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Wi g 258 DR A 40 1) 52 PR Pl S DA ) 1 A 7
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1 MK 5T &

1.1 ##
PR A B SRR B TE R =R
T .

1.2 SMEGAES

THEREMTFH =700 ML BEHE 1~
2 min, - 1 g/L & ALK 10~12 min, G
PR ZK FE 43 Mgk 3~ 4 3 . Bh B0 A A K R R
AU Ly, B PR 3R] 1/2 MS iR A L
fE 25 'C.16 h/8 h LW JE A .2 000 Ix St HE 5 B
THFE T~10 d, SR 5 W AP IR % i AR L 2
BOFT W05 3 TF B — AMER 2 3 mm K/,
1.3 FTHAEFEREREHS

PL SHY'S  MSH K Bio2 Y0 45 Sk 5 il 45 35
BE B IAS R b 28 Kok B 0 i ER 0 T A A
TR IR S 5 R R A R R B . 4 B BT
RN TR 155750 pH 1 KOH
PR 5.8, B A R IR ERAE (25 2) CHRYHE; 3%
TNHATESR SR A5 S W BOIOOG RN H A 45
BrBL4E+F 16 h/d i E k.

®1 BHECHRFSEMRAMANERE

Table 1  Media used in different periods during embryo induction and maturation
P ] Bk g RL Ay
Medium Abbreviation Medium ingredient
(‘:d{}ljlll?lj‘(i:tfo% SHDK SH+2,4-D 2.0 mg/L-+KT 0. 2 mg/L+ Sucrose 30 g/L+ Agar 4.5 g/L
PRI 17 5 335 97 2 MB(—) MS salt(1/2 NH;NOs;)+B; vitamines+ Sucrose 50 g/L+ Agar 4.5 g/L
Embryo induction
MB(— /) 2/5? salt(1/2 NH;NOj3,2 X KNO3) + B; vitamine + Sucrose 50 g/L -+ Agar 4.5
MSBN MS+6-BA 2.0 mg/L+NAA 0.5 mg/L+ Sucrose 50 g/L+ Agar 4.5 g/L
MS0 MS-+ Sucrose 50 g/L+ Agar 4.5 g/L
P A B 3 A Bio2Y Bio2 Y-+ Sucrose 50 g/L+ Agar 4.5 g/1.
Embryo maturation
R K K AR A / . / -
Elgl}j)mﬂpyrioriion 1/2 MS 1/2 MS+6-BA 0.1 mg/L+ Sucrose 20 g/L+ Agar 4.5 g/L
1/2 SH 1/2 SH macro+ MS micro+ Ferrous salt+ VB, 10 mg/L+ VBs 10 mg/L+ Nia-
/

cin 4.5 mg/L+6-BA 0.1 mg/L~+ Sucrose 20 g/L+ Agar 4.5 g/L

1.4 EXRBERUEHRFSESRE

L MB(—/+4) N EERb B 37 35, L ABA | Ag-
NO; F1 PEG-6000 R %% i B+, #4T L, (3') IEAE
Wit. Lk 3 W Rt s K40 51k 0.0, 2 Al
0.4 mg/L;0.10 F1 20 mg/L;0.25 150 g/L, ¥
SHDK #5325 [ 5 10 I M 45 % 88 %) 1A M
NG IR L ARALEE L L5 RER . MG K
O 1473 ) J9 2 Uk 25 22 i %) O o et A5 28 9 79
T, 20 d e R AR S 1/2 SH B 1/2
MS i 324 1,2 FJR A ZE AR & B fd 4 . n] 1
W T AR IR, T B A A B A A 5 L
T JRT TE W R A R
1.5 BEZHEFEPPARLETE
15,1 #A WAk RF SMER N E=HE

T di R =AM 0 B BT R R B R O 5
FilF PPA B EHAL05, #iIF 3K PPA %
BT AR A RIIR & R PR i i
PBI121 Ak fk b, JF i 35S i gh il sif%
EEAGR FH M R 8% g2 Ak 85 32 46 3 d 7
A, SRR IR AT A R R RS Bk A 8 AR
J (SHDK + 3k f BE 5 1 500 mg/L) I % % 57
7 d. SRS N Mk B R (R4 TR R O 8 R
IR IR E 30 mg/L), Zead 2~3 W4k 7%
ARAFPUME A 7 A 20, g e o 2 (0 RS B8 O o A
LR S5 48 Y 1 AL A0 1 25 RS BT N ABA 0. 4
mg/ LAl PEG-6000 50 g/L A& IR 5 S 5 9% 3
MB(—/+4) Fif SRR IE B 78 Bio2Y 450 g/L
REME B 77 L PAR R & B A E MS 5 1/2 MS
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ROk BARRIRET K e . HR A AR R AR O B 3R
ML 2 8 25 C.16 h/d LIRS B
=,

