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THE GENETIC TRANSFORMATION OF PEANUT USING XYLOSE ISOMERASE
GENE AS A SELECTION MARKER

DING Xiao SUI Jiong-Ming WANG Jing-Shan QIAO Li-xian
( College of Life Science, Qingdao Agricultural University, Key Lab of Plant Biotechnology in
Universities of Shandong Province , Qingdao, Shandong 266109)

Abstract: The xylose isomerase gene (xylA) was cloned into pCAMBIA1301 vector from which the hygromycin-B-
phospho transferase gene ( Hpt) had been eliminated, and was designated as the recombinant plasmid pCAMBIA1301-
xylA. Tt was transformed into the explants of peanut embryonic leaflet by Agrobacterium-mediated method. These
embryonic leaflet explants were then transferred to the somatic embryogenesis induction medium and somatic
embryogenesis germination medium with sucrose (5¢/L) and different concentrations of xylose (5, 10, 20, 30g/L)
respectively, under the condition of 25°C, 3000lx, 13h light/11k dark. The results showed that the explants
regeneration rate was 15. 25% , the regeneration plants were strong and the transgenic positive rate was up to 77. 27% at
the concentration of 10g/L of xylose, so the 10g/L of xylose was considered to be the optimal screening concentration.
The selection method using xylose could avoid the use of antibiotics which might cause security risks. The new developed
method was found to be practicable, highly efficient, and safe for the genetic transformation of peanut.
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MR A R EE ARG S, AR B
FELEAE ST T A (%) 22 0K TR | % B 18 RN 48 TR (
KIGFFE) 55 TE R AR I 4 B, AR 7EA
BE SRS (xylose isomerase , xylA ) FUYEH T B ALIE
JSCAS AR | A TR M P A D AR S8 i TR P 1 5 — R A
W, SR )5 3 A BERR MR 12 (PPP iR 12) | T &Ml e
ff IR AR B IR R 7 O, AR AP R T &
TCA JEFIIRAML 7 1995 4F Vieille 55 M sE -
TR T ayld R RPN GE R AR, B
T wylA J Y 4 AL T BB X5 AR 8 5% 1k S K B b
(xylulose ) , Fi- 251 il 2 3G W 383 42 Ao A A4T, A 4 it A
KRR . FELAARRE R 32 SR IR i 35 772 2 L ek 4
JH PR 8 R AT S22 IR 35 A K Al e 1 200 ot D) A e
VR AR AS JE 1 A 4 32 B . Haldrup 50 aylA
FER 3 AL B A B AN A A S | R
AAASUE T AR B SR 5L L Tk, 15 2 Be s 7
ZIE SRR FIEH AR AR AERR
AWFFETERE T R T R AW S 4 il L T eyl O
FH wylA B pCAMBIAI301 i A= R B bric 3%
O & R R 5% R B & A ( hygromycin-B-
phosphotransferase,, Hpt) " , ¥4 3 DA AHEAE Ry 75 1% 45 i
AR P A R L 2 brid 3N Y R H K
pCAMBIA1301-xylA , #4235 2 ATl i R A B A 5 10 5%
AR TRFE wylA VE AT AR 10 58 D 7 A6 A 8 A5 i Ak
D5 TSI AT WF S8 A [R) AR o J32 170 s 12 1%
e BRI AR B TR B T R R ARE I 2 F A A
R, NACEBAE AL AT IR — S 2 A i R i ik

@iz,
1 ARSIk

1.1 #

HERAE A A EE 22 5, i SO R2E A ar Rl
B AL BT R A . KIBATTE E. coli DH500 1A
PR AR # A EHA105 . pCAMBIA1301 BOKL) 75 &
My K2 A A Bl 25 2 B st (e WE 9 2 AR A7, S PR
pMD18-T Dk JAH G 25 [ K % TaKaRa 492
Gils
1.2 E5HE

