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[ Abstract | Objective: To establish optimal inter-simple sequence repeat-polymerase chain reaction
(ISSR-PCR) reaction system for Gentiana straminea and provide a reference for medicinal germplasm identification
and genetic diversity research. Method: Influencing factors of ISSR-RCR reaction system ( template DNA,
Mg’ , dNTPs, Taq DNA polymerase, primer and annealing temperature) were selected and optimized by single
factor tests and orthogonal test. Result: Optimum reaction system (20 L) contained template DNA of 1 pL
(36 mg L") ,Mg>* (10 x PCR buffer) of 1.75 wL (20 mmol L"), dNTPs of 0. 8 pL (10 mmol -L™"), Tag
DNA polymerase of 0.1 pL (0.5% ) and primers of 0.6 pL (10 mmol + L' ). The suitable annealing
temperature of 12 primers was determined, which had rich polymorphism and stable amplification. The best
annealing temperature of UBC-809 primer was 55.5 °C, there were 6 polymorphism bands in amplification of 7
bands, the percentage of polymorphism loci reached 85. 71% . Conclusion: This established ISSR reaction system
is stable and credible. The polymorphic bands, which is located at 500 bp of strip, can be used as the species
characteristic band.
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JBRAE 28 T~ FRIRAE U , B AT I BRI IE 8T 5 17
Z IR, AT TR YT KR O A Il A A% AR A
TE B R E e 451 L R T A R I R T 25 i Y
BN Z AR 1 3 BE SR AT, SRR AE 28 U AE 3R 1 B
T BRCEE F0 20 A S L H R 4 O, b B R R R
FRiT , [ Y A0 X R AE 2% U B0 58 2 46 TR FE A 22 i)
LU ARG i AR T s
FRIBIF 5 48 Sy 55, 0 G o 2 T ] 2R 2R 1) IXC )
(inter-simple sequence repeat, ISSR) 43 F#ric 4 R
WHoRIE A o ISSR 70 T AR iC $AR B AT S2 5 A
B S PR B T R L PR A A4 R SRR
BLE iz W TR W b o B R E st A 2 A
ST 3T R AT B Rl R A 1R I 4E i, ISSR-
B G 4% 2 S W ( polymerase chain reaction, PCR) JZ
o7 1A F R 5 E 5 32 AR DNA &, Mg™ " ¥k ¥, Tag
R AW L, ANTPs ¥ B K 51 ¥R il 2 55 22 J7 1
fyEZ 0 ARSI PR R P R I A IE SR
DR MRAEZE JU Y ISSR-PCR [ W AR &, S IR A JT &
HoAh TS 5% ZREVEDTIE 0 T bR iC i B B A

TAF 2 5E B A
1 ##

GelDoc XR System %Y &E it il 1% & 4 ( 35 [# Bio-
Rad) , TProfessional Standard B4 5 PCR 4 34 {Y ( {&
[E Biometra 2\ H] ) , TGL16M % & = & B ¥4 VR B 0L
(IR Bk B 22 A A PR 7)), DYY-7 B AL 3k A
(demtrfios —MUE ). RAEZRILW TR T
2012 48 7 H RGBT H N & o R AR B A
AR 5 4 PR IBOIC e U A AR A4S 5 K BT TR A
JEs IRl S B 3, T - 20 °C UK AR R AT £ T, A
R ity 22 R R R 2 e v 2 B IR O O B B M
NI B FRAEZE TL Gentiana straminea, %) % K 4H
DNA & B il 1 & ( NEPOO3-1) | 4% M £ MR 1
(ribonuclease , RNase ) . i I8 B . I 1k Z %E ( ethidium
bromide ,EB) } Taq DNA R & 845 PCR {73+
Jest i B HARARTAE A, 2 kb &
fi# ( ethylene diamine tetraacetic acid, EDTA) , = H
Fe g B B 4% [ tris ( hydroxymethyl ) aminom-ethane,
Tris | B 2 4 ik 1% %2 B ( polyvinylpyrrolidone , PVP)
G T VLR RAY) TR A RTTE A AL ISSR Ff
PLE1 ) (AR British Columbia 2 23 A #Y Fr 51 i
T, iR s W e AR R A R A R A D .

