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1 E: AR aEFAGLARTRE, KR WESM, oH %A b E (Brassica napus)itib 3 5 F IR dhfe X ik ¥ (Eruca
sativa) T AE4h 4 A0 5 B 4 & R AR, KRG FA PEG-5 Ca’'-& pH B A7 R A R Akiks, 4 PEG REH 35%, RA
SR BB A 5 x 10° AN/mL B, k& 25 min B, 8&FTiX 18.2%. B A6 AR AF A A 1x10° AN/mL B, vAH A2 1.0
mg/L 2,4-D +0.5 mg/L 6-BA+0.5 mg/L NAA+ 200 mg/L ALEE+300 mg/L 7K fFB& & & 69 2 B 49 KM8p A Ak ARk A,

0.1 mol/L EA4£+0.2 mol/L %] ;%#Mo 2 mol/L H B AE 5 A AL H BAT AKX BB Fx, AR, SHARBAERS A
6.8%. FFRRAIRTE A 09 AR LR AR A B3 IR A (Bs RALEE+0.087 mol/L EAE+0.2 mg/L 2, 4-D+0.5 mg/L NAA+0.2 mg/L
6-BA+ 0.5% Agar, pH 5. S)J'_i@ﬁiila"‘“ FRGMRKEAZEA 3~5 mm B, BATH H4E F 503 R A (MS AL +0.087
mol/L E#%+0.1 mg/L IAA+0.8 mg/L 6-BA+0.8% Agar, pH 5.8) F 5 F R F B A, FoEH 357%. S RZF KA 2~3
em B, ¥ H 40 FH AW A 0.5 mg/L IBA+0.2 mg/L 6-BA &) 1/2MS A M3Z AR P55 A%, 14 d £ 4 BT 7 s A A4k,
AARFTIA 88%. FIBF, VAR INK (60 nW/em?) BB A 2 ik KR A Uik, 47 et #hakd-, B4 2 min 493545 T &8 4=
FrAMAR, B4 4 min 09 RIFFRHELE, @ ES 5 min vA o) IH RGO AR, 49_}1/&\4714"&4\‘@-& 32 78 R AAAR
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Abstract: In order to expand gene resources and improve Brassica napus cultivars, protoplasts isolated from hypocotyls of Brassica
napus cv. Huayou No. 3 and Eruca sativa were fused by PEG-high Ca?'-high pH. Fusion frequency was up to 18.2% when fusion
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system contained 5x10° protoplasts/mL, and when PEG concentration of fusion agents were 35% and when fusion time was 25 min.
Then the fused protoplasts were cultured by the method of thin liquid layer at the density of 1x10° protoplasts/mL in improved KM8p
medium supplemented with 1.0 mg/L 2,4-D, 0.5mg/L NAA, 0.5 mg/L 6-BA, 200 mg/L inositol, 300 mg/L protein hydrolysate, and
the combinations of 0.1 mol/L sucrose and 0.2 mol/L glucose and 0.2 mol/L mannitol for osmotic regulator, the frequency of callus
regeneration was up to 6.8%. When the micro-calli transferred to the proliferation medium that contained Bs salts, 0.087 mol/L
sucrose, 0.2 mg/L 2,4-D, 0.5 mg/L NAA, 0.2 mg/L 6-BA and 0.5% Agar, pH 5.8, have grown up to 3~5 mm of diameter, the calli
were transferred to the differentiation medium that contained MS salts, 0.087 mol/L sucrose, 0.1 mg/L TAA, 0.8 mg/L 6-BA, 0.8%
Agar, pHS.8, the shoots were regenerated in 4 weeks and its frequency was up to 32.8%. Then 2~3 cm shoots were transferred to 1/2
MS medium with 0.5 mg/L IBA+0.2mg/L 6-BA, plantlets were obtained in 14 days and the plantlet frequency was up to 88%. When
the protoplasts of Eruca sativa were treated with UV radiation for 2 minutes calli and plantlets have been regenerated, treated for 4
min only calli have been regenerated, and treated for more than 5 min calli have not been regenerated. The callus regeneration and
callus proliferation and plant regeneration from symmetric fusion were more than from asymmetric fusion. 16 hybrid plantlets have

been regenerated on 21 piece of hybrid calli identified by cytology method.

