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Effects of Several Factors on Embryogenesis
in Anther Culture of Broccoli(Brassica oleracea L.var. italica Plenck.)
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The effect of several factors on efficiency of anther culture of broccoli was studied. The medium supplemented with 14 %
sucrose, 125mg/L of silver nitrate and 0.Img/L of each of NAA and 24-D was best in embryogenesis in all varieties tested.
The effect of auxin was affected by silver nitrate, that is, it lowered embryogenesis when the concentration of NAA and 24
D was low, but it enhanced when their concentrations were high. Benzyl aminopurine increased embryogenesis in some
varieties, but decreased in others. Although microspore embryogenesis was observed in anthers of which heigest was 1 to
0.6 ~ 1.0 of petal heigest in the bud, which corresponds to the early uninucleate to early binucleate stage of the
microspores, it was much better when the ratio of heigest was 1 : 0.8. More embryos ware inducted from culture in March
than in February in general. Because there was a big yearly variation, it was assumed that microspore embryogenesis was
influenced greatly by the culture condition and the physiological condition of donor plants.
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Table 1. Composition of media used for anther culture of broccoli

medium NAA 24-D BAP  (mg/L) (%)
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Table 2. Effect of cultivar, medium and high temperature period on embryogenesis in anther culture of Brassica oleracea L. var. italica in 1991

Cultivars Media2 Initial culture No. of anthers cultured(A) Anther response(B) B/A(%) Embryo yield(C) C/A (%)
Mariner 1 35°C-lday 150 1 067 4 267
35°C-2days 150 0 000 0 000
2 HC-1 150 0 0.00 0 000
3%°C-2 150 0 0.00 0 0.00
3 5C-1 150 3 200 7 467
33C-2 150 2 133 2 133
4 3C-1 150 0 0.00 0 0.00
KC-2 150 0 0.00 0 0.00
5 3H°C-1 150 3 200 4 267
3B°C-2 150 0 0.00 0 0.00
sub-total 1,500 9 17
Marathon 1 35°C-1day 150 0 000 0 000
35°C-2days 150 1 0.67 2 133
2 3B C-1 150 0 0.00 0 0.00
»C-2 150 0 000 0 000
3 35°C-1 150 1 067 4 267
»C-2 150 3 2.00 2 1.33
4 3H°C-1 150 0 0.00 0 0.00
3¥°C-2 150 0 0.00 0 0.00
5 C-1 150 3 200 2 133
33C-2 150 0 0.00 0 0.00
sub-total 1,500 8 10
Landmark 1 35°C-1day 150 1 067 8 533
35°C-2days 150 3 200 15 1000
2 3H°C-1 150 0 000 (0 0.00
3»C-2 150 1 067 0 0.00
3 35C-1 150 2 133 9 600
5°C-2 150 8 533 13 867
4 HC-1 150 0 0.00 0 0.00
3¥°C-2 150 3 200 3 200
5 HC-1 150 5 33 15 1000
35°C-2 150 6 400 9 600
sub-total L0 29 72
Zevs 35°C-1day 150 1 067 2 L3
35°C-2days 150 2 133 3 200
»e-l 150 0 000 0 000
3»°C-2 150 1 067 0 000
35°0-1 150 2 133 2 133
35C-2 150 3 200 5 333
3HC-1 150 1 0.67 0 0.00
3%°C-2 150 0 0.00 0 0.00
35°C-1 150 2 1.33 2 133
»C-2 150 3 200 2 133
sub-total 1,500 15 16
Arcadia 1 35°C-1day 150 4 267 7 467
35°C-2days 150 4 267 3 200
2 35°C-1 150 0 0.00 0 0.00
3B C-2 150 2 133 5 333
3 »C-1 150 6 400 14 933
3$H°C-2 150 6 400 2 133
4 C-1 150 0 0.00 0 000
3B°C-2 150 0 0.00 0 000
5 I C-1 150 1 067 5 333
150 2 1.33 0 0.00
sub-total 1,500 25 36
Total 7500 36 115 151 201

4See table 1.
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Figure 1. Germination of anther derived embryo after 20
days of culture on MS-K medium.
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Table 3. ANOVA for rate of embryogenic anthers(B/A?2)

sV DF SS MS - Fs
Cultivar 4 70579 17.645 6.730™*
Media 4 182.650 45.663 17420***
Error 16 41.949 2622 ;
Total 24 295179
43ee table 2.

