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Isozyme Patterns and RAPD Analysis of Apple Plantlets Repeatedly Subcul-
tured in Vitro
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(" College of Horticulture, Agricultural University of Hebei, Baoding 071001, China; 2 Cotton Research Institute, Hebei Academy
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Abstract: The genetic stability of apple plantlets repeatedly subcultured in vitro for three to ninety times
was examined by analysis of isozyme patterns of POX, EST and AMY, as well as RAPD. The results showed
that there were clear difference in POX, EST, and AMY isozyme patterns among varieties, but there was no
detetable difference in the same varieties with different times of subculturing. The POX isozyme was further an-
alyzed by using IEF electrophoresis. It was easy to distinguish between genotypes (1. e. ‘Golden Delicious’
vs. ‘Jonagold’ ) according to the pl of POX isozyme. However, no difference was found in the same varieties
with different times of subculturing. RAPD analysis with twenty-five 10-mer arbitrary primers revealed identi-
cal bands for plantlets with different times of subculturing within a variety. Our results indicated that genetic
stability of apple plantlets was maintained even after repeatedly subcultured in vitro for up to ninety times.
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R RHEE (Malus domestica Borkh. ) BB ZERMEIFAEE, ELAHFARARETHN 3. 9,
60. 90 {; &EMEFH 3, 9, 40, 18 fX; FFHLMF A3, 9, 45, 78 X, BHRELHIEF25~304d
AYZH 15 8 30 BRAEMEES o
1.2 [EIMSH

FEEHREFNEBRGEERRK: RAAEERAEBEK, REBRKE3.5% (pH6.7); 5TBEEK
WHET.5% (pH 8.9), Bk pH 8.3 Tris/ HEME ik, BUAEE4M0.2 g, A 1 mL $2E
¥ (Tris-HCl, pH 8.0, 0.5 mmol - L™'B¥#, 1% PVP), KiB#FEE, 8000 r - min "' &> 10 min, B L
BHUSEE, RABREEK, BEEKSEAHER 1 mA, HETVERERT (0. 2% B 5 IR B ¥ %00 # 0k Al
AR E ) £ BB BR, SRAEFLERMAR 2 mA, REEEPIBEBARIEE | om 4L6HE (L
vk, SCEPRIEE. Hea, Kl POX, EST # AMY,

IKEARAB L AR K, BB P& Acr + Bis 2.0 mL, Ampholine 0. 6 mL, ddH,0 5.4 mL,
TEMED 10 pL. iI#iBe4% (10%) 60 wL, EEEERE}0.5 mm, BAEELT0.2 g, A1 mL EZE
18K, VKISHIEE, 8 000 r » min "' B> 10 min, BR MBS, FAR 2 NaOH 1 mol - L™', FE#H 0.5
mol - L™'BEME, SEHiIk 30 min (F2FE60 V), SKEJE, FE 100 V 15 min, R/SER 1S mA (B
HlmA), BEEFZFS00 Vi, EHEHK, AHREF650 V, BREHRKEZHFKED 0.2 mA, £
1Pk, BERRERAR LR,

1.3 RAPD 447

KA CTAB (LREA B H 4t DNAY) , PCR RBIHARRA 20 uL, M-&ZEmB (Trs-HC 10
mmol « L™, KCI 50 mmol + L™, 0. 1% Triton X-100), MgCl, 2.2 mmol - L', dNTP 0.2 mmol - L',
1.5 unit Taq 8§, 0.2 wmol - L™'BEHLF 4, 50 ng Bk DNA, PCR R &fF: 45 94C 5 min, K1
min, F94°C 50 s, 40°C 90 s, 72°C 60 s, #4735 MBI, £BJ5 72°C 10 min, =T 0. 9% BISAE5E
B, 1 4% TAE HARR bR &4 T bk r 3, RIACLEERM, SRS BIRTH.

