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Abstract:  We describe a genetic transformation method of secondary somatic embryogenesis in alfalfa through
cotyledon-stage somatic embryos of alfalfa infected by Agrobacterium strain GV3101. The Agrobacterium strain GV3101
contained binary vector pCAMBIA2301 that had gus gene as reporter and npt // gene as selectable marker. The infected primary
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embryos were induced through series of medium under 75 mg/L kanamycin selection. We obtained the transgenic alfalfa plants.
Then, GUS expression in different tissue of transgenic alfalfa was tested by GUS histochemical analysis. Further, the stable
integration and transformation efficiency were tested by polymerase chain reaction and Southern blotting hybridization. The result
showed that GUS expression was different in different organs of transgenic alfalfa; the copy number of integrated npt Z/gene was
from 1 to 4; the transformation efficiency via primary somatic embryogenesis was 65.82%.
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2 18 Tian 2200 7 | H MR AMEARF
SRR . BEHCAE K 60~90 d fiY T A= Y
7 TG B T AR AE S AN, AR D D) R
8 mm KM/NBE, BT SH2K {5 95 3t
1, 20 d 4R 1R, B A L U BIIE
WG FREE BOI2Y w21 d 5, R40MIRIE K,
TE I 39 194 400 A7 A4 R FH A SO 15 5
KRR AR . BLHY ) SR AR 20 B R an 1] 1A
Fis
112 ¥

SH2K }iFedk: MTiAESamAL. FEMN
23 WCHR[22-23]: 1 mg/L 2, 4-D . 0.2 mg/L Kinetin
AT, 4.35 g/l BRFRER, 288 mo/L =2,
53 mo/L fAtia R, 200 mg/L WL, 30 g/L fE
Wi, 2.59/L YK (pH 5.8).

BOi2Y ¥igidk: M TR IEIIE L.
T B> WO HR [24]: 0.2% BE R AR LY,
100 mg/L L%, 30 g/L HERE, 2.5 g/L HyHIHIIE
(pH 5.9).

MSO #5575 . T R4 MR Y i % o
F N4> WL SCHR[25]: 4.3 g/L MS £, 1 mg/L &
FL R, 40 g/L FERE, 8 g/L MBI (pH 5.8).
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Fig. 1 Induction of primary somatic embryos (SE) and development of secondary SE. (A) Primary mid-cotyledonary
stage SE used for explants. (B) Calli formed at the cut surface of the explants after 3 weeks of culture in SH2K medium.
(C) Secondary SE formed after 4 weeks of culture in BOi2Y medium. (D) Globular embryos were observed in BOi2Y
medium. (E) Heart embryos were observed in BOi2Y medium. (F) Torpedo embryos were observed in BOi2Ymedium.
(G) Pre-cotyledon embryos were observed in MSO medium. (H) Embryos germination, root and leaf development.

1/2 MSO Hi g dk: M T RHEERIIERS., £
FAY WCHR[25]: 2.65 g/ MSE, 1 mg /L &
KR, 20 g/L #ERE, 89/L BilE (pH 5.8).

1.1.3  RAFE BEKFA B

I AR FF R R V310172 Kikagik
A pCambia2301 (1% 2), pCambia2301 J&iki H i
TR HTEY S &R .0 TR R
ik, HAL S BB BT 3N (qus) Fndidk
TR ICHT RS R BB B (npt 1), X 2
ANFEH Y2 CaMV 35s Ji s T, Hirp gus %
W& —ANEF, HHERRARER A gus
HHF3K1T K . pCambia2301 kM i v i Ak
S AFIRFFE GV3101 HHkET, %k

