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S ISSR N ) iEA & (25 pl): 1XPCR buffer, 2 mmol/L MgCl,, 200 pmol/L dNTP Mixture, 0.2 umol/L 5[4, 1 U Taq
Wif, DNA MRZ) 20 ng; ¥ HFEF: 94 CHRAYE 7 min, 94 CAPE30s, 52 ‘CiBk 45s, 72 CIEM 2 min, 45 MEH
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Establishment and optimization of ISSR reaction system for Anoectochilus
formosanus

ZHANG Fu-sheng, GUO Shun-xing
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China

Abstract: Objective To establish a stable, reproducible, and suitable reaction system of Anoectochilus formosanus for ISSR analysis
of genetic differences according to the ISSR-PCR characters in plants of Anoectochilus BI. Methods The initial ISSR reaction system
in plants of Anoectochilus Bl. was established and then the primers were screened. After that, PCR amplifications were carried out until
the different concentrations of the factors in the ISSR reaction system were designed, and based on the principle of high stability and
reproducibility, the stable and reliable ISSR reaction system was eventually established after a series of adjustment and optimization of
the reaction system. Results The optimal ISSR reaction system in plants of Anoectochilus BI. was reported for the first time, and the
volume of 25 pL contained approximately 20 ng template DNA, 1 U Tag DNA polymerase, 0.2 mmol/L deoxyribonucleotide
triphosphate (dNTP), 2 mmol/L MgCl,, 200 umol/L dNTP Mixture, and 0.2 umol/L primer within 1x reaction buffer [10 mmaol/L
Tris-HCI (pH 8.3), 50 mmol/L KCI]. The reaction mixtures were denatured at 94 °C for 7 min and subjected to 45 cycles of 30 s at 94
‘C,45s at 52 'C, 2 min at 72 "C, and a final extension step of 10 min at 72 ‘C and eventually stored at 4 ‘C. Conclusion The
ISSR-PCR systems established for studying on the plants of Anoectochilus BI. show the characters of stable reaction system, better
repeatability, clear marker site, and reliable abundant polymorphisms. It is suitable for the study on genetic diversity in plants of
Anoectochilus BI. in difference wild populations and genetic variation of its sterile seedlings after long time tissue culture.
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B, GENPEECHE, HAE TR SRR AR N BT AR RS
g mt A, —MEMBL. 8o oA, R
B T D, fERIA A “25 17, “ar”
ZHRE; MNMmEELES G S EE N ER DAL
AL, & R A P IRE A P, %
YILE R BRI VR B, RATTE I #25 KR |
s [ FUER. SEF. BRI RS, B4
SESEFER TR SME. BERp . O 'S
RUUIPIE. e RGMpnR> “o, ghah, &
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R RAT TR SRS HEHAK
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RUORAZ, M I A RIS R R E [ Z R A 1) S v
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1B B R F T R E R st = —,
ARSI A AT T S E A ST N TR
B A G A B, S N AR BB I 3
AR LR 5 L AR AR B S A FALA, 42k
SRR % 4 % 05 T BE L2 [ P A ox 4k s
IR TC RS A Ry B VRSN, S oy 540y 3= B4R
T ARRIGE, BRI AN TR
J7 T o

KGR, B AL AN R] B IR) 22 e B 2
AR AL Z e 1 ELJG W1 1 2 A TR) 4 55 0
Ja s R s A 38 T i DAL e
ARSI 1 UCR H inter simple sequence repeats(ISSR)
I3 FRAC A B A < 32 1) Ja A 22 e AN 2 A A2
B BRI R TE VR 1 84 A S L0y 0 AT
5%, HAEWFFTH EDL ISSR N 4% DK 13 i 1) 428
o LR B S 4 B AR E P L A,
TESEI T e Z 11 SE R G 263 ISSR (1) S A4 &R ik
T T, FEER AT T 4455 ISSR-PCR [ MW I
AIAEAR AR, IR TT R e 3 A ol o 8 Y5t A 2 S
S IE AL AR et TR R SR, Bk
HEGEUR I T RREETT e 5 R F B Bl
1 MRFnEE
1.1 #8l

