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Study on the Biology Characteristics of rolC-Transgenic Malus
robusta Rehd. in vitro

CONG Yu, SUN Ai-jun, YAO Quan-hong, ZHANG Zhen

(College of Horticulture, Nanjing Agricultural University, Nanjing 210095)

Abstract: [Objective] The purpose of this research was to investigate the copy numbers, expression quantities at transcription
level and biology of rolC gene in transgenic Malus robusta Rehd. The study also aimed to provide basic information for investigating
the expression of rolC gene in genome of Malus robusta Rehd and breeding excellent apple rootstocks. [Method] Three clones of
rolC-transgenic Malus robusta Rehd., which have been firstly screened through the gus and PCR tests, were selected for further
investigation. Molecular hybridizations were made to identify rolC gene integrated copy numbers and expression quantities at the
transcription level in Malus robusta Rehd. The biology of transgenic Malus robusta Rehd, such as shoots proliferation, leaf
differentiation and rooting abilities, were surveyed. Other characteristics of transgenic Malus robusta Rehd, such as plantlet height,
nodes number, the length of internodes and leaf area, were researched after they grew in a greenhouse for 4 months. [Result]
Southern hybridization demonstrated that rolC gene had been integrated in the genome of three clones of rolC-transgenic Malus
robusta Rehd. Two of these transformants had a single copy and one had double copies of the integrated rolC gene. Northern
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hybridization showed that the expressions of rolC gene in transgenic clones were influenced via different integrated copy numbers.
At the transcription level, its expression quantity in the clone with double rolC copies was less than that of other two clones with a
single rolC copy number. Studies revealed that: (1) The rates of shoots propagation, rooting and leaves regeneration of all three
rolC-transgenic Malus robusta Rehd. clones were lower than that of the non-transgenic plantlet at significant level. And these indexes
of clones with one rolC gene copy were significantly lower than that of the clone with two rolC gene copies. (2) The root numbers of
these three rolC-transgenic Malus robusta Rehd clones were more than that of the non-transgenic plantlet at significant level. Among
transformants, the data showed that clones with one rolC gene copy were significant larger than that of the clone with two rolC gene
copies. The root length of the non-transgenic is significant longer than that of three transformants. This length of one rolC gene copy
clones is significant shorter than that of two rolC gene copies clone. The root diameter had no difference between the non-transgenic
plantlet and the transgenic clones. (3) All three rolC-transgenic Malus robusta Rehd clones display the obvious characteristic of rolC
phenotype, such as dwarf shoot, shorter internodes, smaller leave area, plantlet shorter than non-transgenic clones. And the clones
carrying one rolC gene copy were significant shorter than the clone with two rolC gene copies. [ Conclusion]The rolC gene has been
integrated into the genome of Malus robusta Rehd. It was expressed at the level of transcription. The expression of exogenous rolC
gene changes endogenous hormone contents and morphology of transgenic Malus robusta Rehd. The integrated copy number of rolC
gene played an important role at the expression of rolC gene in transgenic clones.
Key words: Malus robusta Rehd; rolC gene; Integrated copy number; Transgenic plant in vitro; Biologic characteristic
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Hind[IIAT R D)5, 75 35 V U R K 12 h, HIE
MEVLEA R e el I, 4% Dig DNA Labeling and
Detection 1 #5347 Southern 2242,
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prolC. Plasmid (positive control); CK. Non-transformed control (negative
control); 20a, 20b, 33a. Transgenic lines 20a, 20b and 33a, respectively. The
same as below

1 EcoR I figtJ1HY Southern ZL3Z 45 R
Fig. 1 The result of Southern hybridization after digestion
with EcoR [

prolC CK 20a  20b 33a

2  Hind 111 BEYIAY Southern 22T 45 R
Fig. 2 The result of Southern hybridization after digestion
with HindIII
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R DIRR R 24 BA WKE>1.0 mg L' I, X rolC %
DA% DUPE 22 350 AR 4000 2 35 0 1 2 A rol C JE B5 % I
PRZ . HorolC JEN#E DIFER 20a, 78 BA WE<1.0
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3 Northern %4 R
Fig. 3 The result of northern hybridization
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Table 1 The propagation rate of the rolC-transgenic and non-transformed plants on MS media containing different BA
concentration

