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Studies on factors influencing ShivaA gene
transformation mediated by Agrobacterium
in Citrus grandis Osbeck cv. Shatianyu
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Abstract; Transformation and regeneration of Citrus grandis plants were studied by Agrobacterium-mediated.
Transgenic plants with ShivaA gene had been obtained, The carbenicillin was better to control Agrobacterium
growing after explants were infected. Epicotyls fragment were infecting for 10 min as ODgoo of Agrobacterium
suspending liquid is 0. 5. Epicotyls fragment were co-cultured with Agrobacterium for 3days. The transforma-
tion frequency of explants was promoted when 150 umol/L ferulic acid was added in A grobacterium suspension
liquid & co-culture medium. It was useful for anti-Kan positive shoot producing when initial concentration of
kanmaycin was 50 pg/mL. Foreign gene is proved going to C. grandis by PCR & Southern blot detective.
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¥, ERX 3 MBFES, URITFEN ST
MARNTEIREHEEZRERESEFHE,
2003; 3K %,1996). MEMKE—F/NYTEH
B, EAERNEE S, FIM10 R LT A E
REAREFMMEER EFNEREFREADTR
B REXESEYWRETESHSE, 1999 BEF
%,2003; BREHS,1097), MHEBEBALTRER
Bg BN EEFLSEMEREYEEERNG R
HBFAZFRZIREEFEREFER, BHEHAE
AR ATFRIEIR S (Pena %,1997; Rogers %,
1985; Kaneyoshi %5, 1994), ¥ 7 I 1 B Bk shivaA
EEHEAVHMAATFRIE. 295U B M LT
BAXT AR PLE AL shivaA B B ERE, RITE R
B, BT T RERATR, I PLE K shivaA
BEHREAT VB, #—H N FHEEHR.

1 MH 5T %

1.1 HY#HE

B 4B B9 ¥ B 1 (Citrus grandis (L) Osbeck
cv. ShatianyW # 7, 2 H M T EEF . BMH T 1/2
MS BRI E S, 25~30 CRBE T H AR,
1.2 RAEEASESR

AT B B Bk LBA4404, 5 R K R E R &
pTYBI(H R EMEEiE EM K FRELHRERM.
84X pTYBL L1EH 35s BRI FESH AT B shivaA
ZRRFERICERHERPERE B EERE(NTP-
D ,shivaA ZEPH £ 186 bp, ZFEKEEIMAE 1.

deas ]shA [358 INosT NPTIH Pnos b

LBEc Bm Kp Hd RB

A1 s pTYBI BiE

Fig. 1 Schematic representation of the pTYBI

RIFTE B PRIEFER LB M FIREE 30
pg/mL, EFFE 10 pg/mL, HILRiPBE B EEMNTF
50 mL Wik FE 2,28 CREE T 120 r/min IR 15
3 XS0 (ODgoo =0. 8~1. 0), #R /5 3 000 r/min B
4 10 min, & EER, FHASRRERERA.
L3R E

WLAEE MY 0.5 em KR . ERTER
HHFRE 10~15 min, BRREBSROBE R, K
BERFEL26~28CRETHER2~3d,FEik

PRIE R bR IEAE R,

AP RRT IR IR e RE
B EEA R4 MT, b R84 1k 56 B85 e 2 Mt
4% BA 2.0 mg/L+Km 70 mg/L—+ Car 300~
500 mg/L, EMRFFEEM I NAA 0.5 mg/L,Km
70 mg/L. EFLBRYE 26~28CHEBTH#HIT,E
IR B 1 400 Ix, 6 BRET[E 12 h/d,

1.4 MEAH %

HAUASEOONE: ERBESLEFEERE
EEGER 60 d, TRBWARRWMIIETF R SME K
di B BAMERRE 4,

4 DNA K JRA. DNA 12 B 4+ 5 & A SDS
BB,

PCR W E :PCR Mk 25 L RBfER. K
Mk & & . 4HY DNA 20 ng, dNTPS 200 pmol/
L,Primerl 5 Pruimer 2 %& 0.1 pumol/L, TagDNA
B 130,10 <PCR k., 5 DNA % 94°CA
P 6 min, ARG 94°C 1 min.56°C 1 min 30 5.72°C
1 min 30 s 35 MER,B/FE 72°CHEH 8 min, ¥
Wr=Y7E 1. 6% IRASPESEN Lo ok, HEEEINESH
X E 445 %, 51 % Primerl; 5-3' TAT TTT
TAC AAT TAC AAA CAA CAA Primer 2.5"-3’
GGT GTG GCT AGG ACT GAT GGA GTG.,
By WK E N 186bp,

Southern blot Z& 3% % A Dig B E R F| & XA
RRM&ZM., ¥4 DNA £ BamH 1 Kk Hindll &
YR, 4CTF,0. 8% BRfEHE Ll bk 12 h, 874
W EBEHRAERE L., HTEEHITHLAK.
FRAER BB, RIH BB AAN 536 bp,

2 HRE5IR

21 FAME RENERN B LBEHIESF
RERYMAR

HUREPEMATERUMFHRFEEK,
DL R MBI R AT B A K B R B, X SMEER R & 3
Rt —E %M (Lin %,1995), Bl . #E
HERENERME RESHAAROFRBE O
B RMNEBTRYTFEER . LAERBH . Lrdmn
T TR, SRR L.

