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Abstract: Peanut (Arachis hypogaea L. ) is an important oil-bearing crops, economic crops and legume crops in

China. As the world”s first producer and exporter of peanut, it is imperative to accelerate the biological properties

and genetic breeding researches in peanut by genetic transformation method. The researches on the root and nodule

system of peanut are essential for improving peanut stress-resistance, peanut yield and quality and biological

nitrogen fixation capacity. However, nowadays, peanuts genetic transformation system is still not mature, which

gives a serious obstacle to the research in peanut. This paper established a transgenic hairy root and nodule system

by Agrobacterium-mediated genetic transformation in peanut hypocotyl. And the resulis of expression profile by the

GFP and GUS reporter gene showed that it was an easy and high efficient transgenic system, which provides a new

research method and technology system for research and genetic improvement in peanut plants.
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A BERMBRBED B RE LT LGHRE
AR BT, TR e AR AR, B EEY
HEFABREEMNEEFEZ—, B, FH. K
2. HE MEHEYNERBEUARRE ST BA,
MLl TREEAE 2. HARBNRFHEE, HE
RPFALE AR M AL TERY B, T H, N\EAIREN
WAEBBARRE, ERBEIFE AL BRERETLH
U T AT, R BRI R THREHER",
ARSCESN. T — M ATEILEAE R AR RN
RIRRIFEN FOEEBREURS, WIEERE
AL R R T AT
1 MBS HE
L1 FEERESF

A4 (Arachis hypogaea L. ) i HE1E 14
S, B ERLRER., AR TFEEH 1028
WEKREHETE 20 — 30 min, R )5, HEEF KM
Ve, RSB R PRI 6 — 7 1~/ ati
InFh R REEY, &E, UM, ZEF KPR T
HE BRIy PEE RN, 26CHEHRS ~6
R, FEFHRBEFWEEGEENEBRRITER
L ZIR . BRI MIEETE BB RS R
RIBEFWIESF, BFBH M (mmol/L) 3y CaCl,
2000, KH,PO, 1000, Citrate-Fe 20, MgSO, - 7H,0
500, K,S0, 500, MnSO, -4H,0 2. H,BO, 4. ZnSO,
- 7H,0 1, CuSO, - 5H,0 4., CoCl, - 6H,0 0.2,
Na,MoO, -2H,0 0. 2, %i%*&%ﬁilﬁﬁ&fbﬁﬁ%
FWFIEF, HEFBA M (pmo/L) 3y: KNO,
3200, KH,PO, 1100, MgSO, - 7H,0 600, CaSO, -
2H,0 4300, H,B0,50, MnSO, -4H,0 0. 8. ZnSO, -
7H,0 0. 8. CuSO, -5H,0 0.3, (NH,)¢Mo,0,,-4H,0
0.02, Fe(Ill) - EDTA 80, =R#% —REHXRK,
pH 76 5. 8 24, RBRKME, FIHEMRE
W AERFEATSEEPHIT, EREH N
JA 1 14h/10h (D6 R/ PR BE ) , X Dy 1R B O 26°C/
Q1C(HR/BW) , EWMEXEE 60% , EAERE
B ( Bradyrhizobium ) B #% & CCBAU05272'% |ty Hh [H
v K2 Wy B FE B A2 T B
L2 SMEFREEREHE

HSMER B R IE S pCAMBIA1305. 2, Z#fk
SR EEIE MR EE 35S B 3 RHE T ilF GUS #
B LA S 1) B R AR 2 A B R P A e
B, 1 frR, L pEZS-NL KB &k (i BRI
REZLELIFE) HBE AR, eGFP-Neol-F (5'-

TATCCATGGTGAGCAAGGGCGAGGAGCT-3") Fil €G-
FP-BStEII-R ( 5'-GTCGGTGACCTTACTTGTACAGCTC
GTCCA-3") 45|49, PCR ¥ 343R1G GFP 2, K5
A Neol 71 BstEIL XML {7 1 , Y 38 B B9 eGP
B3 - B #: pCAMBIA1305. 2 Fik ik H iy GUS %
M 35S JR 3 T4k eGFP K3k ik (pCAM-
BIA1305.2-GFP) , BUAMELESEHEML TR
BERAR"

Hind I

CaMV35S promoter

Neo 1
RP Signal Peptide

gl 11

Catalase intron

2x CaMV35S promgter
Xho1(10079)
hygromycin (R)

Xho 1(8985)
CaMV35S polyA

pCAMBIA1305.2

11921 bp T-BORDER (R)

