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RE: AR RTEN S ST RS, R R EE SRR (TPS) T4 R 5 b, S R AT B4,
PRPEMERBIT TR HRERW, BT ETERREAET MT 838 LTRSS 2-3 4, SRITHE LR 34K
B RATE BB IRE ODy 294 0.6-0.8, /4 iF (7] 20 min; AR AT B A KA ZER B LLULHE R (Ceh)
250 mg L' MR FHEHEFH (Cb) 250 mg L' HEERFFIERT 7] 4 d By ; SLs 2 3P IR0 100 wmolVL ZBE T FHH (AS) Ml
400 mg L' BB (L-Cys) X Foite b B H B MREFEM. £ cUS & A PCR £ AT, ¥ H1F 5 TPS
EECDESRHFRERAD, B cUS IREH RPN RIAER 5.9%.
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Factors Effecting the Transformation of Citrus medica L.
var. sarcodactlis Mediated by Agrobacterium
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Abstract: Agrobacterium-mediated transformation of Citrus medica L. var. sarcodactlis was performed by leaf
disc. The binary vector harbors the gene of interest TPS and NPTII gene driven by CaMV 35S promoter. The
presence of TPS gene integration in the genome was detected and confirmed by GUS assay and PCR, respectively.
Transformation parameters optimized were bacterial concentration, pre-culture period, immersion time,
concentrations of antibiotics (cefotaxime, Cef and carbenicilline, Cb) and reagents (acetosyringone, AS and
L-cysteine, L-Cys). Results were obtained based on the percentage of GUS positive transient expression. A.
tumefactens strain LBA4404 at ODyy ., 0.6 showed the highest virulence on the leaf explants of C. medica with
20 min of immersion. Two to three days of pre-culture on MT medium in dark and 3 days of co-cultivation were
optimum for C. medica. The mixture containing 250 ml L” Cef and 250 ml L" Cb gave the highest rate of callus
induction for C. medica. Addition of 100 wmol/L AS and 400 mol/L L-Cys enhanced the transformation efficiency
of C. medica. Under the optimal condition, the percentage of GUS transient expression was 5.9%.
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% F-(Citrus medica L. var. sarcodactylis (Noot.)
Swingle), A 2 & B #5 B MBS Y B R F,
WE/NTFAREEAN. RERWL RS 2.
TN b AR T 2 T, S0 ZE W S e F T AR
BAX, B pist. #FRRENAN —FMEER
RV, R X RH REFMOAHME, R ZE 0t
1 RYINGy, BHFHEAHE L. #5814k
K BUM R AR S U h ST, RIE4M4
B AN, FFRFI TR M.

HE, AR EGT D, K g, ™
EHRIATHFVRRRE. EL, BFHmMEY
BRI OB E A A R w4, XN
R . Jbh, SEIA KT SR R 6
F OB FHRIEE SRR & 2 R
FHRERBMER. 558 B TFRLEF TR K
KEEMIAZREAGFEE. BTFRHTHERKER
RS, A=A T T, BT H 28 G F IR H A 8
ARG 24 A0 & Fh 77 12080 B R A P AR, T 5874
BEMXEAEHE B, RAEEE HEA SR ik =
R F M. RS, BRTHECE ENHTS
FEYIRI MR SR, & — Mg 2015 1nl o R MR 1
BAFER>, BEEGMERE —MuEER, —
B EHFENA D, S5 SRERM R
A TR KB R B EEE, M AETR mfE Ak
HIPLIEGE J1, 28 AR L8 K X Be FRASHE A i i
BAEK, &AL B M. 5 I SR i BB Rl
HYIBE RGNS KKEE, A8 FIORREE.

B, 9 F /A R AR N R IR IE R
A EE A, AT 6 TR & 0 T H S IR0 R
RERBTEREE LSBT RRE. 7£H
Ab, MR MR IROE . AHE 57K R g S 0E A B AL A
W AT A FEAC T RIFTAT M, X 5w AT &
N IR TF B ATV SRR, U &
KRR TR E N ARG RN LR F Fot
HEE Al

1 M5k

L1 E9#H

& % F (Citrus medica L. var. sarcodactylis
(Noot.) Swingle), HX B #i VL IM 75 K 22 A 44 2 Be sE 50
LSRN TR B AR TS . HUOR R 4 43 F-
AR S E A

1.2 R EK

I A B Agrobacterium  tumefaciens LBA4404,
g pg P RN B2 B A R R S 448t &
B TPS 2K .NPTII (B Z B LB #£E
(L EMHEE,Km") , NOS HFH.GUS (B- HibEH B
M) WERNA, UL EEREBPRIEH CaMV3sS 83l
TR,

