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ABSTRACT This study was carried out to clarify several factors affecting embryogenesis from anther culture of
nine cultivars in Brassica oleracea L. var. italica and to investigate the characteristics of plants derived from anther
culture. Androgenesis from anther culture was elevated on the B5 medium supplemented with 0.1 mg/L NAA, 0.1
mg/L 2.4-D and 10% sucrose. Embryo production in liquid medium was five-fold higher than solid medium. High
temperature treatment at 35°C for one day before transfer to culture room maintained at 25°C had effective to
induce embryogenesis of cultured anthers but extended treatment at 35°C decreased significantly the percent of
embryogenesis. Frequency of embryogenesis from cultured anthers exhibited significant difference from 2.8% in
‘Green Valiant’ to 21% in ‘Haisl’ as affected by genotypes. Percent of spontaneously dihaploid among regenerated
plants from anther culture was ranged from 62 to 74% as affected by the genotypes. Characteristic in relation to
plant height, number of leaves and branches, and size of head from anther-derived plants showed differential
variation in ‘Rokguray’ and ‘Haisi’ . Among these charaters obtained from two cultivars, five lines were selected for
early maturity, long plant height and large head. Selected lines were used as breeding meterials for FF; hybrid.
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ofAlz= FAFo]l At (Lee and Nam 1995). Bgh a3k
s B4 EA2ASA AEolEE & Aol 7|7kl AT
§ ol&akA & A 1d 1A o)
A Erhsslthe 9AE 7R Q7] gE

o $EABL DHAY BHOZ ool £¥A WSS
Agsh= o] a3 st (Arnison et al. 1991; Keller and
Armstrong 1979; 1981: Keller et al. 1983; Mollers et al.
1994). Ax}stat A& 9lojrl= Kameya$} Hinata (1970)
7V B2E Brassica oleracead|A] 2hjel Gl A EHE g
5392 Keller 5 (1975)0] B. campestris9t B. napusol| A
opii o] o8t AEAE 53 o]F e Ayt BRIHA
t} (Keller 1984; Keller and Armstrong 1983; 1997). 4422
k3o ol = Keller®t Armstrong (1983)0] ohu]ore
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) FAARE 0] D QRN ARF FEYE
S 2 Green Valient, Rokguray, Haisi, Pack Man, Green
Belt, Pinacle, Bacchus, 3 Sigeamori 8&%2 ARE-319 Tl
e el F23 22108 ARHo 2 BAEH9
ASAEE A A AFA717] e FgER @
25t o (Yang et al. 1992) 155 107 WHeo] st &

713 YA g A stk

g Alge 3 94l 3R] ofefe} stoprt 1~270 Y
38 2E AHAYOH WA 489 hlge] A
XS] BEEAR deiZl 137] rloA 287] 27) 4
8] (Hamaoka et al. 1991; Keller and Armstrong 1983; Sato
etal. 1989)9] A& Ar|ZH 02 AAsle] A o) A

7] £Q9] Zoj= Eurzl 7io)e] 2/3~1/2 24593_9_131 289
9 2o 2035 mm Gk AEe AHY 2RO
70% AeEo] 1023 @ F BFrE Aol AW

ol Al 1% sodium hypochlorite® 108-7F 9 A3 &
TR ST 33 FAEGL Aol B AEE 3AE
¥ HAEIYH (100x15 mm)d] EFF 20 mLE H7tsh
O 4] 28 B2 § 22 wvlg Ave) AREsgth
oke] AF = AAWA W Hulg spelA Ao 24
X &Y HEg s B5ujA] (Keller and Amstrong
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ofijto = FE| Mo 0jxl= Mol

A el 7 2 9FE mAE A i AR EE
Aol Hr7} 732 2AEH] Y3k B5 vlA|o) NAA, 2.4-D,
BAE E3sle] Ag@3t 23 24-D 0.1 + NAA 0.1 mg/Le]
2ol 7 S559T (Table 1), 0|28 A= 4713t
T A cpii el ol o] &HE wix 9t dA|s= 7
o]t (Keller and Armstrong 1979; Keller et al. 1975;
Woo 1993).

A HA wjATR] wi A BYES FAIZE Marimo
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2o A v FA] B Eo] =GkTh (Table 2). g ZAHIR] €]
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1991; Yang et al. 1992).

ohilj ¢k Aol Fofl ool 2Ll E M wigAl F71E
€ =Y & Avkx ¥#A de=vl (Fabijansk et al. 1991,
Hamaoka et al. 1991; Kim 1999) tj5-5-2] BrassicaZol] A
Ao Z37h ok BuEo sttt (Keller and
Armstrong 1979). wpglx kS e 25 Az 3 o
7} wlgA) e mXs E9E AT (Table 3). 35
ColA 197F Z&H89] &= 8.5% =2 A LA
2 Haom A dg7t 27 5 udA dES |
AeHAl Ast= ATt ol¢} 22 A= EF AFA} (Arnison et
al. 1990; Keller and Armstrong 1983)2] =4 ZZokul|3 2kl
& AgellMz B H v gltk

FE7T A 2R EY AAolE Fotr7] A Green
Valient 9] 7350l thal] oS AAISH A vidA] 2y
EZ 321%E thgs W& H AT} (Table 4).
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Table 1. Effect of plant growth regulators on embryogenesis in anther culture of Brassica oleracea var. italica ‘Green Belt' after 4 weeks in

culture.