1.5.2 PCR.,RT-PCR #= PCR-Southern #: |
TP B K 4 DNA (2 BCR I CTAB ¥, %) &
RNA # HH] - ifg 42 58 /48 5% A W) ) RNArose,
PCR "4 PPA JEFH Y L5197 51 K. 5'-AT-
GGCCTCCAAGCTCCTCCTC-3", F i ) 31 K
5'-CTACGCGGCAATTGGGCGCTT-3", i 4 T
AW TR CE) B A BRA Al G . PCR B
fr TAQ B ANTP 45450 W B b 5t R AR A 1k
AN, RT-PCR Jz B H i 7] 55 TaKaRa RNA
PCR Kit (AMV) Ver. 3. 0, Southern blot 3}
ROCHI 72 @] & 77 1y Dig High Prime Labeling
and Detection Starter Kit T, #R & 7= 5 U B 5 #: 47
BAE.

2 HERH54M

2.1 ShEMRSRIE S AU R SR 0

Tk AL ZE B R R AE 4 R A AR 1R 7R
SHDK }i3r 2 L@ 0iif & R 22 5 A K Wl ik
B 9520 LA b s (HAN [R) S (3 i 175 S R B AN
[Fi 1 Fsf [0 W o 15 28 0R . T Rk ) B g S A 4
A U AR T 2R BN et . T A 4k

PR b, 25 Bk VR A1 40 e o M AR BB T Y TR R A
1o s FLUOE T B ok 5 A A7, A A SR YR Y
PR A S o T IRl fe U A 405 1 4 R A e, 2
(SR EE s i € e N A N R R 7 /B
Wi %5 5 T8 L ¥ 4 €6 L ORG FRR BR 9 fix AT OB R B
(9 P A5 A 40 AR o3 A 3R 2 v s 2 LR AR 1Y
HME R
2.2 EFENERFSURNEI

Phik7E SHDK £33 3 L3R5 7 B4t 4 R
R 3 IR AR 25 46 ) 1) 8 4 2 2 0 8 B AR IR
B s L 8 9R 1 M E  7E MSBN K52 56 B @
3 20 25 3% 1 st Bl 4 P 4% € B BROIR 98 L IR AR B
T BT 1+ 55 7 7 s A, A R IR R AR (1
a), FE MSO fil MB(—) 855 3 L@ (i 4L, 15
Rigk 2~3 F )5, I HR T 28 20 45 1R R & A= . MB
(=) B R IR IR T RO 4 F MS0(E 1-b, 1-
o), MSO B [ R IR 3D AN AR A= iR iR
() A A5 BB/ g B s b TS B ) M R B
MB(— /)R 32 2 [ fE MB(—) 25l | KNO, fin
£ TR AR5 S R8O B B — el A U A R
T B HL A5 41 28 B 5 IR A TR R B
JVR i A Al 3 A Ak BB 8 T (] 1-dD L A
A5 L ZUY B R R EOT- 3424 39. 546. 2,

a. MSBN 15723 MSDN medium; b. MSO #5755 MS0 medium; c. MB(—) 5353  MB(—) medium; d. MB(— /4 ) % 5 &t

MB(—/+) medium

1 FEBFELHEREESHR

Fig. 1 Somatic embryo induction on different media

2.3 {KEEMHREHE

B B IR 4 e B8 B MSO B 1/2 MS B
Ik a3 PR IR AN BE IE B & . B
JUR R AR 7 S M2 O A8 Lk 2R T B 3 A Y
T s BRUE 9 B AL 0 B R AR
W ANBE R B IS B BOAEL AR 5 AT B0 AOIR (A I R
BB L E BT A OB AR . B 2 UGS 1
AEGETE L PRI IE BT & RE Y AR ALK 5. 800
(£ 2,

