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F1. JHE BEE S-65, LM N E RS 4
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Table 1. Head mature days of four DH lines derived

from microspore culture of ‘Chinglong S-65" cultivated
in field for consecutive two years”.

Year of 2017 Year 0of 2018

head mature head mature Mean head
DH line days days mature days
165 61 58 59.5+2.1
102 71 68 69.5+2.1
32 81 84 82.5+2.1
157 89 90 89.5+0.7

“ Days from seed sowing to field planting are about 30 d. DH:
doubled haploid.
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Table 2. Effect of UV exposure time on microspore embryogenesis of four DH lines”.

DH line UV duration (s) Embryos/petridish (relative %) Germination (relative %)
165 0 34.5+12.4 2°(100.0) 75.4 (100.0)
10 18.7+6.0b(54.2) 62.3 (82.6)
20 13.2+43b(38.3) 60.8 (80.6)
102 0 48.7 £ 6.5 a’ (100.0) 64.8 (100.0)
10 21.9+2.3 b (45.0) 54.1(83.5)
20 21.1+£0.9b(43.3) 50.9 (78.5)
32 0 105.2 + 11.6 a’ (100.0) 99.0 (100.0)
10 68.5+11.4b (65.1) 78.8 (79.6)
20 63.9+4.9b(60.7) 76.3 (77.1)
157 0 11.9 £4.2 2 (100.0) 75.9 (100.0)
10 54+1.0b(47.8) 59.3 (78.1)
20 2.7+0.4b(23.9) 55.3(72.9)

“ Four DH lines were derived from microspore culture of ‘Chinglong S-65°. DH: doubled haploid; UV: ultraviolet.

¥ Means with different letters in the same DH line are significantly different (P < 0.05) by least significant difference (LSD) test.
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1. {EffE DH32 /MEF4E UV B35 (A) 0s ~ (B)10s ~ (C) 20 s 1% > €K 4 wk 858 {R Z IR IHEIF -
Fig. 1. Microspore embryogenesis of DH32 derived from UV exposure for (A) 0's, (B) 10 s and (C) 20 s after 4 wk

of culturing.
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T i R R R S 2R (HR[E EMS B
FEE i B 22 BN BE o ZATT > BHER EMS B
ek FREENERRNY - SHEZEHH
(F3-E2)-
LI EMS RIE/)\EERET/N\REFIEE
i B R P

B B2 S-65, {EMPYE 3-4 mm Z/NFEEE
DIAR[EERE EMS FFE R A ERRT - BEE
ERBIEA 2 NE T ETEE 0 BEEVNME
FZ AR R R S5 R413% 4 R » 45532

3. EFEERIE EMS JEEEIEME DH32 T35
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Table 3. Effect of EMS concentrations on germination

of microspore embryos derived from UV 10 s treated
microspores of DH32".

Embryo Relative
EMS (v/v) No. of treated  germination germination
(%) embryos (%) (%)
0 30 933+58a' 100.0
0.125 50 53.0+179b 56.8
0.250 50 44.0+279b 47.2
0.500 50 340+114b 36.4

“Microspore embryos were derived from UV 10 s treatment
before using in the ethyl methanesulphonate (EMS) treat-
ment.

*Means with different letters in the same column are signifi-
cantly different by least significant difference (LSD) test at
5%, respectively.
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2. {ERF3E DH32 /NIRRT BIDUERE (A) 0% ~ (B) 0.125% ~ (C) 0.250% ~ (D) 0.500% EMS FE ¥ 10 min /% >
&4 wk BB HFHE -

Fig. 2. Germination of microspore embryos of DH32 after 4 wk of culturing. Microspore embryos were derived
from (A) 0%, (B) 0.125%, (C) 0.250% and (D) 0.500% ethyl methanesulphonate (EMS) for 10 min.

4. fCHRE TBERE S-65, fLEFLL EMS R EIZIEAEIR R MU TR ML 2% -

Table 4. Effect of EMS soaking flower buds for various time without shaking on microspore embryogenesis of cau-
liflower ‘Chinglong S-65"*.