T BORDER (L)

kanamycin (R) pVSlsta

pPBR322 ori

PBR322 bom pVS1 rep Nhe I (5542)

B1 SMEREHES pCAMBIAL30S. 2 @ik
Fig. 1 Vector map of pCAMBIA1305. 2

L3 ZWRKAERZTHEIESHREREEE
L 214

AR B AR R AT (Agrobacterium rhizogenes ) TR
K599, lRAEEE ARl K2 BE 302 e BB 41 3 i B8 i
BRBITHBRZ AR &3 BAeRHRR
T3 K599, Pk tifE T 3 mL YEP 3553 ,28C,
220 r/min R IEFFEAR ;B L. 5 mL R T 250
mL YEP 3% 3 & & 28%C,220 r/min IR FH B HE R
ODgy 9 0.5 7674 ; K¢ B MR 7K ¥ 30 min, ] A~ ip 3%
RERER, FEREBEEYN —RERAB T 4C,
5500 r/min B.[> 5 min, FFE FEW%, F 10 mL Fi%
B 0.1 mol/L NaCl F W H & 4 l; H X 4C,
5500rpm B> 5 min, X FER,H 1 mL T H) 20
mmol/L CaCl, BRERHM, HGHESNER D
REE S0 WL, BERFEEFT -70C KA+
#Ho INERBBREHEAERE: WS wl BE5 50
pL RIFERZSHAMBRIESE, 7K 30 min, 28
JEW R 1 min, 35 37CR4L 5 min, 7K3E 2 — 3
min, [a] RFFE F A 500 wL YEP 35553 ,28C ,220
r/min YR FHHFF 2 h, 200 L WY STWRGBESH
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FHRE R (50 mg/L) iy YEP [Efh3ERE |, 28C
FRRB I VR, YEP S B4 M (g/L) : R
FAR 10, B R 10, EAL4 5, B 12 (&
R EM) ,pH EHEZE 7.0,
L4 THHANELEZFSHEEFERERTH
AR R R, A YEP Bk 3E R E
S RBRENRITE. HEFaT, FHBEHs*
RERE K, A EE EIMAZLR 0.5 mo/L ZBE T &
B, RS . MAEATY BUE TR A RS . F 0
RIKBFNE B I AR REN (—BEFHES d),
B AL (B 2A) , AR RITE &S I
A THEMEAETE, FETRMIIE 3 ~4 4R
T RBEKRE B PR A RSPy (1 2B) AR e R iR I
HAMPERRERBOARD S, BRERE
F—AFKl(E20) , ARHAREEEMN
P, KA S B R IR E SRR POk 5R , AR
TEERAE S, R EFP AR, R HEBRIE R
(E2D) s Fe b B A A T A R BRE
A h (B 2E) R was M M A a BN A L
TN 50 mg/L B EY 1 mL, BI85 FRANEMR
o BE RN —IK, A3 3 — 4 K, B THl
FHEERBROEK, BERLHSRE HEET
KvkE R, REEBRERBYMER  REEER L

TR ER (41 x10" Mif/mL) , LB
W, REREERRER, FBEREKE 10 om £4H, 5
BRAEAE F R AN (K 2F) B BRI AR MR
BASHE AR RRE T R Dk ST
12 h, 25 , ERAREF B P BT (8 26) ,fe st
EBREKFERESEREGH(E2H) 52 d BiHk—
WEFR
L5 HEEEREN

FFEMRERE , B A pCAMBIA1305. 2 ORIt
AR BB RRERTE GUS ik th T 37°C , Bt
3R, ARG KK 50% | 75% Z B8 20 min, ¥k
JiRER BB YL W, B JE A WEER GUS Jefa B, fifik
HRHEEBHE, W A pCAMBIA1305. 2-GFP [ ki i)
AN, B HEBREHRBEETI R G, EEAR
N BHEREREEEBMR, GUS PBA 0N Bl
R (pH 7.0) 100 mmol/L., phi$iiE X-100 0. 5%
(v/v), BEE 20% (v/v) . X-Gluc 1 mmol/L,

