2 % #2011, 38 (10): 1969 - 1975 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

FEEER MAGAI EE = E R FRIEDTT
REFE, MOFE, @t

R B AP R A B AR B 225 e, LR 71 By 266109)

B OE: DAAWR Bnss ZIONEAM, %S DELLA 41 MAGAI JE[, JFif 70145
DI ZRIAN . SRR, HER L MAGAI 1) cDNA JFAIKJE A 2 491 bp, 4ifi 635 NEIERR . HZIRY
FIGH e R EEY A ARSI FENE, 76N b B A O 2 2R 43 DELLA 1 VHYNP, 7 C i f£7E
TRF I LR 45 1) 35, VHVID il SAW. SEIN 268 &8 PCR 20Tk W, EF. BAKT, MIGAI FERZEFE
RURIHE A OB R 2 0 e 0k, IR — AR K ], RS R R 2R R R s, BRI
B AE KA B T S MAGAL ZERI R s A 6. MAGAL ZEBRIAERR . I 2E, 240, i), R3F. Tk
MR bRk, ARJEHHREBGAREER, SHRPHERE R, WUHZSER g2
W RLLMRE

KEiF: WA, DELLA HE{H; MAGAI JE[N; SE%¢ )6 & & PCR

PESHES: S66l.1 CERERIRED: A XEHS: 0513-353X (2011) 10-1969-07

Cloning and Expression Analyzing of MdGAI Gene of Columnar Apples

LIANG Mei-xia, ZHU Jun, and DAI Hong-yi"
(College of Landscape and Horticulture, Qingdao Agricultural University, Qingdao, Shandong 266109, China)

Abstract: The shoot tips of columnar apple ‘Lujia 5’ were used as experimental materials for cloning
MdGAI gene encoding DELLA protein and researching its expression characterization via rapid
amplification of cDNA ends (RACE) and real time PCR methods. The full length sequence of MdGAI was
2 491 bp, encoding 635 amino acids. The nucleic acid sequence was highly homologous with those of
other Malus plants. Sequence analysis of the product of the MAGAI indicated that they shared a highly
conserved N terminus that contained two recognizable domains DELLA and VHYNP, and a highly
conserved C terminus that contained two recognizable domains VHVID and SAW. The real-time
quantitative PCR analysis showed that MAGAI gene were always expressed in shoot apices of columnar
and standard apple trees during the spring, summer and autumn growing season. In the same season, the
MdGAI of columnar apples were expressed at higher level than that of standard apples. It is perhaps that
the growing habit of columnar apple is related to MdGAI gene with high levels expression. The MdGAI
gene were expressed in seeds, leaf buds, shoot tips, internodes, floral buds, flowers and young fruits of
columnar apple ‘Lujia 5’ . However, the amounts of the expression were obviously different. In the early

development of young fruit, the relative expression level of MAGAI gene was up to the maximum value.
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This means that GAI gene may play a crucial role during the fruit developing of columnar apple.
Key words: apple; DELLA protein; MdGAI gene; Real-time PCR

FER NP B — PR R B A SRR, AT IR) L, b, WigERm, ST R AR Y
PR (Kesley & Brown, 1992). fFHUIERF Co jEIe 4 M IbWF BRI, H T Lk i 5% H
B RAPD. AFLP. ISSR. SCAR %54y Thric (B4 %5, 2000; T RUL 2%, 2002; Kookh %5,
2003; Kim et al., 2003; Tian et al., 2005), {HY5 Co JE[A st A8 i B e, H iR w b 2
Co JE[H, W ARBEMN 7> 7K b AR 1% L KON T & IR A A

DELLA 2 GA 7 5 2@ s 1, EmEmyt, 3N s B A wm IR sy 1 45 f
DELLA (Dill etal., 2004). #UHIYPIETFH DELLA & 2 235K 5K, A GAl. RGA. RGL1.
RGL2. RGL3, Hr' GAI Hil RGA ;& 2K i = £ ¥ A1~ (Dill etal., 2001; Dill & Sun, 2001;
King et al., 2001). A, #i%g. KIEEED T 90 DELLA S5 R381) GAl JEPR K ARk AR
B R IA Y R P EUEY) R B R A s, R BARHIE (Ogawa et al., 2000; Fuetal., 2001; Boss
& Thomas, 2002; Olszewski et al., 2002). Hartweck fll Olszewski (2006) i, DELLA & H A fE
S HZRME NG 5@, [ DELLA AR XZRFRE R AKE. CBRANIERS 2 i
K MIL[EAYY (Fu & Harberd, 2003; Achard et al., 2003, 2006; Ma et al., 2003; Alabadi et al.,
2004),