P Z Clone BA3.0+NAAO.1 BA2.0+NAAO.1 BA1.0+NAAO.1 BAO0.5+NAAO.1 BAO.1+NAAO.1

CK 5.67A 733 A 540D 320D 1.85D

20a 4.14C 6.22C 6.80 B 586 B 2.56 B

33a 4.15C 6.22C 7.80 A 6.40 A 293 A

20b 523 B 6.80 B 6.53C 513C 2.12C

SEARBEFEIN MS, WEIRIE RN mg L, ARKE PR 1% 84 %R . TH

The basic medium is MS. All measurement units of hormone concentration are mg-L™". The different capital letters show significant difference at P<0.01 level.

The same as below

R2 ¥ rolC BER/\IRBERZMMBERESARE BAREMMS HERE LM RFBEER (%)

Table 2 The regeneration rate of the transgenic and non-transformed leaves on media containing different concentration proportion

of hormones
7 BAS.0+NAAO.2 BA4.0+NAAO0.2 BA2.0+NAAO0.2 BAO+NAAO0.2
Clone kR PR TR PR TR PRI TR P
Rediffere-  Average the Rediffere- Average the Rediffere- Average the Rediffere- Average the
ntiation number of ntiation number of ntiation number of ntiation number of
rate regenerated shoot ~ rate regenerated shoot rate regenerated shoot rate regenerated shoot
CK 100.00 A 3.12A 66.67 D 2.10D 40.00 D 125D 6.67D 0.00 D
20a 50.00 C 1.32C 80.00 B 242B 90.00 B 2.67B 26.67B 1.88B
33a 30.00D 1.26 D 78.52 B 2.55B 100.00 A 356 A 36.67 A 2.12A
20b 7330 B 223B 9333 A 332A 7333 C 223C 1333C 1.67C
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I, WELEFEES; M BAWEN 8 mg LI,
FR 20a 113K P IR bR 34 2 25 = TR R 33a.

MFFAE I A AR DK, 3 AN rolC ZERIBR &R
7E BA WRJEIAS] 4 mg LI, MR AR 8 B
LIS, Tt AR i AR B AR KR s 4 BA
WRSEILF) 8 mg L i, o R MRAR UL T B b IR
1M 3 /N rol C BEPRUBR 22 R P2 1 11 BB B A et
h
2.3.3 rolC P\ BEiE AR AR KRR PRS2 g i
R 3 ATLUEH, O IRURTAR IR s T ORI TR
BE T 3 M rolC RN\ B SRR R s LT Al
JEE W2 5 TR rol C BEDRI% DIRE R 20 a 11 33 a, fHAIXL
rolC JEN¥E DIER R 20 b AHLLIIG W 25 . 2 M
rolC FEA#% DMK R IRk iRy I IR L R Y TR) 403 il 2
fIE T8 rolC JE M3 UK 2R 20 b, 1M 7RIS FE AT 20 b
JC 225 5 rolC LRI DUBR & 20 a T AR AAR
HREFE T AN 1A rolC JE R VKK R 33 a, 1M
BRI IR B NTE B = (B 4) o DL
T W] rolC FER N, 380\ Ml FA AR, TR
HORNI THIRRAR /IS o E R 5 5 AR A T B P AR AN
—H, R RERRR 1R T BEFT . rol C JE PR DR SR AH
Fof W2 225, 50 rol C i R4 DURK 2 (=45 1) J3
PALIPRTE SN
2.3.4 rolC HEP0) )\ # ity 3 AE A Z MR RIE & 58
W R 4 nTLLE L, TEIR AL 3 ANFE rolC JE [N\ kg ity
SRR FRIE LR IR, BEAE AERRRT IR T IBA RS

