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Influence of culture duration and conditions on embryogenesis of isolated
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Abstract Our aim was to find the effective duration and
culture conditions for microspore culture in a genetically
variant cabbage (Brassica oleraceae L. var. capitata). We
discovered that the ‘2XNLN medium containing AgNO; 1
mg/l, sucrose 13%’ was most efficient in producing the
cabbage embryos. The number of induced embryos was higher
in F» or F5 progeny generation than the F; hybrid cultivar
used as plant materials. Thus, we recommend microspore
culturing using progeny plants of failed F; cultivar. The
acquisition ratio of embryos and plants derived from micro-
spore was higher in the early flowering period as compared
to the late flowering period. When transplanted in the soil,
71.2% plants developed from the early flowering period,
compared to 27.0% from the middle period and 1.8% plants
from the late period. Thus, we recommend microspore culture
using buds collected during the early flowering period.

Keywords  Brassica, Microspore cultivation, Doubled-haploid,
Embryogenesis, Inbred lines
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Q] F8 a7} AIETh 53] v 59 ALl 7] ES
=y o S22t o) A Qe HEE wf =t f a0 FF
kol ol WH o AxA i F2ff A=A F
A48 ZH3l0] okt A%S KA Hsich Hol
o3, B2 2] 5 chobat Aol H-g5} A oo 2
A8 FHHE AFE 2As ALk

W2} 4 £ vlopol Golato] 222 FHol A
A 53t 3(Lichter 1982) oFufjoF Bt vfjof o] 2 A L Q
o 4 O2 Astol et w3t Aol 4 ool Al
=) Qi) of| ] & 1] o} A XK Brassica carinata BRAUN) (Chuong

and Beversdorf 1985), 9Ful|3=(Brassica oleracea L.) (Takahata
and Keller 1991), 2 <-¥l| 3=(Brassica rapa ssp. pekinensis) (Sato
et al. 1989), T+ 0]|(Brassica rapa ssp. Chinensis) (Cao et al.
1994), 712) 31 K~(Raphanus sativus L.) (Takahata et al. 1996) 9]
A 2R ool 4 sheich ol 4= vt o] &
TR Q] vl S5 (xBrassicoraphanus) @] 4~ 3E A} vl OF S A]
Zk(Hong and Lee 1995)5}o] A & 4| = ofl 455} 31 2. W, Hl
Z= 22w 2eA] &A SA)(Lee et al. 2001)2 ¢35 A~ =}
Hlj &F 2} Hong et al. (2005) 01 &} 3fj v} 5=9] Al &< = 5k ot

= H a7t gich

W2} A 40 2T o jobat AR A ) B5

i F2 A A E 5, e, LA 24, 7]

o) 2t o] 7] 5 i oFohe A=A Y A = g A
o] 4L 7] X += A S & H 11 % ¢ th(Chuong and Beversdorf
1985; Sato et al. 1989; Takahata and Keller 1991; Cao et al. 1994;
Takahata et al. 1996).

FHl 5= 9] A3z} v F2 Cao et al. (1990)0] A5 Al =gt
v} 7} Q) ©. o, Takahata®} Keller (1991)0]] 2] 5ff oFvfj & A}

S A2 GEo) AT F, hF 249 Pl A2
A o obS £ 9 DHAE & A4t 2l 77} A% Ho] A
a1 ¢ tH(Hansen 2000; Shugui et al. 2006).
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Bl A Ha a0 &EAuok(Lee and Nam
19952 AJ2HO 2, 22 oel o] WelE 4P ol
AE 84 (Kwak et al. 2013) L v oF Z A o] w2 A E 2} uj
oF F ol T AT (Park etal 2014)5 A5 2 o) 4
27 wh ool T AT 4y of 2.3 9le}

2o S Ao ME fHH o AR o)
2 t}ofsl 279 ofufjE o] 85} sucrose, NLN(Nitsch
and Nitsch 1967; Lichter 1982)u} 2] &] =%, A2 A 4| 52
e R Y R B SR EEE P
EA ope AAlste] HabAel 2L Ra, hFARS