Table 4. ANOVA for rate of embryos developed(C/A2).

Y DF 88 MS Fs
Cultivar 4 180.011 45003 7.324%*
Media 4 425.321 106332 17.340***
Error 16 RB317 6.1 45
Total 24 703655

aSee table 2.

Table 5. Effect of culture media in anther culture of Brassica
oleracea L. var. italica

. No. of  No. of anther B/A No.of C/A
Medium® e response(B) (%) embryo (%)
cultured(A) yield(C)
1 1,500 17 113 097 4 293 065
2 1,500 4 027 020 5 033 037
3 1,500 36 240 230 0 400 350
4 1,500 4 027 010 3 020 063
5 1,500 25 167 160 9 260 170
Total 7,500 8 115 - 151 20 -
aSee table 2.
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Table 6. Effect of cultivar on embryogenesis in anther culture of
Brassica oleracea L. var. italica

L No. of Anther B/A No.of  C/A
Cultivar — gptperg response(B) (%) Embryo (%),
cultured(A) yield(C)
Mariner 1500 9 060) 033 17 (113) 097
Marathon 1500 8 (053) 030 10 (067) 015
Landmark 1500 29 (1) 170 72 (480) 2.30
Zeus 1,500 15 (100) 091 16 (107) 010
Arcadia 1500 2 (166) 120 36 (240) 160
Total 7500 86 115 - 151 201

FIEEAA R SRS FHA A dAs e 2
ARG ANOs A7b7h fitEe] WeE el A
27} QB ohlel We B WAKEE 271 A7
ko] WHoE ER0lNES ¥ 4+ ANeh 2
Hd AgNO3 A7}17F NAASH 24-D9] %7 22(01mg/L)
BN e e3le] MRS WA slglon, NAAS 24-
D 5571 ¥2(1L0mg/L) Aol BREES 243 A2
2 vehd Aol Folslodrh(Table 5).

fEf L Hbasg 2w ZHA 067%0AM 480%71A]
TE3le] @iERC] BAZ Aol & Mol efREolA g} w4
S Bovh & A 9le] ‘Landmark’ 9}
‘Arcadia’ 7} ¢eahol ot @K g EEEBRY )
€2 ‘Landmark’ ¢¢ ‘Mariner’, ‘Arcadia’ 7} $< -9
(Table 6).

22} A#(Table 6)el M 1Az} Aol [REE4H0]
Z9kdl wix], NAASt 2,4-D7} 22 0.1mg/L+AgNO3
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0.05mg/L A 7}8t1 sucrose EEE 10%2 2rE 1EHiol] A2
MRS vlastazt staoh 1k 713 9k i
e 292 Ao IR REE] o B33 A&
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webr] BAP A7} sl REEAe] Sl vbd EX
genotypeol] & JR#EE ] dAHE AT £ ¢ 4
Armnison 3(1990)2 =M Etokul 3 FHIERA 571 3"‘5‘@
cytokinine]] @3t genotype9] Hh-g-ofl 3 o)A BAP ¥
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Table 7. Effect of cultivar and media on embryogenesis in anther
culture of broceoli 9(1992)

Cultivars Mediaz No. of anthers Anther B/A  Embryo C/A
cultured(A) response(B) (%)  yidd(C) (%)

