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Establishment and optimization of ISSR reaction system for Anoectochilus
formosanus

ZHANG Fu-sheng, GUO Shun-xing
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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 Bl. 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 Bl. 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 (ANTP), 2 mmol/L MgCl,, 200 pmol/L dNTP Mixture, and 0.2 umol/L primer within 1x reaction buffer [10 mmol/L
Tris-HCI (pH 8.3), 50 mmol/L KCIl]. The reaction mixtures were denatured at 94 ‘C for 7 min and subjected to 45 cycles of 30 s at 94
‘C,45 s 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 Bl. 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 Bl. in difference wild populations and genetic variation of its sterile seedlings after long time tissue culture.
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ZHRE; MNMmEELES G SEE N PER DAL
WAARL, ¥ B ) A TR ™ 23
YILE R BRI VR B, RATTE I #25 KR |
G N = SN 117~ 1 BN 31 D 39 L
SR TR IR PR O
RUASTHE. %2 R MB0R> 0, shah, &
A RO B ER = = B 5, R
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AR LR 5 LR AR AR B A FALA, 42k
A e 591 S5 2 O T IR g [ A AR 4 2
I TCRR R A Ry B VRSN, oy A0y 3= B4R
T ARRIGE, B AU AN TR
J7 1

KGR, B AL AN R] Ja B IR) 22 e B 2
(PAEA AR R T HL G IR B 28 1 I T 2 55 20
JE 2 R B e (AR AR O T e W DA ) A
ARSEIG P YR H inter simple sequence repeats(ISSR)
I3 FRAC A B A < 32 1) Ja A 22 e AN 2 A A2
B B T 4 4 S T VA 1 R 384 A8 S T 0% i R AT A
50, HAEWFIUR R I ISSR KN 5 K73 8 (¥ 4%
23 FLHER ) 1) 5256 25 IR RS E M S I ik,
TESEI T e 2 115 SR 4 263 ISSR (1) S A4 &R ik
AT TR, FFRmA T T 4:263% ISSR-PCR J M [H)
AIAEAR AR, IR TT R e 3 A ol o 8 Y5t A 2 S
S IE AL AR et TR R SR, Bk
MEEIS IR AT R SETT L ) B2 5 Bl o
1 MRFnEE
1.1 #FR

SEIG T MR 6V 42 2655 A. formosanus Hayata
RETHEE, mALREINEHRREE, &
RIMH#5E— RV FIATHE AL ETR, R A1F
TASER %
1.2 X5

R AR 201 (Eppendorf), &EB G &R

4 (Bio - Rad), = E T (Bio - Rad), H
VKA AL /SR, B PCR 4% (Eppendorf),
MR 2 DNA $250AG7 & (Tiangen 227D, Tris
B (Amresco), EDTA (Amresco), PCR &7 &
(TaKaRa 72 +]), DL2000 DNA marker (Tiangen 2
), BERE (Biowest), EB (dbiish[E B A4
FARBWTHAE A, ISSR 514 (A TAY TR ( Lk
) ARATFD, AKX E =5 b4l
1.3 EEF4H DNA BY1RER 54

45 TIANGEN 42K 4] DNA S B0 &
(MHRAE D IRIEAT IO A L. DNA (42, AR
F 43 66 B v A LR B
1.4 ISSR-PCR #1341 514 K 3T 1432

S H M52 k7 RS, w e 4 4% ISSR-
PCR W)U [ 45 R JEAARFR 25 ul, 7% 1 XPCR
buffer, 2.5 mmol/L MgCl,, 160 pmol/L dNTP
Mixture, 0.2 pmol/L 514, 1.5 U Tug DNA %51,
DNA #ib%y 20 ng (W HBEELE), LR
ddH,O #h55. FIGREFA: 94 °C 743781k 7 min,
94 ‘CAFTE 305,52 ‘Cilk 455,72 C FE{# 2 min,
45 MEIRJG, Bedn 72 CHEfH 10 mine JN45H 5,
YR T 4 CUOKFRAT .
1.5 SRIigit