2 HEEER
2.1 B:PIZH DNA $EHC SRR &k SR O AL 2
JUIEPZH DNA,FIFH 0. 8% B i W 58 e Hi ik G 0 4%

FEARE 41 DNA [ 58 8 1k, WA 1, 25 5 & 3 10
ANFE S Y R T MR ST OB SE Y A, R L
(P4 DNA ¥ B A B i 0 R AR A . G
WS B RE S BT - 20 °C UK A TR TE, RS RE B
20 pLiA) )5 FHF ISSR-PCR R £ 14t Ak o

1 2-Zhach 5 GRS S M1
— -

o —

1 ~10. #£ ;M. DL2000 Marker
B 1 FriERSLEE A DNA ISRk

Fig. 1 Agarose gel electrophoresis of genimic DNA from

Gentiana straminea

2.2 ISSR-PCR Jz Wi f& &1k

2.2.1 PR 514 UBC-809, £tk DNA
MO, Mgtk B, OB R & T = B M
( deoxyribonucleoside triphosphate , dNTPs ) ¥ J& , Taq
DNA 545 g H i A5 | vk FE B B AN F B, DL 1,
i 5 B A BRI A E A D R A E IS . PCR
PHERF N 94 C WiAE Pk 4 min, 94 C A5k 45 s,
52.0 C(HEg R SR )45 5,72 C 4 Afi 2 min, 40
AMEHR,72 CHEAR T min, 4 CLRAF, P HELHRIEH]
1. 2% IS W E I | vk b PCR 7= 4 R 47 46 0, |, 9k
%1 F1EHE3L ISSR-PCR Rk R 8 FFX Wt

Table 1  Single factor design of ISSR-PCR reaction system for

Gentiana straminea

iz DNA Mg®* #eiE dNTPs Taq DNA  Gl¥Hk &
T /ng /mmol-L~" /mmol-L~" EAM/U /pumol-L~'
1 6 0.5 0.1 0.1 0.1

2 12 0.75 0.15 0.5 0.15

3 18 1.0 0.2 1.0 0.2
4 24 1.25 0.25 1.5 0.25

5 30 1.5 0.3 2.0 0.3

6 36 1.75 0.4 2.5 0.35
7 42 2.0 0.5 0.4

8 48 2.25 0.5

9 54 2.5 0.6
10 60 0.7
11 0.8
12 0.9
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S R 1 x Tris-Bi i@ (TBE), T 110 V H Ik 24
100 min,10 gL' EB {4 20 min, 75 5E R A% R 58
TR I BRI 2 ~ 6,

1 ~10. £ ;M. DL2000 Marker
B2 AEH#EIR DNA AEXREEAYEHZ M
Fig.2 Effects of different template DNA concentrations on PCR

reaction of Gentiana straminea

1 ~9. ¥ ;M. DL2000 Marker
B3 AE Mg REXRERATEH A
Fig.3 Effects of different Mg?* concentrations on PCR reaction of

Gentiana straminea

1 ~7. ¥ ;M. DL2000 Marker
Bl 4 A[E ANTPs JREXBREZAY EHE N
Fig.4 Effects of different ANTPs concentrations on PCR reaction of

Gentiana straminea

HH &2 WAL, BR 8 S AN R FEAS S RE 1Y 1 2kl 4

BB M SR B % 8 PR DNA I & 18 ~

36 ng, K3 Hn2Y Mg“ﬂ?ﬁ <1.0 mmol-L 'a&f >

2.0 mmol-L "B, P4 4547 > HA 1 B 4 S50 Ak

W4 i Mg® TR BEERE 1. 25 ~2.0 mmol-L ™', f &

4 Al 4, 24 ANTPs ¥ BF < 0.2 mmol - L™ [, 554 4%
- 76 -

1 ~6. #dh ;M. DL2000 Marker
B 5 [ Taq DNA EgEXRERITY HEHMM
Fig.5 Effects of different Tag DNA polymerase concentrations on