EMS (v/v) (%) Duration (min) Total embryos Embryos/petridish (relative %)  Germination (relative %)

0 5 83 6.4+2.12(100.0) 89.2 (100.0)

0.025 5 42 3.8+1.7b(59.4) 61.9 (69.4)
10 32 2.7+1.4bc(42.2) 53.1(59.5)

0.050 5 24 1.6 £1.2 c¢d (25.0) 41.7 (46.7)
10 10 0.9+0.8d(14.1) 50.0 (56.1)

0.100 5 27 1.1+£12d(17.2) 37.3 (41.8)
10 16 0.8+1.1d(12.5) 37.5 (42.0)

Concentration -

Times

Concentration x times ns

“ A total of 48 flower buds were used in each treatment. Microspore culture medium was 1/2 NLN (Nitsch & Nitsch medium modi-
fied by Lichter) with 4 x 10* microspores per mL. EMS: ethyl methanesulphonate.

¥ Means with different letters in the same column are significantly different by least significant difference (LSD) test. ns: non-signifi-
cant; " and ", significant at 5% and 0.1%, respectively.
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5. TCHEE TEERE S-65, fLEFLURNN Tween 20 2 EMS $RZHRFEA [FIRHEEL NMETHEEHE -

Table 5. Effect of flower buds soaking in EMS solution with Tween-20 for various shaking time on microspore em-

bryogenesis of ‘Chinglong S-65"".

EMS (v/v) (%) Duration (min)

Total embryos

Embryos/petridish (relative %) Germination (relative %)

0 5 138

0.025 5 84
10 10

0.050 5 0
10 0

0.100 5 1
10

Concentration

Times

Concentration x Times ns

19.7 3.7 2 (100.0) 79.0 (100.0)
9.3+£4.5b(472) 72.6 (91.9)
33+3.1¢(16.8) 50.0 (63.3)
0.0+ 0.0 ¢ (0.0) 0.0 (0.0)
0.0+ 0.0 ¢ (0.0) 0.0 (0.0)
0.2+04c(1.0) 0.0 (0.0)

“ A total of 48 flower buds were used in each treatment. Microspore culture medium was 1/2 NLN (Nitsch & Nitsch medium modi-
fied by Lichter) with 4 x 10* microspores per mL. EMS: ethyl methanesulphonate.
¥ Means with different letters in the same column are significantly different by least significant difference (LSD) test. ns: non-signifi-

cant; " and """ significant at 5% and 0.1%, respectively.
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FAEME 84 d o $HHELH 100% 2 S ETREFE B
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RE R 89.5d > TAENE 84 d 1% > ¥R~ 4%
BFEELIR 100% FEFEEERATH > (H UV 10 s &

UV 20 s i 5 5% S 1k 55 5 s ER R B BER AT > 2>
R 53.6% B 63.6% FHEHEC LS TRIGHT (Bk
BB 0 A RIA 21.4% B 36.4% CENEF
M SR (R - &8 4 ERFE4S
B R#” DH fh% > HiF B S S IEERAE
bho B IRAA AR R [ EL B 2 $R A B AE 1%
BRI HEBE DR AT S SR 2 thB B
fg o

LUV B EMS EEEEIESC DH 1B
REREEEC B KRIR

B DH32 S %2 /INE T4 UV % EH
> FEEMARE - FEDL EMS AR (T B
P SR AN 84 d R BB HEE
REEL - WEHEABBRR ALY S S5
1% 7 BT - DH32 2 GBR R 80 d 0 jA5E
84 d {5 K55 B I ELTE B A5 BRET  BLEE B
AR (1% UV RHE) B DL AR RIS B 5 LR
(83.4%) /DU B SEBRIGEH (16.7%) - 8355 (UV
+ EMS) # 7 I 8 5 2 B P £ 7 EL 31 55 88.3—
100.0% » S B 1A BEASE (UV) $HHA4 > 83.4% -
PR 2 P 2 45 B e 0 8 SR 4D 7 2 TR
] o B SE R R A R > (H 0.125% EMS
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6. FEGEHRREZ 4 (8 DH PRAH/NMETLL UV IBSHEFTELS DH 552 PR TR 84 d 18 2 S5 A PREL

