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Table 1. Effect of cabbage cultivar and its bud size on induction of microspore embryogenesis”.

Cultivar (G¥EEFEL) Bud size (mm) Microspores/bud Embryos/petri dish
“Jin Chuen’ ("4:%5 ) 2.50-3.50 1.06 x 10° 15.89 +7.67 2
3.51-4.50 1.46 x 10° 1090 +4.31a
‘Shin Wei’ (") 2.50-3.50 1.33 x 10° 10.17+£3.43 a
3.51-4.50 1.38 x 10° 2.83+3.06b
‘Summer’ ("E K ) 2.50-3.50 0.92 x 10° 530+£3.20a
3.51-4.50 0.63 x 10° 0.33+0.52b
‘Da Fu’ (TATE ) 2.50-3.50 0.63 x 10° 483+1.60a
3.51-4.50 0.33 x 10° 0.86 +£0.90 b
“Tropical Angel’ ("E %2 )) 2.50-3.50 1.13 x 10° 1.11+0.81a
3.51-4.50 1.07 x 10° 1.18+£0.81 a
‘K-Y Cross” ("#J%k,) 2.50-3.50 1.34 x 10° 1.00+1.12a
3.51-4.50 1.64 x 10° 0.00+0.00b
‘Da Hua’ ("AZE ) 2.50-3.50 0.98 x 10° 0.19+0.40b
3.51-4.50 1.15 x 10° 1.00£0.73 a
“Tops’ (e ) 2.50-3.50 1.19 x 10° 0.70 + 0.56 a
3.51-4.50 1.29 x 10° 0.13+0.34b
‘Da Le’ ("K%% ) 2.50-3.50 0.27 x 10° 0.00+0.00 a
3.51-4.50 1.37 x 10° 0.63+£0.96a
‘Da Li* ("AAI) 2.50-3.50 0.61 x 10° 0.31+0.60 a
3.51-4.50 0.64 x 10° 0.53+£052a
“Taichung 2’ ("5t 2 %8 ) 2.50-3.50 0.64 x 10° 0.00 +0.00 a
3.51-4.50 0.81 x 10° 0.50+£0.86a
“Taichung I’ ("G 1 9% ) 2.50-3.50 0.84 x 10° 0.05+022a
3.51-4.50 0.96 x 10° 035+1.46a
Dali' ("AE,) 2.50-3.50 0.97 x 10° 0.00 +0.00 a
3.51-4.50 1.04 x 10° 025+046a
‘Green Autumn’ ("4£Fk ) 2.50-3.50 0.76 x 10° 0.00+0.00 a
3.51-4.50 0.92 x 10° 0.00+0.00 a

Cultivar
Bud size

Cultivar x bud size

o

o

o

“ Microspores were cultured in the 1/2 NLN-13 medium with 4 x 10* microspores per mL.
¥ Means with different letters in the same cultivar are significantly different (P < 0.05) by least significant difference (LSD) test.

"Significant at 0.01 level.
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Fig. 1.
growth of shoots; and (D) acclimated DH plantlets.
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Table 2. Effect of salt strength of NLN medium and charcoal-agarose suspension on microspore embryogenesis of

two cabbage cultivars”.

Embryos/petri dish

Salt strength of medium Charcoal suspension”

Jin Chuen’ ("&%5 )

‘Shin Wei® (75 )

1/2 NLN A
B
C

NLN A
B
C

Medium

Charcoal

Medium x charcoal

10.50 £5.07 a* 10.17+3.43 a
12.80 £3.77 a 10.60+3.21a
1320+£2.77 a 6.67 +1.03 ab
1.67+1.75b 7.00 +4.18 ab
0.83+£0.75b 429+£355b
0.00+£0.00 b 540+297b
NS NS
NS NS

“NLN: Nitsch & Nitsch medium modified by Lichter (1981). Microspores were inoculated with 4 x 10* microspores per mL.
¥ A: 2% charcoal + 1% agarose; B: 2% charcoal + 2% agarose; and C: 1% charcoal + 2% agarose.
* Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.

"Significant at 0.01 level; NS: non significant.
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Table 3. Effect of carbohydrate type and its concentration on microspore embryogenesis of two cabbage cultivars in

two bud sizes”.

