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Intergenus somatic hybridization between Alhagi pseudalhagi
and Astragalus cicer by electroporation
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Abstract: We obtained intergenus somatic hybrid between Alhagi pseudalhagi and Astragalus cicer by using electroporation.
Agrobacterium rhizogenes A4-transformed A. pseudalhagi protoplasts were treated with iodoacetamide so that they were unable to
sustain divisions. 4. cicer protoplasts were isolated from a methionine-resistant mutant and did not survive in the medium without
plant growth regulator. The intergenus somatic hybrid cells were selected based on physiological complementation between the two
parents. We optimized some parameters of electroporation, such as direct current impulse, alternating current impulse and the
impulse number. We identified ten hybrid clones by morphological observation, checking the chromosome numbers, isoenzyme

analysis and random amplified polymorphic DNA analysis, and obtained regenerated plantlets from three hybrid clones.
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] A1 6T 204 ) 440 B P Rl A5 1 O T R A A A T T R
WEFEO, AR IER L A T 5 R K B Alhagi
pseudoalhagi AsFALFR (TRIFK ApAg) FIE I 25 20
Astragalus cicer WIRAMRPIMER (FHK Acmet’) Z
li] 1 S A TR o T W 58 2 S 2 AT AR R
W —FE AT S . BRSO ERR A Y
WY, HEZ Smasm”. ST L —
FIANE (A AR ——a- A AR ALY, oA 3
THEE N SRR — RS, B LR
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AREEEARGRHEY), HARBREILE . st
I RS, WIEN R HOK R R A
T 5% AT o A JB R il 15 5 AR A 3 TR A A ) D )
RN A S i SE A &, AR IT A VD I A ) 35t
&G R VD BEAE T R R G I B R S AL AR 1Y
BiEtE,
1 MHEA T
1.1 BRIER R R RIR

B BRI A POk H A SR IR GEH A, Felk
REMFBRMEOAL, HAMEA FH. AR
il #5275 SCER[10].
1.2 EEETRFEEREKE

R 5 5 2= 0 i A B A R I A S U T 5 s
FR AR R AL, AERMEA £, R
A AR £ 275 SCHR[11 ]
1.3 BRTERI RS BRI R AL IR

e 4°C. BEERMT, 4050 1.0, 2.0, 5.0,
10.0 mmol/L A [A] v FE 1Y it & Wt it (I0A, i T
CPWOM!efy LR P ApA, JE A AR 10 min, ZJ5
O R R, CaCl, YR (0.16 mmol/L
CaCl,+0.1% MES, pH 5.8) iyt 2k, IHEIFTH
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g . B 3 A ER
1.4 1428

MRS (8 Eppendorf AH]), RG4S
“h 4308 030.003 F1 4308 014.008 , LKA 200 pm,
FHL Rl 5 A 25 45300 0.2 mL 1 0.6 mL,

1.5 MGERERESE FHRITIL

HLRLE M 0.7 mol/L Y H 88 8+0.25 mmol/L &
1£45+0.03% () MES, pH 5.8, #4lifbir 2 F s
J R oy R G R 2, RGN R
1.0x10° 4~/mL, 3x10° 4~/mL. 1.0x10° 4~/mL =4
W, AR SSARBUR A . WHOR A WIS A6
THFEAR T, %% 1 min, 78 125 Viem W32k
M (AC) T iEREBASI BT [E] .

FEJFA BURS BE— 2 S5 R, U8 AC, AR R
A AR B TR FOE e BRI B, DARf € S fE AC
FBABI s ]

FEBE . AC FIBAFI B ]S AR 250, RUBK ik
Bk 2, WS PR RE SR, ARG BRI
i (DC) FEFE 5 I LA S 807 S A 25 A R ik
ok o SR H R T A R X A SRR L S A R 1Y S
M)l A B b R ) B (LS . ECLIPSE
TE2000-S) MELHIMEAH ., R MALHES 31K,

F Acmet” JR A AR I0OA AbFEA —EFTS
R AEANRERFEE o 2L ApAy JFUAE R BEAT R
3 0 B 8 % LR i AR oA KTR A D A B S
Xt
1.6 FHEES AR TR IEFN A T

Acmet" J5UAE FUIRTE T R 5 F AR,
ApA, JFAETRIRZ: TOA AbFE, IR TE ARE 24 WL
2% R IRV U5 Rl 77 ) X AN BRAE TC U 3R 1) O e 15 R 0k |
FRELor2LMIBE TS, RlG S 24 40 iy T A B MK
S RRBL 5T FARE MR I R

AR A5 3% T SR 1 T W 2 2 AR T R 5 5 1 A
HE55 A, Rl A0 B B5 32 R FHBHINA 2.0 mg/L 2,4-D
0.2 mg/L 6-BA, 500 mg/L /KfFFLE . 0.3 mol/L H
8 IR 29 FEME ) DPD WA R B 2K 5 . 5%
T 1527 SCHR[13] B TEIR )2 35 35 B b R iU 1A IR AT
UL B /NG5 L 206 BRI 0.35 % B g4 ) DPD 2 [#]
PR TR A 0.65%ZX IR A MS FeA K