1.3 LI8i&it
1.3.1 B4 i3 A0 A sk

B H 22 —70°C TR ARAF I R T 18 B ik LBA4404,
WA T B M 50 mg L' Km #) YEP® (Yeast
Extract Peptone) “F# -, 71: 28°C T {8 #5357 36 h,
FEEKH, KRB REE, T 30 ml N0
50 mg L' Km ] YEP i 1A35 5741, 28 C R E#RIK
LEHIEFE (200 r mint, 16-20 h) , HEATFUEAL . BL
100 wl BEHEFTT 30 ml A RIS FRIE A, 7640 ) 414
TEFREMEAKY. B KHHBRGESET
5 465 xg #.0 10 min, 7 F#EW, LA MT (Murashige
and Tucker) "WEAAE #3E CR e, pH=7) E&
Btk (1:100) , FH T4k
1.3.2 Tk o7

4T B R KEE, 70% L EEH 5 30 s,
0.1% [Tk 488 20-25 min, L EAKMYE 3-4 48, BY
27 0.5 cm x 0.5 cm K/DIH8, R T R 4 48
BEEE R MT (& 1.5 mg L' 2,4-D,1.0 mg L
NAA f1 0.4 mg L' 6-BA) L #i%3% 0 d.1 d.2 d.
3d.4d. TRETFR&RAF:28°C, BEES IR,
133 R EN FHTF IR

WEAFERE PR EFAZ LT (8 1), H
BIAEES) . ¥RYEEMAMEARUE , F X # 4
HEREBRRT, BEF TR HEMT L, 373t
g%, HME A 500 mg L' L1 8 & (Cef) M
400 mg L' B FEHE R (Cb) HITCHKPE 3-4 W8, B
R BE 4RI 5% B A, B85 4 SR B M A
[ B Cef M1 Cb ) MT ¥k, UHTHIE &b
H, BjE B Ik ;5 (MT+50 mg L' Km*) |
Higk 2 A, RAFEN SR TFHASELE 1,
1.3.4 ZB T &EI( AS)FIFEPEERR (L-Cys) K1

AS HI¥sn¥it:  YEP +100 pmol/L AS, MT;
YEP +100 wmol/L AS, MT+100 pmol/L AS; YEP,
MT+100 wmol/L AS; # % A Xt B YEP, MT.

L-Cys I3 N ¥ 4F: MT+400 mg L' L-Cys; #&
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376 AT BT R i

014 4

X MT,

BRHEAANTTA4E  YEP4+100 nmol/L AS YEF
B0 TS 2% TG FHBIE (D) 0, 1. 2. 3. 4
RATER S BT (mirg 5. 10, 15, 20. TR, 30
* BURA (D, 0.5, 0.5, 0.7, 0.3, Ll
T CHREFMTE (41 0. 1. 2. 5. 4
* MT  MT+L—Cys (400 mg L")
MEHEFLE MT+Cef (500 mg LD
MT+CE (500 meg LY
MT+Cef (250 mg L™)+Cb (250 mg L™)
* I ALERHE (4 2. 4. @
T % MT+50 mg L' Km*
AHRE AR ESHN

K Ak 2B IR
Fig. | Procedure for screening optimum parameters
MAT eS8, SLBRRSEFEANGPLRSH. The
optimurn parameters are presented in bold which are used for the

following steps.

14 KRG ARFSED
1.4.1 Fitk AR MR

e vt 4> A A 0 R AL 0 SR RV KT 1R
HMEIRE S . BAGAR B G, st H G o
HRY Km, K2, WAARH Km.

1.4.2 GUS R & H: RV T ke )

GUS BAHELEHR % fR 2% bk
100 mmol/L, Na,EDTA 10 mmol/L, K;Fe (CN),
0.5 mmol/L, KJFe(CN)s 0.5 mmol/L, TritonX-100
0.1%, MeOH 10%, X-gluc 0.5 mg ml"'.