Keywords: Brassica napus, Eruca sativa, protoplast fusion, asymmetric fusion, plant regeneration
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Fig. 1 Effects of fusion methods on the protoplast fusion
Fusion time: 25 min; PEG 6000 concentration: 35%
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Fig. 2 Effects of PEG concentration on the protoplast fusion
Fusion method: PEG-high Ca*"-high pH; time: 25 min
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Fig. 3  Effects of different densinity of protoplasts on
frequency of fusion
Fusion method: PEG-high Ca®*-high pH; time: 25 min
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Table 1 Effects of basic media on the hybreds of
protoplasts

. Division No. of cell No. of callus
. Initiation . .
Basic time of first frequency colonies formation
media division/d after 8 d in after20din  after40din
culture/% culture culture
KMS8p 3 14.2 -+ ++
DPD 3 13.6 -+ +
BS5 4 10.2 ++ +

Every medium supplemented with 1.0 mg/L 2,4-D, 0.5mg/L NAA,
0.5 mg/L 6-BA, 200 mg/L inositol, 300 mg/L protein hydrolysate,
and the combinations of 0.1 mol/L sucrose and 0.2 mol/L glucose
and 0.2 mol/L mannitol for osmotic regulator. “+++”: most, “++:
more, “+7: few, “—: nothing. Follows the same tables

(2) AIB 3B fa e AL A B B i il A AR ks
TR B8 R A T O i A ) e 1
FH ML R 2k o SR 25 HELME, ARFEBE R
T AL A Bk B Al A R B R R ARl . thk 2
AL, AR ZERTIE] | oy 24T R A AR R A 2R A 5 IR,
0.1 mol/L HEMY . 0.2 mol/L HEEREH 0.2 mol/L %)
W5 0.2 mol/L HEBEFI 0.2 mol/L 7 254 i 4 4 B iy
FHEAE, AT RS E RN AL G0
oy SRR BERL =, (HAR AR AR X AR AN R o X AT g
S FrER AR IR R, AR AR A
Fefde A B, MR B FEARE 3 K, PR T 40 B 0 ¢
S

2 TREMSEREF S EEFR QM0

Table 2 Effect of different osmoticum on the cell division
and colonies formation

Sue Mol Guse  [ESE - P e
/(moVL) /(molL) /(mol/L) /d % %
0.3 0 0 4 14.0 32
0.2 0.2 0 5 5.6 0
0.1 0.3 0.1 4 94 2.8
0 04 0.2 4 10.2 33
0 0.3 0.3 3 11.8 42
0 0.2 04 3 10.6 3.7
0.1 0.2 0.2 3 13.8 52
0.2 0 0.2 3 143 48

At the density of 1x10° protoplasts/mL in improved KMS8p
medium supplemented with 1.0 mg/L 2,4-D, 0.5mg/L NAA, 0.5
mg/L 6-BA, 200 mg/L inositol, 300 mg/L protein hydrolysate.

DI R KM8p Al s arah G ik, Hige sk
HR R ) 1) 38 2R 2 A5 RN T 6 A4 0 2445 AR K ) 52 i)
(F 3). WFEFAHI, 1.0 mg/L 2,4-D. 0.5 mg/L NAA
1 0.5 mg/L 6-BA RURIAT, /3 Z40H A 14.2%.
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BRI T NAA X 41 2 B4 3R s AN K, (R
AT 2, 4-D WRGEFRIEE, 40053 24 i iR AR
(4.9%), FLFFLL0 2498 L/ N0 A Y RE )t g 25, B
M 2, 4-D WA 2T, HEEE 2, 4-D WKJE
(0.5~1.0 mg/L) Tt =5, 40 M 73 2050 At A R 1
(8.4%~9.2%), {H. 20 J A1 B0 R0 1A A 7 2 LB X 2,
4-D. NAA Fl 6-BA 1550, XK ETE B4 i
P /N 4 BERRAR 2, 4-D MR o TFE AR
6-BA [ h5 55 h oy SR ARARMR, Bk, ZEmA Ik
B R At R W AUR AR K R (Y 2, 4-D)FI4II S
HE—E BN S
3 HEMMEAKEFHEZMN

