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Assessment of genetic diversity on Gentiana straminea based on ISSR markers
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Abstract: Objective To assess the genetic diversity of Gentiana straminea (Gentianaceae). Methods Intersimple sequence repeat
(ISSR) markers were used. Twenty-eight populations (83 individuals) of G. straminea were sampled from Sichuan, Qinghai, Gansu
provinces, and Autonomous Region of Tibet. ISSR data were analyzed with the program POPGEN, and a UPGMA dendrogram was
constructed. Results PCR products corresponding to 183 alleles at 95 loci, amplified by the seven primers were scored.
Eighty-eight loci were polymorphic. Expected heterozygosity (H,) and Shannon’ s information index (/,,) were 0.288 2 and 0.437 1,
respectively. Nei’s coefficient of genetic differentiation (G) and gene flow (V,,) were 0.678 3 and 0.237 1 at the population level,
respectively. The genetic distance varied from 0.074 3 to 0.490 0. G. straminea populations were mainly divided into two braches by
UPGMA tree. Conclusion Genetic diversity level of G. straminea is high, and genetic diversity level among populations of G.
straminea is higher than that in one population; Its autogenous variation mainly exist among populations; Hereditary capacity has
certain correlation with geographical distribution. This work contributes basic information for variety identification, species in situ
conservation, and enviroment investigation on the influence of heredity differentiated and Chinese Materia Medica genuine study.
The congruence between genetic distance and geographic distances is high.

Key words: Gentiana straminea Maxim.; ISSR; genetic diversity; DNA fingerprinting; PPL

WAL TC Gentiana straminea Maxim. 3 JEAHELE mhFEAN, BRAETCA (P EZ ) 2015 S EE
IHJE Gentiana (Tourn.) L. Z4FEAEARMY), T2 WZRTL 4 PRRRERY 2 —, WRAZY, BA%XE.
AFREE. T P HRS, A Fildk R BRI BRI, F, AT
2 000~4 950 m (¥l b . AMEL HEM . PRZK, By A SRR P, Tk,

kS BHEA: 2016-12-16

EEWME: WX ORFEEGHBIIHE (81173654)

EEEN: T & (1987—), Y, Wikl W R s SR E .

«BIEEE &L, #3% W LASIH, WFhPiEs mAh % e T1E. Tel: (021)51322202  E-mail: zhilzhao@sohu.com



¢ 8% Chinese Traditional and Herbal Drugs 3F 48 % %85 15 20174 8 A

*3169 -

BEE T3 W5 SRANKTE N, 2 0258 O A B SR
3, MRAE T E N BN EERE . —, 2
AR TS X, ASHEES; Nk Bk
15, BPEARMAE SN, WEWTIN (E K E SR
PR AR AL ) B, PR AT AR B
Rig. [, BRAETUERT Ak, ARKIEERZ
FE, & s, A2z s i IR 219 G
B A

ISSR (Intersimple sequence repeat) R fiij FL 55 5
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Table 1 Samples and voucher specimens