AR 70 3 R DA Y50 R R o R T A T 119 71 B 25 0 v R S T 40 73 B 35 A2 3 SO R A B 20 A R
1= E 5K (Looney et al., 1988; Watanabe et al., 2006). FEFFMER A, JRER A MEEH N5
I S A B R DR 1) 308 R Tl 2R S S Rl ST, 2004 39 5 R SE 6 B Wi S DR ik T8 vl 5 5
e R DRI M B 0 B 40 i 23 3 257K 3 - CARJaldf, 2008

AR R A KRR S R R S NS E B VI OC, MR E R & M fh $5 DELLA &
Hgmts LR A FIR A /A 0%, Bk, AR R RACE Jik, selEFE S L i gmis DELLA
T AR MAGAI JER 142K cDNA, % LI PRI 4 5 2 (A 7 411647 341, K Real-time PCR AR
O 2% ok DR E AT TR 0 S0 2 3 TR ep (A R i, IR PO R RS R R AR K L (R
i, EAERSERMARIRE N, Tz EE RAEA R L8 B A R A =, B #75 MdGAI
FERTE R A K R B IR I B RIARI, R UZEE DA (1) D e P (LAl BE V8 A A

1R

PERFERSEIR ) “Telamon” . ‘&N 55" R ‘“Ehne 5, WEMERL &L, “Em29’
OSB3 ST, W S, BUH TH BARNK T AR bl 227 B SR S8l o 23 TR EFIEK
IR 6 R R 2240, 2008 4, ZplHC BN S 5T BRI (4 124 5D, HilE 4 1]
24°5), fe (4 H 249, #R (5 10 5). EMZER (6 H 24 5). MR (8 H 30 5). #f
F (1 A8 %5 KREFEFF (12 H 20 5). {62F (12 J1205) FrtzE (12 H 20 5), WA
J5 - 80 CUKMifRfE, HT RNA MHEHL

RNA #2H{Z [ EASYspin fH4) RNA PREHRBGAI G U CIERUR PR A D DLREUR &
RNA J#iH, #% 3'- Full RACE Core Set Ver. 2.0 (TaKaRa) [ #5% cDNA.

FHE GenBank - 3 R AH O [m] Y5 55 DT () 28 KRR DR~ P S FIAZ AT IR Iy A e vk 5 |9 o Evl 345 14)
H 5-CGTTGACGACCCCTTTTTAGC-3', 5-GTCCACGTCATCGATTTCTCC-3"F1 5-GCAAATCTGC
AACGTGGTGG-3', ¥ 4 MdGAI FE K (1) 3" /741 . it 55904 5'-CGGGTTATAGTGAACGGTG
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TC-3', 5-GTCTTCCCACATCTTGGCCTTGC-3'Hl 5-CGGGGATGGATTTGAAGTCGTAGTA-3', 4"
14 MAGAI R 575 741« F1| FH RACE-PCR $i A, $% il TaKaRa A 7] ¥ 3'-Full RACE Core Set Ver. 2.0
FI5"-Full Race Kit 371 & U6 000 H RS RZEATY 14 . PCR RINVFEF A : 94 CHIAZE 3 min, 94 °C
PE 308, 60 ‘CiB-K 30s, 72 CIEAH 2 min, 30 IRKAEHR.

SEIN 9t € 1 PCR AT I LSRR Actin LRI (P 415 GQ339778 )M M NS, Hou st it 2y Act-F:
5'-CCAAAGGCTAATCGGGAGAAA-3'F1 Act-R: 5-ACTGGCGTAGAGGGAAAGAACA-3', ¥ #4 H
IEED MAGAL 5155114 GAI-F: 5-GAGACCTGCCCCTACCTGAA-3'F1 GAI-R: 5-GATGACGTG
GACTCTGGTTTTG-3'. A} 2 #353k#31¥] cDNA [l EASY Dilution 4% 5 %868 (5°, 5'. 5% . 57, 5*
i) Fke, AT R RN, SR ARAE L. KN ARR A 25 uL, &1 12.5 uL SYBR Premix
Ex Taqll (TaKaRa), 2.0 uL ¢cDNA, 9.5 uL ddH,O, = Fi#5144 0.5 uL (313K % 4 10 umol - L),
RVFEF R : 94 CTRASYE 2 min, 95 ‘CASE 30s, 60 ‘CiBk 30s, 72 ‘CIEMI 30s, 40 RAEIF. FFA
FEME R 3 K.