REBESR BT OKREFEOR I R
PSRRI GUS S SR | 4% For A
5 min,37°C¥EH 3 h: & FAA FEBRM (O 3 hy KX
F 20% K1 50% B4 2 h; ] 80% L HE 1) FAA [#]
SE RN E 4 0 BRAS, FRUAE, Euh HA0 S R H A
BOMEE BB S E0E B PR MR 80% &
BE) FAA [8) e W KA DR A7
1.4.3 PCR ¥ i)

I7IE s, %S0 B T 24 336 xg, 65°C /KT
% V8L i) ] %2y 40 min. PCR (Polymerase chain
reaction)bF ¥ 514 pl: 5’ -GCGGATCCATGGC-
TCCTCCCCACCAG-3’ ; p2:5’-CCGGGCCCTCA -
TCCCTGCACATGCAGTTCG-3". [ N B 7 h :
94°C T A48 £ 5 min; 94°C & ¥ 1 min, 58°CIiE kK
1 min, 72°C ZE ff 2.5 min, ¥ 35 X :72°C i {#
5 min, 4°CELRIf. S AU A INEBIR DNA.

2 G5 R

2.1 Fikgsr A X BE B m

FEEFE Al AR A0 B 02 3, 43 FRAS A fa E
7 5y $EA MR DNA, IR n] DL @ B A R0, 7
RAT RIS B 22 A, XM AT - 2 B [8] A T
FEFE ] DL S AR, K 8 TS 7 B4 B AR AT e
e, LIS For e E B LK BIETS, TR
EEE R U AA B B A LR, Pk IR ) K
(A d W EAEHHALE AW B, K& EH
SPrAERTEE M BAARIIE T NS, BRI, 4
RS IR B L 4 d, SMEL PR 14k 208 Rk,
B3 1038 8 A B AR AT A LU G, AT 3 At
HARFEFERENBOLRRR. AR 1AW, #1T 2-
3 d Ty 3% n) LAAE B0 A B9 Km Ut @i A 4R
S, HHh 5.38%F1 7.25%.

£ 1 BUEFHE#EHRLNHRE

Table | Effect of pre-culture period on transformation

N , ; AEAGELIER R
B IRt (8] EPUAN R % § .
) Frequency of callus with
Pre-culture time (d) No. of explants i
Km' (%)
0 190 0.53
1 196 2.55
2 186 5.38
3 193 7.25
4 190 3.16

2.2 A B B (8 A0 AR B XY i1 AL R R

AR AT TR I3 Y B e 3 R I) Jia) 2 S i 6 Ak R 11—
ATERNE, NR2EH, BFHAERMR
ODyp 14 0.5.0.7, /%% 20 min B R B AT, itk
A ENE TR MK R 238% M1 2.44% . KH
ODqy {11 0.3=1.1 HEAT R W] B/ %Y (5 min) , REH#H
TE R, AP G I ) 0L 55, AT 14 K BE 78 70 TR
B STy 22 A0 A AN, DAL Ol A A i R AR
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Table 2 Effect of bacterial concentration and immersion time on transformation

S YL [F]

Immersion time (min)

RS (ODgon )
Bacterial concentration

5 0.3
0.5
0.7
0.9
1.1
10 0.3
0.5
0.7
09
1.1

0.5
0.7
0.9
1.1
20 03
0.5
0.7
09
1.1
25 0.3
0.5
0.7
0.9
1.1
30 0.3
0.5
0.7

SRR LR AL 5% (%)
No. of explants Frequency of callus with Km"
200 1.50 -
215 1.86
199 1.01
224 0.89
203 1.48
198 1.01
202 1.49
213 1.88
220 1.82
201 1.49
205 1.95
207 1.93
198 1.52
204 0.98
210 0.95
205 1.46
210 2.38
205 2.44
199 1.01
201 1.49
206 0.98
193 1.55
199 1.51
200 1.00
201 1.49
205 0.98
211 0.95
204 1.47

;YL a] B 30 min B, B {H R AR P A AR
(ODgy 18 0.5-0.9) , W F b BB LS, H Pt
R A LFE S R R

2.3 HEEsREt @ iR AL ARG

LR SRR AL R T i o KB - - 3R . T-DNA
HIE R o B B UL IS 50 i . AR AT B B A A M A S
EESTENEEAL, B35 16 h 25 A4 RS R R £ 1
“HHRIIAANTIH T, T-DNA K& A 580, P gt 2L 17
FRIF AL Z0K T 16 he B AERE FRIN [a)id K, 1A R
S BURN ORISR AN B2 B e
AR PR FRE B BT 0y 2 YR I PR TR T ey o)
B, DMt Yl g SRR R £ Y UG R VL AT L)

ANTET A A R AL, AR AT DR ) B AR S SR [ 4
ARl X T HFrmE, K 3 d REAER, #
i 3 d, RAT BB R, SME RS2 518 3, AL TR L
AR PRI FET (3D

FIHEFHENBERLORR

Table 3 Effect of co-culture time on transformation

Btk @A L T4

Frequency of callus with

LRI

Co-culture time (d)