®3 B4 AREEEERMN RBERE LS R E KR

W, AR B TS Y IBA WE<0.1
mg- L i, 3 AN rolC BEIR ) UGS R I AE AR
BEE TR . 764D IBA 11 12MS #5357 |, X
TR BEAE AR, 3 N rolC JE D )\ RS s bk RN R
B AR AE . 24 IBA W >0.1 mg- L' I, 3
AN rolC kPR \AR I SR 3R IR AR 1) A2 AR 4
ILF] 100%. 2 AN rolC JEKFE NI &R 7 IBA=0.05
mg L, AARFIES] 100%, Wm0 rolC 3

CK 20b 20a 33a

B 4 % ro/C EE/\RiBERAXBEKBER 4 MAR
th FERE KB

Fig. 4 The overground part growth of rolC-transgenic and

non-transgenic control of Malus robusta Rehd. after

transplant 4 months

Table 3  Average height, number of nodes, internode length and leaf area of three transformed clones and non-transformed control

plantlets
/3 AL B RelLE-e REIRSES T AR
Clone Plant (No.) Plant hight (cm) Nodes (No.) Internode length (cm) Leaf area (cm?)
CK 7 43.12 A 16.26 A 2.65A 36.23 A
20a 10 2024 C 11.16 C 1.81B 22.76 C
33a 8 18.63 D 10.87C 1.71B 18.56 D
20b 8 26.66 B 12.28 B 2.17 AB 28.43 B

R4 oro/C BEE/WRBERANBEKESELRRE IBARER 1/720S IBFELMERE (%)

Table 4 The rooting percentage of the rolC-transgenic and non-transformed plants on 1/2MS media containing different IBA

concentration
B Z& Clone IBA O IBA 0.05 IBA 0.10 IBA 0.20
CK 0.00 D 60.00 C 80.00 B 100.00 A
20a 5333 B 100.00 A 100.00 A 100.00 A
33a 6222 A 100.00 A 100.00 A 100.00 A
20b 35.36 C 90.00 B 100.00 A 100.00 A
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PEUURR R 90% 4% . IBA #2555 0.1 mgL" i,
XL rolC FERF5 VIR R 20b A GEIAE] 100%[1 AR
MAR R ARG DR, AR IBA RS AR
X FERTAR LE 3 A4 rol C JE RIR &R AR AR B /D, iR
2 AN rol C IR DURR R LE X rol C LR #% DLRE R A AR
Bz, KK,

2 5 iTLLE Y, 4554 IBA 0.2 mg L' ) 1/2MS
RigRdt FARES R 40 d J5, X BRAERE (1 T B AR R
BIRRAE 3 AN rol C SR )\ R g Sk R AR L3 B 3%
ZESE, M IRH I B3 25 5. 2 AN rolC 6K
UIRE 2 PR A S 3w T X rol C 2R NI R, B
IR PIRSHLE W35 22 s A rolC JE[RI4E DURR R
33a MM K AR T X rolC JEDH % DIRR &R 20b, 55—
AN rolC FEPRIHE DURK R 20a IR K50 rolC KL%
IR R 200 FARKAR LI 35 25 5 o B rolC JE N5
IR R 20a 1P RRBORIP IR 5 5 — N rol C g
DA% DURE & 33a AHLLISA B3 255, e iz AR
MEEE2ER (ES .

CK 20a 20b 33a

El5 % ro/CERE/\IRiERKRFITERIEIRTE 1BAIRE 0.2
mg-L” B9 1/2MS 3EFRE AR 40 d FRYEKIER
Fig. 5 The root growth of rolC-transgenic and non-transgenic
control of Malus robusta Rehd. on the 1/2MS medium
with 0.2 mg-L™" IBA after 40 days

x5 HERERIMBEKESSE0.2 mgL IBARY1/2M SEEFE L 40 d FRIERIER

Table 5 The root growth characteristics of the transgenic and non-transformed plants on media containing 0.2 mg-L™' IBA after

culturing 40 days
H& SR PRI K ST HIHHL
Clone Average root number (No.) Average root length (mm) Average root diameter (mm)
CK 456 D 1202 A 25A
20a 11.23B 78.8 B 25A
33a 13.67 A 642C 2.6 A
20b 733C 773 B 2.7 A
3 itie PR ) b i S 1)1 T B2 L0 RUR AR S 35 A0, T AL
A