)T RNy N Uiy FEASY KA

JRAETT GS201302 GS2 (1~3) 3 Ho B B B i
GS201303 GS3 (1~3) 3 Hokr A B i 2 Bt i
GS201305 GS5 (1~3) 3 Holia G 1E R St
GS201307 GS7 (1~3) 3 Hokr s Zw A St i
QH201301 Q1 (1~3) 3 HIFA R W54
QH201303 Q3 (1~3) 3 HEAEEL b
QH201305 Q5 (1~3) 3 HiREE BB Y
QH201308 Q8 (1~3) 3 HEE R B AR OR
QH201309 Q9 (1~3) 3 A R B
QH201311 Q11 (1~2) 2 T I B
QH201312 Q12 (1~3) 3 HigA W AR 2 5l
QH201313 Q13 (1~3) 3 HiFA B 2w F& il
20130803001 0803 (1~3) 3 T A 2 BV
QH201401 H1 (1~3) 3 TG s N B K
QH201403 H3 (1~3) 3 TGAE B MG by n = 5
QH201407 H7 (1~3) 3 TR S N TS Lt i
XZ201213 XZ13 (1~3) 3 PGS il X LR EL g
XZ201215 XZ15 (1~3) 3 VG B R X T B 2
XZ201216 XZ16 (1~3) 3 VU B #H X T E i 2
XM2 XM2 (1~3) 3 VU NIAE AR s EL g 2
2010SC002 SC2 (1~3) 3 VY48 A R i EL kg 25 R 2
2010SC003 SC3 (1~3) 3 VYN AR e EL e 2
2010SC004 SC4 (1~3) 3 PUNE# R R 5
2010SC005 SC5 (1~3) 3 VU484 R s Lk 2 2
2010SC006 SC6 (1~3) 3 V91148 25 R i S5k 2 2 SR R
2010SC007 SC7 (1~3) 3 VU1 5 K ol 2L 8 2 P i
2010SC009 SC9 (1~3) 3 VYN8 AR o EL kg s R 2
2010SC010 SC10 (1~3) 3 VYA A5 R i ELk A s R %

HIZEHIT XZ201214 CcJ (1~3) 3 PR S AL T E i 2

HEJpE  XZ201309 ZE (1~3) 3 PEIARZ X € bz 1l 1 O
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2.1 2 DNA $RERE 4

IOIE F T I NIRRT B A AR, R
HIe4 i CTAB :PHRBUR AL 41 DNA, 1.2%[1) 51
JIE B 258 s P VKA MU DN SRR s 5 Ah oy et
TR B DNA 3RS 5468, M2 10 ng/ul,
RAET—20 CUKFE& .
2.2 ISSR-PCR 3|41k & ;& MK R4

SHZE PN ik, WIS KEHE K
SNATI 100 4551 mIE 7 A2 AL P
ZHEMT IS T ISSR 488 X6 fe i R B8
BTN R LR, e A RN BIKR N 10 uL,
W& MgCl, 2243 2.5 mmol/L, 514 0.8 pumol/L,
dNTPs 0.25 mmol/L, Taq [ 0.75 U UL DNA FitR
29 10 ngo X &4 51U B AR Kl BEREAT % %2, LA
IRARALF R R AN ISR, BRA S A IR
B (Tu D) 1E2%H, L R#7F86 C, ik
J& PCR L H B 12 M ERLIE, DIy 42
HWZE, S 50idEmiE e (R 2). ¥ HFEP: 94 C
AR YE 5 min, 94 ‘CAZPE 30s, 49~56 C (AR¥EA
[F] 5 1R KR E ) k45 s, 72 C4Eff1 90s, S
38 AMIEIR; ZJ5 72 ‘CHEH 7 min 45
2.3 PCR =#¥tam

FTfEH G 7 2% ISSR 514, fu L fEiE kil
B (R 2) RAES A IEEATH 1 . 5B T 0.5 X
TBE ZE49+ 1.2%EIEBEEENR . 5 Viem HLE R Hi bk
S35 FLYK 80 min Ji5, FERERAR RGN AL I
Mtk
24 HUEFITS S

N LB o EAH TR A7 8, Fcdr 1 P (il

A7 0/1 HiFE . A POPGEN #AFHH 51 R e K
TEI) 2GR FE B (N B RS BRI (N
WG (H) ZFEME RIS (L) 52800
ME%E (PPL). Jaff Rt (H) Ja#En]
FIEAE AL R B (Go)~ FEDRIR (N FJE RN Nei
TePistAL s, 1 NTSYS #rbfy i 204,
3 ZBR55
3.1 ISSR ¥ 18LR