DLV G2k (1) 3L R 4] DNA Bk, ] ISSR-
PCR WU S NAR R B AT R0 50 45517 T
Wi . 45 R, A 34 5 RAY N2 SR
e, HZREA AT RS TSI, A e HIE
B RARRE ST I 1 . Rk, FE TGS O AR
FRIP LA bR DR 38 S v, R e 4 2
ISSR-PCR J5 J3 1) A DRI 25 430 T B T AN [R) PR Ak 3L
(1) dNTP: 80. 160. 200. 240. 320. 400 umol/L;
(2)514: 0.16.0.2.0.24. 0.3, 0.36. 0.4, 0.5 mmol/L;
(3) Mg*": 1.2, 1.5, 1.8, 2. 2.2, 2.5, 3 mmol/L;
(4) Tag DNA FE4MW: 1. 1.5, 2. 2.5. 3 U; (5)
DNA #i#z: 10, 20. 30. 40. 50 ng; (6) Bk
B MRS T (BRI =4 (G+C) +2 (A+
T), i€ Tw{EIFLIR(E A IAE B NES 6 C, i
& IR JGREMILIER (T.£6) C, ZJGTEH
JE PCR {_EHEAT 12 NMRBERIBREY 8 (7)) #55F
E: HEH PCR B LY Bk, W& 3 b B, B
38, 45 F1 50 K.
1.6 ISSR-PCR F=#) & F

{E 1 X TBE HLIKZZ rii 1, LA D2000 4 Marker,
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I 1.5%%ERE (4 EB), LA 5 Viem HLJE%) 2 PCR
P, AR G A AT B REAT A AT
2 HREDW
2.1 ISSR-PCR #1% & R ik R By A%
2.1.1 dNTP W#KEERIESE  dANTP J& PCR 4§ 14  Y.
HHE IR EE ) kL, ANTP I EEXT PCR SV
HHE R REEFM; 2 ANTP ¥ (>200 pmol/L)
B, ANt PCR ROV IR, {8 ] EH 25 59
PR R B N S0 AR . Y dNTP IR FEARUIG
(<50 pmol/L) I, Ni<x T2 PCR 17~ % T B Rt
ANTP [RS8 s HIHE 50~200 pmol/L Ay ™,
ARSEEHT ANTP (¥ 6 ANASFIHREE 730347 T
PCR 473, Wl 1 Pros, 4 ANTP {EAIRHKEE (80,
160 pmol/L) I}, PCR [F)/ =58, Fry 4 4
TR 2 ANTP IR EEE 5 (240~400 pmol/L)
i), PCR F=#) I AERE Sty 38 X s s LAY
dNTP (K3 200 pmol/L I}, PCR (K4 #4755 A4
SEEIE R, Hyietioe . EIMEE, SRS i
Ak ANTP R JE 4 200 pmol/L.

750 bp
500 bp

250 bp

1~6-dNTP 3R EE41 514 80+ 160+ 200+ 240, 320, 400 pmol/L,
fH IS4 4%, M-marker
1—6-80, 160, 200, 240, 320, and 400 umol/L dNTP (Primer IS 4)

1 AEIKE dNTP Y ISSR-PCR ¥ 38 Bk Bl
Fig. 1 Electrophoresis of ISSR-PCR with different

concentrations of ANTP

2,12 SIYRKREEREE  5IKES X PCR iy
B8 )ty B AL B SRR e, A BEGAIRIN, PCR F= 262
KRRBEAR, ERANRed 18 A pExt =i, PCR g1
MIACTT RO, b2 = A A A AR R e
UG A T D ARRE R A IS, R s
MBI, SRR PCR PR MR F, KH
THRARGIIRE 0.2 umol/L, 53 Fa%, TILTER
i (E2),

2.1.3 MR Mg> 1E & ISSR-PCR [ ¥
R — AN R R, IR 3A PCR KWV

1~7-51 R EE 23514 0.164 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 (IS 4) REIREHT ISSR-PCR # 15 K E
Fig. 2 Electrophoresis of ISSR-PCR with different