Growth regulator (mg/L.) No. of anthers inoculated (A)

2.4-D 0.1+NAAO.1 455
2.4-D 1.0+NAAOQ.1 300
24-D0.1+BA 1.0 300
NAA0.1+BA 1.0 300

No. of anthers responded (B)

Embryogenesis (%, B/A)

12 2.6
4 1.4
5 1.9
3 1.2

Table 2. Effect of physical properties of medium and cultivars on embryogenesis in anther culture of Brassica oleracea var. italica after 4

weeks in culture.

Solid Medium Liquid Medium
Cultivar No. of anthers No. of anthers Embryogenesis No. of anthers No .of anthers Embryogenesis
inoculated responded (%) inodulated responded (%)
Marimo 85 570 5 0.88 760 8 1.1
Green 450 3 0.67 820 43 5.2
Valient
Masar 340 3 0.88 570 42 74

Table 3. Effect of temperature and duration of heat treatment on microspore embryogenesis in anther culture of Brassica oleracea var. italica
‘Green Valient' after 4 weeks in culture.

Temperature ('C) Duration (day) No. of anthers inoculated No. of anthers responde Embryogenesis (%)

35 1 600 51 8.5

2 600 19 32

3 600 6 1.0

35+ 30 1+1 600 27 4.5
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Table 4. Genotypic difference of microspore embryogenesis in anther culture of Brassica oleracea var. italica after 4 weeks in culture.

No. of anthers responded

Embryogenesis (%)

Cultivar No. of anthers inoculated
Green Valient 1380
Rokguray 2530
Haisi 2280
Pack Man 2400
Green Belt 2310
Pinacle 3630
Bacchus 3420
Sigeamori 1140

30 ' 238

520 20.6
480 21.0
170 7.1
300 13.0

90 3.0
500 15.0
110 10.0

Table 5. Ploidy level of plantlets derived from anther culture of Brassica oleracea var. italica as affected by cultivars after 4 months in field.

Cultivar No. of plantlets planted Ploidy level Diploid (%)
Haploid Diploid
Green valient 62 17 45 72
Rokguray 957 287 670 70
Haisi 828 315 513 62
Pack Man 282 90 192 68
Green Belt 1160 302 858 74
Pinacle 380 144 236 62
Bacchus 1050 367 683 65
Sigeamori 1030 309 721 70

Figure 1. Genotypic differences on embryogenesis in anther culture

of broccoli after 4 weeks in culture. (a) ‘Green Belt' ; (b)
‘Bacchus’ ; (¢) ‘Rokguray’ ; (d) ‘Sigeamori' ; (e) Haisi’ .
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Table 6. Characteristics of anther derived Al generation lines of Brassica. oleraceu var. italica 'Rokguary’ and ‘Haisi' .

Nember of lines Maturity (day) Plant height (cm) No. of leaves No. of lateral buds Head diameter (cm)
Rokguray F1 117 29.0 16.2 9.0 9.9
Anther drived lines

NY-5 95 34.5 13.7 12.0 9.8
NY-26 117 223 16.3 5.0 8.0
NY-65 117 2255 16.0 20 7.0
NY-82 106 310 15.6 80 9.6
NY-90 130 31.0 17.3 6.6 6.1
Haisi F1 106 316 15.2 7.8 10.2
Anther drived lines

Hi-10 95 275 13.8 1.3 12.5
Hi-15 [l 323 8.0 7.7 10.7
Hi-29 95 393 16.0 8.0 132
Hi-45 111 31.8 133 83 10.0
Hi-60 124 30.0 14.0 7.0 79
Hi-105 111 322 16.3 8.7 11.0
Hi-108 100 28.7 14.0 7.0 9.4

ARZ BFEHR0H, 4ol Ut Lel Ao Aehe
A M2 BeEgn. A2 QA4S o fe A
galo] M5A AR AALE A7 SkIN JuAE A
ASAG BHALY 27], FHAE el GEAFE 24k

of W44 E WEIE FOB AL 90w AA Y
A2 o) gAleliz A3} ol Bol BRsjeh ¥ Ao
A wEAe) SRR ABA) 29, 48, Sobola

71, g9 e FF F S W o) HH?‘*J@ FASH
Az} oA &o] FFol wek 2FH zolrt AN Hit
62 ~74%0°l FelA=tl (Table 5) o]= w52 79 ok {2
HEA] 5 40~60%7F oA ATty BIE Azt A4
=7 VERTH (Keller and Armstrong 1979). 71 o) 23 1l
FH 9] AL £3A] AKo] BAs T A7} 3 dAZ 1
AE7E F7beE 7] witelet Az § ol A EAE
EFANM AL At & AR o ATEERE s 2R
olufAlol M= Aol Ho] WAFE|st FA L (Figure 2a,
2bo} 2n) WA APells 2528 A7t AsleiA e o4
T B o Q9HeE EA e o oh 3t AR F
2] gkol RMEAIAS A 5 AT (Figure 2a, 2b9] n).
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Figure 2. Distinction between haploid and diploid plants derived

from anther culture of broccoli. (a) ‘Rokguray’ ; (b) ‘Haisi'.
Note silique development (2n) by self pollination in diploid and
unopened flower bud (n) in haploid.
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Figure 3. Variation in maturity of Brassica oleracea var. italica
‘Rokguray’ and ‘Haisi' , generation lines in the field. * : Haisis F,
hybrid, ** : Rokguray F, hybrid.
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Figure 3. Variation in head diameter of Brassica oleracea var.
italica ‘Rokguray’ and ‘Haisi' , generation lines in the field. * :
Haisis F, hybrid, ** : Rokguray F, hybrid.
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