FH IR H 1R 7 4% ISSR 5 140550 i A3 R A6 FLRE
HEAT I S8R iR o 45 S WoR, B R b 230~
2 200 bp. 7 &5 Ay R H 10~19 4~ 4%40,
PSR SE R TR S ORI S L7/ E R P i
ok 13.6. Hd, 514 UBC810 14 1) 4% i Hidw
%, N 19 %, UBC855 /b, h 10 %&. FAN5]
WA W H K PPL AE 72.73% ~ 100.00%,
UBC810. UBC855. UBC864 1 UBC884 PPL #I|
100% (% 2), 514 UBC825 Xf BRAL LI 14 45 3
LK 1.
3.2 BEZHMESH

PAFI 95 Silairh, AR 88 4%,
PPL 4 92.63%, & WIRRALILAI R N A 8w gt AL
ZHEME s MASE S BN PPL 4 12.63% ~
37.89%, b mrE GS3 CHR D ; BARK
J& XZ16 (P42 #). POPGEN #41:4) by 45 W4
W, H, N 0.2882, I, N 0437 1. ANFAJEEE H N
0.053 7~0.152 0, I,, & 0.077 4~0.220 8, H. 1 I,
IR /NE % PPL [ SR FEAR —3, SR
By m i GSS CHIlNG1E) &m, Ja#fF XZ16 (7
AR Ak (R 3D,

2 ISSRSI¥IREHY 1L

Table 2 Primers used in ISSR analysis, number of scored and polymorphic loci, and primer-specific annealing temperature

Elk7aaes SIS (57-37) PR AN PPL/% B IR KGR/ C
UBC810  GAGAGAGAGAGAGAGAT 19 19 100.00 51.2
UBC825 ~ ACACACACACACACACT 12 9 75.00 51.2
UBC828  TGTGTGTGTGTGTGTGA 11 8 72.73 49.6
UBC855  ACACACACACACACACYT 10 10 100.00 52.8
UBC864  ATGATGATGATGATGATG 16 16 100.00 503
UBC884  HBHAGAGAGAGAGAGAG 13 13 100.00 55.1
UBC885 ~ BHBGAGAGAGAGAGAGA 14 13 92.86 52.7

Y=(C,T;B=(C,GT); H=(A,GT)
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IO e &9 B8 B S5 py ¥ ma 98 &% B8 4 e S

1,25-Marker 2—4-GS2-1—3 5—7-GS3-1—3 8-GS5-1 9-GS5-3  10—12-GS7-1—3 13—15-Q1-1—3
16—18-Q3-1—3 19—21-Q5-1—3 22—24-Q8-1—3

8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

L . | e e - 3 r‘x—-—'—.:-: e = e e -
SEEmEFrTEnEn csEn. nEme

1,25-Marker 2—4-Q9-1—3 5,6-Q11-1,2 7—9-QI2-1—3 10—12-Q13-1—3 13-0803-1
14-0803-2  15-0803-3 16—I18-H1—3 19—21-H3-1—3 22—24-H7-1—3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

- . b

1,23-Marker 2—4-XZ13-1—3 5—7-XZ15-2—4 8—10-XZ16-3—5 11—13-XM2-1—3 14—16-SC2-1—3
17—19-CJ1—3 20—22-ZE1—3

1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1000 bp S - e ..“t‘HH:'_H""'-"" .",1.-.....

1, 24-Marker 2-GS5-2 3—5-SC3-1—3 6—8-SC4-1—3 9—11-SC5-1—3 12—14-SC6-1—3
15—17-SC7-1—3  18—20-SC9-1—3 21—23-SC10-1—3

El1 3514 UBC825 Xt 83 M ARIE A A R SN KRR HELE R
Fig. 1 Typical ISSR marker banding patterns for G. straminea and outgroups using primer UBC825
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Table 3 Genetic variability within populations of G. straminea, detected by ISSR analysis