Bud size (mm) Carbohydrate treatment

2.50-3.50 13% sucrose

13% maltose

16% sucrose 2 d + 10% sucrose
3.51-4.50 13% sucrose

13% maltose

16% sucrose 2 d + 10% sucrose
Bud size
Carbohydrate

Bud size x carbohydrate

Embryos/petri dish
*Jin Chuen’ ("4&:% ) Shin Wei’ ("3#rJz% )
15.89 +£7.67 a' 17.50 +3.78 a
0.75+0.89 ¢ 0.50 +0.55 be
0.13+0.35¢ 0.00 +0.00 ¢
10.90 +4.31b 4.00+4.240
0.00 +£0.00 ¢ 1.33+£1.53 be
0.00 +0.00 ¢ 0.00 +0.00 ¢
NS v

“ Microspore culture medium was 1/2 NLN with 4 x 10* microspores per mL.
¥ Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.
"Significant at 0.05 level; “'significant at 0.01 level; NS: non significant.
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Table 4. Effect of two stage temperature treatments on microspore embryogenesis of ‘Shin Wei’ cabbage”.

Temperature (C)

1¥ stage 2" stage Embryos/petri dish

32 22 8.75+1.71b"
25 14.00+548 a

35 22 1.33+0.58 ¢
25 2.00+1.41c

1% stage ”

2" stage NS

1" % 2" stage NS

“ Microspores were cultured in the 1/2 NLN medium with 4 x 10* microspores per mL.

¥ Microspores were cultures at 1* temperature for 1 d in the dark followed by at 2™ temperature for 2 wk.

* Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.
"Significant at 0.01 level; NS: non significant.

FIoR o B—PEER Y B IE BB NE TR BEMHAERENREEL S > 7 4CHRK 1 wk
EHEENEE  FUREEEREREAY  HEEERFREAPETRS  ERUES
— P& B R R B A AT R M N - Fim o DR FRSE2F A2 91.81% - H 'K,
PRl s B e R > DL32CHR 35CHAM SRS REFRME 27.77%  EHEEGRET 2 MiEAIE
b3 4 (EREE AR, 320CH3E 1 d el HARERUAE -

25CHERE 2 wk AJJERS 14.00 R/ B R - Rt "Sh NETE - & 4CH/KEH
e s T REHARE AR RN 10 ~ 12~ 14 F1 16 g L
FREEH N\ RTMEFNEE SRR B e B ol R, LEELNSE 6 BT o

R F TR REFEIIVIERE > RFEBREZERREYH '&F, TEHRESN
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Table 5. Germination of microspore-derived cotyledonary embryos of two cabbage cultivars on the B5SA-16 medi-

um’.
Cultivar Tested embryo Germinated embryo Germination rate (%)
<Jin Chuen’ ("4:% ) 99 26 27.77 £22.23
*Shin Wei” ("¥r/al, ) 252 231 91.81+9.42

* Cotyledonary embryos were put into a petri dish with filter paper at 4°C for 1 wk dehydration before subculturing into the germina-
tion medium B5A-16. BSA-16 medium contained 20 g L™ sucrose and 16 g L' Bacto agar in the B5 salt medium.

6. HUMBEATIEEREHTE '&F TENRSF P -

Table 6. Effect of agar concentration in the medium on cotyledonary embryo germination of ‘Jin Chuen’ cabbage”.

Agar (gL™) Tested embryo Survival rate (%) Germination rate (%)
10 40 52.50£9.57 a" 17.50 + 12.58 a*
12 40 27.50 + 12.58 ab 20.00 +8.16 a

14 37 41.08 +41.46 ab 17.50 +£23.63 a
16 30 10.00+17.32b 333+£577a

* Cotyledonary embryos were put into a petri dish with filter paper at 4°C for 1 wk dehydration before subculturing into the germina-
tion medium.

* Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.
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STERV MBI E B > 1Y 10-14 g L7 308
& > BRI 17.50-20.00% 2 [ > SR
FEHEEE 16 g L7 B » SR E 3.33% 0 (2
4TERERAERLAEE - R0 FEE
FE R T EE IR R E R A B F
LL10 g L' B > BROE R AT 3 52.50% © FE3E
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TI3IMAIRE - — A EBEK T ERREER
BrERBRILE N 2SCh R R R 2 IR
TR E BRGNS > HRR 4CH
=1 wk: SR TERREN#HEREY
M > Py ACHHRAK 1 wk - F—RE
HE4CHE 1 wk it - BEEM 2 25CT4#E
BE o GSRBURWEFT - 3MEEH T - DIFEE
HARE B A 3 oE i e R Y 4°CHE %% 1 wk 85
B2 CHENE T RigE » #E94.00% - H
RSB 25 C RN 4CIRARHR K 1 wk 1%
SRR OSCP IRV E R 351k
35.56% B1 16.67% > 1% 2 RN = B RNEEE >
HEF—EE M AEEER -