Table 3 Effect of plant hormone on the hybrids of
protoplasts in culture

Hormone
composition/(mg/L) Divion No. of cell No. of
frequency/% colonies callus
2,4D NAA 6-BA

0.5 - - 8.4 + +
0.5 0.5 0.5 6.8 ++ ++
0.5 1.0 0.5 72 ++ +

- 1.0 0.5 4.9 - -
1.0 - - 9.2 ++ ++
1.0 0.5 0.5 14.2 -+ +++
1.0 1.0 0.5 10.8 ++ ++
1.0 1.0 - 8.5 + A
1.0 - 0.5 9.6 ++ ++

At the density of 1x10° protoplasts/mL in improved KM8p
medium supplemented with0.1 mol/L sucrose and 0.2 mol/L glucose
and 0.2 mol/L mannitol for osmotic regulator

(4) ARG B XS R GRS R B
AR BE I 10 5 B D A AR 1 3 SR A AR K52 . FR
4 THL YREFEE RS 2x10% A /mL B, AR R
VRIF 4R 43 24 1 e TR) 54 HL 2 S0 R 041G, AN RETE AL
WAL, WEE A RS IR % B R, sy A
w e, (B Ed R, Maeks TER. E, %
HE AR R, FETS . ARSI, Bl E A
HIREEFRE N 1x10° ~/mL.
23 AGHELBEREHRBE

FESLB AT i LA G A G, ARy
I EBRUAR G 5). Hbdmas@maas 1)
FAENMBAREZ, ARKHR, 535 40d E4HTE
WM /NaGAL, AL RN 6.8%;
AN KT BRI = AR A8, 7 A6 1 A 0 A 2 e vt
FREmA Do RTS8 B B R K
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BERT, XFRELA KT A G R T X BOBCE Rl
flG T A W B R R A K ORI T AR 3 S AR
JOT A TN 2 JRR SR S AR SRR s i SR i A, HLAE R
by, RGBS LA MG A G B A %50
2 BRI} 2 min A1 4 min (414 B BEAS 3RS PR @4
41, BRI/ N AL R IB MRS L
1E 26x1°C ., 16 h/d 55%(500 lux)8 58 55 5%, X FREE &
TR ) A 05 20 205 FE LR X R Rl R A i A
gk,
x4 EBEFEEMRESESHMZMN

Table 4 Effcet of different culture density on the cell
division and colonies formation

Density of T ¢ Divisi Plati
4 ime o ivision ating .
culturZ;LXIO ! first Division/d  frequency/% efficiency/% Browing
2 6 3.8 0.0 no
5 4 8.6 32 no
10 3 14.0 5.3 no
30 3 15.8 34 a little
50 3 17.2 2.7 obvious

In improved KM8p medium supplemented with 1.0 mg/L 2,4-D,
0.5mg/L NAA, 0.5 mg/L 6-BA, 200 mg/L inositol, 300 mg/L
protein hydrolysate, and the combinations of 0.1 mol/L sucrose and
0.2 mol/L glucose and 0.2 mol/L mannitol for osmotic regulator.

*F5 BERKMLEIEE N

Table 5 Effects of protoplasts pretrement on protoplasts

fusion
Tlfr-ne tOf No. of No. of callus Callus
Di\iirzion cell colonies  formation after ~ differenti
d after20d  40d Size Number  ation
Brassica napus
cv. Huayou No.3 - - - - —
Protoplasts
Eruca sativa 23 n 1-05 N 1
Protoplasts
Fusmp . 34 +H+ 1 +H+ 8/49
combination |
Fusion
combination 1] 45 i 105 A 3136
Fusion
combination III 4> A 1-0.5 A 0/40
Fusion
combination [V 6 * - B -
Fusion
combination V -8 - - - -
Fusion

combination VI

WIS, B EARN 3~5 mm BIEH L
e 2 NB bl SR B rp i 2R i Ak . R B,
BAOHLUNT 2 mm, —JHAEASET, FAad i,
BOHA R LSBT o AREE A 5
PR LBUE ARG IR I R B R AR o X Pl
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GUA MBI AL I B 5 — R AT
oAb, RGBSR K R 3 AN e
. NGEHETE, 76 49 MEETE T, A 8 45
PEFRA th 2R e85 (15 16.3%), 27 D rilEf —&
b BE T, b ek e 2E s . IRBTCHR I F11E
B, 5 55.1%, A 14 DIBEARME, 5 28.6%. %5k
A A P R RAME BRI 2min AT 4min (438521
FARAG T HAE M A4S, (B 4min @A H G
AR SR I FARA 6 A JE AR H B Ak i b
G o DX RE AR A OB SR A= T A Rl 45 31 0 P A
WALV BRI b, HAE KBRS .
24 BGELHESFESHMECKI T