Mariner 3 20 2 967 8 230
6 300 0 0.00 0 000
sub-total 600 2 48 e 1150
Marathon 3 50 12 a0 16 53
6 300 1 367 15 500
sub-total 600 23 a8 3t 517
Landmark 3 450 5 il 5 111
6 360 0 000 0 0.00
sub-total 810 5 082 5 062
Teus 3 0 9 300 1 467
6 390 1 28 16 410
sub-total 690 0 290 0 4%
Greenbelt 3 &0 BTl 689 [TTY
6 &0 ) 7.1 129 2867
sub-total 900 63 700 ™ A
Arcadia 3 300 16 533 4 1133
6 300 9 300 14 467
sub-total 600 % 417 8 300
" Taneeot 3 30 T A 77 T2
6 300 0 000 0 000
sub-total 600 5 083 7 117
Total 4800 170 354 40 917
a'see table 1

Table 8. Effect of preincubation(35°C) period on embryogenesis in
anther culture of broccoli in 1991 and 1992

Preincubation  No. of anther

Anther response Embryo yield

year period cultured(A) No{B) %(B/A}  No(C) %(C/A)
19 135°C-1day 3750 ¥ 0% L3 267
35°C-2days 3750 20 13 iy 176
subtotal 750 36 LIS 15 201
192 35 C-1day 2100 9 39 197 93
35°C-2days 2,700 101 374 243 90
subtotal 4800 170 3 40 917

Table 9. Effect of plating date on embryogenesis in anther culture
of broceoli 1n1992

Cultivars Date of No. of anther ~ Anther response Embryo yield
plating  cultured(A) No.B) %(B/A)  NoC) %(C/A)

Mariner ~ 22.14~20 1,500 8 0.53 15 L0
R.314~20 600 2 483 69 1150
Marathon $2.2.14~20 1,500 21 140 76 507
R34~ 600 VA 353 31 a7

r 3B8%AHTE woted wished ¥ AYrM BAP A7t
o] Ko A glo] 3, 6IEHo Al 26.80~2867%¢) =& fREEA
i% el Zolgiei(Table 7). &R auxin®] %4 2Hg-of
b sucrose®] M 3 zbg&e]l ol QlE-E U df
(Ham.1985) sucroser =2} BAP #H7[2] A3 z2t4o] st A
Bt dag AoE A7
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Table 10. Effect of developmental stage of microspores on
embryogenests in anther culture of broccoli in 1992

Embryo yield at each developmental stage

of microspores
Date No. of anther

Cultivars of moculated  total % 1L® % 08 % 08 %
inoculation (A) (B) B/A (C) C/B(D) D/B (E)E/B

Mariner ®2.2.14~20 1500 L 10 427 9 600 2 130
R34~ 600 69 15 15 217 46 667 8 116

Marathon ~ 92.2.14~20 1,500 76 507 3 39 %7 016 211
2.314~20 600 31 517 12 37 9 20 10 323

a . 10 = Anther : Petal = 1:1 = Pollen mitosis - early binucleate.
b : 08 = Anther : Petal = 1:08 = Late uninucleate - pollen mitosis.
¢ : 06 = Anther : Petal = 1:06 = Early uninucleate - late uninucleate.

EER 9 B2 7o OE KBt HE
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‘Mariner #8228 A ATl A Fel dlste] £ 2
o[7} 08 AHEQl oM AHA 15705 60%<] 9708 7} %
Asiglon, 35 BRI E E 697) F 667%<] 46742] Ik
7h kA Ee] 063} 10 A8} oot F& REAESES B
o EIRSE £l g IREEERE 29 A Aol 1%l E3ts)

34 Em%l 5% 1EERRS] BLE Mol 7)o #HA
MFe] S o] s#ME Shel] o

fiekm %‘ﬁc%ﬂ A4S Aer A4 g4
‘Marathon’ tﬁ:ﬁ% 249 A A= 08 e oj A 75%2] )
o 189 v °ﬂ M kel 2%
T 38 BIRY %‘—C- 7} stageo Al 1B Hb-3-& i‘fli‘/} A
AAQl WEEELRL 29 507%2) H]"\U} 5.17%2
el ‘Marathon' ffE-2 245} 39 Aol A= 3o 7} %i‘:
AL.2 vebyte.