BEHLE 144 Operon 2 B A F=HI A AR FIh LN A 12 5[4 (AOL, A02, AO3, A04, AO5,
A06., AO7. AO8, A09, All, Al8 f1A20) N b¥gAE TAY TRA AL 48 NFEDLE 4+ ik H i
13 45|48 (S12, S25, S48, S114, S301., S303, S304, S329 . S368. S376., S379. S380, S445),

2 GRS

2.1 ABRNRERRAIMEHEER
211 ZERRAFBRBERK LERSN XNEeE. EL. FHAL 3 MR ARSEAKREHEER
POX. EST 1 AMY #47 T R ERRNIMBEER K, SRRV, POX B4 AKX, BIRE
X (Rf>0.40) F@#EX (Rf<0.40), £EmMFILA 13 KEH, HHEEX6 &, REXT%; &
THERERX S 14 RE=0.3921 BIBEHF, 3t 14 &; FTALEEXHE 7 KBF, EREXSHH
%, RE(EZH100.5018 F10.6071, k16 ZEHH (B 1), MKILFTLKSX 3 MERMBFPX3F K,
EST 4 Rf {H7E 0. 20 ~0. 40 ZJa], A& . HhgidA 4 #BH, ME LA 3 &£8BHF, L
T 1% Rf=0.2675 RGBS, TFASN DT RRREEH, RESFHIHO0.3465 0. 3860, HFHKHE
W O(ERE) o RILIRARX 3 D3RR X 5T
AMY BT 5r REX (Rf>0.50) FMEHEIX (Rf<0.50), 7EREX, &5&. BL. FHEHE
R 1480, EREX, &8, FNSEPREY, MELH 4 £BF (E), KILFETEHEEE
RN EL58E. FASKATF, FEXSGEEMTHE,
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Wk Fuii {5 Gelden Delicious FREAEE Jonagold

3 [ i 90 3 9 — 78 3 3 15 i
AR Times of subeulturing
Bl TESRRHEEER POX BikEIE

Fig. 1 Isozyme patterns of POX with different
2.1.2 RPHRAEFERE LRSI FHE ﬁ.%fé‘ivk JEAE T A S 2R PR E B pH B B39 AR 28
FIBRISER AL Cpl (D) A ASTR] Il LA i e ik, LA By, ARy Y 9 22 A i S el R
FEHLIRTIFSE TR RIS 1N POX BFIGHEIE (1612), 45980, OLATRaE 4 A4 mmi A i Fh e
AT AT pl LAY POX ARZE AL, U TRl & I B A . 404 530 h Stk . e st e e
BT oo KA pl A A 4. 62 BEEHF I A G AT LR M X 4 yo e LT I S ST U N G R T TR N PR
AU R BHE 20, ROE BT | R R R 1 e e, OREEE aEE

TN & Jonagold it Golden Delicious

stages of micropr

k S 3 a a0 78
AR Times of subeulturing HEAGMAL Times of subeulturing
B2 FESIRMEE R POX % B RO

Fig. 2 The IEF electrophoresis analysis of POX isozyme with different s e stages of microp

2.2 AEMERNR RAPD 54

ASLAER FIZ20 W 0Y 25 ARIHLE | 40000 A4S )24 £ R0 S SR B 1 HEAT T RAPD 5347 (e 1),
ﬁﬁw’l#ﬂ)ﬁﬁf‘fﬂ’.qurm""ﬁ*xﬁLI: - T AOL, 25, S301. S376 |40 DAKEIX 3 -G FRIX p ([%13).
RIS | it RO ) 0 22 SRR 0ok ] 7 ] — 0 AS T R B o L A ) e 7

T AEGRAMA S RGRE RAPD R LB 4 #3 H8
Table I Number of bands created by RAPD reaction in subcultured plantlets in apple

e ¢ Number of hands - il r{ Nuntber of hands 5 A7 S8 M Number of hands

o W e e 0w ow  fme 00 &t g L
Fuji  Golden Delicinus Jonagold Fuji  Golden Delicious Jonagol] Fuji  Golden Delicinus Jonagold