A -
Table 6. Developmental stages of mutants derived from UV treated microspores of four DH lines after 84 d grow-
ing in the field".
Developmental stage %
Heading
DH line Plants derived from No. of plants Early Late Reproduction” Abnormal Dead
165 CK 2 0.0 0.0 100.0 0.0 0.0
UV-10s 26 0.0 3.8 96.2 0.0 0.0
UV-20's 27 0.0 0.0 100.0 0.0 0.0
102 CK 6 0.0 0.0 100.0 0.0 0.0
UV-10s 71 1.4 9.9 88.7 0.0 0.0
UV-20s 36 0.0 2.8 91.7 2.8 2.8
32 CK 2 100.0 0.0 0.0 0.0 0.0
UV-10's 43 23 14.0 79.1 0.0 4.7
UV-20s 57 5.3 19.3 73.7 0.0 1.8
157 CK 4 100.0 0.0 0.0 0.0 0.0
UV-10s 28 214 53.6 21.4 3.6 0.0
UV-20s 22 0.0 63.6 36.4 0.0 0.0

“Four DH lines were derived from microspore culture of ‘Chinglong S-65°. DH: doubled haploid; UV: ultraviolet. CK: control check.

* Reproductive stage includes bolting and flowering stages.

S

UV ERHIT LS

FIAEMERAERN 2 GRETHEERER
i BB MEBEARTTIRAT - AN B
REREVER L A B L& E% (Kott 1995;
Szarejko & Forster 2007) - B {5 58 55 &8 i 1T
Z Aoy R - — 2 AT (MO) #1756
g DIgF SR (ML) PR 2 (C#ETT/NMEF 58
&% DH ; R AR F#8 2 280ty
EE SRR TREA S U NETF AR TR SR -
WA B T B RS EE 2 M2 (L (DH) » 7]
EiH KREFEER  (HATie 0 A BT
INEFRE ST ERIAAFRIRR - A RE R B4R
HIEHEZ MG - CEEAERE - ARIEE
FIHT 4 i DH fa % > Ho/ N IR B ERE S Y
75 DH32 B DH102 » &1 (& 4 x 10° & /N
HH 50 HEM EZ IR b BHETHEEERE
Z kK i DH157 81 DH165 (YRE 23 {b &
(11.9-34.5 {E fR/m) - 75 18 %2 f& 15 51 DH32 1§
[E 8 & 2 FHEEES - AN R H RS &
6) « AR ENF - ZEFELL DH fn & (F

Ry BE AR A H/ N 7 Res AL > EAREL
ERE— DH AN Z B R & B —20E - i
DAGEBR R 80 /F Ry 5842 DH iUAEAE > (HARFEE AR
[6 DH (i & /N FRIE BRI E £ - [HIE -
feits S R i R v = i AN (D4 e
{E&R# 5 2 DH A E RS EEFE L E M
w}

Kt ERE T HE RS E T
o M DTAR DR EE R EA - BN A
REEFERBNHESIEE ARG EHEEE
BT E o VEEEEE R DL UV SLak A H H At
T 2 IS R 5 UG - B UV SERVZEE MR
R H A R R - NI —REA N EE
i IE2 e A = 4H 4% - 1 & 17 BE 40 e s e Y /)N
fil+ > [EHFFFEEIEZEK  Barro et al. (2003)
DA ZFEEE SR 3E (Ethiopian mustard, Brassica
carinata Braun) /NET T UV 5558 » f5H5
BNPHEERSEEEE/ NMIFRENTH
M REEIE UV 2B AR - Rt ahe
Fir 2 /N R0 = 5 By 1.57 mm > 2 458
A ERBEFRERAER I 2 &/ NRAE R 0 [
& Barro et al. (2003) $5 % [Hl = A
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3. JRE 4 H R ELEER R DH FRZ 2/ NET-48 UV R ER% FrfS > S B (R sm S M HH e 84 d 18 2 4E
Ef#IE < (A1-A3) DH165: (B1-B3) DH102: (C1-C3) DH32:(D1-D3) DH157 - UV &% (A1, B1, C1,D1) 0's:
(A2,B2,C2,D2)10s ; (A3, B3,C3,D3)205s ¢