JE R IS¥ it EZOT e PPL/% N, Ne H, I

GS2 95 19 20.00 1.200 0 1.2617 0.0857 0.1233
GS3 95 36 37.89 1.378 9 1.200 8 0.149 2 0.2194
GS5 95 35 36.84 1.368 4 1.273 8 0.1520 0.220 8
GS7 95 17 17.89 1.178 9 1.126 3 0.0715 0.104 7
Q1 95 18 18.95 1.189°5 1.136 4 0.076 6 0.1118
Q3 95 29 30.53 1.3053 1.224 6 0.1252 0.182 1
Q5 95 24 25.26 1.252 6 1.180 0 0.1015 0.148 4
Q8 95 18 18.95 1.189°5 1.119 8 0.070 7 0.105 4
Q9 95 18 18.95 1.189°5 1.1585 0.084 5 0.120 4
Q11 95 16 16.84 1.168 4 1.1191 0.069 8 0.101 8
Q12 95 24 25.26 1.2526 1.1910 0.105 4 0.1527
Q13 95 27 28.42 1.284 2 1.1935 0.1109 0.163 5
0803 95 21 22.11 1.2211 1.160 9 0.090 0 0.1312
H1 95 27 28.42 1.284 2 1.182 4 0.107 0 0.159 1
H3 95 19 20.00 1.2000 1.1353 0.077 8 0.1147
H7 95 20 21.05 1.2105 1.1509 0.084 9 0.1240
X713 95 14 14.74 1.147 4 1.118 4 0.064 0 0.091 8
X715 95 16 16.84 1.168 4 1.099 7 0.060 4 0.0910
XZ16 95 12 12.63 1.126 3 1.098 3 0.0537 0.077 4
XM2 95 18 18.95 1.1895 1.1253 0.072 6 0.107 5
SC2 95 19 20.00 1.2000 1.118 8 0.071 8 0.108 2
SC3 95 28 29.47 1.2947 1.1925 0.1121 0.166 3
SC4 95 20 21.05 1.2105 1.1509 0.084 9 0.1240
SC5 95 21 22.11 1.2211 1.160 9 0.090 0 0.1312
SCé6 95 29 30.53 1.3053 1.208 0 0.1192 0.1756
SC7 95 26 27.37 1.2737 1.1890 0.107 8 0.158 4
SC9 95 19 20.00 1.2000 1.1353 0.077 8 0.1147
SC10 95 28 29.47 1.2947 1.220 1 0.1220 0.177 1
st 95 88 92.63 1.926 3 1.486 8 0.288 2 0.4371

33 BEEMEEES K

1 Popgen32 AT 734, 19 B BRAE TUA Fa FE IR
H, 4 0.288 6, H,} 0.0928, Gy} 0.678 3, K&
PIEAE AL A 67.83%K A T BERI 01k, 32.17%
K AT TRBEN AL Wil 28 ANAS[RIFRAL LR (R
(Rl ZFEE R A, RN IR, R4
FEAFAET R ot Gy U5 PR AR 18] N 0 0.237 1,
Tt AN R BRAE U R B 2 RN AT AN, BRI AR Ak
JA R AL g R ) e R UM gRIE U KAE
VY e LLby,  HE T v (L PRSI BELRE A4S RR
FETUJEHE AN DR AT T AR AR A, W e

B R EE R 2 —.
34 BEEBS5BEESHW

Gt R WoR, BRACTUAS R a2 TA) st A% o
AR FJE Y 0.074 3~0.490 0, Horb SC3 (PY)1145
iR ) 5 GST CHIRN A W) Z[A] 1)gtfL ik
B, 4 0.490 0, I 2 R ISR 2 0k R IR »
SC5 (WUl # /R i 2 2) 1 SCe (WY)I|4E 4
IR BRSSPSR ) TR A IE A% B 2 d5lT
h0.074 3, U = H Z SRS R .

H T B BRAE TS R R SR &R R,
TEIIN 2 ANAMEREG, AR NTSYS B0 st
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AN, RRAETUIA S R 2 K38, 1 KR
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o Wusxm
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scr W oo
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SCs | LR
= b
SC9 il

] SC3 Wih
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Q9
Q8
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Qs
ol
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R |
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G2 m
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0803
Qll
Gs7 m
. ——————
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LR
B2 RRIEFESRS UPGMA B3N
Fig. 2 UPGMA dendrogram of G. straminea based on ISSR

analysis
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