A TR Y 1 A A7 4 8 P R 2 /NSOR 4
BAAGE, 1Bk B B ZRRCEAGA LU E A
BERIBURL 2 I, AR, 0o E AL XPRRALA AR
) A 0 L 2 3 TR 889 Sy e ) R, R Ko R A T A A A
i Z w1 B (ML 6).

*6 MEFYMHIRESE. HEFSHN
Table 6 The analysis of morphology and cytology

Fusion The morphology The range of
combination of calli chromosomes number
I-1 M 42-56
[-2 M 41-50
[-3 M 38-52
I-4 M 40-48
Ir-1 M 43-52
Ir-2 B 41-49
II-3 B 40-50
I-1 M 38-50
1I-2 M 42-48

The No. I-1 means calli origin from fusion combination I with
No.l and the follows. M: mediate morphology calli; B: Brassica
napus morphology calli; E: Eruca sativa morphology calli

PR H A g R T 3R 6, XEFRRELG
FHAE B HA B AR E H R XSGR AR H 2
;AN RR R T A 0 2 40 e 0 IR0 H N AR
BT RREGS HAE@AGHS, B RA SN 2
min FllG 45 AT 20 004 00 @ O 2L RE S 0 AL B
BLTRA AR, SHMIRGT 4 min @G 44 TS 2 09 FF
@ HEAREME

N T R 2 2 L A 5 A ) B R A IR AR
R RRE M, X 2R A 4 SUTEAS TR A kA i) P
M@ TS Wk 7 AT, AP i G

OB H AR IR R A R L, BEF B R I 0] 4
K, Be@ B H B o X AT REJE Gt (B AR 4RI
AR T E A, AXCE R R E T ik B T
B . MBI 3 5 H2 RS & 40 i Gt (A %L
FUANTRE B9 i DR AT RE 2 phy T (A 2 A 25 T 5 B0
A Z — P ORI

R7T TRGREGHRAMREEEDSIT

Table 7 Analysis of chromosome in different time of
subculture of hybrid calli

Time of subculture The range of chromosomes numbers

3 38-60
5 40-52
7 38-46
25 BEEHMHNEE
251 EEFLFE

FEALCI 3 SAEHMRI N 5 R ETE, iR
BEUEIR, MR AR, FEAR AR AR, RIADEWE; EA
ZRREHEAR I B, BRPRERFTE, KR
BUN, ERARE D, A SRR AR L 25T
15 B S RA T WEA Z 0], A G rh A5 2
FHEMMRATE SR Z BB FRATEMN 3 5, HiX
S FE A (AR RS N Z Rl i A 2 AR 2R . AT R
WAV AR N AL 3 552320 & A
Lz b
25.2  JFEE

WEFE 21 Heg RSB T 38-60 25 AR i
MR B ERR, a5 3 16 #R AR R
Y7 S R IA 3 BRI IA SRR 38 2%, 1 Bk
40 %%, 2 KK AL 55, 2Bk 42 55, 1 BR 44 4%, 3B
48 45, 2tk M 50 2%, 2 ¥koh 52 4. Yetadhkl 38 4k
FERRAR AT BB Y 0 (R — 25 Bl HE R BTt iy, e
FRAEAEAR IR B T S 2 RS gt dk . th T
A RERR AR ORI T AR @ A2, Rk, BPAE etk
0k 38 AT AE AR LR PIE IR, IE 08T ARz
PR B ZessH DNA R BosHiRiE” , 7E24mhan
g L RHE R I R R RE AR T IBAE W R R S 4