AN AL

No. of explants

Km' (%)
77‘7;‘4” - ;7185 - 1.00 S
2 245 1.41
3 233 244

4 216 1.91
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14 %

24 fiE RN FLEN BEELORZN
2.4.1 RIEPUAE R FHMEHEBR
Hiis®EAMNHNENAEZARTYETER
(Carbenicillin, Cb), k1% F (Cefotaxine, Cef). H1F&
4 B4, LAY AT Cb (500 mg L) $ME I, X & 4
B3NS 5 B B (AMEARIET R &AK, 4 43.78%) ,
T Bt {3 ] Cef (500 mg L) X 4 A 5 #3004 B¢ A
B (AMEBILT R A SEIX 67.35%) ,Co+Cef A&

(KER K 250 mg LD MHIEBRN+ LR =&
ZE, BRGHRE R R T, M IUERA
A {8 BB R B
2.4.2 FVEE &b FI A [R) X 18 AR 5 (L R R i

18 F LA 250 mg L* Cef A1 250 mg L' Cb 4
G AT AL B, S5 R LR 5. BT, AR Ab B
4d R EE, PiERGALEFERE 7.5%
(£ 5, HBUEEM, h 4.7%-.

F4 TRAREENRAEFNIRRRBFERULOND

Table 4 Effect of different antibiotics on the inhibition of A grobacterium and transformation

L& wAE (mg L) B L H (%) BOHPELEE (%)
Antibiotic Concentration No. of explants Death rate Callus induction frequency
Cb 500 65 43.78 1.56
Cef 500 60 67.35 0.12
Cb + Cef 250 + 250 68 45.31 4.52
£S5 HELEREMNBERLORW
Table 5 Effects of days of antibiotic treatment on transformation
R Ak 3 TR) A wt % OB B F (%)
Days of antibiotic treatment No. of explants Browning rate Callus induction frequency
0 103 7.8 1.9
2 120 9.2 33
4 106 4.7 7.5
6 112 5.3 4.5

2.5 AS 1 L-Cys X F H L L EA R
HHFOEH, R LS H IR RRERZ
AS, BE W 50 mg L9, ABFFL 3 46 )i
%, KIAE YEP AR B R B AL B R BE(MT) 1
[&] B nN 100 wmol/L AS T i & HIfiit @ 15 41 4L
(88.2%)HH B3 TH E A, XU 8] AS X HE LA
B (R BEE R . fESEEEFR AU L-Cys HIRIB
BEZPHERMALFE TR LR L-Cys 9 1.74 1.

2.6 GUS BBt Rk R B %0

T 2 RO B B AL R R R,
PRV PE I AR BT, o el TR T 40 R 2 B A S
AR, MEARE D&, WhH TERAL
EREE P ILE S H L S, B RG A KR
B H B, de Ak, AR o R ST AR
Yt s E. AR T UER, e
ZAF A BARET, TR EE ODgw E /N T 0.6, GUS

£ 6 ASH L-Cys siEfe (£ ¥ M
Table 6 Effects of AS and L-Cys on transformation

l1El WEE (umol/L) RIS EEThiE RAANLUE T E %)
Reagent Concentration Media No. of explants Callus induction frequency
AS 100 YEP 50 40
100 YEP MT 51 88.2
100 MT 49 44.9
0 YEP MT 50 12
L-Cys 400 MT 50 80
0 MT 50 46
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%

F 7 REREE R GUS BE ik E R0

Table 7 Effects of different concentrations of bacterium on (LS transient expression

[ ODg, S GUSIFHI %1k % (%) Percentage of GUS
Bacterial concentration _No. of explants positive transient expression
0.2 50 {
0.4 55 0
0.6 51 59
0.8 53 1§
1.0 51 0

T

Fig. 2 GUS staining of callus after A gra

scterium infection

A, ODy=0.6: B. 0D =018, x10

" ODyy (K 0.6 I, GUS |
A OD g 1E
F1| 3.8% , ODjgyq 11l

&2 £, %

fR =
] 0.8 I, GUS (fWFIN 4 PCR ¥ !
L3N #) 1.0 5, GUS TPS ALK R B,

ZH ODgy, 114 0.5-0.8 ‘1 ; 2.2kb) —HL,
i FrBe. st 4rs
i, L a4
[H14IA . HE AR ARG T S

fotk, i Bl U ,‘L'\;’ R

FLASHT 188 L N
HY G B A,

’7?‘&3‘(1ﬁiﬁ_,‘ﬂﬁﬁ¥$%%§i
DT R A A R MTE T 5

21226bp— |
3530bp —
2027bp _

1584bp—
1375bp —

947bp . S
831bp —

554bp —

[ 3 Fioks @iy POR fril
Fig. 3 PCR analysis of Kanamycin-resistant callus

M: DNA Marker; 0: 41 Control; 1-7 Km (5% i) S AL 5 Callus after Kanamyein-resistant sereening
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380 SRV A R Al 014 45
3 itie G STRA AL ULV A A TSRV G N T ne 2r ) SRR (R (i