FPAAAPESE ] BLAST #4041, 2 BT 45t ClustalW #2757 (http: //www. ebi. ac. uk/
clustalw/) F12 #3751 W/mFEF Chttp: //www. bio-soft. net/sms/index. html) . BEALHF4 % H MEGA 4.0
FEFFILRA7AHZ Y (Neighbor-joining) .

2 HiIR50Hr

2.1 HRER MJGAI EEREMEEEDH

FIH RACE-PCR £ AR WAL B 5 457 289 rh s [ 15 21 MAGAI JE R CEF 3% 5 : HQ834196)
¥ cDNA 4 Ko, HAK N 2 491 bp, P 4fid X FHIKE R 1908 bp, 4l 635 ML, i
UREN e ATG, ZIE%EFJE TAG, 5'UTR 24 199 bp, 3'UTR 5 384 bp, £ 3' UTR 5N
{55 AATAA Flpoly (A) FE. HEMMISE AR LY 530, 0 FEA 69 734.67.

FT3RAF0 H 1) Be4: GenBank %8 b () BLAST, FERUZER <& hn 5 57 MAGAI JE K 5/~ 4:
5 GAI2 (35 : GQ384426) HI GAI LK (& 55+ FI535244) M2 EEMR 7 FUAHITE 43 714 99%
F192%, LilidbifEse GAI FER (&5 EF026101) MIZEIER TN 97%, 5 ‘&1 3R
FSERREAR M26” & “Mark” [ GAIL FEN %570l k. FI535245, GQ384424 H1 GQ384425)
IR T HIHAANER A 93%.

FIFH MEGA4.0 84, 2 Hr RS S MAGAL 68 5 CLan LA GAL e (B 1D, 4
1245 5 DELLA £ 1111 MAGAI &8 5 BT 3 R @ M SR AR IRl — 4 3 b, H 5 /NG5 1) GAIR
S FoRgoe Rl R S50 GAl SR E b Fopgo R, miskn SRR T
AN GAI BERIZREE, B e EERIFE U FoRS ot Rz
2.2 HERIDEBEERIHE MIGAI EEMBERREE DT

e BRI, 2l 3 AMFEBLFN 3 A3 20 3 OB 2590 1K) RNA BT %, LIRTFI)
cDNA BEAT SEI 258 i f R IK 407

SIRTEE R (B 2) KW 3 AN, FERCRIEE Y R MAGAL BRI — e mIRIA . 3
ANFERISE R R MAGAL JE RS Ik TP IE 409008 0.88+ 0.99. 1.005 17 3 AN A b MAGAI
LD Ik B~ 2 1E 73 70l 0 0.68+ 0.68+ 0.52.
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PFHEEAR M26° Malus < domestica GQ384424
FEREA ‘Mark’  Malus % domestica GQ384425
‘B B Malus < domestica FI535245
NGRS 1 Malus xiaojinensis F1535244

WILIE Malus < hupehensis EF026101
i‘j “InsS’ R Malus < domestica HQ834196

NGRS 2 Malus xiaojinensis GQ384426

W%y Vitis vinifera AF378125

IKKG Oryza sativa AB030956

KH. Glycine max EF465531

Bl Solanum lycopersicum AY269087

EIF Arabidopsis thaliana NM101361
0.02

B 1 EFEHER MIGAI BESEBRFY 5 FR S E8 5 52 51 #it ki
Fig. 1 Phylogenetic tree of amino acid sequences of columnar apple MdGAI gene with homologous
amino acid sequences from other plants
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2 HRMLBERERFH S MIGAI ERFERAELHRES T
A: #Efl: B: EMS: C: BKAS. 1. Telamons 2. #15%5: 3. @65 4. Wt 5. B2 6. B3
Fig. 2 Expression analyzing of MdGAI in the apices of growing shoots of columnar and standard apples at transcript levels
A: Spring shoots; B: Summer shoots; C: Autumn shoots. 1. Telamon; 2. Lujia 5;
3. Lujia6; 4. Fuji; 5. Lujia2; 6. Lujia3.