S P A B 6 75 43 26 3% A. formosanus Hayata
RETHEE, mARLREINEHRREE, &
KIHEE — RV AT H A L5578, /A7
TR
1.2 X5

AR IR B WL (Eppendorf), ERRHUE B

4t (Bio - Rad), T4ttt (Bio - Rad),
VKA AE SR D, B PCR 1% (Eppendorf),
FEY)HE R 41 DNA $2HGA A& (Tiangen 25D, Tris
i (Amresco), EDTA (Amresco), PCR X7l
(TaKaRa /A #] ), DL2000 DNA marker (Tiangen 2
H), IEfEkE (Biowest), EB (dbiisi[E B4
HARABR L AT, ISSR 514 (ETAY T (L
W AR, AR A E =53 Hr 4k
1.3 EE4H DNA BYIRER 54

4 TIANGEN A5 RI 4] DNA $& a7 &
(RHRAE D BRIEAT SR AR DNA 4L, AR
F 43 66 R v A LR B
1.4 ISSR-PCR #1& /e I &1 K 3T 1452

S K Sk 7 U, R e 4 i 3E  ISSR-
PCR HIUH SN 44 4y s AR 25 pl, 475 1XPCR
buffer, 2.5 mmol/L MgCl,, 160 pmol/L dNTP
Mixture, 0.2 umol/L 514, 1.5U Taq DNA 41,
DNA fif4y 20 ng (WA GEELE), LM
ddH,0 #h55. Y IERETH: 94 C 74378 7 min,
94 CA: 30,52 ‘Cik 455,72 ‘C ZEfH 2 min,
45 MR, B 72 CZEM 10 mine NV S5 R,
PYIET 4 CURF T
1.5 It

PLE VS G2k (1) 3L R 41 DNA AR, ] ISSR-
PCR 14 R AR ZR AT H4FE %) 50 455 dkAT T
Wit 25 RRI, 34 &5 |MEAT M2 5%E%
Wi, (HZESON A ST, A e & P
R AR SR A (Y 1 . [RIE, AR IR AR & A
F A FoR B B SR W v, O R i 2
ISSR-PCR [ W [ 8-> PRI 25 43 i e B T AN [) P A B
(1) dNTP: 80. 160. 200. 240. 320. 400 umol/L;
(2)51%:0.16.0.2.0.24. 0.3, 0.36. 0.4, 0.5 mmol/L;
(3) Mg*: 1.2, 15, 1.8, 2. 2.2, 2.5, 3mmol/L;
(4) Taqg DNA F4&Hf: 1. 1.5, 2. 25, 3 U; (5)
DNA ##%: 10. 20. 30. 40. 50 ng: (6) kI
B MRS T M (BRI =4 (G+C) +2 (A+
T, i€ T (EHLOZE NS L T8 6 C, i
& HIB JGREMILIER (Th£t6) C, ZJa7EH
JE PCR AT 12 MR BERIBREY 8 (7)) #55F
E: HR M PCR BRI Mk, W& 3 /b B, P
38. 45 f150 K.
1.6 ISSR-PCR F=#) &

7E 1 X TBE HLykZZ i 1, LA D2000 24 Marker,
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FH 1.5%[1)%E8 (& EB), LA 5 Viem HL K42 PCR
P, AR G A AT BT A AT
2 HBR5HH
2.1 ISSR-PCR #1% & N K R By i %E
2.1.1 dNTP #EMIEFE dNTP & PCR 31 st
FHE TR EE ) EORE, ANTP IR EEXT PCR v
HHE R REEFEM; 2 dNTP ¥ (>200 pmol/L)
By, AR PCR (1 s N A RE , AELTR] Bt 25 3 i
BT R B N G S0 AR s 1 ANTP IR EEAUIG
(<50 pmol/L) i, Wij<s 33 PCR 1= T s Rk,
dNTP B3R 3 H #2581 46 50~200 pmol/L Ky £,
ARSEE KT ANTP ¥ 6 ANASFIIREE 73 0347 T
PCR ¥4, Wil 1 7w, 4 dNTP ZE{IRIKE (80,
160 pmol/L) i, PCR (=A%, Ay 4
TR 1 ANTP [ B2 5 (240~400 umol/L)
i, PCR F=#) AR RE Sy 38 X s s LAY
dNTP (K3 4 200 pmol/L I}, PCR (K4 #8847 55 A4
JEEITERT, Hyiatioe . EOMEE, SRS i
Ak ANTP 3R JE 24 200 umol/L.