T-DNA X3 2544 WLIE 2,
1.2 WREAHZE
121 ARREEFRERT N4.4.2 BER KR RTE
)=
SH2KP 2151 BShIP T3 55 A A ik 4
HELIVR P IR %5 o A0 0 A 20 VR T A E A i e 4
FRAkr, IEEGALUE R, 21 d IFLERTN ST
BEFREE AR, B BT B s A0 2 B IR UG
Fidk BOi2Y 1, 14 d 54T i .
1.2.2  A[EETE R R R A A0 M R 1 5 1)
N4.4.2, XAK-6A-10, F1-1 1 XAK-6A-7 Y
AN A B R B TR A (] 5 R AR X6 Uk A4 2
JLIVR 8 5
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2 FiEFHK pCambia2301 &Y T-DNA Z#

Fig. 2 Schematic representation of the T-DNA (5.3 kb) of pCambia2301.
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FIIVIF, BT SH2K B53R3E iR 3% 2.d, #
20 CFRAFMRATETE LB K 3R 5 LGt
1~2 d, RBIECERWIG, D AT I TR R
ODeoo 47 0.5~1.0 B, FHACKT B2 4 Tl 77 i SME
K 4 min, HICHEELAN L ZREW, HRIME
1R Z 5 20 pmol/L L LT A B A SH2K 5555 I,
KGR 2 d, BUSFRMOBET &6 T8 ML
P WIS, 74 75 mo/ll RIREEE Y SH2K
IRy e 2 S A D (N [ BT N G 3 UL VI Y A v
I 2~3 W, KA KRR . AR SR | BRAN Y
it R E 75 mg/ll RIRERD
BOi2Y IRIE MG FR3E |, 14d J5, Hrét iR A
il g R BRERE 2F 05, 30 d S ARG IRTE A o
WA SR R A IR 4% 7% 1% 75 mo/L -RIIREE
F 1 MSOPWIRH & B 750 EHEATIE R, 28 dJF
PRI AR AR 25, AR . K5I B FE i
PG 205 A 75 mg/L RABEE E Y 1/2 MSO HE#RIE
USRI ESR, ARG IERRR R A KA | bR
2910 em PFERERS Hk T 1S s H 2 ik R A 4
MRS . IR IR FRISTE 25 °C . 24 h L)
#1. 3000 IX IR FEAT, B2k
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FRHBEAE 75 mg/L 1Y RIAREE R i vk e T AT,
1.2.4  GUS HALEEA RN

HALMMIE S, BOE TSRS AR, 1T
GUS HHZUE (4 MIHEGE AR I 43470, i
i H AL 2R E GUS FakFa et ¥
W H LR AR ST A 5-IR-4-5-3-15] W B-D-4j
EBETT (X-Gluc) WY 2 mL Eppendorf 4§
. X-Gluc %W E: 0.5 mmol/L & ks .
0.5 mmol/L WAEFALE . (KB15%L 0.3% Triton
X-100. 1 g/L X-Gluc H1 50 mmol/L #iaEh 2% ik
(pH 7.0), 37 CLREER . 55 2 RFEM YL
ANTIR BE AR A M5, 7E s SR 4L £
T
125 FALAEBREK PCR A

AR R, BEMLIERE 11 MR R,
218 Lodhi 25BY577 s, 2 S B B R i
0.5 g #RHUEHIZH DNA,

X PCR ¥ kW H M oA B, D
pCAMBIA2301 #fA 11 gus Fil np LT 51
2%, Wit & W L. RSy, Hd gus 1Em
51414 5'-CGTCCTGTAGAAACCCCAAC-3,gus
R84k 5'-ATTGACCCACATTTGCCGT-3',
np/l 1E Il 51 ¥ A 5-GAGGCTATTCGGC
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TATGACTG-3', npt// )2 [n] 51 %)k 5-ATCGG
GAGCGGCGATACCGTA-3',, gus il npt /%X iy
T F BeRK 4391k 300 bp 11700 bp, F14H
Invitrogen A )4 .. PCR WA 4L 50 uL, 1
& 100 ng DNA, 200 umol/L dNTPs, 1 umol/L ¥
. F5l%¥, 1U Taq DNA B4, 1.5 mmol/L
MgCl,, 5 uL 10xTaq DNA R4 B iR, S
ek 95 ‘CAS%: 5 min; 94 'CA:M: 30's, 58 C
Bk 30s, 72 ‘CHEfd 45's, 30 MEFR; 72 CHE
fiff 5 ming HU5 pl 4 347U T 1% BEREWEEE M
HEAT R A