*7. AERFREHEE &K HETEIREFZ

PUR 4 EE R "k, B TRy T
R CRERE - ©F HELRN 34
k> DH AR S FTA R pRE 53.4% (£ 8) °
L HEERR 120 PRULET - DH HEAR{E S
12.5% » =2 75.8% FyEfEHS -

ERE]

SR R e B S RS M MR i T2 1 RO 3
(Brassica napus) F1/\NJH 3% (Brassica campes-
tris) WI{CEEREE P TS (Keller et al. 1975;
Thomas & Wenzel 1975) - H Lichter (1982) LA
ROH %R i M TR E o g - NER
RECEaRS - BHEAEERKA N4
Y 58 58 15 DARE AR » /N8 35 38 Rl 18 B #6 BE
ZEA R+ FERMEY) DH 14 & (Pratap et
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L) GfEEHE - fCMEE (L EEAR
¥ H/NMEFEEITERES AR dE 1Lz
Jik 0 WANPME RS (Custers 2003) 5 {HH
EEER SRR /N7 42 2 DH FERREVRER - —
R = AN WM 3 > P 28 4 Y PR 05 3 22 1) B3 40
By NEFRRERE - NEFIRR R R
&Lk DH AR FIREE=0H - H» 28
HESFR /NI TR ERIE T4l 5

B
e

Table 7. Effect of various pre-treatments on cotyledonary embryo germination of ‘Jin Chuen’ cabbage”.

Pre-treatment

Tested embryos

Germination rate (%)

25C
47C filter paper dry for 1 wk
4°C for 1 wk

35.56+33.55b"
16.67 £20.82 b
94.00+548a

* Cotyledonary embryos were subcultured on the germination medium directly and cultured at 25°C; or were put into a petri dish with
or without filter paper at 4°C for 1 wk dehydration before subculturing on the germination medium. Germination medium of B5SA-
16 contained 20 g L' sucrose and 16 g L™ Bacto agar in the B5 salt medium.

¥ Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.

# 8. LUm=(MReE "R M el HEVIME T EA RIS R -
Table 8. Ploidy level of microspore-derived plants of cabbage ‘Jin Chuen’ and ‘Shin Wei’ analyzed by flow cytometry.

Ploidy level (%)
Cultivar No. of analyzed plants 2C 4C Others”
“Jin Chuen’ ("4:% ) 34 14.7 53.4 5.9 23.5
*Shin Wei> ("¥r/al, ) 120 75.8 12.5 2.5 9.2

“ Others include 3C and chimera plants.
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o EL R Y ~ BRATEOR S ~ /NFEL 1Y 38 5 P B
KN B E G S (Ahmadi ef al. 2012) o
Pratap et al. (2009) 15 HiE KA FIBHCHT R
FEhRss > TE/ NMETFHIMREE - HYA
BZE A AV H B AR B LR B R S R B
RAEEFET » TR 7 E 2 B AR - [E
& TR B FCPE B 2 IR BER S A s & -
AR T H > Z2EHNFILENT
BENMERE Y NMEFRIR R M AT RE
e /DB R PR S]  BE A F Y A [ fn
TN RE B R ZER K (Da Silva Dias
2001) = i 2 78 L HE R A B i 28 o A R R Ak
195 R 73 K 5 v e AL 15 2 B e PR AEE 1T A SC
U - E1RIERTRR 2 R EL A 780 % (Touraev
et al. 1997; Shariatpanahi et al. 2006; Garcia
et al. 2017) o AREFTAAZATHA AT SE B 1
SRR /M TR - R EHIER R T E
HEE RIS 2 /NI T 55 % (Hsia et al. 2017a,
2017b) » Pr¥E & HEREE/ NI T IREE S
[ FEAEATIR AR AL - [EINF B s B /N 5
Y TH A S8 R O DACSCEE -