Seolts Webe ARSI A8 £ H3H Ak

ZAHjoFe] A r = o] otk 44 98 T F

FEYU S22 F55 AV Aste A H (11-FS825,
‘11-F826°, “11-FS58° 3}, T T} 2 3+ 30 EX0 AE &
(11-FS60)’, 719] A}7}4=A o & &A= “11-FS33°, 11-FS34°,
“11-F835°, “11-FS54°, *11-FS55° 0| ] W= =) ofufj 3= Z2
el Aol ok U 2] 532 gh=ol| Al el = AL Q)=
U2 FFQ AT HOK11-FS59)9F 1 Frf ¢l “11-FS28’
T} 11-FS47, 18] T ‘S ujop EZo| A L= 11-F29°9}
‘11-FS30 0] of 2 A ofufj 3= FFol A e & F Aol ot
(Table 1). ZF GAALL 2011 & 7HE =& E Aol A A ulf
o F KA Al A= e gstaL, A S 7
ol H= a2z §A A F o538 2012 & HE
FHE st NS Frestd A wgFstgich. A A
Sh=4d 2R E 727 FAA Y o w2 ggiom,
AR 3~ A A o 2P E AT sk, ek 2

sEns 7158 B SR 0 2 RS AR ekl ch(Fig. 1)
= 9] =] 9l 3=(Brassica oleracea L) A| T &% L A7} ABXIO| 22| T Hj LY O%
2 S 222 AER o) BeE YT 22 EE S

Table 1 Information of plant materials used for the microspore culture of cabbage (B. oleraceae L. var. capitata) in this study

Material ~ Generation® Variety name(Original) Company Introduced Outer leaf GrO\ivmg
country color period

11-FS25 F Geuk-jo-gam-nam(fi - H #5) Quality Seed China Green Early

11-FS26 F» Geuk-jo-gam-nam(fi - H #5) Quality Seed China Green Early

11-FS28 F, Jung-saeng Rubiya Takii Korea Korea Red Medium

11-FS29 F, Rubia Takii Korea Korea Red Medium Late

11-FS30 F> Rubia Takii Korea Korea Red Medium Late

11-FS33 F; Gyeong-pung Tho(5i{ & 15) XingShen China Green Late

11-FS34 F3 Gyeong-pung Tho(&t % 15%) XingShen China Green Late

11-FS35 Fs Gyeong-pung Tho(&% 5 155) XingShen China Green Late

11-FS47 F; Jung-saeng Rubiya Takii Korea Korea Red Medium

11-FS54 F; Gyeong-pung Tho(5t & 15) XingShen China Green Late

11-FS55 F3 Gyeong-pung lho(&t % 15%) XingShen China Green Late

11-FS58 Fs Geuk-jo-gam-nam(fix - 1 #) Quality Seed China Green Early

11-FS59 F Jung-saeng Rubiya Takii Korea Korea Red Medium

11-FS60 F, Gyeong-pung Tho(iit & 15) XingShen China Green Late

*Materials of F» and F; were advanced generation from F, varieties by seed harvest.
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Fig. 1 Results of microspore cultivation in cabbage (B. oleraceae L. var. capitata). (A) Flower buds, (B) Induced embryos, (C)

Regenerated normal roots and leaves for transplanting on MS medium, (D) Trans planting to the soil
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Table 2 Medium and chemical components of microspore culture media

Number Medium and components
10 2xNLN, AgNOs 1 mg/l, sucrose 13%
11 2xNLN, AgNOs; 1 mg/l, sucrose 13%, NAA 0.05 mg/l, BAP 0.05 mg/l
12 2xNLN, AgNOs 1 mg/l, sucrose 15%
13 2xNLN, AgNOs; 1 mg/l, sucrose 15%, NAA 0.05 mg/l, BAP 0.05 mg/l

Table 3 Number of regenerated embryo, transferred onto solid MS media, transplanted into the soil derived from microspore of

cabbage (B. oleraceae L. var. capitata)

Material Total buds Embryo induced buds Regenerated aembryos Transferred Embryos Transplanted plantlets
(No.) (No.) (No.) (No.) (No.)
11-FS 25 230 190 3532 856 86
11-FS 26 180 180 3650 1273 79
11-FS 28 60 50 193 192 4
11-FS 29 110 100 36 29 7
11-FS 30 20 0 0 0 0
11-FS 33 60 10 1 1 0
11-FS 34 40 0 0 0 0
11-FS 35 170 115 63 60 22
11-FS 47 70 70 240 228 23
11-FS 54 70 0 0 0 0
11-FS 55 70 0 0 0 0
11-FS 58 180 160 1669 867 46
11-FS 59 230 155 126 94 3
11-FS 60 230 110 39 34 6
Total 1720 1140 9549 3634 276

*Regenerated embryos were counted after about 18 days from microspore isolation.
®More than 7 mm size and normal shaped embryos were transferred onto solid MS media.