Woo 5(1993)¢]) 2]3}

=

Z

__4

Embryogenenesis of Broccoli 255

Hagel] mhe} REAEE 00%5-H 167%714] 2 %87} 9)
Ao fREEEde] 71 Bokd B U Aot B 4
o] 9] 1/3~1/2¢) Zele}r 3foivt. o Ede] o)z} 52
ol9] 3/5e14td W T FHEERMY TN o T4
A#TeR deded olde IREEAS Fisdy, £
o] Aol7t F5 7Aele] /48 2hSuf= NMf7} 45 F
on oluj = o} AF BAERA gty Bisledr).

Fabijanski G(191)-& A Eehul 3 #igdo SRERE
slP R A 24wl (heat shock protein)?) —ﬁ—E%_—
B33k up 9lem, Amison 5(1990)-2 HA)Lokuj 3] #iE
Foll A 18~48A)1 k8] HiB(35°C)EMEE IREEgase] =9t
&8 Basiyd.

mpebd EAYHNME BREEE WS Fol7] ¢lsl 2de)
AA 19 9 299 35°CY A7 AAE vaAHE 3
=d 2 ZA3}= Table 83 7}

1=} (Table 8)o 4 35°C 1Y Hel7} 267%2 29 xele]
176% WEEdRa oia ko, 2332 Tables) oA =
3H°C 19 )7} 938%E 298 900%5 1} 038% vkt
o] Eouch obg® MAEM, WxbE ®He|sl & A& oty

FAZN T PR 12050 19 9 29
HelE Wisle Ax A" BEES s 228
Rez ARFY ol mgh Keller 5(1975)2] =4 Lkoku)
F BRERAYCAA 3B°C 29 A=yF REEEe] 7 o
I gk A wled Ao & BEelAY] sAEge S
T EUI Aol Hlgo] wiFE e A KL
ol vl U FHE FI Holrt HHolY 08 A=Y

a8y} Zeus', ‘Greenbelt’ BfES 06 o], ‘Marathon’
nﬁ% 10 ol M [REEEAR] ol Hffel wel d2de 7
o 2T F HAEF R HEEEAME KB
o] dojip= A7} 06~1022 YA FEHIT o E%Eﬁﬂ«]
PETF EHEERRE -0 958 B ol 9L
Qg 9loleh

ol2lgt A} Keller 5(1975)0] B8 7z} o] o4
] Brassicats 2FgoAe MRl BERENZE —BM

FE M gt Baehe dAsAR 2 ¥

Aoz} 1/4~1/20]8t= RIote o} S Hol:=
B A o] wjFe] FEEE Zolety 44E 4 Qo

HIR GEHE gebsle £ ¥ oFe Zo|= #F9 A&
Sk, SiEel ol 92re GEY BRI o2
EIE Hlsle] Eakshesle] vidAg ZoE B

U—Sl

m‘o

;v;s\o

Ao

o OER I OW Y B W oo
r°° &0

£

X 2

AR i clelA REEA nlAE BE



256 Korean J. Plant Tissue Culture

Rl dg& FMstEAL TN thiRESR 29 2A d4

«l EEE AAT #ERE o3 2.