PCR reaction of Gentiana straminea

1 ~12. £ ;M. DL2000 Marker
B 6 AESIMRENKIERITY WM
Fig.6 Effects of different primer concentrations on PCR reaction of

Gentiana straminea

A, >0.25 mmol - L™ B 454 14 £ H I W, ik 5
dNTPs ¥ i 0. 25 ~0.5 mmol-L ™", & 5 &7 Al #
5E Tag DNA REWEHE 0.5 ~2.0 U, @& 6 "] %I,
FIWIHFEAE 0.2 ~0.8 pmol - L'}, 34 g 9™ 38 i %%
M FAT MWK >0.6 pmol- LB, BARY I 5%
A BT, (EURE S M SRt ) B R S 1G B 5 Wk
F£0.2~0.5 pmol-L~",

2.2.2 ExgiAE ERREFRER AR L PR
DNA fH+, Mg " ¥ i, ANTPs ¥ i, Tag DNA 5 4 il
RGP B N &K il L (47) BT
P S AR R, 3 38 R T R R DR R I ] 2. 20 1 5, 9
W He e R W 2 AR 7, R 16 A EEYL A
BIREY 14 455 (HOR [R) 4 & 2t 3 H I B R AN
— 8, DRk 28 S S s TR EA
WA B Y A D U] A E 11 5 O R AE 28 L ISSR-
PCR WAL B2 &

2.2.3 SIYiik SR JOREFE  FERERT
70 25 ISSR FEALG I Y ik £y R R 2 G5
SR H SCTE IR S5 RS BE PCR AU 51 95 2 A4~
AT IR SR B AR B 0 38 A b AN (R R kTR B X
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1 ~16. £ ;M. DL2000 Marker
B 7 =7 ISSR-PCR IF X it 16 # S B ik it

1 12

13 14

15 16

Fig.7 Electrophoresis of Gentiana straminea samples in ISSR-PCR orthogonal design

F 2 FRfE% I ISSR-PCR X K {f 7 IE 35 ik 0 = HE
Table 2 Orthogonal design of ISSR-PCR reaction system for

Gentiana straminea

o, Mg?* dNTPs  Taq DNA  BI¥)WKE  #ifi DNA
/mmol-L~" /mmol-L~" RA&H/U /pmol-L" /ng
1 1.25 0.25 0.5 0.2 18
2 1.25 0.30 1.0 0.3 24
3 1.25 0. 40 1.5 0.4 30
4 1.25 0. 50 2.0 0.5 36
5 1.50 0.25 1.0 0.4 36
6 1.50 0.30 0.5 0.5 30
7 1.50 0. 40 2.0 0.2 24
8 1.50 0. 50 1.5 0.3 18
9 1.75 0.25 15 0.5 24
10 1.75 0. 30 2.0 0.4 18
11 1.75 0. 40 0.5 0.3 36
12 1.75 0. 50 1.0 0.2 30
13 2.00 0.25 2.0 0.3 30
14 2.00 0.30 1.5 0.2 36
15 2.00 0. 40 1.0 0.5 18
16 2.00 0. 50 0.5 0.4 24

Zri B 5T T BT BE 0 RZ A B 2 T 0 R A AR
KU B, Bl 8 S UBC-809 5| ¥ A [d] iR ok i &
(47.9,48.3,49.1,50.4,51.8,52.3,53.7,54.3,
55.5,56.4,57.6,58.1 C) [P #4551, % 038 4R
JERARET (47.9 ~53.7 °C ), 4 14 4547 I M (H %k &t
IR KR EEH 56.4 CHHZ2 58 1°C ), R M4
WS Z, MO 2 UBC-809 51 ¥y iy o 1 1B ok i
55.5 C, HAgI kR, 458 W%k 3,

2.3 RRAEZE L ISSR-PCR il K 2~ #
FE JRAEZE L ISSR-PCR 1 e fE B AR 5 h 20 pl, Y
SR DNA 1 pL(36 mg-L™'),10 x PCR 2% mh i

KF‘&“Q,..H)IIIJ. M

1 ~12. #£ ;M. DL2000 Marker
B8 RifEZ:3t UBC-809 5| ¥R MR E# 18k
Fig.8 Amplified spectrum of annealing temperature for UBC-809

primer of Gentiana straminea

x3 HEEALREISSREMHNRERINEE
Table 3 Optimal annealing temperature of ISSR primers for