TRIRE SR 30 MS-B, (MS EHLE: + B, A
MLESY) + 10mg/L 2 ,4-D

TRIRH &R 30 MS-B, (MS EHLE: + B, A
ML) + 4mg/L 6-BAP,

1.3 A =*

1.3.1 xylA KRB R BEEERFF 54 B Gen-
Bank H K IGFF 1 aylA FEH (X04691) 31531519,
TE LS 5 w5 A Xho 1 BV 4, (FRHAFR
7)) EWESIY N 50 -CTCGAGATGGAGTTCAATATG-
CAAGCCTA-3" |, T il 51 ¥ i 5° -CTCGAGATTATTT-
GTCGAACAGATAATGGTTT-3’ . LA K% AT DH-5«
FFRIE N 41 DNA S BAR #5147 PCR ¥73, [nll H # A
BOF W Hsu B 3] pMDI8-T 44, 15 3] T-xylA 20 5
Wr, T TR 28 il U) % 5 DN, ) 45 R NCBI
W3k 37547 BLAST,

1.3.2 pCAMBIAI301-xylA Hke9#E  FH Xho 1 5>
W) BF Y1 pCAMBIA1301 A1 T-xylA #% &, [8] ik
pCAMBIA1301 JFAi K A BEFT T 2844 1. 3kb /N B, H
T, DNA ZEFE R xylA SR BOGE LRI VI R Hpe 3£ 1A
By % ik # /& pCAMBIA1301 |, 45 %] & 41 i ki
pCAMBIA1301-xylA .

1.3.3  KRHEGHEAK RS

1.3.3.1 EARBHFAfEREH HiFEIN MS-B;,
TN TINAS ) e 32 1) TR/ AR MR 5 e, 0. 8% Bl , pH Ky
5.8,7F 121°C ,105kPa &4 F K 20min, % 37 514
1 25°C 30001 . 4% H M8 13h,

1.3.3.2 e shrsksr Ragag AR K AE AR/t
HME ARG RS A& WS AL LAAKE (30g/L) S i Y5 1)
REFRIk b WA A R /INI S R TR A BE B 32 5 1
ARAFNL,

1.3.3.3 JAREEREGH LT BIET 22 5MaF
T24 R0, 500 4 4, BRAL 6 k. A% R IR A AE AR AR
NHYIR 7E 70% LBEHEL 10 ~20s, 0. 1% R
R 8min, O 7K LIS R LA 4, Uk H R IR D)
SYES IR /INE SR G B B MS-B, B IR L HEAT B R,
ISR BE 53900 5,10,20,30g/L, 294 A RS
THRUET %,

1.3.3.4 HAFREHNMAZERBEREGHT
FHASKF R T3k TR pCAMBIA1301 -xylA %
FEAEAE TR IR/ NI SAFLAA 98 ) e B B I RE R ( S/
L) FIAS [ e 5 AHE (5,10,20,30g/1) AR RS S 15 5%
5 LTSRS RIS B0 I RS (5¢/L)
TR [V B2 A (5,10,20, 309/ L) IR IR B K 455 55 4k
TSR . A4 D ARSI R,

1.3.4 3 RAEHRAT PCR Aol U BE R A8 A bl
BRI F B 240 DNA, B ayld ZER 5993847 PCR 97
AR, PCR W FEFF 4 :95°C Smin;95°C 50s,56°C
50s, 72°C 70s,30 M ;72°C 10min,,

1.3.5 A FEMMEERGEEAS S YFEE R
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KENZ) 2 ~3em BF, ZFATEFRY)F #4270 B AR,
B AR A B DI ER 322508 70 BORG A, (7l AR 1
TS, SRS B DR GE SRR O R IR E T MS-
By HiRIE SR 3 ~ 4d, SRS RS T Kl 1Y 7 e 5 S
i 3 A, Z R RSk )

2 REH

2.1 xylA EERNRERETE

AR I FF R DH-So TR PR JE I 41 DNA R #idi, Fi
HH xylA SEH 51 Y647 PCR ¥ 14 13512 1. 3kb (914
FEYICEL D) SN E AR R h—2, Filkaife s
5 T #iik B354k DH-5 Bk, ] Xho | ) HE 41
kL (P 2) % Bl U0 B /N IE B 1 B 20 R E A 7
P, 45 SRR WIZ T B 1334bp, 5 NCBI B 22 i 1Y)
xylA FEPF S (X04691) 584 —3

M CK |

2000 bp ———
~— 1334 bp
1000 bp——=
750 bp ——=
500 bp———

250 bp——=

100 bp—

K1 KIGFFE xylA B PCR 3714724
Fig. 1 PCR amplification product of
xylA gene from E. coli

M:DNA marker DI.2000 ; CK . %t i ;