RIBAGE 14 B H B RS EA /N5
BHER E D AEAREERT—CEYHRE
(S /N F & A 0.27-1.64 x 10° {li > [
— A R R [B] K /INFEEE P BN i B R
ERAR HAEKEEE-EEFREH
INETHAIEAHBEEZR A5 —EE T
I T BUR S RIS 2 R o B ERIBSE
BB —LERS 2 MR tbg R /6% » H
INEFREBRBEEREEN T RERERE
BEE MR R NAERE - IR 5 RS
{5 FH Z AC 2 B MR By it EL it 2 ZR 8 (Gu et al.
2003) - HZHY » Hig—5& M9 A HE
B 2/ NETHERE (4 < 10" {E/mL x 5 mL)
PRI E 7T B 332 DA R 5275 4 1 L i JEE A5 22 S 45
8 CEHEREYIN) sKELE - HREARGRES
RHE1E DU — (/N B A IR 55 5 S FE Y
ELfl - k35 14 (EH EREE bR &
HaRk=8 ot E&E2—8 (> 4.0 /1)
A 4 FIEE S 28.6% » Hh DL TeK, B
By BRRE 2 /NET & (1.06-1.46 x 10° {#) -
B "EX, 8 KR, Z/NMET & (0.33-0.92 x

10° &) 7£ 14 FE T AR > BRE—EE
WA & 2 /N B E AR B R R B B R
Betk (1) - B _BFREEEFIEIM® b
A 0.05-4.00 BE/M 2 [ > HE 9 {EFEERE
64.3% o 55 = FF Ry W TR E 8 K /N f HH B K2 T
IR HETE - A TRRPK 1 ERRIEE G 7.1% -
FARSIN S o 14 [ E T A 13 {HEAKS
[ZFE > JRBIAHH 98 H BE AR IS 2 /Nl 5 2
92.9% EAMIT LAY IE » (H KB
o ER R - BUR SR B HE /MR
I3 ABHY 2 T B 88 R I DA -

BIEEE RSN/ NI T REEEM
o BERERSENEZERTFZ— BEZ
W 2 HE Ry > /NI B R B %
PHZHNZERE  BRECEENRH
(Bhowmik et al. 2011) o /NU-T-25 5 & EEHY ]
Al BT TR DU R E T
G BEEEBN R EE LA T EEINE T DI
FE R A B o AT IR RN T B TR B
SAEL B EIEEBERE L DRIBIEE
RIS R HI IR i F 4Pk (Takahata et al.
1993) o AR Eaf HEEIEE RIE 7 K 2.50-3.50
mm 1 3.51-4.50 mm F{f# /N HETT LR - 45
FRURTE 14 ([EF T > (£5 1 ([EFfkEE TR
#E | H 3.51-4.50 mm {EE# 2.50-3.50 mm {{
BEHAEZREMR LR > HAi 13 @EHE
Ferz i A B UL 2.50-3.50 mm fEE AW
S EFHAT YRR 0 B2 o HEM 2.50-3.50 mm &
EZEEAN TR thflE SR BRI
INET > RIBEAFIARRERYFIR - Bhowmik
etal. (2011) DL 4 {EAHZE (B. napus) i (%)
BITIEE rdells > 4 [HinfE (B Z&EDRT
IEE KN HIAE 2.0-2.4~2.5-2.9 K 3.5-3.9
mm > £ 5 [ fEE R B R R A P R i R 2
8 KR/NFAZEHE - Prem et al. (2008) L1 3
T 71 3% (Brassica juncea) #1728 K/NEE
(2.50-3.00 E13.05-3.50 mm) Z/NfT-BEE -
ERBU/ NI BB EREAR - BHE
R EEE R/ NEBEZETRER - AR
AR EEENERTIE W BEE RN/
TR E—EEIEEIEH IR » F&EEIE
—RERNIEE SRRSO #F R #E
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EBREBIVNETF - AR NERA M E 245
S0 JRRIEEEE ~ R38R/ N s TR [
TEAEHEIE bR EEEEZE (P <0.01)
(FEDe