BEXTE A AR MSO 8 1/2 MS 85 35 5 |-
BB S SR BOKE — A A 6 IR 3 5%
8 LIRS IR B v B0 o v R DA e A R
B % e ARAS AL A T AGE DI i 1 R
IG NH, ¥R B VS s MR S5 15 it (R AR SR B

ol R R i T U e | S N NS
T YA 8 7 2ok R BIVKE R A5 1 R R A A2
A IR 52 ) VA& K 3% 3 (SH. 3 A< £ + L-Proline
3.45 g/L+(NH,),SO, 1. 65 g/L+ fE#E 20 g/L)
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Table 2 Development of somatic embryos without maturity promotion treatment

MR B T A R I K R AR VB T/ %
Transferred embryos Dedifferentiated embryos Shoot-developed embryos Shoot percentage
Lk 1 Exp.1 199 100 18 9.1
#k 2 Exp.2 39 39 1 2.6
41 Total 238 139 19 5.8+£4.67

e ox Bl 2 ke P 5t bR,

Note: Data marked with * represents average value and stand division of shoot percentage for Exp. 1 and Exp. 2.

®3 ZEREEERABIEFTENEEHREER

Table 3 Development of somatic embryos after maturity promotion in liquid medium

B R B R ik B A IR K AR B R/ %
Medium Embryos transferred Shoot number Shoot percentage
1/2 MS 85 2 2.35
1/2 SH 304 35 11.50

B, A BF 98 XL ABA L AgNO, il PEG-
6000 RRL R T HEAT Lo (3') 1F 3238 5 4 1k 14 iR
PR G5 R R W] TEAIR 5 5 45 I B s
AgNO; \PEG,ABA 5 XF DL 5 44 W 8 & 19 5% Wi 2
FRFE(F 1), PEG-6000 f4 %% 0 {8 £ K, il 12 48
RN . B ST E A AR IS S SR A
MB(—/+) + ABA 0. 4 mg/L + PEG-6000
50 g/L+J#bE 50 g/L+ % 4.5 ¢/L,pH 5. 8,
HAh ST B GUA] R A 77,9 AN IE
Bl g O R IE

W15 T R IR IS i 5% 7% 3] Bio2Y 3R
HAT 10~14 d e &K B 157, Al MB(—) 85

FrHE LR R K5 & M ERE IR @b B4 . A
7 2E— 25 3 o R IR Y TE W R . e il AR IR
R A IE R B R W E AE B IR AR R IR R
BP:SHDK 53 & LS A, MB(—/+) +
ABA 0. 4 mg/L + PEG-6000 50 g/L + & B
50 g/ LR 1l IR IR, Bio2Y #5373 [ {2 1k
W& B L 1/2 MS(a SH) 85 5% 3 AR &
M . AR C IR IE SN &5 2 B 20 C
16 h/d B0 IR BE 3% 5 B AR =, BT 23 900 LA I
PRIV S A RE AR F% 6 AT R 1 B IR 2 8 AR I 1 AL
K 2,

&4 AgNO, .PEG 1 ABA M E @ R FEE SRR LE B (Lo (3*) ]
Table 4 Effect of AgNO; ,PEG and ABA on the induction of somatic embryos in alfalfa

R [ ¥ RN T 7K/ (mg /1) AR CLE i 2% 114 TR B0
Factor Level of factor Effect size(No of healthy embryos per gram of callus)
ABA 0 29.5 WL B30 PR 7K P 818 R 8O (B > A k=227
0.2 51,9 Value increase with the increment of level
0.4 52.2
AgNO; 0 60.5 WL 2 17 P 7K - B v 3 S8R {3 ) k= —35. 3
10 19 Value decrease with the increment of level
20 25.2
PEG-6000 0 24.1 WL 20 7 P 7K B v S S8R {3 . A k=55, 4
25 000 31.1 Value increase with the increment of level

50 000 79.5
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a. Wi gE FARIRE £ 15 Embryo germination on medium;b. JG R F5 48 N #R1  Plantlets acclimatization in growth cabinet;c. I

HENBEMGE  Plantlets grown in soil

B2 BEEKRNEESBH

Fig. 2 Formation and transplanting of plantlets

2.4 PPAIBERFEENLER

LR QWS 3 d B+ 50 M. 72 & A 30
mg/L FABEE £ (19 SHDK #5 35 3L T 25 15 Hi Mk i
gl 8l 23 Yo, HitE MO RIS Rl 46 %, BiE@
TiTE & A 15 mg/L RABEE R MR IR 17 T K ik e
RS LSRR AT 16 SR AR . R