2.3 MEERARELHLLARE S MIGAI EFEEMRIEZEDH

PRRURE RIS “fn 5 57 AU TP RNA BT R 54 % cDNA 85, SR )5 L3I
H—HE cDNA A, 51317 Real-time PCR 973

SERUNE 3 Fron, MAGAIL JERIZERT. mh2E, 2Rge. ). 2. fEMgh R lfeRis, HE
R EARAE Y 2 ST

Bk )G, MAGAI JERIFRIAE I B N, M. BRI T, REEMNTERE. £F
E, FiLEMEZ N MEgi R, RIAESRININ, LB EE 1.55, UL FE ] pE 2
W R LELRE .
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MAGAT X ik &

MAGAT relative expression

1 2 3 4 5 6 7 8 9 10
HAM T FE Tissues or organs

B3 HEFER ‘M55 FREALKBED MIGAI EEERKFLRHRESIT
LR 20 RFRMT: 3. MR 4. FRER: 5. BOWEZER: 6. mh2F: 7. WAl 8. K 9. 16 10. F.
Fig. 3 Expression analyzing of MdGAI in different tissues or organs of columnar apples ‘Lujia5’ at transcript levels
1. Seeds; 2. Seeds after germination; 3. Shoot tips in spring; 4. Shoot tips in summer; 5. Shoot tips in autumn; 6. Vegetative buds;

7. Internodes; 8. Floral buds; 9. Flowers; 10. Young fruits.

3 e

Wi (2007) Zrnl A g R MR SRR v BT 24 i% DELLA & H X %K) MdRGLIa
M MdRGL2a 3 [, 3 RGLIa A1 RGL2a HE PRI 7 AT L A8 3 3 Sp SR o R R e S RIS 24 0 100%,
VIR RS g MRS RGL T . AMFFERIN SRR & 5
5’ DELLA 1 GAI #£[K 5 GenBank I+ ‘& FERM GAIL JERZIER)F AL S 93%,
THAE N U B RS S LR 45 K1 DELLA A1 VHYNP . 3X 3t B A SE 5 () DELLA 45 Myl 7
AEBRHEGEAR L B, DR, AR SR ) IRt MAGAL BRI DI REX AR G . 4, K
RIER BN 557 [ GAI JEK 5 GenBank I3 SBFEHA 1) GAl JE 7 HIAHALEISTE 92% LA I,
BRI 99%, tHISE A —JE R B JE K . ABFoT KB, ER—EKET, 3 MERSERZER
W) MAGAI AR Rk 3 T 3 Al A S . MR N ¥ DELLA B3 &%, Xl 5 (138
PEBkGE, SERIEET, M N DELLA SREM & &, dimibgas DELLA At D6 A A K
HI1EH (Achard et al., 2006). FEFISEHE GAI FE A {204 o il A4 T RIRRAO AR, tmT gt
A0 I IR BTSN3 WY 2RI

TEFLT AR K FE RN K 22 Hh 43 DELLA £ £ {UAA SLRL (Tkeda et al., 2001) F SLN1

(Chandler et al., 2002). 7EXF-MAEY R T I0AE KR G, 4fY DELLA & A1) GAIl. RGA,

RGL1. RGL2 #1 RGL3 KAEAF HI1EH « RGA Al RGL2 & 46 ORI AR B A= K ) 12 32 7 45 X 7, RGA
Al GAl JEZE MK ) FEE A 7 (Pengetal., 1999; Dill etal., 2001; Dill & Sun, 2001). fLI5g
MR REF, 5 B DELLA & AL S 5L, (2 RGA JER K EE/EH, 1E
g RN, HEREFELETH Y DELLA BEAHER . IR0 GAl JERN Fa iz t, F%
Ik IR, e KRS . BT RGLL. RGL2. RGA Fil GAI fE4E A R IRk 1Y
R, UEHIX 4 NS 5 MBI e A R K E (Tyleretal., 2004). Muangprom % (2005)
FH 252 5 PCR AR SE RGA L PR 7F LB A= BRI AR AL S8 AR A (R R 5 00, LE BT A 1) BT 5 211 7
L AR S T RGA R R AR, Mz R = R K BT IR

R B DELLA 8 I RE R 2 2 RN KR (Foster et al., 2007), 7E3FE% DELLA &K
ZREFIGE T, AR B B AR AN JE KR PE AR R, SRR TR S KTk 2 B
KT 4 75 St — B 5.
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Ak, AERISERR A R GAL LN (IR B SR, X ZIE ] B R RS IR T .
G At A DELLA H2 ) GAL BE PR I B RNy 25 ek 23 A o Jim Sl ol e FE R BOR T Br sl RNA
TIRBARWIFIER I RESE T KA.