Southern blotting K b, $8 B 55 R H 75 1)
FEZH DNA, RESMH OGRS 5 e b
P IS HL VKT I 2 DNA 408 TR 32 K 10 ug DNA
FE LD T-DNA il FEEA ) s i R P )
filf EcoR I #EATEEYI A, 72 40 V LR, HiIK
8~10 h, BEMCA M S rhFG , A5 A sg ik
[ & DNA ZJ5 5 s £ nic 19 npt 7484 2452,
RS I (O T oS s A e ) PR
gl
1.26 FARNGITAT

TRI6 I Ab BER ] Excel 2003 k44, I8
SAS 8.0 E b Ge it HR A HEAT B/ 0 TR A B
(LSD, P=<0.05), 4 “FR{E+F b5
W2 FoR, HABWECECR B R T 257
Hr (One way Anova). FrA i 5654l 2= /0 &
23R,

2 BRE5AM

2.1 AREFEMNEBRRAAMAER S
K1 CRiFE ALV B B JC A Y

R BOi2Y ¥iFdhia, JE UK BRI AL
FERG ST SH2K B5ge ik, R 2 L R iy i
VRS 89.29% , TMiFE BS5h 4537 55 A0 hif % S
63.32% (3% 1), BAlRgeitsrtr& W, (R4 irTe
NIRRT TE B 25 5, R 240 M AR ey i)
IIFTE SH2K K FR AL ] 1 & T7E BSh 555k
Hro Gi8k, X TR AR AR B, fE SH2K
Bagdkeh, AR RGN RS S 1 U A4 240
RECH 7.00£0.94, 1fifE B5h ¥iFekrh, &4
SR A0 MR E S Y R TR A i R B E 2
3.27+0.75, J7 =00 Mr R, fEAN R SRR p AR
I8 AA 240 LIV 75 S5 180 YK A 240 B VA7 7 0 35 25
5 (P<0.05) (% 1),
22 AEEBEEFEBIRER KM AMAT
M 2.1 R A5 SH2K B 3% 35 02 5 15 I G AR 4
Mg S m A g5, L, ¥ 4 A ETE R
P N4.4.2, XAK-6A-10, F1-1 Fll XAK-6A-7
IR IR IR B T SH2K Rt ik Skt
PRAMAAR . 100 mg A IR 455 20 207 A R A 4
MR RCE , 75 N4.4.2. XAK-6A-10, F1-1
WA 2R, M XAK-6A-7 ficflk, 4 NFEFRAIp,
BT AR 240 B IV 7 A 1) R A 240 B VR A A T A 1Y)
S, BEPA N4.4.2 WIHARAH IR A IR AR
200 HE IR B T 7 %k 89.29% , T AK-6A-10 . F1-1.
XAK-6A-7 =~ K #5351 2 54.55% .38.18 % .
38.10% , N4.4.2 5H/x 3 BRI [H] 4 W i
f 25 5 o AN [) kDRI 28 R 0 A 240 L A 2 £ UL A
F AL BRI B 22 5% (P<0.05), N4.4.2
HIFLRCR N (7.8421.62) %, ‘= THAb 3
ANIERAED (% 2).
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F1 TRBEFENERBERFED NA.4.2 RRIRM AR X 890
Table 1 Effect of different media on the development of alfalfa N4.4.2 genetype secondary somatic embryos

Medium No. of primary embryos Response ratio (%)  No. of secondary embryos per primary somatic embryos
B5h 90 63.32" 3.270.75"
SH2K 90 89.29° 7.00+0.94%

Note: a, b in a column mean significant difference in different samples (P<0.05).