250 bp

1~6-dNTP {5341 % 80+ 160, 200, 240, 320. 400 pmol/L,
i 1S4 9744, M-marker
1—6-80, 160, 200, 240, 320, and 400 umol/L dNTP (Primer IS 4)

1 FFEKE dNTP B ISSR-PCR #1& Bik E
Fig. 1 Electrophoresis of ISSR-PCR with different
concentrations of ANTP

212 GIWRERIREE  SIMEESXT PCR T
By B AR SR P s, R BEIHIR I PCR 73 4
KRG, ARy 8 WL &I PCR Ty i
IS5 SRR, b2 = A A A, AR R e
UGN A T D ARRE R A IS, B s
IIEIE, ARSLIHI IR PCR PR RIHE ~, KH
TRARS I 0.2 pmol/L, &% Fae, mHLME
i (K 2).

2.1.3 Mg REEMIH%EE  Mg> 1k ISSR-PCR 2V
R AN TR R R, RS B4 PCR W,

— e

500 bp

1~7-5 IR EE 439 4 0.16+ 0.2, 0.24. 0.3, 0.36. 0.4. 0.5 mmol/L
1—7-0.16, 0.2, 0.24, 0.3, 0.36, 0.4, and 0.5 mmol/L Primer IS 4

2 514 (1S 4) KEKER ISSR-PCR ¥ & M jkE
Fig. 2 Electrophoresis of ISSR-PCR with different
concentrations of Primer IS 4

1) Tag DNA SRS RETE T 519038 KGR B2 DL 2L
PCR ™ 14 2%y (MR e M # — 58 Al
ARSI 7 AR FIHE ) Mo %t 5 1490 1S 4+
UBC 834 1T 7 PCR ¥4, 2541380, ZEAHIRI %
25 N BEAT PCR 484, AN [R 61514 i it B 1 B
T M® WSS A ISR, w514 1S 4 5 UBC 834
() fe3& Mg? W FE 48 2 mmol/L, JhINT) PCR 7%
e HLT T 3 ) 4 s BT e (1 3D
2.1.4 Taq Rl E £ PCR M, ARRAM™
F AN E =1k (1) Taq BT & e HACE A
BRI ZE SR, BT (IR L 00 R B RN IR A
PRSI 17 HLE IR F REAE PCR RN A & — A
HEEMMR R, RN GEY 48, WE KR
SR ARRE R Y I HIG AR o AR SE I
T dNTP, 514 % Mg k2 5, XHE T 64 Taq
W RE S . S5 R RN (B 4), 7625 ul A F&H,
BN 1 U Taq B v] LASRASEME L 1 S0 R 4%
Wi, MiBEAE Taq B SGAKIINA, § 81405
BT ARG R AR H 25 I — LRy e 4
YT Taq B RSCARTR @, B ATERR IR S50 45 R Aa e
AIEERIRTIE R, T 1 U Taq BN AR HE.
2.15 DNA BABIKREM LS DNA Bibi st
M) ISSR-PCR F MR F 2N 2 —. Bitaid
i, Ty W= m o mAtee; fidm, X&a
SEP A BRI ERE R M R . 18] 5
7n, 25 pL A&, DNA BbE7E 20~50 ng #B
e 438 M ) () 15 78, 20~ 40 ng I 47488 L gt 7R
BOTER ;AR KT 40 ng I H S 2R T
GRARAIRORS o T DASE T ) 25 AR e 2D 1
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2000 bp
1000 bp
750 bp