concentrations of Primer IS 4

1) Tag DNA GRS 519038 KGR B2 DL 2
PCR J 3 4 5 IR 4RF S MR — 28 (R 5 )
ARSI HILL T AR ) Mg %5 19 1S 4
UBC 834 #T 7 PCR ¥ 34, 45 WKW, EAHFMIR
A E R HEAT PCR 3815, AR R 5 110 T e 2 1 e
iE MW IS, WIS 4 5 UBC 834
(i Mg™ W48 2 mmol/L, BLIN ¥ PCR /=%
e HLP 38 Hh R Ak i s v e (B 3D
2.1.4 Tag B 7€ PCR N H, ANFEAEF=T
F A E =K V) Tag BT & S PERE HACE A
BRI ZE SR, BT (IR 00 R B ROV IR A
PRSI s 17 HLEE IR F REAE PCR RN A & — A
FEEM MR, RN GEY 8, WE KR
SR ARRE R Y1 HIG AR o ARSI A
T dANTP, 51 % Mg RE 2 Ja, XBE T 64 Tag
W RE RS . S5 REW (B 4), 7625 uL A&,
TN 1 U Tag B vl LASRAS I LR SO0 W 4%
W, M Tag BEH AR, § 16140 W
BT ARG R AR H 25 I — LRy e 4
YT Taq BEM AR B, BT LALERA O SE 560 45 T Ae e
AEERIRTIE N, T 1 U Tag BN RA R HE.
2.1.5 DNA BBOKFEMERE DNA Bt
M) ISSR-PCR 4 R F R 32—, it sl
iK%, Ty W= mAtae; sidm, XN&a
SEP A B AR R e . [’ S
§7n, 25 pL &R, DNA BECEAE 20~50 ng #B
e 488 M ) (15 78, 20~40 ng I 47488 L gt 7Y
BOTE AR KT 40 ng I A T
GRARAIRORS o T LA A ) 25 AR e 2D 1)
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2000 bp
1 000 bp
750 bp

500 bp

250 bp

1~7-Mg”" W0 1.2, 1.5, 1.8y 2. 2.2, 2.5, 3mmol/L, HiIS 4§31,
8~14-Mg> W34 1.2, 1.5, 1.8. 2. 2.2, 2.5. 3 mmol/L, Hi UBC 834 "1
1—7-1.2,1.5,1.8,2,2.2,2.5, and 3 mmol/L Mg>" (Primer IS 4); 8—14 - 1.2, 1.5, 1.8, 2,2.2, 2.5 and 3 mmol/L Mg*" (Primer UBC 834)

3 F[E Mg iRER) ISSR-PCR ¥ #84R
Fig.3 Electrophoresis of ISSR-PCR with different concentrations of Mg**

1~5-Tag W53 B4 1. 1,50 2. 2.5, 3U, 1S4 414
1—5-1, 1.5, 2,2.5,and 3 U Taq (Primer IS 4)

4 TEIEAL Taq BEHY ISSR-PCR ¥ 18 A5k ]
Fig. 4 Electrophoresis of ISSR-PCR with different
concentrations of 7ag polymerase

2000 bp

~| 1000 bp
. 750bp

500 bp

250 bp

1~5-DNA #4435 0 104 20 30+ 40. 50 ng, i IS4 34

1—>5-concentrations of DNA template are 10, 20, 30,40, and 50 ng (Primer IS 4)
B 5 A[ERE DNA #%iRET ISSR-PCR #1&45 R
Fig. 5 Electrophoresis of ISSR-PCR with different

concentrations of DNA template

JE), H K ) DNA BEBCR 204 20 ng.
2.2 ISSR-PCR ##8 R R SRy FH%E
2.2.1 EKIRSEXT ISSR-PCR [R50 3B KR E N
5 | FIRSERR 45 45 I RIS S 80, 2 5 PCR 57
PEMR R . LLSH 1S 4 [A (CA) 8G A M, L
Tw A 54 °C, HIB Kl FEMALTE R ) 48~60 C.
Wil 6 frox, 1B KEELE 50.6~53.7 CHF, By
(1 R AR —0 A St = AR s (FE Ty
IV VG AR B R I SR, SRisb 51 )
RS B R AR Sk 4, NI &= T PCR R
FePE), 5190 1S 4 R KR EN R 53.7 C, X5
T {HAH 2 TS LR KIS (T R iR
5~10 C), Humkkiaa R 8", Hag i
UBC 815. 834. 822. 853 %, IB-KiRE{h L4
W 52 °Cs W ULEE PCR N, A —4RiBE 514
ISR, B JGR 2 R AR
222 JEFRREON ISSR-PCR #5407  PCR fEFR X
W 2 b yhe Y58 ) I IS R ERIREOR D
M=) ARG R IRBOR 2 WA B [ B 6 )
T A=Y B, o5 AERE Ry
B 7 pin, ASLE T T 38, 45 Al
50 RAEFR PCR 431, 45 3R I 19 38 IRIGERRT,
TR B>, PRRA R YR 45 550
DAGIRIS, § =P AR —3, T FiRgs
B, RSO A2 PCR 974 45 AR .
3 g