Gentiana straminea

519 9 SIMFES(5 ~3") FE(E/C SEPRE/C
UBC-826 ACACACACACACACACC 52.0 51.3
UBC-809 AGAGAGAGAGAGAGAGG 52.0 55.5
UBC-889 DBDACACACACACACAC 48.0 ~54.0 52.7
UBC-880 GGAGAGGAGAGGAGA 48.0 50.1
UBC-876 GATAGATAGACAGACA 46.0 48.7
UBC-899 DBDACACACACACACAC 51.0 51.7
UBC-817 CACACACACACACACAA 50.0 54.9
UBC-851 GTGTGTGTGTGTGTGTYG 52.0~54.0 52.3
UBC-811 GAGAGAGAGAGAGAGAC 52.0 48.0
UBC-812 GAGAGAGAGAGAGAGAA 50.0 50.6
UBC-818 CACACACACACACACAG 52.0 49.0
UBC-825 ACACACACACACACACT 50.0 57.8

(& Mg’ ) 1.75 pL(20 mmol-L™"),dNTPs 0.8 uL
(10 mmol - L™"), Tag M 0.1 wL (0.5% ) K 5|4
0.6 wL(10 mmol-L™") . F|FH UBC-809 5| ¥%f 6 4
AN IFBRAE ZE U AL 2H DNA FEAR AT 938, R LT
Beal i FEAH IR R R AL E Al 1, Bl

- 77 -
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O, 2 S7 HCHE B 48 IR B8Rt A 4 Sy B a9 RO
BEATY I 50 I 2 A8 MG, 0 S DL AT 9, 4
IR 6 DFRAEZIU DNA FEARILY R 7 4040,
S5 6 SREAY R Bk Z 2 SAEA Y
7 KR D 5 B0 A 10 2 SR G AR BoR Y
M7 25 Z B 6 4, ZEMEM AR
85.71% ,{ii F 500 bp Ak i 2%l Ak 2 4k 40,
6 AFEA AT Z5 T AT 1 D 12l i B R A 2R
UEWIL L ) ISSR-PCR J i 1 & A 5 Al 4, i T
JRAE 2 TU Y J5 2203 il v o

1 ~6. ¥ ;M. DL2000 Marker
B9 RRIEZEIL54 UBC-809 ¥ 18 ik
Fig. 9 PCR reaction electrophoresis of primer UBC-809 for

Gentiana straminea

3 iFig

ISSR 73 FARic i B A2 M 2 M X BB AL 1
Z & M DNA #5 i ( random amplified polymorphic
DNA ,RAPD) &, 1H %8 5E M A5 52 3 [ AR 5 b 52 i
PR 28 9 2 MR KT 9 52 R, HL TSSR-PCR fie i e
07 A 5 25 DR Ao AN [ T AS [ PRT Ot %o 5 — o A 40 3
17 ISSR 43 F bR ic B, 7 5 XF 45 52w [RL 3R #E A7 14k
PLIE I o3 #7 45 SR 59 o] 5E 44 . ISSR-PCR J b 44K £ 1Y
A6 H SR FH B PR 2 0 B IE S T A ix 2
Foft 7 v e A A Ak % T fe X 2 SR B AN A T

B TR ZR A S, 51 W IR JOR BE X PCR 3 3
IRA B SR S [ e 50 5 | ) B T) — 51 % A TR 4
i) PCR S a8 Kl BE AN SR AR ] o5 2 08— i i A
PAFBONTRE BARIC A R o AR SCHE ) 12 55519
IR IR 2805 B (A 22 8 2, WA X B 25 5
Py AT IR SR O vk oy b B . RAEZ U N Z L
M T AR R B2 IR — B AR IR O AL T
fEARZS AT BV R AL 2 BEE T 5 W AR
PARA b B, AR SO R AE %2 U ISSR-PCR J i 1K
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