500 bp

250 bp

1~7-Mg? W43 50 1.2, 1.5, 1.8, 2. 2.2, 2.5, 3mmol/L, 1S4 ¥4,
8~14-Mg? W% 430 1.2, 1.5, 1.8, 2. 2.2, 2.5. 3mmol/L, i UBC 834 1
1—7-1.2,15,1.8,2,2.2,2.5,and 3 mmol/L Mg2+ (Primer 1S 4); 8—14-1.2,1.5,1.8,2,2.2, 2.5 and 3 mmol/L Mgz* (Primer UBC 834)

3 FFE Mg*KERY ISSR-PCR #1845 8
Fig. 3 Electrophoresis of ISSR-PCR with different concentrations of Mg**

1~5-Taq 73500 1. 1.5, 2. 25, 3U, (1S4 444
1—5-1, 15,2, 2.5, and 3 U Taq (Primer IS 4)

4 T [EELL Taq BEAY ISSR-PCR ¥ 18 ik &
Fig. 4 Electrophoresis of ISSR-PCR with different
concentrations of Taq polymerase

~ | 2000bp

~ 1000 bp
750 bp

500 bp

250 bp

1~5-DNA #4374 10, 20, 30, 40. 50 ng, Hi 1S4
1—>5-concentrations of DNA template are 10, 20, 30, 40, and 50 ng (Primer IS 4)
Bl 5 F[ERE DNA #EIRET ISSR-PCR #1&4 R
Fig. 5 Electrophoresis of ISSR-PCR with different
concentrations of DNA template

JE, d5 2SR FfF) DNA RSB E 24 2 20 ng .
2.2 ISSR-PCR #1#& R [ & H1 Y A%
2.2.1 BKIEEERT ISSR-PCR HISEMT 3B KGN
5| FIRSERR 45 45 I RIS S48, e 2 5 PCR 57
PERASE BN . LS4 1S 4 [A (CA) 8G] A,
Tm A 54 C, BRI RILALTEH ) 48~60 C.
Wikl 6 frox, 1B KEELE 50.6~53.7 CH, By 4
(1 REEA—0 kA s AR R (FE T
H IV VS R B s S ML, SRisb 514
FBRR AT AR e e 5, AT 5 T PCR NI
FESPE), 510 1S 4 R KR EN R 837 C, X5
T {EAH 2 T ENE LR KIS (T B FiF
5~10 ‘C), Hacmkiiasgs £ =", AT
UBC 815. 834, 822. 853 %%, B 1%t
e 52 °C; W ULYE PCR N, A —4RhbE 514
AT, B R R AR
2.2.2  JEIREON ISSR-PCR {154 PCR G X
W 2 b yhe B Y58 ) I IS TR ERIREOR D
W= ARG R IRBOR 2 WA B [ BF 6 )5,
TR A=W B3, son sl JERe Ry
w7 prR, ASSEEG S BIBEAT T 38, 45 Al
50 XAGFR ) PCR 4738, 25 W R I 1% 38 RGN,
TR =P B>, PR YT 45 5 50
DAGIRIS, § =P AR —3, T FRgs
B, ARSI B & E PCR 748 45 WKAEE .
3 &g

TIE AT ISSR-PCR S W AA 58 B 5 I3 25 450 1) il
Hittk, ikl T A 4% ERET ISSR-PCR 20 HT
) S WiAA %« 1 X PCR buffer (10 mmol/L Tris-HCI pH
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56 7 8

1~12-i8 KA BE 435 A 48 48.6. 49.4. 50.6. 52.2, 53.7.
54.9. 56.3. 57.8. 58.8. 59.5. 60 C, H IS4 ¥ 14
1—12-Anneating temperatures are 48, 48.6, 49.4, 50.6, 52.2, 53.7,
54.9,56.3. 57.8. 58.8. 59.5,and 60 C (Primer IS 4)