References

Achard P, Cheng H, De Grauwe L, Decat J, Schoutteten H, Moritz T, Van D, Straeten D, Peng J, Harberd N P. 2006. Integration of plant responses
to environmentally activated phytohormonal signals. Science, 311: 91 - 94.

Achard P, Vriezen W H, Van D, Stracten D, Harberd N P. 2003. Ethylene regulates Arabidopsis development via the modulation of DELLA protein
growth repressor function. Plant Cell, 15: 2816 - 2825.

Alabadi D, Gil J, Blazquez M, Garcia-Martinez J. 2004. Gibberellins repress photomorphogenesis in darkness. Plant Physiol, 134: 1050 -
1057.

Boss PK, Thomas M R. 2002. Association of dwarfism and floral induction with a grape ‘Green Revolution” mutation. Nature, 1416: 847 -
850.

Chandler P M, Marion-poll A, Ellis M, Gubler F. 2002. Mutants at the slender locus of barley cv. Himalaya: Molecular and physiological
characterization. Plant Physiol, 129: 181 - 190.

Dill A, JungHS, Sun TP.2001. The DELLA motif is essential for gibberellin-induced degradation of RGA. Proc Natl Acad Sci USA, 98:
14162 - 14167.

Dill A, Sun T P. 2001. Synergistic de-repression of gibberellin signaling by removing RGA and GAI function in Arabidopsis thaliana. Genetics, 159:
777 - 785.

Dill A, Thomas S G, HulJ H, Steber C M, Sun T P. 2004. The Arabidopsis F-box protein SLEEPY 1 targets gibberellin signaling repressors for
gibberellin-induced degradation. Plant Cell, 16: 1392 - 1405.

Foster T, Kirk C, Jones W T, Allan A C, Espley R, Karunairetnam S, Rakonjac J. 2007. Characterization of the DELLA subfamily in apple (Malus
x domestica Borkh.) . Tree Genet Genomes, 3: 187 - 197.

FuX D, Harberd N P. 2003. Auxin promotes arabidopsis root growth by modulating gibberellin response. Nature, 421: 740 - 743.

Fu X D, Sudhakar D, Peng J R, Richards D E, Christou P, Harberd N P. 2001. Expression of Arabidopsis GAI in transgenic rice represses multiple
gibberellin responses. The Plant Cell, 13: 1791 - 1802.

Hartweck L M, Olszewski N E. 2006. Rice GIBBERELLIN INSENSITIVE DWARFT1 is a gibberellin receptor that illuminates and raises questions
about GA signaling. Plant Cell, 18 (2): 278 - 282.

Ikeda A, Ueguchi-Tanaka M, Sonoda Y, Kitano H, Koshioka M, FutsuharaY , MatsuokaM, Yamaguchi J. 2001. Slender rice, a constitutive gibberellin
response mutant, is caused by a null mutation of the SLR1 gene, an ortholog of the height-regulating gene GAI/RGA/RHT/D8. Plant Cell, 13:
999 - 1010.

Kesley DF, Brown S K. 1992. ‘Mclntosh Wijicik’ a columnar mutation of ‘McIntosh’ apple proving useful in physiology and breeding research.
Fruit Varieties Journal, 46 (2): 83 - 87.

KimMY, SongKJ, WangJH, ShinY U, LeeH J.2003. Development of RAPD and SCAR markers linked to the Co gene conferring columnar
growth habit in apple (Malus pumila Mill.) . The Journal of Horticultural Science & Biotechnology, 78 (4): 512 -517.

King K, Moritz T, Harberd N. 2001. Gibberellins are not required for normal stem growth in Arabidopsis thaliana in the absence of GAl and RGA.
Genetics, 159: 767 - 776.

Looney N E, TaylorJ S, Pharis R P. 1988. Relantionship of endogenous gibberellin and cytokinin levels in shoot tips to apical form in four strains of
Mclntosh apple. Journal of American Society for Horticultural Science, 113: 395 - 398.