W FEEE R A e rolC JEN 2 AR A & %
o RONBCRE IG5, AEMSE 28 T AR N AR A )3
By A HEEA T EIRARIE. RN A, A
FBRAANR F B IR AR B A SRR B R4k, Wi 2
Redfon, AUETLESH, AP s M
Ko N T IR A A AR KR, Bell 254 rolC
BT PEERL (Pyrus communis L) 1, JER)
MRS TAE K N 220 E0d> . b AR/ N
FEPIRIkE. Kaneyoshi 250 rolC LKL N &R A
B, R4S T O BB RREAL 40% H AR 8 ) W25 18
SRR SRR R o« AR50 0)  rol € i PRI IR S SR AR )\
MR TIEAS 48, 3 M rolC L IRE R34 H
LT RE AR IR AR N AR AR
AERRBON 2 S AR AR 1T HL 2 MR DT rolC

rol C & [A1 )\ A S5 P 2R 1104 [ K B 0T RUREPRAT L TG
WE LS 3 AN rolC JEDRBR 2R AR FH A6 R A
P B2, T BLEM: 3 AN rolC JE K\
M SR BRAE T 25 2 b e A AR A R i A e e
rolC JE R EAF 2 250 AT .
Ove %M rolC IR N 4R AR AR ZLAT
W, FEXHEE rolC IR 28 14 1 2l 9 Y 40 it 2 54 3%
(f45 iPA. ZR. Z. DHZ. ZOG. ZROG) #4773l
o GERRW, TR TR LU AT Foh, B
DR RE A 1) PN 8 40 L 53-8 2% 5 i 5 0 BRUREL R AT LU 3
BEMHEE; Mitiouchkina 25117 rolC JEIK 45 1L
R T DR R A A 1A (1 40 2 54 3% LUK B R o T
50 fifo ANREE HAREA R 3 AN rolC ) Uk ifg
{167 P R4 0 5 3% A 70 52, L T U4 7 S [+) BA
WRESAT F# rolC )\ B Febk R IO B RE ) At
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FRABE ST, RILHE rolC SEDA )\ b ihi S At 2T 0] i
FERRIT TG BA W JE 44 RIT SRAF 5K R 8 5 R AR
A FER, g W] EIR e % rolC FE A
AR PR b )\ v 1) N U A M 4 4 3R K
o 7 rolC DR e R B AR YR 4 S A
AR

KT rolC FEDN G5 DUALS AR I K 2 8] 1)
KR, SCHRIRIES RA 3. Bell 200 rolC LM%
ANZLE P Beurre Bosc 3kA3 186 LRI RE AR, 20 %2 B 6
3 DUECRF MR R: F24 G ANEIIED « F23 (1
AN IUED R F22 (2 MEUED o B 3 MR
PSS TR EE B R3O0 W 2 5y B rolC SEDA IR
filiA Marubakaidou A )32 B0 1545 DU EOIE 561
Fladung 25PI7E % rolC JEDN th4% s b R, Bl % DL
Hrman, %N IR A, HX RIS R
RN . % rolC FEH W72 146 A Mitchell 4
PR AR /N RERE ), B 5 DUEv 5,
iy S5 AR A,

4 ZEig

AARLIH L Southern 2448 %5 5 Hi % rol C FE A )\ b
MR R 20a A1 332 43 3K T 14> rolC BERI#% DL,
FEZR 20b 3K15 T 2 4~ rolC JE[K 4% UL, Northern 2% 4%
BRI, L rolC JEAHE IR R 20a H1 33a 1) rolC A&
DRI TA = 1 T8 rol C &K% DLRK &R 20b. 4N rolC
LR IR e N3 30\ B 2 P AR TS 2 AR 4,
rolC LN $% DIRKE R 20a 1 33a (Kkke. %, mHif
LR AERRECEERAR AL rolC JE [R5 DR & 20b
AL B 2R I H R E R T )\ By 54l R 1
BN B AR BA AR, \b g S 2 1% 1 AR A6
IBA IR BEHIEEK
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