MERBFBH, ARBKERTEER . Ll
o SR AN AT Y B A B R R E F R A
fl. RYEBERENARELERKIAXSMEE
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AEFEERTHEEW ., LAEFAMAERE
500 mg/L LAF B AR EERERTEM, HiMA
Bk 600 mg/Laf, FEMMAEFREERFHEY
TR ,BLBIIMERE R, LMK ERE 200
~300 mg/L B, REF K ERL A4, 400~ 600
mg/L B REFRERHE TR,
GL,VHMBEAURTEFER I k. LT
BHRZ, LM RERA.
22 HARARESHENELMENRE
—EEERFRETSME FIMEEG D RER
BRI DESRG, R T HREIX — B8, SME R
A ENHEBRKESBERAEILIEE. Y5
OAL 40X RIFE B A 8RR, B E K, &8
SMEEIBIE T, B R B,

BT EARESTE M E TRE RUARZ RN,

MNEZAESY , VEHM EEMEAFARERS
RTHHBMBRESRANAEHEXR. BEK
ODgoo fH 0 0. 1 B » 45 40 B2 35 T % 16 ZE Hy 31 5 ODyoo 1
70.3 8, 8% 5.10 min W= NLHEEHFILEKE,
B 20 min AL LI IK 2. 0%65 ODgoo 120
0.5 B, B ¥ 10 min, B R X 11. 0%, B et
[E] 3 % 20 min B}, LR T(E, HAMEEF LT
ﬁﬁE;ODsooﬁyﬂ 0.7 Bﬂ‘,?iiﬂﬂﬂ‘lﬁl 5 min Bﬂ‘,%ﬂ:ﬁf
Hik 6.2%, R AT E 10~20 min, T &4, B
15.20 min ZAAESMEE ERFEMELIS . B
AMEEFRER DB, HAEE TN, 2%
EFT, B, & B B LA ODgy 0. 5. 8 B
[B] 10 min A H,

®1 FEARERERNDAHEERFTEFEEZHRW

Table 1 Effect of antibiotics on adventious shoot formation of epicotyls
#iiE & Concentration of antibiotics(mg/L.)
?;ieis X(j;li‘! 3k FU % fi5 84 Ecfotaxime sodium B HFE X Carbenicillin - 3k At dh #4448 Ceftriaxone sodium

200 300 400 500 600 200 300 400 500 600 200 300 400 500 600

A I (M) No, of explants 100 110 120 120 105 110 100 110 115 120 117 114 121 109 104 105

AEHE R 4L B Rate of ad- 93.8 94.2 93.3 92,7 92.0 79.3 93,3 94.7 94,0 93.3 91.9 92.6 91.7 84.2 74.4 52,7
ventious shoot formation (%)

®2 HRREBRESHEANELHAROENM

Table 2 Effect of bacterial density & infection time on transformation frequency

B 3k ¥k B Bacterial density (ODsg0) 0.1 0.3 0.5 0.7
B G nd 8] Infection time (min) 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
4L # Transformation frequency (%) 0 0 0 0 0 0 1.1 2,0 1.7 11.0 89 58 6.2 0 0 0

&4 B K 300,

No. of explants per treatment is 300.

R3 BAALEYRHE REN MG FTENER
Table 3 Effect of phenolic compounds
on frequency of Kmr shoot

MK D ¥ (LB ® Transformation frequency (%)
Y E
Concen- ZBT 4BHEZM P 34 B8 BREETR
tration %M o-Dihydro- Trans-ferulic p-Hydroxy-
(umol/L) As xybenzene acid benzoic acid
0 3.1 3.0 3.0 3.1
50 7.8 3.4 8.8 4.4
100 11.1 3.6 12.1 5.8
150 9.7 3.6 13.6 7.9
200 6.1 4.1 11.7 6.2
250 1.1 2.3 6.1 1.5

&4 ES R 350,

No. of explants per treatment is 350.