Ma L, Zhao H, Deng X W. 2003. Analysis of the mutational effects of the COP/DET/FUS loci on genome expression profiles reveals their

overlapping yet not identical roles in regulating Arabidopsis seedling development. Development, 130: 969 - 981.



10 3 PEIEETAE ., AR MAGAI JE R 1) 7 B K 2238 45 My 1975

Muangprom A, Thomas S G, Sun T P, Osborn T C. 2005. A novel dwarfing mutation in a green revolution gene from Brassica rapa. Plant
Physiology, 137: 931 -938.

Ogawa M, Kusano T, Katsumi M, Sano H. 2000. Rice gibberellin-insensitive gene homolog, OsGAl, encodes a nuclear-localized protein capable
of gene activation at transcriptional level. Gene, 245 (1): 21 - 29.

Olszewski N, Sun TP, Gubler F. 2002. Gibberellin signaling: Biosynthesis, catabolism and response pathways. Plant Cell, 14: 61 - 80.

PengJ, Richards D E, Hartley NM, Murphy GP, Devos KM, Flintham JE, Beales J. 1999. Green revolution genes encode mutant gibberellin
response modulators. Nature, 400: 256 - 261.

Sha Hai-feng. 2007. Cloning and function analysis of related gene encoded DELLA protein from columnar apple[M. D. Dissertation]. Beijing: China
Agricultural University. (in Chinese)
YhilgIg. 2007, 3 DELLA AHSCHEIN A e b S D eI 20 e [ i3] At AR,

Tian Yi-ke. 2004. Molecular genetic mapping for columnar gene and cloning cDNA fragment of Ent-kaurene oxidase gene in apple[Ph. D.
Dissertation]. Yangling: Northwest A & F University. (in Chinese)
FH U0, 2004, 3 ST BE DR F: 16l % DSR2 00 S AU A R cDNA J BE e B [0 50T . #id s DHILRARRHB R 22,

Tian Yi-ke, Wang Cai-hong, Zhang Ji-shu, James Celia, Dai Hong-yi. 2005. Mapping Co, a gene controlling columnar phenotype of apple tree,
with molecular markers. Euphytica, 145: 181 - 188.

Tyler L, Thomas S G, HuJ H, Dill A, Alonso J M, Echer J R, Sun T P. 2004. DELLA proteins and gibberellin-regulated seed germination and floral
development in Arabidopsis. Plant Physiol, 135: 1008 - 1019.

Wang Cai-hong, Wang Qian, Dai Hong-yi, Tian Yi-ke, Jia Jian-hang, Shu Huai-rui, Wang Bin. 2002. Development of a SCAR marker linked to
Co gene of apple from an AFLP marker. Acta Horticulturae Sinica, 29 (2): 100 - 104. (in Chinese)
ERAL, £, WU WSCR, RO, ROMR, £ 2002, SERFERYEER Co (AN AFLP FRICH SCAR elfe. [T,
29 (2): 100 - 104.

Watanabe M, Suzuki A, Komori S, Bessho H. 2006. Effects of heading back pruning on shoot growth and IAA and cytokinins concentrations at bud
burst of columnar-type apple trees. Journal of the Japanese Society for Horticultural Science, 75: 224 - 230.

Zhu Jun, Li Guang-chen, Wang Tao, Zhang Wen, Zhao Yu-jun. 2000. AFLP polymorphism between McIntosh and Wijcik columnar apple. Acta
Horticulturae Sinica, 27 (6): 447 - 448. (in Chinese)
#OE, R, £ OW, 9k 3 BEE. 2000. IR G UL AFLP 20T, W 2R, 27 (6): 447 - 448.

Zhu Yuan-di. 2008. Cloning and function analysis of Isopentenyl-transferases (ipt) gene from columnar apple[Ph. D. Dissertation]. Beijing: China
Agricultural University. (in Chinese)
ARTTEE. 2008, FERSIHT RIS AL ipt B s b 5 D RE AT (I8 5C]. Jent: FERERY.

ZhuYuan-di, Li Guang-chen, Li Chun-yu, Dong Li-min, Wang Tao. 2003. Studies on the ISSR marker analyses of the columnar gene in apple. Acta
Horticulturae Sinica, 30 (5): 505 - 510. (in Chinese)

EKoull, R, FHEW, AR, T 9. 2003 FRFERIEF K ISSR 0 FARI0WFoT. [m 2244k, 30 (5): 505 -510.