Fig. 3. Growth of mutants derived from ultraviolet (UV) exposure for (Al, B1, C1, D1)0s; (A2, B2, C2,D2) 10 s;
and (A3, B3, C3, D3) 20 s. Mutants were derived from (A1-A3) DH165; (B1-B3) DH102; (C1-C3) DH32; and (D1-

D3) DHI157.
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5455 DH fa PRJF H fEHESE DH32 Z/MET-4E UV g

Table 7. Developmental stages of double mutated plants after 84 d growing in the field. Mutation plants were derived
from EMS treated microspore embryos which were derived from UV treated microspores of DH32"

Developing stage %

Plants derived from EMS Heading

(%) No. of plants Early Late Reproductive” Abnormal Dead
0 6 0.0 16.7 83.4 0.0 0.0
0.125 14 0.0 0.0 92.8 7.1 0.0
0.250 17 0.0 11.8 88.3 0.0 0.0
0.500 5 0.0 0.0 100.0 0.0 0.0

“ DH: doubled haploid; UV: ultraviolet; EMS: ethyl methanesulphonate.

¥ Reproductive stage includes boltine and flowering stages.

2 mm 7 % - MacDonald ef al. (1991) PLH
3¢ (Brassica napus) /NMIT#1T UV ~ Gamma
Fe X SHaRahEE o S8R Gamma K X G473
INEFRREY AL B S R B+ (i UV
(0-60 s) fiz 3 i 2A b =2 i FERL I P 0 o 52 8N
IR E% - EEREZ R TFRANGER
8 RWtE S DL 4 {8 DH fn & 2 /N il i
172 TR AT UV i > G5 RBUR 10s 8120 s
R T ERENEE > ERE 1.7-
23.9% [H > MRS 2R A2 FAE 2.0-5.0% [H] -
AU TR 45 FEE AR IR 3 2R 7 UV g B ]
ERFZETR LR R HI IR e A2
FE % > i1 MacDonald ef al. (1991) 455k
524 —% o #E:H] MacDonald et al. (1991) BLEE
LB S SRR B AR HELUV AR
FRNEBBEGHEENHE - BEWS - A
FEAE AR 0 R UV SR HE R /N T
M LEA R E » N Z R HIIR S 2 s 2
/N BT s UV BB AYIERS -
HNEYEREF SR EE AR RN
— % % DL iR B 1% 5% 1 B8 SME FRFE 1/2 B9 A
£ BI-FEULREIE (LDs,) 1F Fifs B BURIMEAY TS
1 o Ahmad et al. (1991) 5 HHS3E/N T UV
JEHEAY LDy, /5 10 s » Zhang & Takahata (1999)
IR H3E (Brassica campestris L. ssp. pekine-
sis) VISR BN » JE& UV RR BRI il & 3 AR 73
(B3R TRE - 84 20 s B R b g KR TR
At B LDg, By 12 s o LEECARESE 10 s f2 20 s
PR Y725 > LIDH165 B DH1S7 7% BB -
1 15.9-23.9 {ERL/IML > [& - i 2L DH32 B DH102

RPN T 1744 B/ 2/ (£ 2) - E
AMEERERBRAF R UV it 22 A E
AERSN  TRERIE LR = HY R TE UV
i P B ] T = B5F BT A7 B 1Y 52 BN o R4
Barro et al. (2003) DL UV B R Z L in 7R 3E R
HAITE - &5 RER LDy, £ 8 min © fE—45R
B Ahmad et al. (1991) FAMTE 2 &5 572 5y
K 0 ME Barro et al. (2003) H CHEHE K AR
RELoa 728 UV SR B 52 S8 = AT EL -