© PERFERMEDA AT SHESE http://journals. im. ac. cn



SRUCRAT - R R 17 A B U 5 T i 5 5 s I R A 4 el

637

FrHE PSR E o T Hh 0 2R A MG S A B
JA 1 mg/L 6-BA. 0.2 mg/L NAA ) MS [E{A 555
Hrharik.
1.7 BERGHEANETE
171 B 1A TR P
A AR B R B ORI /N 5L
AT IR, VR AR e S %
o HCA= K B 1) XS il 45 4 A= 1 A 3 2
SURATIRIR B, H AU A, Radhar e fa,
Olympus BH-2 BURFFY F i i B WS i 5% .
YRl B 240 b P2 405 4 20 B WU A 405 A S U
ALY W) TR AT, 5 Ik R SCk[14]
1.7.2  RAPD 7+#r
J7 i[RI SCHR[13]0

2 ERE5/
2.1 I0A FRALIBATI&Ge R R4 FKTFE R 0 EAY

A1)

IOA W] L5 i H I e e 0 A -SH &4 A
AIEES A, GBI RS AT T, PHAE 3-8 T
REAEAGAE R 3-BR IR IR, IR AR A, A
M T8 A B BE &AW w45 1k st T, RA Y
IOA Ab 3 i) 20 it 55 40 i 5 5S¢ R b Am 5, X3 B
R E AN, AREER AR WA 1.0, 2.0, 5.0,
10.0 mmol/L PUFh EE TOA 4238 ApA410 min, 3 1
R, BEALFRAR B RSG5 A BT A B AT AR
FRE. K53% 3 dJ5, 24 10 mmol/L TOA Kb B i) J A i
WILT- Tl A iR sr 2L, J5A: ks 2 gz 3™
FHi. 5.0 mmol/L TOA KbH I J5 A A 1% AL
A 144% ., HIFABRIERZAGEEL, Dlaesr 2
A AR 2 RE 3 2 2~3 IR, KRB SR AN REIE L
ML, 1.0, 2.0 mmol/L PSR B i) TOA Ab B

£ 1 TREIRE IOA 3t ApA, B4 RIKE HHE M
Table 1 Effect of IOA on protoplast viability of ApA,

IOA concentration

(mmol/L) 0 1 2 5 10

Livability after

3 days of culture (%) 42.1+4.3 23.8+5.1 19.6+4.5 14.4+3.3 0+0

Ability of form callus  +++ + + _ _

“+7: capability of forming small cell colnies; “—: incapability of
small cell colonies.

{14 AR AR 30 d i B 41 B PRI R 1T DL R A Ak A
Hit, LL 5.0 mmol/L A I0A AbFE 10 min Jy ik Ji
AT AL 35 A3 T 2 A
2.2 [RERERE R RE BRIAR BRI

6 K IR Rl A BA SR ) 2 e A
REWERAMIC, EMHF AC MAMT, WREK
1, e EE R BRGNS (R R, AN, TR A A L e R
K, ZICaGm, £—cuBEnN, WERIK, 4
FELHEB B 20 AE K, FLRL A 455 T R

22 ATLVEH : WREE R 1.0x10° A~/mL B, 25s
JEAE A KL 4 A, TR 1.0x10° 4~/mL
W, 45 s A pikd K R OB 2~4 45 R
JRAIR A WE N 3.0x10° A~/mL, BN 45 s BF, 40
ML 2y 2~4 A, FHI T4 2 A0 5 I Rl
A LUR BRI TR R B T 4T .
23 HIFERMWEEREHESHEN
2.3.1  AC XA NI 1 T 19 5

NG AC XA BTAATE 1 ER 2R i A AR K
Wi, SCEREREE, 75 AC AEJT, JEWE 5 S 3 MIgE e
A S A R B e S T B W HE A B R 2R (1B 1),
BEE AC HYBEI, JFUAE U IATE A AR 2R 0 e 1] 40
T E BR A FEIG G o (H 2 i Fed e i, Dt A B AR A
AT, A6 B K op S AR 5 Kk AR i
(3 3)o 125 Viem B}, J5A: BUARBA S B ] e, T2 I
BAS 20 M B H Al HIEAR I, 43 i il A T
HLFR o

x2 BRERKREERESMAENTIEEEXFR
Table 2 Relation between the general density of protoplast
and the alignment time