A 2723 mmA = 9] 3422 3074 MEste] A= B4
T, Aot A 2AFEFQ%)] 1558 RRAT F BasR )
27F33]0]4F MBSt o] % EWARE B 525 23 ml

9] NLN(Nitsch and Nitsch 1967; Lichter 1982) HJj X] of] A] ==}
AR Zot 45 mA R AL T AHEE Yl 30 mle]
NLNuj 2| o) & eta} it 472 += 1,000 rpmof| A, 327F
AAE o, 13] YA 7F S d IR e A
WS SR of| A W2l thA] Af =2 NLNHj 2| & 7t
she 4 02 33 v 1A sk o) 2ol AR
A2 A A (NAA, BAP), B4 € S0] 2 7}%(Table 2) 75 ml
o NLNH} 2035 2) HeHgh 5 ujobS 915) 212 6 om
petridish]] 2.5 mI1&] £-35}¢] parafilm 2} 3§ © 2 W &5} ¢ T}
F Aoz 17]9) 3 & 17] 9 petridishof] &3 = 5 &
=9} Byl & g3 ¢)th(Lee and Nam 1995).

SEA] ) A §ES Sl3ke] 30°CY] QAE = 244
7H W 48 A 7H = 72417 A 2] 3t T 25°C R oF 25 Bok &
A3t o, 0] T 25°CHA 2 24 75-80 rpm O = Z EHufj oF
stef o] whg P ek,

A7 oA oF 7 mmo] 4kl

2717 B A Ao, 42 A A REE 9istol
3% sucrose”} 2ESHE 1/2MS(Murashige and Skoog, 1962)1LA]
Hj R 2 & A ZEQlT) o] 3 AAFA o] oI} M2 &3]y
Al 1~22f A ] & =38kt

Bel7hA e AER §9) A2 E B 2515
) HtE Hio] @ AR} 71 323 S - H-8 E g ©|(Bumnong,
Korea)2 &4 Atk BAL A4 E $XE 98 Ho
2 HE o A5 5 oAty el hymexazol
QA58 | mgl £ 524 2 B 3oLk, o F 4|8
of o) S Bsvl, WEE Y A A

21 9 1%
25 W0 U By NSH Y By

Chopd B oS 147 AU 2T v A,

107] 9] 73 ALl o Al i o) B A& - fe gk = Q) YA Th(Table 3).
147 732 A 172070 9] 3] 8 324} v o] o] &

shol 107 SRR 0) 114074 9] 2ol A s o] wrayo] 2
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Table 4 Results of embryo yield per bud of each experimental material of cabbage (B. oleraceae L. var. capitata), using different media

Regenerated embryos

Transferred embryos Regenerated Media

Variety Material Generation per bud (No.)* per bud (No.)b (No.)®
Geuk-jo-gam-nam 11-FS 25 F, 15.4+4.76 3.7+1.30 10, 12
11-FS 26 F> 20.3+4.12 7.1£1.29 10, 12

11-FS 58 F3 9.3+1.79 4.8+1.17 12, 10

Jung-saeng Rubiya 11-FS 59 Fi 0.6+0.16 0.440.13 10, 12
11-FS 28 F» 3.2£1.17 3.2+1.16 10, 12

11-FS 47 Fs3 3.4+£2.98 3.3+2.85 10, 11

Gyeong-pung 1ho 11-FS 60 Fi 0.2+0.07 0.24+0.07 13, 10
11-FS 35 Fs3 0.4+0.14 0.4£0.16 11, 13

Rubia 11-FS 29 F> 0.3+0.12 0.3+0.11 10, 11

*Each values represents the mean +SE (n=more 5) of each material.

®More than 7mm size and normal shaped embryos were transferred onto solid MS media.

‘The regenerated embryo number was high in first media, followed by second media. The media components are as follows: No.
10 (2xNLN, AgNO3 1 mg/l, sucrose 13%), No. 11 (2xNLN, AgNOs 1 mg/l, sucrose 13%, NAA 0.05 mg/l, BAP 0.05 mg/l), No.
12 (2xNLN, AgNO3 1 mg/l, sucrose 15%), No.13 (2xNLN, AgNOs; 1 mg/l, sucrose 15%, NAA 0.05 mg/l, BAP 0.05 mg/l)

ZE et & 2a; u ool AR 3] KLIEof A ulj o] Ay
o] el S AAUE QYO T(11-FS26, 11-FS47) ] 2]
Wbl Er T3t 78 S A HE thoF 519 th(Table 3). A A
9,5497) 2] v 7} WFA o] Ejgl o, o] 5 = goto g Hare
o 22 o] £-42313,63471 9] vl = “mo}oi MS 2L A ulf 2] =