5B N IR AT AR EE = R /N
THEERG B/ MR T A
B R R - RFERRH - R R DL R HAth
NI (Simmonds & Keller 1999) - +527E
FFBR 3% BRI TR AR 0 K
BEFH 1/2 84 & NLN B AR E I 5 7E B/ N
B2 % (Nitsch & Nitsch 1967) - {H H B 4H
TEY) A [E R SRk 5 5 7 NLN ESUR Y R
J& I IF 5¢ 4 M [E] - Da Silva Dias (2001) LL#g
1/2 J 4 & NLN > DK Na et al. (2011) L
/4~ 1/2 ~ 28 K& 2 58 NLN HE LR/ NET
BEENEE > LW NEREETRL 12
NLN R E - KARRERTE R "&€F,
1 GrEL MRS 1228 NLN B
B S YRR B (R 2) » R4 TEVEMER
B IR A I R R B EEE B D 1 - ARWEFEE A 2
3 FHELBI4H B IR (B 82 B2 T 22 AT R 3
Z (%2 2) - Gland et al. (1988) 45 Hi 5 M 7 1F
INEFEPEIBIE S > wT R b — Se I HIRE (BB
BRENAZEYE > AURNRNEREERERE
e RS - (H R B A S M e N
EARFNE > RitEENIEEREE S
FRANHEF J70% - i oa 5T o B R /N T
B ERE A BYEIHEE - Da Silva Dias
(1999) N F AL ~ TEMF3R K& & T HE (B
oleracea var. costata) /)i T 5% & B 0T 42 +5
o NIIVE M R B 3 fEER YRR 7B B A BH
B2 HRER - ARigTH A dHETEME R PR
il 3 ] 2 EL (00 Da Silva Dias (1999) #H[F (F
MEfE - BEHEEE = 1.0 : 0.5) » [EHEEH ST (2.0
g:1.0gvs.1.0g:05g)"B4HE 2g:2g)
5 M R B 38 A 1 2 it FH = R B | e s
CH&E (1g:2 g) RIS AE 3 A5 i FH & 5 0 -
AT S R EUR - 2 AR DL 3 fdUE 14 e B
BHEEE PR R 2 /] > R bRV FR IR B =
B (F£2) > HEON 3 PR th 5 M e B A
it 2 ELRE T /MU ERE TR - R i A
BEAREE(CHE U -

BERHAI 2 B A RS RRR
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N2 'S 0 A B R IR B IE R
W - ERE T FAERMEY MR R RE
B — FE i 25 (Abraha et al. 2008) » {HLH
s fE AR SF N B B ARV B RUR (Cris-
tea et al. 2013) - Ferrie & Keller (2007) HIJ L
polyethylene glycol (PEG) X REMEHETTIH 5
INEF BT - 52 AR N
Tt RFERE  2EF KNSR XS
BHART R - AWFFTHR I Z 13% FEREEL 13%
RIS 2 A - B '&F&, A
L HENRIPRERMS » 13% REEH#
WX 13% ZREFHE Ry M &E F K 25 S
HEEBTZEME[E » {H B Cristea et al. (2013) Fifg
RN RS R - 14 fE/NE
(Brassica rapa ssp. chinensis) /N T 5% & 1Y
WFE R B - 528 W DU AR S R 2 R
HE (> 13%) » MR FEME R 7 DARR{E > A8
fEm /M558 Z IR P % (Lionneton et al.
2001) « ARWFFTH > INEFIREL 16% FEMERSE
2 d 12 IR 2 10% FERERE - WoREER S 7
B3 (3% 3) o HERE A R B i P s R Y 4H &
A SOEZER - (HEBRE EERERE T &
2 (LRI - RILAHE 1 — KB O P B 5
Y BB 7R AT RE R L T FE =

HIFH & O 2% 55 b B3 N o 1k
B SN B m D) Y A $ (R 7 (Lichter
1982) - Simmonds & Keller (1999) i 22 3 =
R R B A (SR B M SYUE BR Y o
A FETEEC 38 (LRSI B/ N EL 4R N
ZEERHEAETEY - e R R a s B E A
NERF I HE B R RRIMA R
BEHY G o B FAERMEY M T RIVFEE b
M > —MPL30-35CrE# 1-3 d 12 FFIR1E
ZFORBE o TR/ AR BRI (Da
Silva Dias 2001; Ferrie 2003) » {HE{x¥fE K
RAGTEAYAE » /N R B A AR S R i T
IR R N DATR 28 - 3% 4 S5 R BURE THrEL
HEZ/NMIFIRETNS - S B EREHE
s BB NS ISR ERE - HIEARK
S e B R DU S — PR B R R o T
SR b AR U AR TR,