P1 P2 P3 P4 P5P6PTP8P9CK HO CK' M

e

P1 P2 P3 P4P5P6 P7 P9CK CK'M

TR 2 25 0 J5 RS AR IR % 0. 9 Bk 4 PCROA 3-
a) \PCR-Southern([&] 3-b) %5 8 ¥k Ky FHM: . 1
SR PPA JEN C R 5 b F 6 2N 4 . RT-PCR
SER RV MR PPA B[R W] AR 5% SRk P IE &
ik (El 3-0),

P1 P2 P3 P4 P5 P6 P7 P9 CK CK,CK' M

)

C

a. % PPA J:IHE 15 69 PCR ¥4 Detection of PPA gene in transgenic alfalfa by PCR method; b. # PPA 3N & 15 £ PCR-

Southern % ¢

Identification of PPA gene in transgenic alfalfa by PCR-Southern method; c. 5 PPA J:IX & 15 18 55 55 K F #2546 I

Detection of PPA gene expression at the transcription level in transgenic alfalfa.

P1~P9. ¥k H2E Mk Plantlets regenerated from transformation; CK . [ 4 X} iR

Negative control without transformation;

CK*. [H¥EXI R Positive control plant; CK,. P9 A ¥k % DNase T 465 19 RNA KL 5, DLHERR RS & R 16 T4 (19 DNA #2451 T4 RNA

sample from plant P9 digested with DNase I to verify if the DNA contamination was eliminated.
B3 #HPPAREHEBENSTERE
Fig. 3 The identification of PPA transgenic alfalfa by PCR,PCR-Southern and RT-PCR methods
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AL R S £ L MS, UM, SH %
o BBl K 3% 5 BB TR R 2K R B B R 0
gehowe e o 4D M R O B2, B
16 P 5 20 4 2 2 41 4 B B I 1
AL, R 2. 4-D He BE L 5 1 0 15 41
SR I 5 25 AR K L A IR A ok Y 1 i 005 4L
21t K T 5 I 82 R SRR B R [ L AR
GER AT SH B 55 38 L HOBE 2 50 M6 5 4
R e 2 (0 L JEL 2 A 1 VR 5 4
S, R T I A A A 8 A

. A
ERY
PRIV 175 5 52 22 b DR 3R B0 52 ) i 2 2 RUUR
(R, kT AR A S B R A A 42U
BN S A B AT RE R ARG A TN R 2R
Walker 252790 Ay 35 5 Bk o N b B 75 14 41
JUR B 7 A S B T SH B 3R 36 NHL #JE N
12.5 mmol/L iy Xf 4 40 I IR 5 T fc 3 B, X
I TR A 6 7R A KR 2 R AR R B R ROR
EMFE RSN R NH (NOs BRVE R A 1
FRIRHN o i T A3 20 2100 A KR B EL 9 T 4 o
PR % NHL AR SO m i 52 9. NHD HoA i ik

R AR IR A AT B AR S R Y
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A4y R AT S AR APER L NO; XK
2R S A 0 A0 o 24 R0 A A K AR
20 RN A B AR R . AR X — R AR
WF5E R F A PR IR 5 5 85 25 Bk vh B NHL 3% NO,
R R0 R R TR 2 PR S E R R IR R, i
JE 135 3 W30 A TR IR 09 S R R Ay
B DU R AR B S I PR IR T B IR L PR I 60
g/L By PEG-6000 i 1A I 55 5 M 33. 900 1 =
44.0% . AWFFEIE IR B0 25 S R WL 7E 85 35 3 op
W 50 g/L i PEG-6000 R % ok 3% 1k ik 1) 175 5
BOR, 5 ORI PEG-6000 ) 4b B AR H , 2% R 4
A RIKF] 55, 4, JREWE T AV RE X A IR 1Y) R AR R
T IR A B8R ) ASF 9 245 SR 2% B g R
S 35 5 v i) R T VR B AN 30 g/ L 2 # 50
g/L 5 o IR MR A A 5 A SR B s A% R 1Y)
YERITRE T Z W UR T8 B U8 . BRI S 15 5%
B 0 FE M T ok BE O A 0315 = W Be iy 30 g/ L 42
BRI A SR BB 50 g/L 2 bR i
e,