2 HRGnr

2.1 ZEEROTH

AT BT % 3%, 50 3 &% pCAM-
BIA1305. 2 &, pCAMBIA1305. 2-GFP [ ki ) % #R &
FFE K599 RYLAEH T IEMh, 7R AT 8 Ri RN

B2 THRHANELZESEEREEERELRENESIE
Fig. 2 Forming process of transgenic hairy roots and nodules in peanut hypocotyl by straight-cut transformation.
[EE(Note) : A—Ii&E kAR RATH (LB ) Agrobacterium rhizogenes (left) , i T 1LMIE 4401 (A B ) Young peanut plants for transformation
(right) ; B— A R B MR T1 e 4642 T I3 B V)% Cutting the peanut hypocotyl vertically using a scalpel stained with Agrobacterium; C—
AW PIEFEERK M — AT Young peanut plants grow in quartz sand; D—RARE I P35I A (R BMRIP B Peanut plants grow in
nutrient solution improving formation of hairy roots; E—7E4E HIJE 5% EAR 25E Hairy roots emerge on the surface of peanut hypocotyl; F—:Ex F4R 5
)74 B4R Peanut plants with hairy root only; G—7E4: B4R KB 4K Peanut plants with a mass of hairy roots; H—EMR ( £E) , BB (HE)

Hairy roots (left), hairy root nodules (right). ]
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THAMEEEESEEENBEZERAD, B2 B
AN FEREREY 100 $RfEA b P8 25 d S AEREE T
IR R B AR R ERDET BB B
W 100% , EWMERNHEELT, BRER
2920 7 HEKE WA 10 cm B, i EREEE
2, BRAEE K, 28 NRKERE, FHAR
JEIE AL, U B B T L RO B BRRAT
AFESERERERYE D EMBFHEEX
BHEMR, 2SR %,
2.2 HEEERMEN

A GUS Bk, AWM AER N ERD
pCAMBIAL305. 2 St s Sh 885 Bl H R A F Brak
BREEZEEHREN, INE 3A Fin. REEA.&
W E R PII, BEARAE AT B BAR A, 50% ~
75% BA GUS B H:, YAl 205 S R R X T4 IR ZE
HE B R R, WK 3B FIE 3D XtE
e GUS W& ¥k iy 2 Hr 7 LA i, ¥ A pCAM-
BIA1305. 2 JRORIH)BAR, 76 35S Ja sh TRy M T, 7E
WA G —ZM A LA R GUS B 4, ¥t
—EM TR\ R EREBRE AR

F#E, X% A pCAMBIA1305. 2-GFP i ki 1R
RHEARIEH) T 45 R, W H LLE H7E 35S )R s T
AT R AN E G — 24 f AR A AR
Bt MR R LR RN REERE
RAFRE(E 4) .

3 iie54ie

AR T FAR T R R R B
T AL T B A W ERARERE R,
AR T MR BARTE SR SRR A A AT
SHTER RN BRI AT LR At AR
FAFE L FFEE B BR, T HE S FINEE
B et T L SRR P TN 5 ATE A AL 2R
R, E—MRAMNEFREREER. SCHHGERN
BEREERERERNERML. ZREERERS
PIRHF R 55—, PhPRISE A A Karthikeyan 55 A#R
RABEET I, R ZBRSIMERE R RIRK
FEZA, RESBRARER, TR TRAERE
FEMRRBURERA ™ s T A SCE L R A R, RREER
et B AT B SERERZREBRAEN
BRARR RBOE— ARG WS BNIEEM
B, AR — 7 T W] A T PP SN A R AR
ALY, KBRS B FRA S E TIRSF
T XA R A KR BB AN BT H8 BE ) B9

B3 ¥ pCAMBIAL30S. 2 R A B R4 T
Fig. 3 Analysis of the peanut hairy root with
pCAMBIA1305. 2 plasmid

[ (Note) : A—[F]—#kIE 4 % GUS EH BB Screening the
transgenic hairy roots from all hairy roots of one peanut plant; B—%%
GUS E:PH MR ZLE) FIAR (45 &) Transgenic hairy root tip
(left) and lateral root (right); C—%% GUS ZH BV Cross-
section of the transgenic hairy roots; D—%% GUS 2 H AR BP LB H
Cross-section of the transgenic hairy root tips. B P LB R NFEH £
10pum The scale bars are 10jum. ]

B4 %\ pCAMBIA1305. 2 —-GFP &y ik B R4
Fig. 4 Analysis of the peanut hairy root with pCAMBIA
1305. 2 -GFP plasmid
[#E(Note) ; A F1 B—%% GFP 2 H FEM#H1J1H A and B, Cross-sec-
tion of the transgenic hairy roots; C 1 D—%% GFP & H R BB
T C and D, Cross-section of the transgenic hairy root nodules; A 1 C

Sy C A1 D 7EE 6 BANEE T X N BA % B9 A The left column
show a bright-field image corresponding to the right column with GFP

fluorescence. B H EL B R ALK K E 10 wm The scale bars are 10
pm. ]
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