Al 6 7 b All 7 7 7 - 8304 2 2 2

A2 S 5 5 AlR 9 9 9 5329 2 2 2

A03 4 4 4 A20 6 6 6 8368 e 2 4

Al 5 5 S 812 1 I 2 8376 3 I 2

AQS 5 5 s 525 2 2 1 8379 3 3 3

A6 4 4 4 Say 3 3 3 S350 1 1 1

A07 3 3 3 sS4 2 2 21 445 2 2 2

ADB 3 3 3 S3 3 I 2

Al 5 5 5 5303 4 3 4
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. HU T DNA 43 7
AER PRI 25 R R R T
Ry £ BN, il IH]J i T U s ) £ i A
ki ey, IR, R A AT L LL&L{
SALHI A {7 12 2 % - it L R It
W, HEE R IER IR R e T Al Fig. 3 RAPD analysis of subeultured plantlets in apple
B —E R, fEM }L"f’l- ZREfcof, POX  Primers A0l M HindlI] + EooRl; A Goliden Delicivus subeultured
PRSP — R B B RALIN, FL'5 25 R TS B Gl el sbculurd o) s € B
B AR R R IEAE R L Kongkiatngam 2581 i [+ Sl e e
TRHRICHHT rEfE =Nt ( Trifolinm pratense L. )
sr Pl A S G . DA K ATAT TR A R bk B T L A A L S R iR B
N [A] CRE AR 4 TR P IE 2 5 s RS (e S S 2 A S e, AR A [l A
RO B T T POX, EST f1 AMY [H]J W59 T M POX AR T pl i MO, &5 9 R A B
FEULFERS AR EAR A, e RS [ R B (R 1A R

Deng SRR 14 A~ [ ] £ 1 ’l‘ AR TR G RET T T RAPD A fp, ol i SRR
I3 . Kongkiatngam Mlﬁ RAPD 4387 2148 = 0080 if B R A8 A I HEAT 1A TF, R IA 4
PRI L Angel Sl MR ES (R 10 fERUAR S (Cassva) 4K( Uﬁ L IR AP B RHIE T RAPD
ST, IR AR SRR B R*ﬁ?mﬁ FRERRRE " HUARE L A B bR AT R A R
SFedete, ZBLRIFRIE . SMEUCR RS R AR A IR '|’1 R A K5 e g TR BRI AT
S R B AR B RO S (L R AU 5 (O R 5 5 T e A
TR TR . A SR AR A QB Y AL A RAPD S 0545 B0, ATk AL A B 1Ay
BRI, b S TR R R R L

B3 ¥FRABYMLH RAPD R
S8 AOL: My HendlIl + EeoR1: &: 4578 (£ B:
iF e 4 C: 90 ft; D: &RE3 (%,

for 3 times; 2 Jonagold subeuliured for 9 times
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Study on the Extract Process of Grape ( Vitis davidii Foéx. ) Seed Oil with
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EER, WEF P ARABHRAELTRSFEVEEYRAOFRAACZBIENN ZER, HAFERYSE
DREMERER M ZBERNE . WS- ]E, R, ER8/, REE, L, i SERHHEKN 4% ~6%,
FHE S TMLH T RRREVIEEY TR R, HEESHKRRLBARNPRIGE,

IR F CO, FMBAREERDENENLLOBHLEAR, ERMH. BN, B, L THIRBA TS ZMA
(BRI, 2004) . IUERBEBEIFIH (RHM5%, 2003) . WZG KM (FEEES, 2004) , FRMEEFM (BRM, 2002)
SOAREME, (H2EZBURN R ERFH 77 1 MR WARIE, A< SO it 8 B 4iE

B A R R % 0 B AR L K 5 B P AE TR TP 3 IR A BT R R —— Bk, FREZEMIRI A R IE T
I, REMNERREERREERFEHBIFH; T 40 ~4STHRAEFERFRT, BRE30~40 8, Hlilh
FCO, XBURE (ILrREREANREBARARIA, HA221-5006 &) BFREZEF MR TZ., UEBUR
B (35, 40, 45, 50°C), FEBUES (15, 20, 25, 30MPa), ABiEE (35, 40, 45, 50C), 4&EEH (6, 8, 10,
12MPa) , ZEATE] (40, 50, 60, 70 min) NZEE, #1T L, (4°) MERRE, SKEHR 200 g, LIFKBEMMEY
EEEN, HTBIESR CO, EMBARXBURIME RN TLZSH.

EXRERENTRA, EBUEARSBENREWERNFENRBEE, REFRAA RHIERE S 30 MPa,
FEBURSE S0C, SrBIRA 35C, 4rBEE S 10 MPa, FEEUSS[A] 60 min, RN TREEN 13.3% . RMHEFMEE
RREG, BEEYN, TRE, THENRE, SWTE. SWRE R BB hOoR%, A% & BAHER.
HAEYER . B0 BEERRITEE RFEER.
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