3 Wi
3.1 WWHIERERAE B 2 A RS M

ARSI T % Ca®'-f pH 75 . PEG Ll PEG
LE4 T Ca™ - pH W& = RR ARG 7 k. S5k
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B, B Ca™'-f pH LM ALA R IAK, PEG KR Z, fii
PEG 2547 Ca® -5 pH BB R iem . M H AT
DA ml A i PR R, 4Rk 28R E DL PEG
Y518 Ca®'-f pH IRARSS A8 53 54 AR & ok &,
XL 1 IR AR B A A5 S A& P . (EAE L it
PLHE, PEG M43 FaE . W . 4l . Ca’ MMk DL R
pH SEER S m g A ARy < A em” P B4k, PEG

Vo AL D A B SR AR AR 5 O BILEE H I P AN A

FERXFEOL S, RS ERRTMKREEE R
A A AT REHR B A A RS R

i A JE AR P K il 5 20K SR T2 R AR U
5 Z WA 0 B DA R A AR S S T, AR
WF5E F B, Bl 25 I AR o A B W B 3 K, DA SR AR B
TRE ME, B RB W, (AR 25 R
Wit F, JF A Bz T AR Hit, o5
{14 JE A 3 AR 28 B 5 Al B T AR SRR I il
32 REHEFHEZMER

ARG PRI TR AN L AR B SR
B % R e I A L B E X AE T 3 S 2 RRS A
TREE IR o 15 5% 5L b 24 B B0 i il A5 A 1) 43 24
W AR A AL ST A o H A R
A LR B 5 AR A IR I B 52 K 2 R A KM8p K5 3%
JE . DPD #5575 M Bs JEFRIE, 1M 22 RRSE (1 5 TR B
FRWRA T KM8p 5973k . 7E 5250 Hp il 1) — i 3
ARSI, Aok B KMSp Il DPD 55 55 5L 1% 7% il
BRI AT o FERG AR R B R AR
BRE, FUR IS E R R % T RE AR Rl R 1 4 Y
A o BOR Al A R B % B AR, /A AR
JR Ay, AT, ME LR, ARy
TR OWE, FEEAERS R B, JETT. A
b, BOEE MG AR SR R 1x10° 4 /mL.
TR GRREFRNEREP LIS E —EBEER
S 70 DA 45 T 4 B B ) Rl R I ANB B TR OT A, O
o L Rk R R R A R b i — R Al
Bro ARSLE R, X H A0SR 2SR T IR R
A B RS (RS RS SRR UL, — A RERE . A
20 H 57 VRS 8 AR AL A S il
M, X5 K E WL A —5O, 3on] fE
S T2 A W8 F R B R T A AR A
Oy S4BT Pl EEARRT B S B S R, R B T 40K
TR R P BEARE B R AR, DAAEREA M i RS0y
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AR AR R TR RECR, MK 2, 4-D #EAT L
V5 A L% 43 24, T A4 I G 24 3R 0T 24 i A3 4B 1Y
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5T RS AR R A PR RS 3R b A0 o SR B R

LINIDEVE 8
33 BAEAMARMES. KM URSHM
TR K &

ARSI PR LA AL A A A R
PIRIE S —Fh A T WCE Z [ iy v ] AL, 55 —F
RSFEAM 3 SN HER . WA S s
B LU BRSR T, STRRRLA AT FREL AP Xt
R 2 AN 28 T A D A oA 2 B R, TR X
PR G e — I RA MR R BUA L T UV gk
PR LA o BRI B BB LA Wi sk
BT e o PR e g 6 IR T R S Z RS R A
AT 2 (5 AN X R i A A 44 2 P A R ok % 114 i IR
Z—o WEEREW, ZHPRBMEGAL A
WRUR . [FIAE, A S0 AR i 1 4 22t ol il & 1Ok
TR i I A2 5 2 % % % R R R U)o L3 R
R R RS S BRI . SR RTE R
PR E NS, RO EW, B R B . Xt
Yt A S T 38~60 251 21 B[] fr {5 4l k47
MR AR, G35 16 MR A MR, diis
Y RIAT 3 MRY RSN 38 45, 1 Bkl 40 5%, 2
BRA 45 5%, 2 Bk 42 4%, 1 BRR 44 4%, 3 B 48 4%, 2 1k
50 45, 2 MRl 52 ko YL adkhy 38 SEMAE AR AT
A e R i — 20 W HE R T B, LT FE A A A
HP R ER T LB 2 KSR M Y A . ol T P AR AR AR D
Fe T ZeM il g, Hitk, BN gL @iABOh 38 4%
{14 A R A 2 2 P AR o
34 UV EHWREHRIEFRNEZN