The general density of The alignment Number of

protoplast (/mL) time (s) protoplast bunch

25 >4
1.0x10° 45 5-10

60 >10

25 1-2
3.0x10° 45 2-4

60 >4

25 1-2
1.0x10° 45 minority 2—4

60 1-4

Note: alternating current impulse of cell alignment is 125 V/cm.
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£ 3 AEZFREKHIFESSAE RSN 2.3.2 BRI A ST A
:l?sl;(l)e:fre(];:lil'ie;cctyof different alternating current impulse on E%T# AC jﬂ 125 V/em E,‘J%%#F—F , Klﬁl E@ DC
AC electric  Time for forming ~ Numberof  Shape of Vi 5 2 S S S R D2 ) il 5 A7 AR
field (V/cm) protoplast blunch (s) protoplast bunch protoplast M. & 2a Y% DC 7E 0.75~1.35 kV/em B, JE/E
50 60 1-3 Sphericity ARG A RS DC MR LT, SRRl A
75 60 2-3 Sphericity RN 24.2% AF 0.75 kV/em LA F B IAR /D % Az b4
100 50 2-5 Sphericity ME T 1.35 kV/iem BfRlA R TR X 136
125 45 2-5 Sphericity 1.35 kV/em [ DC LHE A T8 186 55 2 05 1 5% B il Ji
150 25 >8 Ellipsoid AR ELE (& 1b). [T A B, 2~5 AR
175 5 >3 Break I E BRSP4 1 X 1 AR, mik
Note: the density of protoplast is 3.0x10%/mL. A R 2z Ak,

B1 BERAEBRERERSHEE

Fig. 1 Electrofusion and culture and regeneration of protoplasts. (a, b) Protoplast bunchs in electric field. (¢c) Two cells beginning to
fuse in direct current. (d) Two cells fusing when 1 minute after direct current. (e) A bigger protoplast after fusion. (f) First division of
fusion cell. (g) Calli from fusion cell in liquid thin layer cultures. (h) Calli from fusion cell on selective medium. (i) Plantlets from
selected somatic hybrid calli.
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Fig. 2 Effect of different impulse (a) and broad (b) of DC on electrofusion frequency.
2.3.3  EIRIRIPHE NS SR ARG 7 5 30
TEdfE AC #l DC &0 T, BN A 9 B Ik ot
_ _ . . >
IR g %o D A A R s B B (D 2b), BEE = 20}
Ny — b — 5 5
I bR T 5 25 A 1 = 5|
A A US55 AE DK IR 52 40 s 1, S5 R ER!
PRI A RS, 24.3% ., 3X 5 Chaput 21619 2 QL
FH F Rl B SR AR AL Y 25 18T 3RS 18 Rl 5 0 3 AR 0 . . .
FHIE o (A Y Bk ol Y8 AL 50 ps B A5 40 % U] B Jg 2 4 6

TR
2.3.4  EIRIR MK ET AL T G 19 220
7 FH 223 Bk vt o 125 Viem, B bk A
1.5 kV/em, JBkHiiE 96 A 40 ps B, #EATRkeR 1,2, 3,
4. SAbEE, FRI (B3), Ehkek 2 803 ik
FORD S, W 5 2 0 R 8% T ) 4 i A R 45 0
o K REE 4 R DL I AR BRSSO BEAE a2
G, T HE S C SIE R Al A A e, Al
DA AR B RS AR B B T R, ORSEER R 2 Ik
LI DK P R BSOS A B AR A TR
24 HTEERENREEREKRME NG

TERGE A S A AT, R B H
TRt Ve Xof O W8 5 2 B R e o i A O R i S A
—EFI (K 4), 7E CaCl, ¥ FEN 0.25 mmol/L i,
A AW HZEEREH 0 EFFE 0.7 mol/L Af, Ji
A AR A R I A, B R R T
0.7 mol/L &, J5 A= BT Rl &R TF UG T RE, X3
B ESAR 1 12 35 s T RE AT ) T T 45 25 2 R R 9% B2 1 1Y
J A BT R

Number of fusion pulses

B3 pridxEITEESIRENEN

Fig. 3 Effect of pulse number on protoplast electrofusion
frequency.
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Fig. 4 Effect of mannitol density on electrofusion frequency.
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RELR, KRB OREE RIFE 32~44 K200,
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1 41 201 Gl o R B B 2 DR e R B H 2
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it AL RIS S R . B 2RI A A
I 10 A 5 B 35 HLAT BCE 3 4 sk AR i oy, L
6 D FURER A B R A (8 6)
2.6.2 RAPD /M7

FHRCE S DNA AE MR, Xt 12 XFREPLS ] 43k
1T . WU AU AR e . R I S7T3(AAGCCGCG
TC), F TR 40 a4 Fh i 473 20 20 K LXK P48 5 4
411 RAPD 4. 53R 7 s, Z4Fh @il 4
SR b A RO I RREA .
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Fig. 5 Chromosome of somatic hybrid callus and their parents.

1: Astragalus cicer L with 34 chromosome; 2: a hybrids with 44
chromosome; 3: Alhagi pseudalhagi with 16 chromosome.
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Fig. 6 Analysis of profiles of peroxidases of hybrids and
parent calli. A: Alhagi pseudalhagi; 1-10: hybrid clones; B:
Astragalus cicer L. <~ character strip of Astragalus cicer L;
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Fig. 7 Analysis of RAPD of hybrids and parent calli. M:
ADNA/Hind IlI+EcoR I DNA marker; 1: Alhagi pseudalhagi;
2—11: hybrid clones; 12: Astragalus cicer L.
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caerulescens Fl Brassica napus ) 2% P 240 AT 35
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