1 KIGFTFH xylA FEH PCR #4774
M: DNA marker D1.2000; CK: control;
1: PCR amplification product of xylA gene

polyA 358 promoter

¥R 26 %
2500bp — ) Tk
2000bp —
1500bp — 1334b
=—— 1334bp

1000bp —

B2 T-xylA #4k Xho T BEY)EIRE
Fig.2  T-xylA vector digested by Xho |
M :DNA marker Marker-G;1: T-xylA ZRARREGFHI45 H
M: DNA marker Marker-G; 1: T-xylA vector digested by Xho |

2.2 pCAMBIA1301-xylA RiZFHEHHBERLEE

H 40 R pCAMBIA1301-xylA 26 [X s 41 /5] 3 JilF
/R, pCAMBIA1301 k4K b Hpr 5K B xylAd JE K Ir %
e, X pCAMBIA1301-xylA 4T Xho T BV, 15 3% 1k
AR BOF 1. 3kb /N BL(E 4) o KBTI 5 IE
TEHIE AR pCAMBIA1301-xylA B4 Fokiik b igA: T
D, AR AR 0 e 245 SR 0 8 1 1 [ 4 A FRIB A AN ]
3 FR
2.3 BEFERREEERENTHE

HGAEAE VRN S AT B B 35 TREME , A LAAOHE
(30g/L) J i I8 (i 5 35 2k b A6 A B 0 R A B
IEH AR TR 35 52 5L 133 4 5 21k
SETZ(E5)

HME AR R B M 75 3 i) 2B R A
XA (B 6) : e N 10g/L S UL EyR BERT, SME
TRFTAME ST (18] 6 — A) 5 2 BREWE R B N 5o/ I,
AN A5 BR AE R A A AL 2B B, AN RE AL B (1B 6
-B) o EAWHE Se/L N TEME ARG FUk

CAMV35S

|—|

| Gus :

xylA polyA

pCAMBLAI301-xyLA

E3  pCAMBIA1301-xylA H 241 X ISZE 4 R 5
Fig.3 Diagram of the recombinant plasmid pCAMBIA1301-xylA

2.4 AKREEGIERENTHE

ZARFT TR Y A R G AR I N SN R B 25
Wi (5g/L) MIANEIRBEAHE (5, 10, 20, 30g/L) B ffi ik
BRsE L B A N AR G R, SRR AR
WHURBE N Se/L i), 5 5 Ol b i, 185 17. 54% |, Fifi
HAMEAC B RGN, AR ST (R 1) o ARBEM
FER 10g/L B, MU 2 B BT R B (15.25% ) (B AR fk

AR A, L 10g/L A B EEAKH R e e
2.5 BEHEKR PCR &N

M 10g/ L AEHR B2 G 38 11 1Y) P A AR 4R gl
FEA DNA, FIH xyld FEH 593647 PCR §73
&7 T LUE R BE IR RRTE 10g/L I ARHEVR E T 471
T HBREH, K/NA 1. 3Kb, T 7K X6 FE R A 2 35 DA A
PRI 1 AR R ) 2500 . 3R H B 7% A 84
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R1 ARAERETIMEEHR EREBEEEKFR

Seedling rate of explants and growth of transgenic plants with different concentration of xylose

B ES

seedling rate

SN EN S

growth of regenerated plants

Table 1
AR E HME AL TR
xylose concentration number of explants number of seedling
5¢/L 285 50
10g/L 282 43
20g/L 272 29
30g/L 302 18

17.54% H KBTS weak growth
15.25% K IEH normal growth
10. 66% H K IEH normal growth
5.96% ¥ ALFET-# high browning mortalit

15000 bp —a - FEBAk

7500 bp—=
5000 bp —=

2500 bp —=

-— 1334 bp

1000 bp—=

&4 pCAMBIA1301-xylA #UKE Xho 1 TV L
Fig.4 PCAMBIA1301-xylA vector digested by Xho 1
M:DNA marker DL15000 ;

1: pCAMBIA1301-xylA 34K Xho T FEI45 H
M: DNA marker DL15000 ;

1: PCAMBIA1301-xylA vector digested by Xho 1

o RPN 77.27%
2.6 HERFREHKEKBER

AT IR By N e e DR A R AR ) o
DA ARAE [ AR IE R (8 — A) R BOREH A K
(K8 - B) WY RIIEH

K5 AEA IR/ N SMEARTE B IR ARE (30g/L)
ORI h I S
Fig.5 Peanut cotyledon leaflet explants growth
on medium added 30g/L xylose