F2 ATRBBEERE MR AKMIEHY HY S0

Table 2 Effect of different alfalfa genetype on the development of secondary somatic embryos

No. of somatic embryos per

The percent of secondary embryos  Conversion rate of plantlets from

Alfalfa genetype 100 mg fresh weight calli from primary embryos (%) secondary somatic embryos (%)
N4.4.2 56 89.29° 7.84 1.62°
XAK-6A-10 55 54.55° 2.29+0.58"

F1-1 55 38.18" 2.29+0.49"
XAK-6A-7 21 38.10° 2.00+0.74°

Note: a, b in a column mean significant difference in different samples (P<0.05).

2.3 N4.42 KPR IRER L FNEEL
EMRAEL L EEN D

M 2.1 F1 2.2 5, SH2K B3 385 IR AR 4
MRAEAL R T3, NA.4.2 1 7 BN A 2 B L3 ]
R, R, SH2K 53R AN 4.4.2 HHE P9
P20 B R T 8 1 st AR e ik . FHARHT I AR e
N4.4.2 E & BRI PAR I , 765 R R T
TERY SH2K 3 Fe b i 22408 2~3 KU, TEAMI
R HHA (& 1B). Hi)s @ fiHA
FIPRIE B 773 BOI2Y 1, 14 d J5IRGURANI
JRTE 1, AN ]R30 9 A 20 B R R BRI IR (]
1D) (IEME (K 1E) JKEIE (B 1F) FrHE (&
1G). JE BRI 40 B AR B R MR OE B RE #5 5 MSO
i, 20d 5, IRGARANMARET &, IR%H . IEFIAR
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AR, LB REEWIE . MfS, A ik
B ER=E (& 3C), it gk i i A
[FAZHZ GUS ik, @fhd 2! (K 3A). 1R4fE
& (& 3B). M (& 3D). #R (&l 3E). f& (&l 3F)
ARIHLBUP A GUS Fik, FEFHLIRE T, M
HEY 237 ok AARFRIZURN AR T, 345 T
36 MEILNR R, 3t 156 ML T8 bk . B
AR 2 65.82% (3 3).

2.4 FE{LIERRAY PCR 4% Southern 2232 434
FH PCR J7 ik Al e AL R A S Ak 8 AL bR
DUREALRE R A AHE (LA AR T (1) DNA S AAR
f#FH gus Fl nptll FER RSB YT PCR Y1,
PCR /12 1% B REWHEE RS R VKA T, A4k
AR AR R 430 AT ARSI E] 300 bp A1 700 bp Ay
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DNA "8 7 B, TR F Ak A BF A B B 5 A ik
%4 DNA ¥4 i Bt (& 4).

[, SR HU LA PRI G JE K 2H DNA,
F EcoR 1 EgEUIZE 4] DNA, HF EcoR 1
Fi7E T-DNA XA H—RFg I 7 s, I, I EcoR - 1

/\fb/\

D) | npt ZIBE VRN REN 2258, B — 438
] LA S e A 07 5 B, B R bR R B R
RS, B8 npt [JZEH R R P2 D18 1~4
(& 5), Southern Z¥3CHESE T npt I3 E 4% 4
FP LA

B3 HERERBEMEMAM GUS EAREEEEYFREANFEEMS

Fig. 3 Development of transgenic alfalfa plants and GUS expression in different tissue by histochemical analysis. (A)
GUS expression in calli from primary somatic embryos infected by Agrobacterium strain GVV3101. (B) GUS expression
in secondary somatic embryos. (C) Transgenic alfalfa plant in greenhouse. (D) GUS expression in leaf from recovered
transgenic alfalfa plants. (E) GUS expression in root from recovered transgenic alfalfa plants. (F) GUS expression in

inflorescence from recovered transgenic alfalfa plants.