PUNEFRAER EMS S8 114

BT DH32 838 UV SLER 10 s pR B 1% &
F2/NMEFRE - DR RS EMS 1T
SRpn i - $HIRLH (0% EMS) ZRRS 2Ry 93.3%
(F3) - H& 3EEMS RERH R~ IREEoFE
RIS 7 T 43.2-63.6% © FHIELHEH] » EMS R
B LD SR » FES1E 0.125-0.250% > [ (#23) -
#\E+FIERHMEYIRY B 9T 8R - EMS K # i
AR/ NI T2 B ES (Barro et al. 2001; Ferrie &
Keller 2002; Polsoni et al. 2011) » & /&4 Shi
et al. (1997) 2R HS/ INMEFRRRY_ERREH TR 0.7
em £ 0 FEELEA 0 0.20 ~ 0.25 2 0.50% EMS 2
Murashige & Skoog (MS) BEF& /K& 3—-10 h -
EREUR > BEEBRERGEE EMS BE
A N 0 Eooh D083 FhZ LA 0.20% FEEE 4 h
MBI IR S 2F 2 5y 63.4% » L 0.25% i FH 4 h
Ky 45.7% o R IE #E 0 B LD, % [ FE 4% 0.20-
0.25% 2 » BRI Z 5 RMHBM - WAL
/INEF-REHETT EMS SRR 0 FEE
MR NETFRI M ERHE S - R KE RIS
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BORE S5 5 Ry 2B 1% < Lu et al. (2016) #
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Establishment of a Doubled Haploid Mutagenesis
Platform in Cauliflower

Abstract

Hsia, C. N., U. C. Chen, S. H. Hseu, C. Y. Lin, C. Y. Tsao, and T. K. Lin. 2021.
Establishment of a doubled haploid mutagenesis platform in caulifiower. J. Taiwan Agric.
Res. 70(3):182-195.

An integrated haploid mutagenesis platform through doubled haploid (DH) donor plants provid-
ing microspores in cauliflowers was established in this study. Ultraviolet (UV) irradiation was applied
to microspores of four DH lines derived from ‘Chinglong S-65 and each line with various heading
mature days. Embryos derived from UV treated microspores of DH32 as stated above were treated
with ethyl methanesulphonate (EMS) subsequently for double mutagenesis. EMS was also applied
on flower buds of ‘Chinglong S-65" before microspore culturing for mutagenesis. The results showed
that embryo production (embryos/petri dish) from two UV exposure duration in all four DH lines was
significantly lower, accounting for 23.9% to 65.1% decrease compared to the control. However, no
significant difference was observed on embryo production between the two UV exposure duration.
The results also showed that embryo germination rate of the UV treated microspores decreasing 50.9
to 78.8% compared to that of the control. Cotyledonary embryos of DH32 derived from the UV 10
s treatment were soaked in 0.125-0.5% ethyl methanesulphonate (EMS) for 10 min. Embryo ger-
mination rates decreased in all EMS treatments by 36.4% to 56.8% compared to that of the control.
However, no significant difference was found among tree EMS treatments. Flower buds of ‘Chinglong
S-65" were soaked in 0.025-0.1% EMS for 5 or 10 min with or without shaking for mutagenesis
before microspore culturing. The results showed that regardless exposure time, the highest embryo
production was obtained in buds treated with 0.025% EMS. However, embryo production decreased
as exposure time increased and shaking was applied. DH plants derived from the UV or double muta-
genesis (UV plus EMS) of four of DH lines were cultivated in the field and data were recorded at 84
d after cultivation. Field observation concluded that percentage of early growth rate was higher than
that of delaying based on developmental performance of DH mutants in the four DH lines. Our results
not only provide useful information for prediction of mutant tendency in caulifiower but also demon-
strate that haploid mutagenesis is capable of shortening time span and enhancing selection efficiency
on breeding. Additionally, this study demonstrated that trait screening on mutants was more efficient
than using the highly uniform DH as donor plants for haploid mutagenesis.

Key words: Brassica oleracea var. botrytis L., Microspore culture, Doubled haploid, Haploid muta-
genesis.
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