A st Ak A4 & A3 Al =, 971 FA Ao A
melot o PR 267 ARAAT FEH of EFo
SBFSHATHTable 3). %54 ool ‘2271, EEo)A
o= “11-FS25°, ‘11-FS26°, “11-FS58’ 9] 3} of 2 o7 ] ut
A 7l (Mean no. of embryos per bud)7} Z+2+15.4,20.3 2 9.3
Az e £% 9o HALRT 71 9FTHTable 4),
SEgE> SR> AF 15> Fulop £Oo8 B
Aol ot v Y7t ohE FFol vlsl =
59 A%, T S04 R0 A ul o] 9]
RN 7P R S 1309 - 67H (L
170, & 570) 5 270 (L3 171, S0 170) - At
|4k 7k e 9 47 50 ol A 8] 7}
A=A FQETE T3t RuopP FF 0] 5 o 2715 17
AR of| A Tk vl 7F HAY =] QL eh(Table 3, 4). 2 A5 23}
Ful 0] 7t §AAY MR £EAGA v o] WAL
chegsie, Aol k2 wo, B U2 b2 £
Zb AP g Z ) J ] B3 B2 7ls)
Gt oo} Zro] AL A} uj Hl-}\ﬂgoo]%’: gﬂ—o]s}ﬁ
B 747 saol o Am A ok A vl w4 AT 44
ujj 7 of] w2} Al 2 o} 2 th= 2 31(Zhang etal. 2012) 2} F-AL3}
o0, 71 9ol ® 2 AuG A3} R B FE 0f
2} & 2ol & 19l At 37 K (Takahata et al. 1996), #| &
(Weietal. 2008) 5 A RSt} L c}oFst A Eof 4] Bl E Hf
it Tev £ EA H ko] ATE Ao wA B B

s

o N2

<2

E o X O rlo &=
oy

Aol of g5 gl i
Ak gon), 42

]: 0}1177}1] HL—&]
ﬁé@% 184
aj gl o

—~ rlr

AFEAL Y L0 DR[= AEHe] e

S 1) G AR FF v BN E VO 2 5
H‘H *EZP wjof At 4 Y SR 59
9, A7HEA S 13](Fy) 2t 23](Fs) A A gE A kol A] Al
9%&74] glo] 32 o 3 of vl AYEFo] 19k THTable 4). J
off Hjef A&o] $& FF2] He-odE dHAFTAEF
Th= A7HEA g S5 AF A (Fa, F3) <l 2y E%Ol %5
U THTable 4). “FAYFH]oF F5-2) 7%, = FF 11-FS59
(F1)’ 9} 72 TofjQl “11-FS28 (Fa)’, ‘11-FS47 (F;) 2 315 &
o A G 22 0.6,3.2, 348 THE A & XA
5 W v EA A7t wokA = A E Q"Jo}‘ﬂt}(Table
4). AE13°9 A 11-FS60 (F)) T} ‘11-FS35 (F3) 2] &
QB ot vl A 47 2202 2E AL 042 A F
Aot 71 S o] fHxt oA A7t o w2 A& 3
QI3 Th(Table 4). & A+ AT v A&o] =2 F52 7
S-ofl= Al Az} ok Auke] zpo] 7t A glom #
A A el vy Ay Af=7E Aol A glo] 2

2 A% BB yheo] vhof gl e EEY

=

Aol A7k Hol At AAY FYE 25T &
E fral o) WA A7t Foheke 2L Btk oot
2o Aol ofsfo] o] 2E o Al Hjopel AL
B AU £EA vhof T go] wob WA w7} A el
QAL RET A9, A7 T T A S ek B
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Fig. 2 Effect of high temperature periods on microspore embryogenesis for four varieties of cabbage (B. oleraceae L. var. capitata).