F3 NAA2 BRBEERREMBAENIRERE L

Table 3 Genetic transformation of alfalfa N4.4.2 genetype secondary somatic embryos

Experiment No. of primary embryos used No. of transgenic alfalfa plantlets Transformation efficiency (%)
| 95 62 65.26
I 46 29 63.04
11 96 65 67.71
Total 237 156 65.82
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4 FHAFIRFUHEEEKRD GUS 0 nptll EEH) PCR &
Fig. 4 PCR analysis of GUS and nptll gene in transformed and non-transformed alfalfa. M: Marker DNA; 1:

non-transformed control plant; 2-12: transformed plants.

5 Southern Zx3x S #rd¢ B EHE K npt /5 F Y5 N

Fig. 5 Southern blotting analysis of transgenic plants to detect the copy number of npt // gene. M: molecular weight

marker; 1-5: transgenic plants; 6: non-transgenic control plant.
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AR FREEBE feARRIe b, B e Ak
KA A9 SH2K F1 BSh 15 37 5 i S IR vE At
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AL 0 531 14 245 TR 1 S A4S 473 4 4 )T L
20 d®, [, 7EiX 2 MhIESREL A, W)giA g
JRATE SH2K 5 77 3 v i 475 2H 2 i) )i % 2 89.29%
R ELH 2 (7.0040.94) 4>, Bl
TR B5h 15 7R 5L, Wte i, AR gk A ik
) SH2K 35 #2575 R IR PR 4 MU H A 3 T
7>, 7E BSh 85555 7 S A U G A 4 VR ) %
HHERET 34 mMiH, 7ELgmid ki, kA
W I 1) A7) A 200 B JVR 5 5 T I %) R 0 A 4 i Ji
JEEH Y o 3K U6 B R SR 4 R R A A M A AE
SH2K K5 i R R & T IR G A 4 IR 11415 5
TR

LA P4 i R 76 A, g 52 W) T 5t A Ak LT
HHEMEERE ., EARIRE T, 4 4R ET
N4.4.2. XAK-6A-10. F1-1 fl XAK-6A-7 & Tl
B SH2K 35 FR B i SR Rl IR, 252 5%
B, N4.4.2 5HAb 3 /4~ 3 R A5 S ik ik
290 0 J ) i 7 3 A R A7 A48 L R B A RSO A 1Y
AL RAFAE BE LR, NAA2 & 4 SR b i
RALRYBERIRY R, ETE AT A S 085 5%
PRI T R A3 S A, X5 e R B ST 2:
_ﬁm@[ae,g-mo

N4.4.2 JLPRRIFT SH2K £ 55 3 2 A B 58 194
fEREEF G SR, HTARITREA S s L %
b, dHZUk22 7 . PCR F1 Southern ZA2 K6 &
B, gus BN E LA A B TER KN hIEE 3] IE
WaiEE 5. MR K 237 ARGk iR
HRAT 36 LIk R, 156 L IEIMIbR . F5
AR IE 65.82% o IR AN MR 8t A5 5% AL 7
AR T EE AR A RCR

T, REBEEAAEAR FURH A H 15
A TSR . (FU2, EmiRn, 18

R AR R AR A 5 A5 1B T R 2 A
REEN BRI, P, #2553 [H
—AEkT, BRASIRA L E . AU EGE T
s WA MR i 1AL Fe L . 725 IR iR
e, FRATTHUIE B A BT 5 R A B 2 DR A A
B, BRI SRR B S AR AR, KR4
P14 0 7% e DR A LR UK 0 A A PR AT S S
K, B APUFEREN, BASLIL RN RIS
TEAEIR, W H TR 2R NI AL TR iR AE

B, EARETE b, gk an e ge
AROFEFIRPAR AL, I BE T 1 U A A ik
RS T A R I B RS AR R . U A A
PRI )25 T RO ME R B4 BRI DT 1%, Xl
AR AR R RE A R IR R0 L 4R i %o il HL
FRAL T — PR T A Z I N B E A AR P BT
o WEAE AR . T A SR N 2 2
WFFE AL BE AR , X Rk 5 kol H Tl 1 5 L
TNERCRAR ) —BE B ARl $h5E T B AL
Tk
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