INEF IR AL R T EERA RS B - B
CEBOCARULEMREEERARE - It



HE/NME T2 237

B 75 RF IR B HH 4 (R B E B s g A b > DUFI &
s o — T EMK 2 3 A% FILG R
& DIHEEERS - R 5FRAE 35-70% 2 [
(Babbar et al. 2004) - AR 7E4E BE R >
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MERIET "&&) EFRAE 27.77% (£
5)  BEURAEFIEEE N TR F IR R
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& fE PR TS DR /3 H a8 5 R - BRIt
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et al. 2006) ° {{¢ & A W52 A FH A FEBITEM 5
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BRI A2 K i) RIS EEES
BE B AN B AR KIIRE o R
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R RENERETERRMNE SR 5
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TS T EEHA AR A 3 SR B S R B B fE
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¥ (B. rapa) Z THEHIR TR FHE > &R
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i HEER TR REEREERER
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—H R R AR RE AR (16
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B GE AR E N E SEE/ N5
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Optimization of Affecting Factors on Microspore
Culture in Cabbage

Chi-Ni Hsia"", Uei-Chern Chen’, Chin-Yi Tsao’, Tzu-Kai Lin*, and Ming-Kun Chi’

Abstract

Hsia, C. N., U. C. Chen, C. Y. Tsao, T. K. Lin, and M. K. Chi. 2020. Optimization of
affecting factors on microspore culture in cabbage. J. Taiwan Agric. Res. 69(3):227-240.

Cabbage (Brassica oleracea var. capitata) is the most important leafy vegetable in Taiwan.
In order to shorten breeding process of F, cabbage, an optimized protocol on microspore culture to
produce doubled-haploid (DH) lines has been established in this study. Microspores derived from bud
with size of 2.50-3.50 mm or 3.51-4.50 mm were compared. Results showed that the smaller-sized
buds had either better than or equal to that of the larger-sized buds on embryogenesis among 14
screened cultivars. The results also showed that 13 out of 14 cultivars responded to embryogenesis
induction. Moreover, among them ‘Jin Chuen’ and ‘Shin Wei” had the highest microspore embryogen-
esis with 15.89 embryos/petridish and 10.17 embryos/petridish, respectively. An experiment testing
1/2 or full strength NLN salt medium in combination with active charcoal-agarose suspension on mi-
crospore embryogenesis was conducted using cv. ‘Jin Chuen’ and ‘Shin Wei’. The results showed that
1/2 NLN was superior to full strength NLN [Nitsch & Nitsch medium modified by Lichter (1981)] on
microspore embryogenesis in both cultivars. However, no significant effect of charcoal-agarose sus-
pension on microspore embryogenesis was shown. Types of carbohydrate and its concentration in the
microspore medium were tested on microspore embryogenesis including either using 13% sucrose or
13% maltose for 4-wk culture interval, or using 16% sucrose for 2 d culturing before changing to 10%
sucrose culturing for the rest of time on embryogenesis. The highest embryogenesis rate was found
by using 13% sucrose for all culture interval on both cultivars. Two stages temperature treatments on
microspore embryogenesis were also investigated by culturing microspores in the first stage at either
32°C or 35°C for 1 d followed by culturing either at 22°C or 25°C for 2 wk. The results showed that
only the high temperature in the first stage had significant effect on embryogenesis and the highest
embryogenesis was observed by 1 d culturing at 32°C following at 25 ‘C for the rest culturing time.
A high embryo germination rate of 91.81% was obtained from ‘Shin Wei’ by desiccating cotyledon
stage embryos on a filter paper at 4°C for 1 wk before subculturing onto the B5 medium containing
16% agar (B5A-16) for germination. However, a low germination rate of 27.77% was obtained from
‘Jin Chuen’ by using the same treatment and no improvement on the germination rate was found by
increasing agar concentration in the germination medium from 10% to 16%. An improved high ger-
mination rate up to 94.00% was obtained on ‘Jin Chuen’ by directly culturing embryos on the BSA-16
medium without filter paper desiccation at 4°C for 1 wk before moving to 25°C. Ploidy levels of mi-
crospore derived plants were analyzed using flow cytometry and DH rates of 53.4% and 12.5% were
obtained for ‘Jin Chuen’and ‘Shin Wet’, respectively.

Key words: Brassica oleracea. var. capitata, Microspore embryogenesis, Doubled haploid.

Received: February 14, 2020; Accepted: June 30, 2020.
" Corresponding author, e-mail: hsia@tari.gov.tw
! Research Fellow, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.
* Assistant Research Fellow, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.
* Contract Assistant Research Fellow, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.
* Assistant Research Fellow, Crop Science Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.
* Project Assistant, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.



	臺灣農業研究69(3) 05 夏奇鈮(200917)