Vertical bars show standard errors (n=A; 17, B; 10, C; 3, D; 11)

*The 3 days treatment was performed just once, since the number of embryo was low after micrspore cultivation
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o Qlof el 2 HE| £ZAE He) T A% LEA L=
o Ho) FR3 84 % e E v, A2l w2} 7| 2b0] uf
of 23k g2f o] WA B ol PG A0 ot
] Q) th(Ferrie et al. 1995; Na et al. 2009). & ] of A &= uj]
o) 2z ol 4 W) G4 B2 DR 717
of whel v w4 & go] FebAche 517} 915105l (Seoet
2l 2014), B Ao A= fuj20] 2 A b Fo) L
A2 717ko] AR W v Y Ao WA= S £
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A7 l=A19 o Rz F7HA Ao
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W= Aot T12| A 2 A 2] 7| 7hol] of 7t A} Hjof &
EEFAAYHENZEGE S onE 1Y BE2UTt
A ERF AT F AR =S A= A= 4
gt

% 7+°J°ﬂ*1 v 7} TrE HAE 242 108 ] (2x
NLN, AgNOs 1 mg/l, sucrose 13%) R 3L ZF 522} &H 2}o] =
o147 E% 1 E o) 4] h2 v 7)o u]afof v wbAd ol
74 =A 2Rl = ¢l th(Table 4). 12 31 G- 2+ H &2 v 2
AT =7} 7H =8l A] = Thoks} gl Th(Table 4). 3+ 1
R DR T SR SR e R A
sucrose 15% 9] & L= of A vl ¥ gFo] 7H =7 gl = 9L,
o] & A 2|3t 37 EF o) A sucrose 15% == HUh= 13%9]
27} o wh o] wAde] E b ol Qe hE EE ] vl &
EA G2 o) b ATt Bt 2 B 2T
‘FAYZujop o] 79 AR A A(NAA 0.05 mg/l, BAP 0.05
mg/l )7} A7 E A] 92 10 (2xNLN, AgNO; 1 mg/l, sucrose
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Fig. 3 Effect of medium components on microspore embryogenesis for four varieties of cabbage (B. oleraceae L. var. capitata).
Vertical bars show standard errors (n=A; 5, B; 4, C; 2, D; 5). The different media components were: No. 10 (2xNLN, AgNO; 1
mg/l, sucrose 13%), No. 11 (2xNLN, AgNO; 1 mg/l, sucrose 13%, NAA 0.05 mg/l, BAP 0.05 mg/l), No. 12 (2xNLN, AgNOs 1
mg/l, sucrose 15%), No.13 (2xNLN, AgNO; 1 mg/l, sucrose 15%, NAA 0.05 mg/l, BAP 0.05 mg/l)
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A S F 5] sucrose = oF A=A A & 571 ol 5
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Table 5 Effects of microspore culture duration on embryo induction and plant regeneration in cabbage (B. oleraceae L. var. capitata)

Regenerated embryos

Transferred embryos

Transplanted plantlets

Material Early® Middle Late® Early Middle Late Early Middle Late
No (%)  No (%)  No (%) No (%)  No (%).  No (%) No (%)  No (%)  No (%)
11-FS25  441(12.5) 2402(68.0) 689(19.5)  284(33.2) 423(49.4) 149(17.4)  74(86.0)  9(10.5) 3(3.5)
11-FS26  1510(41.4) 950(26.0)  1190(32.6)  465(36.5)  301(23.6) 507(39.8)  55(69.6)  1924.1)  5(6.3)
11-FS28  93(48.2) 52.6)  95(49.2) 92(47.9)  5(2.6) 95(49.5) 4(100) 0(0.0) 0(0.0)
11-FS29  21(58.3) 1027.8)  5(13.9) 20(69.0)  4(13.8) 5(17.2) 7(100) 0(0.0) 0(0.0)
11-FS35  20(31.7)  40(63.5)  3(4.8) 28(46.7)  29(483)  3(5.0) 17(773)  5(22.7) 0(0.0)
11-FS47  210(87.5)  19(7.9) 11(4.6) 198(86.8)  19(8.3) 11(4.8) 9(39.1) 14(60.9)  0(0.0)
11-FS58  560(33.6)  669(40.1)  440(26.4)  418(482) 383(442)  66(7.6) 24(522)  19(413)  3(6.5)
11-FS59  24(19.0)  64(50.8)  38(30.2) 18(19.1)  64(68.1)  12(12.8) 1(33.3) 2(66.7) 0(0.0)
11-FS60  24(61.5)  14(35.9)  1(2.6) 2161.8)  12(353)  1(2.9) 5(83.3) 1(16.7) 0(0.0)
Total (%) 43.8 35.8 20.4 49.9 32.6 17.5 71.2 27.0 1.8

Duration of microspore culture (Early, Middle, Late) were based on mean of cultivated flower bud number and days after the first

flowering.

"After first flowering to 14 days (cultivated 56.1 flower bud) " After early period to 34 days (cultivated 53.9 flower bud)

“After middle period to 55 days (cultivated 55.6 flower bud)
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