N REEg wlX = fEIEBSHHS] sucrosels ==

10%514 14%7} -2 sheich,
2. NAAs<} ?«4-D2i315— Ak A7k S weld BRE
FEAA Fxrt FS(0img/L) A4 AgNOse] Alel A
REASRS el

3. BAP:= Rf#e] e} Hf?ﬁ%;& S =7
5 wiEH 27} R =0k

4. NAA®} 24-D =7} =Ar} sucrose E7F 10%1.0}
14%3 8w 184S FA

5 EZe7} oole] 06~1m) Aol stEojA HFHH
o My HEES B & Ao, o9 Mt wddt
Ax 187120 28712903, 713 299 AL 187)
IV EE ERERSREEEA ARG S £Y e
7b 7 o] e] ef 0.8u o 93

6. ok AAA71e 3¥9&x7) 29 % wlsle] F9hoY SfE
1 Zpel7b Zled, Mg 3l 35°Co SiRR#
L7 BERZESL Q3 F--@Eelele £ °17P
a1 iﬁé‘% Ak Ae] 9 wjeFEzle] mel vA e P
o < MR & 4 sldok

237 Fole

o]
—_ o

&l

A0

Amnison PG, Donaldson P, Jackson A, Semple C, Keller WA (1990)
Genotype specific response of cultured Broceoli (Brassica oleracen var.
italica) anthers to cytokinins. Plant Cell, Tissue Organ Culture 20 :
217222

Arnison PG, Donaldson B, Hoh LCC, Keller WA (1990) The influence of
various physical parameters on anther culture of Broccoli (Brassica
oleracea var. italica). Plant Cell, Tissue Organ Culture 20: 147-155

Fabijanski SE, Altosaar I, Amison PG (1991} Heat shock response
during anther culture of broceoli(Brassica oleracea L. var. italica). Plant
Cell Tissue Organ Culture 26 : 203-212

Harm CY (1985) Anther culture and pollen dimorphism. Korean ] Plant
Tissue Culture 12: 1~34

Keller WA, Rajhathy T, Lacapra T (1975) In vitro production of plants
from pollen in Brassica campestris. Can | Genet Cytol 17 : 655666

Keller WA, Armstrong KC (1983) Production of haploids via anther*
culture in Brassica oleracea var. italica. Euphytica 32 : 151-159

Lee SS, Yoon JY, Oho DG, Woo JG (1986) Anther culture of chinese
cabbage (Brassica campestris pekinensis). 1. Production of plants through
embryogenesis of microspore. Korea | Breeding 18: 1-5

Lee SS, Yoon Y], Shin HH, Woo JG (1988) Production of plants through
anther culture and their seed bearing ability in chinese cabbage.
Korean | Breeding 20: 12~17

Ockendon DJ (1986) Utilisation of anther culture in breeding brussels
sprouts. In W. Horn(eds.). Genetic Manipulation in Plant Breeding pp
265-272 Walter de Gruyter

Roulund N, Anderson SB, Farestveit B (1991) Optimal concentration of
sucrose for head cabbage(Brassicn oleracea L. convar. capitata(L) Alef)
anther culture

Takahata Y, Keller WA (1991) High frequency embryogenesis and plant
generation in isolated microspore culture of broccoli(Brassica oleracen L.
var. ifalica). Plant Science Limerick 74 : 235-242

Wang HM, Wager GM and Yang YL (1992) Embryogenesis in anther
and pollen culture of broccoli(Brassica oleracea L. var. italica). Acta
Agriculturae Boreali Sinica 7 : 61-72

Woo JG (1993) Studies on the factors affecting efficiency of anther culture
and phenotypic characteristics in anther — derived progeny in chinese
cabbage (Brassica campestris ssp. pekinensis). Seoul Nat Univ Ph D Rept

Yang Q, Chauvin JE , Herve Y (1992) Androgenic embryos obtained by
in Vitro culture of broccoli flower bud(Brassica oleracea var. italica).
Comptes Rendus de I' Academie des Sciences. Series 3, Sciences de la
vie 314:147-152

Yoon Y], Eun JS, Lee KS (1992) Anther culture and its utilization in
breeding of Capsicum anmuum L. Chonbuk Nat Univ. Research of farm
village society pp 43-65

(19989 3¢ 2779 A4)