23 MAUEUHE REMIEEREF LN
40
WEPRRYA, PR B I0XT RATE B
HY AR E EBERRANREER, FREY
i B fE R E R B KH £ 7 (Sangwan %,
1993), RMNERTHERBRBEESXERESTH
MTZBHMTEHE FHR CE R EEETR 4
MBI RE Y, BT R B & Y% ¥ B Al 7 4k Y
L, ERNEK 3.
MNERTE L BELEDFHEXTFLNE
Wi 2 0B K Ao e b R R B R AR R KD A
PR . ZBTENR. SE_BEREFTR. W
IR BRE W E N 150 pmol/L, Fe AL R K 13. 64,
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BT HEREWE A 100 pmol/L, ¥ 4k 55 235
11.1%.,
2,4 +HBR (Km)BERESEX Y B LEH
HEFFERF M
HUBEIBRD . EEREREELSS . FHia
MRIHEEEMRREIRE, S THELEELIB P KE
FET PR R R E I M. R RN ARE
ARRRSEENBEAMAL ‘BB AL, FHRE
ik KB EE. RITEXFNRY 7 d 3 Km ¥R
EMTARBENMREMSE,7 dS¥HBA Km 70 mg/L
REEEIERE L FFE%EEZ 60 d, IR Km &1

WE R RN,

MNEREH . BEEJRSEERERERS
Km BHERERRE. RERE  HEFKBER
K. EXEMEANER, SLBNREFREL
EA, BREE 604, S4B FLERYSE
AEBETH. Km BRERERBROLERTEEFT
FeRBFREAHE., Km BHWKER OB, BYSE
60 dWiMEHFRERNE 0.5%, LRLSS 30 d TR
36.3%; BIEWE 50 mg/L WAL, THRERE
11. 0%, PitEZFEF 5 Bl & F CK. HE M, Km &1
WEELL 50 mg/L AHE, TEMBHEFRE, &4

R4 BHEDPBRREMNAMF-ELZNORME

Table 4 Effect of initial concentration of kanmaycin on frequency of Kmr shoot

KB/ R Concentration of Km (mg/L) 30 40 50 60 70({CK) 80
S (A4 No. of explants 350 320 330 345 350 350 365
BpG 0 dFRETSE D 38.0 28.1 23.9 21.4 17.4 14.8 8.5
Rate of explants with Kmr shoot after culturing 30 days

MY )s 60 d itk R AT W (%) 0.5 2.5 4.8 10. 4 10.3 8.0 3.3

Rate of explants with Kmr shoot after culturing 60 days

LA B 33 — 25Tt M S 7 SR N 0 BE FR) R
2.5 Km@AZEEER(BMEREERNVTEE
Km X8 94 RA W H E R (EXH%,1998),
MAX - EEREFEFMARREER
Km, A T B B A RXT Km B BURWEEE. 7R
B X BT BT RS — S L. SR LE S.
MRS TAEH EREREPTMARWKE
Kmif, EREARZBEW, 4 Km EEH 70
mg/L B, ER R 2 WH, I EFEBAL Km B9 4
REFEGDABERTLE  BEEKRR BT, B
It Km 70 mg/L AY BHTTHE T R EREFRE,
VB RBRY BMFERE. R TS Km 70
mg/L MAREEEFRE L EREE 78.4%, X R
WA O MAREANEEEREZREFELERE
WRETUE T AR

R5 FTHBRMNTEHERNKE

Table 5 Effect of kanmaycin on seedling rooting

BB ERKE (me/L)
Concentration of Km 0 50 70 100 120
S HE R ¥ No. of explants 120 135 110 100 100

### Frequency of rooting (%) 82.5 11.4 0 0 0

2.6 % EFE L Z A PCR 5 Southern Blot &5 B2 43 47
MR ERTEE R BULEE 7 REST

PCR &, 5 BRIEEFY WA £ 4T, 7E 186 bp fif
By H— 405K DNA #, Xt RN,

X 5 4 PCR PH M AE #F i3k — 25 #F 4T Southern
FI T TETAHE 536 bp L B H B AW, EX
ERECTLHEAN FEEIEYERAS, #—F
MR RB I E#HITZH,

SE M
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5 #j /INEE . Hystrix patula 5 Pseudoroegneria libanotica J& (8] 22 B 40 22758 575

= 1 H. patula ¥ P. libanotica F1%:# F1 R B HERRK SRR [ S akmay

Table 1 Chromosome pairing at M I of PMCs in H. patula, P. libanotica and their F; hybrids
I {4 {K Bg X} Chromosome pairing
FELE  pe#mE  HNST  ARGEN e cum
= Chromosome Material No. of cells il :
Parent and Chiasmata C-value
. No. (2n) No. observed I
combination BF0 Total 4R Rings #IR Rods per cell
H. patula 28 P1372546 57 0.18 13.91 12.91 1.00 26. 82 0. 96
(0~2) (13~14) (10~14) (0~3) (23~28) -
P, libanotica 14 P1228391 50 0.21 6.89 6.68 0.21 13.57 0.97
0~2) (6~7 G~7 0~1) (11~14) —
H. patula X 21 P1372546 X 50 6.08 7.48 2.24 5.24 9.72 0.69
P. libanotica P1228391 (1~13) (4~10) (0~5) (2~8) (5~14) —

5 P. libanotica [ 8, B} H. patula &7 P. liban-
otica B St Yr (K4,

&% W
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