NI SR LR DAEVE TN % I i BUE /1N
Km § 3, B0 T 485 P 9% CACHT R G L 9%
N 4] \AS A L-Cys #s i1 2 Fl KA R AT HE AN G
i T-HALI S w0, #00 1TIE IO A. thiR %
B3, BATN A AS FI L-Cys (78 005 5 AY, 510
BER o XUMLLEU CARERTIS R A A T A KT
A S E N Dawcus carota) W77 900 G
(Glyeine max) /N3 (Triticum aestivum) ¥4 1)
KT AS, ABAUAIEE R PidE IR
AS, IR T 5 E O ABEFFRUR I, [ e 35 97 4
FEGH R 2 REREHER 0 100 wmol/L AS 1] 5 4%
v R 2 A ALY % T L-Cys HAT ]
A, Olhoft g it /12 M 38 3 H B ik
119 % 1¥. 420 £ 5% 6% % B4 . dithiothreitol A1 L-Cys 3L 5%
75 ARAI AT 19 0.79% 55 0 31 16.4% 156 ALK, Pei
(1N VLR S A1 A L B FR A i N 400 mg LY
L-Cys, J4 1 7 AT 1R ik Yo RE 7 B0 T HALRO%,
Py TR A R R AR M R S 2 R R AL
T PR, A SE Pei 071%, (IR
LRI 400 mg L L-Cys, KB R 4040 766 F
. X5 Pei IMBFRAS IRAIY & . AN, K2
IR B AT B A R R G I (] L B g B
FreoH H AL R, JLUEF TR AR R B R AN [H], AU
SRAHN R GE R TS 9% 2-3 d, LT3R 3-4 d, 1A
W ODgp 0.5-1.0, B2 YL 18] 15-20 min. AT
i -3

PR IEE IR EURAT A KPR
VWi, Cef.Cb.Cef+ Cb ¥n[IL FIBRE M F, =&
FHE P R P AS 5] BT P 490 08 04 38 R R RR B
AR, ¥ALR5E (Poncirus trifoliata) 1 300 mg L' [
Cef @, iy ¥ 1k > W M (Citrus grandis) X HI
50 mg L' Cb #PHE ™. ALK 4 8 250 mg L
Cef +250 mg L' Cb, 5 ERREHAM ™ FK (Boehmeria
nivea) FTRINETUAE ZBFE B HIREA R, #)
TR A 2 ] DA 8 R AT TR B B S5 B AR AR AR BDR S
BH-MRESRE, AR FHAAMKEE. 55, 3
INERRHAZ UG, BESREURKIEE
MARREMEER AR AR 2
(Brassica oleracea var. italica) 1 4 O 3K (B.
oleracea var. capitata) ¥ AR, A A HI G AL FRIM 1) 1)

e 2

i T LA BERL, 40 N 2 80 05 5 R AT A &
TR AT A AT P LA RBURES, Tt ANl 4 o A ORI
AKT B T 5L S RE N L T - R A
WAL AL TR DAL, AR A T AR DAL TR % I 4k L 1)
03T A T VE A KW BT AMIEE R S
A, JRAT TR RE RS Jy i B M T4k
FAT, RTINS 1 RE Wt Ty ILFAR BRI LA K
B -7, 3RANT RS GUS B Aok 48 Cli iy i
Jeil 4k 17.8%) MMALLE GUS INFaE &Rk,
TNy, MR VL2 AT Rk o, AT T 2D R
T AR S IR AT, 3 I S B 25 44 R 2y
di LTl e £ 0BG IRAG V0D BR B W S AT, RS 6 R
ARG G R ) A BE DAL SRS B Do Rl PR I
(1AL INELAT B, LA 0 40 &5 R AR A4
BRI A Je AT IS4 P A KT 5 s, BRY 2408
A MREE ST,

b TR0 S I DTV A ATEL, [Tl v S I
Vit JE A T o AR R elINE, G0 s A
Loy RN, W GUS K e R IEFN Southern
&% Sk
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