RGBS —HE N R RS E.
V22 SCHRAR S 16 5 15 IR 75 S 58 5 01 40 i 40 24
ELE LM 6-BA A KT (HAHE g8 45 3%
B AR PR 5 5 B 3% b TR i 40 i 4> R 6-BA
() MSBN &b B, % b 18 B 7E A 4 2 2R 36 T B 1 4
o (4 B 55 1 AS 2 B R 4 IR L 24 9% AN HEBR i ik
PRV REAAAE P R I LL AN & 38, 3 6-BA Ji 2 vk &
SRR, AT UL R B AR S T AR AR
I OCHE . AFRIR R B RIS S0 ) —
gt BRI S B2 v AS TS AR 4 3% 2% L 3
SURIRTRE SV E R/ PS8, 3 RS SN 95 L NN D)
VSRR . AR I U Y R GE XUF A Y
S3ACTAT DAAE T 2R SRk B 3R A A S Rl
LR MB(—) \MB(— /) $ 35 3k 52 3 JR
B L MB Jhy B il 55 5% &L 9 8 NH,NO,
KNO; F 508 R 1/2 #1245, DU FEAR
NH, & % 20 i i 75 35 7F FH A 58 NO, XF 4
LA B4 2 A 5 S B % % 2% Ak DA ORI T i 495 1)
FIF o3 A i A28 L DT R KR i AR IR i 5 5 % L 1
SR LR AR 2 40 SRR, 38 R IE 2SI
WAt it — b K5 3= 5 4 o 7E J = = il
0.4 mg/L ABA F1 50 g/LPEG-6000 2k 3% 14 I iy
J i B R R A R L 4L T PR AR 7T 9
ANATIE R AL

4 &

EAH A T SHDK 832 58 | il S
T 2 0 R R IR O e AT BURLIR P 2 W 4 I
PEROIH AL, SRIF DL MB Jy Sl 55 % Jk L % 3% 57
By EAT I NHL (18 NO; 38 35 0 55 3% 9 1) F]
T oA J7 1) A B Gl AR B SR A b A i 0. 4
mg/L ABA #1 50 g/L PEG-6000 i & ¥ 75 £% 7%
LB 1B 5, DT vy £ B AR 375 5 R 5 B MR IR e
R E Bio2Y R dk EHEAT 10~14 d fBE % (24K
E & & R L 7E 1/2 MS (sl SH) 85 9% 3 b i &
I . FEAEAERRTEOCIRIE FR AN &0t 2 J8 20 C
16 h/d B9 MR BE 35 J5 8% B %5 0TS 2R 90240 LU
o B R AR FOR T R S M T A e B
WHoE .
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High Frequency of Embryogenesis and Germination to Seedling
in Alfalfa and Its Application in Transgenic Research

WEN Zhiyu' ,DONG Fushuang',ZHANG Huaning',
YANG Ruijuan'? and ZHANG Yanmin'

(1. Institute of Genetics and Physiology, Hebei Academy of Agriculture and Forestry Sciences/Plant Genetic Engineering Center of

Hebei Province, Shijiazhuang 050051, China;2. College of Life Science, Hebei Normal University, Shijiazhuang 050024 ,China)

Abstract The objective of this study was to establish the technique for high efficient embryogenesis
and seedling development using cotyledons or leaves from aseptic seedlings as explants, which will pro-
vide a technical support for genetic improvement of tolerance to abiotic stresses in alfalfa(Medicago
sativa). The effects of different medium ingredients on callus induction,embryogenetic induction, mat-
uration,and germination were compared. The technique for high-frequency of embryogenesis included
induction of callus on SHDK medium, induction of embyros on MB(—/+) + 0.4 mg/L ABA +
50 g/L PEG-6000+50 g/L sucrose,growth of embryos on Bio2Y medium,and development of seedling
on 1/2 MS(or SH) medium. Under the optimal conditions,about 77. 9 healthy embryos that formed
seedlings were produced per gram of callus. The seedlings regenerated were grown in a growth cham-
ber at 20 °C with a photoperiod of 16 h light and 8 h dark for two weeks prior to transplanting to a
greenhouse,and the survival rate was over 90%. This technique was successfully used in the transfor-
mation of PPA gene into alfalfa and the transgenic alfalfa with resistance to aphid was obtained.
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