Bl 6 AREIRAEE THY ISSR-PCR # 1% R jk[E
Fig. 6 Electrophoresis of ISSR-PCR with different
annealing temperatures

2000 bp
1000 bp
750 bp
500 bp

250 bp

1~3-PCR fEFF R E5r 3 38, 45, 50 1k, 1S4
1—3-38, 45, and 50 cycles (Primer IS 4)

7 FREEIRRE TR ISSR-PCR ¥ 18 B 5k &

Fig. 7 Electrophoresis of ISSR-PCR with different cycles
8.3, 50 mmol/L KCD), 2 mmol/L MgCl,, 200 pmol/L
dNTP Mixture, 0.2 umol/L 5[4, 1 U Tag DNA ¥ %
fit}, DNA il 20 ng, SARN 25 ubs § 19527
94 C7 At 7 min, 94 CA:E30s, 52 ‘CiEk
45's, 72 ‘CHEMH 2 min, 45 MEK)E, #)a 72 C
JEAH 10 min. FIHUE VAR R L R, DLETES
GEGE ML ZH DNA YRR, XF 50 4% ISSR 514
Gy AT T4 R, AR T Al B T = R R ()
JR), LAkt 17 518, Wk 1.

4 iFie
TR, ARl BRI A T3 T2
RIE, T 20t XA

T BAAFZEILE) DNA 70 FAnid R, w1 1SSR 43

THhRIdHEAR . ISSR FRid AR E — i/ PCR H

#£1 ISSREI¥F% (Y=TorC, R=GorA)

Table 1 ISSR Primer sequence (Y=T or C,R=GorA)
S1gRES SIIERR(5-3) JgwmS G INAGE-3)
IS5 A(CA)7CTG UBC 823 (TC)8C
IS 44 (AC)8GA UBC 824 (TC)8G
IS 65 (AG)8CC UBC 827 (AC)7G
IS 74 (ACTG)4 UBC834  (AG)8YT
UBC807  (AG)8T UBC836  (AG)8YA
UBC810  (GA)8T UBC840  (GA)BYT
UBC811  (GA)8C UBC853  (TC)8RT
UBC 815 (CT)8G UBC 873 (GACA)4
UBC 822 (TC)8A

1 ] SSR(simple sequence repeats) 5145k 34T DNA
PR TR AR, BT, FHEEE, &
Grol i, ATEEATEATTHAR T A1) SSR 1 515 B
(R mist e MM ), HHAT w2 &K
TIPS HOR T s N P TR s
1 ZRENE RIERIARE PR 73 . DNA $820& 1% 2311
I AR FI TR 2

ARSI SE LW, ISSR MK DNA AR (1 F
EAERRRIBURE, 7E 25 ub NIRRT DNA
HAE 20~50 ng ¥R LR — B s ae g5 5 T
HIE GRS PCR 773 K 2 & MEACEY B 7
AR s BEG R PCR (X LA K P&T% PCR
FERAE I AL B %2, ISSR W 514 5 R A R <k
S8 PR AR AT R BR T B 5 T (5 s AN T B
RRP R AR, Taq BEATE H e S
sEEb i e e S, kR E L3R Tag
Mt SR S T S T TR P AT S

AR S206 30 1 X ISSR-PCR 5 W [ 24 (K] 2%
RIS, @ TG 2R 2 Fl i 42
SEREAT ISSR 43 M7 1K) PCR [ NAA R o ASSLHG 20K IX
— X NAR FR Y bz TS T R I — R O
e G R R 2 S R KA R 0 5 e 2 TC T
B AL AR AR SIS B 2 o, S 4 RAIE ] %
ISSR-PCR [t M A& e M v s ILMELF, HATFRIC
7 AR I  ASE I 22 A5 PR RE T 5 1, O DNA 731
PG HARAE 2= BHE D 772 8 F B 3 B it o
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