— RE AR R R A R AN b B, BT LS R LA
b A e o A fy DT 2R AT D, (LA B R e K S il
R A 35 DR 2ok B 03 4, %o il R R R AR RN R
Wi, ASEE R T 5 Al EL(UV2 min, UV4 min,
UV5 min, UV6 min, UV8 min)ib Ff 2 JfE 24 &b 3
2 min P15 BN @A S FAERE; A0 4 min {15 2]
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Plate I  Protoplasts fusion of B.napus.HuayouNO.3 and E.sativa
1: purified protoplasts of HuayouNo.3; 2: purified protoplasts of Eruca sativa; 3: comparison protoplasts of HuayouNo.3 and Eruca sativa;
4: protoplasts isolated from hypocotyls of HuayouNo.3; 5: protoplasts isolated from hypocotyls of Eruca sativa; 6: 10 min after protoplasts
fusion of one to one; 7: 15 min after fusion; 8: 20 min after fusion; 9: 25 min after fusion; 10: Increases volume of fused protoplasts;

11: regeneration of fused protoplasts; 12: forms the new wall the ellipse cell; 13: the fission of homologous fusion cell; 14: the fission of
heterogeneous fusion cell; 15: the cell group after splits many times of protoplasts; 16~18: micro-callai of different period of fusion cell;
19: amplification of calli; 20~23: shoots of differentiation; 24: seedlings of differentiation; 25: parent of Eruca sativa; 26: regenerated plantlet
from fused protoplasts; 27: parent of HuayouNo.3; 28: shoots of regenerated plantlet; 29~33: regenerated plantlet of UV-fusion (2 min)
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BRI RMBESGEHAMBEEREGERSHR
Plate I Hybrids chromosome analysis of regenerated calli and plantlets
A: chromosome of parent of HuayouNo.3; B: chromosome of parent of Eruca sativa;.C,D,E: chromosome of from combination I ;F, G, H:
chromosome of from combination II ; I, J: chromosome of from combination III
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(1) DAk T B AR 3 L2 RS IR Al D AR T iR
Ay Bl W B R SRR . B8 d BT (2500 1x. 14 h/d,
25°C)MIAETH 35 T IR4h, FH 1.0% 24K B R-10 +
0.5% 5 Hr i R-10+5 mmol/L MES+CPW-10 mol/L [iff
HEMIEZ) 12 h, & “BUE-2.0-ET difb)s, 7
TN 1.82x10°4N g FW, 1 711k 84.2%; B 10 d 1
(15°C MR % 4 d, #RJ5 2500 1x. 14 h/d, 25°C, B4
T2 6 )R Z IR T IR, H 1.0% 24 M R-10+
0.7% BEHrlF R-10+5mmol/L MES+CPW-9M [ 41 &
WL 10 h, & “UE-EO-BRET difb)E, R
1.78%10° 4~/g FW, 1% 113k 87.2%.

(2) HEN7 T HEE AL S 2 RS I AR T A Rl A
MR . A PEG-m455-= pH 35, X4 PEG WE N
35%(W/V), JE A IR % B o 5x10° 4~/mL, @&
25 min B, FlGHATIA 18.2%.

(3) EEMARMEEFRIER, FERREE N
1x10° 4~/mL B, PAFfHAN 1.0 mg/L 2, 4-D+0.5 mg/L
6-BA+0.5 mg/L NAA+200 mg/L JILEE+300 mg/L 7K fift
P 2R A R ) KM8p Al A AR RS 37 5L, L) 0.1 mol/L
FERE+0.2 mol/L #ZHE+0.2 mol/L H BBl 35 A
15 AR E A, ST BIRIRZ 538, SR BT

(4) AN (60 uW/em?) HE BT 20 JpR 32 J50 A4 i A
2 min AN KIFRAG ARAT T @0 AL ZURIFR A R bk

(5) TR FRAT H 70 SR 5 2 R 1 (A 4 ik 2
FRAEAR, BIME 2255 1 21 Bz fh i 44l 15
A 16 PRZRFIAE A
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