Bl6 BN/ NHSMERAE RN 10g/L (A) T Sg/L(B) FBERT IR EAYA AT
Fig.6 Peanut cotyledon leaflet explants growth on medium added
10g/L(A) and 5¢/L(B) sucrose respectively

4 i

ARG ST T — 8 LU S5 il 32 PR Sy
VMG AEAE AR AR R i e T Tk 3 95 S b i
TREERVRE R 5g/L, AR 10g/L, i Fe
AWER JE 5 SR LY 66. 67% ,iX 5 Haldrup 253
PR R 5 R A B S e BE AR TR 5 K R R Y
50% ~100% i ELABER e iE — 25 (HAE D%
r R A A O O v B R RERE 7. Se/L L KM 3.75¢/

LU SR A [ A 0 % A A 0 2 e 8 A i 22 901
TENENE BE Ry 5o/ L KBEWREE N 5 ~ 30g/1 1 i 35 55
FrIEh | Bt AR B (1) TH =, SME A B R TR
s CYAMER B R 30e/L I AME RIS IE T F
JHT R 5. 96% , ¢ B & W AT R A F %
SER R A E RS EIESL ' YA E N 5o/
LI AR 3R 0w (17. 54% ) fHAERRAE RIS 5 A K
W 10g/L B, P4 S BONE A FRAIK (15, 25% ) , (ALAR
BRA K BN O, AR ST K I 51 24 AR Ry Se/
L i, PR G L PR R Ry 64% , W Bl A B
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12 13 14 15 16 17 1819 20 21

22 23 24

~— 1.3 kbp

10g/ L AWM B 15 36 1) 77 L AR AR 1Y PCR A U

Fig.7 PCR amplification results of transgenic plants screened by 10g/L xylose
M: DL2000 marker;1: 7K XS 8 ;2 JEALSE DI ;3 ~ 24 . e SE A A Bk

M. DL2000 marker; 1: water control; 2 non transgenic plants; 3 ~24 . transgenic plants

3 -r.,r R
K8 FERE A HE A (A),
T RCRAEH A (B) i L
Fig. 8  Growth of seedling, flower and fruit

needle of transgenic plants in the field

i e e B (0 T, B B R PR R R B R T a3, 7
R A M 5 o 1A 2R 2 B[R] R 5 2R, 2 R B Ik BE A
10g/L F+= 5 20g/L B}, S FE R BHE R 6. 7% 2 /5 5]
13.3% M) RN vk B B AR A ) T I L IR B
BRI (HAR TR AR BT FEAR TR MED
TR R R B T 2k, MAS SR A e A I
AN RSO B TR RE AR B L, ASBIFSE A R T AR A 3
FEHE A B P 3 B R BEIC EE N S/ TEAE AT 10g/L
AKWE, 25 A 15 2 00 5L 56 R B BH M R = ik
77.27% WGHERL AR H (8] J5 AR AR A K TR AE B R 445 5
PIFIIE |, DA S 440 il 5k R m] AR Ay i 6 i
FE AR e Ak

ARG I 4G 3 ) H] 9 85 2R Ui 6 pCAMBIA1301
SEACAEAR , L SE R BRI SR I 7% |, 3 2% BH ) FH A i
TR ZR A5 2 19 7 PR BH P 30 = TP AR R IR R
iX 5 Haldrup S57F E8 25 i 18 0 AR T 26 14X R 1)
SR BT RE P A R IRk iy 9 A IR H AR
W S R T £ M 38 3l DA A 2 A Y A A st
P Ak B BN Ry e — b B B e b e

AWEFEE AEAL A P Sr 138 B ACRE T B R &, 4
XET IR BOAELE IR/ N A R 2R AR i 8 1A 3R i
FAAE— SR AR IR 5 3R A%, A RA, DAL
FEPRR AR AR R /NG, A TR S5 (R, X BB
Tty Z X IR A F AT O AL, HE AR e 2 1) it
—414k,2,4-D DI 6-BA Wk IR DL B 37 05 1%
FRE— 2 B W AP TR A Sy il 5 PR R 8
AR HEATIOE | A0 55 5 31 B9 K S AR DA i AR
S R ) 2 IR A 28 T i v e ik DAL VR W ) A R 4
L&

S
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