T IE X ISSR-PCR WA 58 B 5 I8 25 400 1) il
Bittk, ikt T A 42 5EREAT ISSR-PCR 20 HT
[ 2 A% % : 1 X PCR buffer (10 mmol/L Tris-HC1 pH
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56 78 9 10

1~ 12-1B IR 43 9]k 48, 48.6. 49.4. 50.6. 52.2. 53.7.
54.9. 56.3. 57.8. 58.8. 59.5. 60 C, HIS4J 1%
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)

E6 AERAIRETH ISSR-PCR 18 Bk E
Fig. 6 Electrophoresis of ISSR-PCR with different

annealing temperatures

1~3-PCR fFFRH5 5 h 38 45, 50 %K, H IS 491
1—3-38, 45, and 50 cycles (Primer IS 4)

7 AEEIRRETHI ISSR-PCR 11 B 5k E
Fig. 7 Electrophoresis of ISSR-PCR with different cycles
8.3, 50 mmol/L KC1), 2 mmol/L MgCly, 200 umol/L
dNTP Mixture, 0.2 umol/L 54/, 1 U Taq DNA ¥4
fil}, DNA il 20 ng, SARY 25 uL; § 957
94 C74AME 7 min, 94 CAE30s, 52 CiEk
45 s, 72 ‘CHEM 2 min, 45 MEK)G, &5 72 C
JEAH 10 mine ALV AR R LY 7, DLETE
GEGEMFENZH DNA BB, XF 50 4% ISSR 514
Gy AT T4 0, AR T Al B T = R R ()
JR), LAkt 17 &518, Wk 1.
4 iTie

TR, ARl BRI A L3 T2
R, T 20, XA
T BAAFZEILE) DNA 40 FAnid R, W1 ISSR 43
THAR LA ISSR FRid AR E — i/ PCR H

%1 ISSR5I#F% (Y=TorC, R=GorA)
Table 1 ISSR Primer sequence (Y=T or C, R=G or A)

Sy SIVIBREG-3) | BIRES SIMDTS-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 UBC 834  (AG)YT
UBC807  (AG)8T UBC 836  (AG)SYA
UBC810  (GA)ST UBC840  (GA)8YT
UBC811  (GA)8C UBC853  (TC)SRT
UBC8I5  (CT)8G UBC873  (GACA)4
UBC822  (TC)8A

1 F§ SSR(simple sequence repeats )5 |4 K317 DNA
PR FARCERPY, BT, NIEREE, &
DESE B, AT EANEATATHERR P A11K) SSR 15 5tf5 &
CRPIC T e se B R 3D, HORAT 3 s ) 2 A oK
IR, R Ot N P TR A5
e Z FEVE SR RIS GE PE 70T . DNA $RA0E 1 224
I3 T HER WA A2 AU

ARG LSRR, ISSR X DNA AR 1)
EARR M BUK, £ 25 uL MR NARR T DNA
HAE 20~50 ng BRI LR — B SEIR S5 R
HIE LIRS PCR 773 K 2 & MEACHY B #
A RN M B R PCR XL K& PE¥% PCR
FEFPAE 1220 1 2, ISSR S H 5 141 5 B GE K
U PRV 5 AR AR AR ] B 5 T A AN T S
RPN, Tag B0 TR HEOE S
SR AR EME S EINE, RIS i FIRN Tag
BRI A T S50 TT RE R ) 1 24T 55

ARSI TR I ISSR-PCR R 224N PH 36
MRS AL, A7 TS =R MY 44k
HEHEAT ISSR 2071 PCR R WAK R o ARSI 41X
— R NAR R D s TS T R — R A Y
A B S A 2 e R A K A R 0 S5 e 2 OB
Wittt A U AR S IG B 2 v, S 4 SR I %
ISSR-PCR [ MiAR SR EGE ME ey BEILPESF, BAFRid
A7 s T S R 22 2 R D) SR AR 1, O DNA 731
PRICEORLE 2R 1K) 2 N SR B R BE Al
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