574
0.7582
0.8198
0.8863
0.8833
0.8671
0.8226
ok
0.0628
0.0869
0.1143
0.1028
0.1223

0.7678
0.7730
0.8502
0.9045
0.9166
0.9112
0.8149
0.9392
sorkok
0.0624
0.0736
0.0676
0.0820

0.7804
0.7845
0.8772
0.9097
0.9135
0.8904
0.8145
0.9168
0.9395
ek
0.0470
0.0770
0.0853

0.7678
0.7916
0.8474
0.8912
0.9060
0.9030
0.7924
0.8920
0.9290
0.9541
sokokok
0.0874
0.1216

0.7785
0.7842
0.8812
0.8910
0.9019
0.8991
0.8226
0.9023
0.9346
0.9259
0.9163

skoskoskok

0.0662

0.7622
0.7647
0.8661
0.8941
0.8942
0.8825
0.7912
0.8849
0.9212
0.9182
0.8855
0.9359

skskokok
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Fig.1 UPGMA dendrograms of the genetic relationships

L
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among 13 wild Sinopodophyllum hexandrum ( Royle )
T.S.Ying constructed from estimated simple matching
genetic distance based on ISSR markers

2.5 EfESL, EEEEEMEEEHEXES T

Z: W8 Burns 25107 X6 AR [] i E H B BE 5 4 1
SR HBURN 352 4% B B8 £ 1T Mantel #H5CPERE SR . one-
tail P {EAI two-tail P {H, 47 P {H#KT 0.05 W#4>
HE B 22 (8] A A e, %7 one-tail Px<0.05 WIAH 2,
riE A RN IE A SCPE, I RIE S “vegan”
11 1 ) “vegdist” A1 “mantel” #f 17 Mantel K 4,
P=0.4220 , 13 SR IRk UL BE 35845 1 25 15 Hh 2
FEESAAHIE (& 2 ),

041 12=0.0005 =
=0.0231 =
(]
g P1=0.4390
S 03F pr=
i P2=0.5620 - m -
2 m = =
2 02 - L
g =
=]
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o ool - - o,
&~ Lol ] f‘
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’ |
0.0 ! I I I | |
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HIFRPE BS Geographic distance(km)

2 HhIBEEES B AAXTEFNIE fEBE ES Mantel /36
Fig.2 Mantel test between geographical
distance and genetic distance

3 it

15 25 R 96 5 2k 11146 B,
o BRI PR F ORI 244 15 700 702 437
Y F AR O R 2 VR AR A T R S

Bk IL-E AR A 7 580 o D X — 3 bk % B 2 9 ¢
U8, 170 BERAE B IMRISE S B RIEK
T ¥~ AN 0568 1 4 9% 0% | A 43 A e A 25 i P
Wif , X Hagt AL ZREPE A 9T ST R A1 AR L
REZ, ECEWEREAZ) WE T, RETD
G T mH e e Eg 1 e
22 R G 1 o — il X R A P R S M R
SRS SR TAF BRI S Y, Rt BE % (4
RUCE ) 5 5B 20, 7520 AL IR R IR
S, TR SRR GO s, A
) 22 R R BRI d5e R g Sk R AL B 25 W 9 U
5 1 80% MU FHREE FAE e 2540 (55 iR
T HEL-E 250 EZORIE T BN, X (A5 57 A= )
IR AZ BIAR K BOREIR T LA R 0 B A TR B R 4
KB YL 2R E A A B,
SR AR SR AT — Lo 2235 U T 0 5% B A 245 R A A st
G ReE, A T — @ s B EE X 5 T Y
WEFEATESRAR XT3 /D o Bl X B A A T2 8, e 1)
210 4 SRR TE A6 AR I, b ik L S50
1 24 B AR 5 A% R IR I R BRI B A I 6
ISSR-PCR 4543 F-Fric Jr ik fEAH st 1% Z R MY
R RN BB R T,

M4 ISSR 43 FHRic 1T UPGMA RZ450Hr, 1
SH I T T O S SR RN 2 S R B0 2 A Ak
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