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Abstract The effect of the addition of the fresh
medium, volume of under solid medium in double layer
culture as well as the medium change after pretreating
microspores on the production of embryos in microspore
culture of hot pepper (Capsicum annuum L.) has been
studied. When cultured after heat pre-treatment, changing
pretreatment media with fresh culture media proved to
be more effective for embryo production rather than
supplementing additional culture media. Heat-pretreating
for 3 days turned out more effective for embryo production
than pretreating for 1 or 2 days. In the case of anther
pretreatment, the addition of fresh medium after culture
was not effective for embryo production. In pretreating
microspores, however, supplementing additional fresh
culture media greatly improved embryo yield and quality.
The best time point of media addition was 4 days after
culture commenced, and the most effective number of
times of media addition was one time addition. Moreover,
the effective volume of added medium in double layer
culture for embryo production was 1.5 ml. The addition of
media more than 1.5 ml reduced both embryo yield and
quality. Double layer medium was more effective for
embryo development than liquid medium. When the

E. J. Park - J. S. Lee - D. J. An- M. Z. Kim (<)

2oitistm AYnsa)

(Department of Life Sciences, Mokwon University, 800 Doan-dong
Seo-gu, Daejon 302-729, South Korea)

e-mail: kim70@mokwon.ac.kr

Moonza Kim

volume of under solid medium increased ranging from
3 ml to 7 ml, more cotyledonary embryos were produced
in either 5 ml or 7 ml compared to 3 ml, even though the
total number of embryos were highest in 3 ml. These
results can be used as an important data for establishing
an efficient microspore culture system for producing
high frequency of normal embryos in hot pepper.
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ool o]af tha=e] wjot 4/ 2A S HE3 4 9lon] (Jikne
and Lorz 1995; Kyo and Harada 1985; Swanson 1990) A
Al AR Y EA o] 7] 5ol o] 7] &0l o]-& 5 1L Sl
T} (Fukuoka et al. 1998; Harwood et al. 1995; Swanson et
al. 1989). 3+ T30 = Tk 4 ® A} ] opo] T
A7} wol o] 2o A ghot A ol A EA 2 2
539Z # S 85514 X5H9=Tl (Gonzalez-Melendi
et al. 1996; Mityké and Fari 1997; Regner 1996), %< Kim
et al. (2008; 2009)0] L= AEA}; vjoFo A-Eslo] H|
A W o et AEAE 25 g4 A el 1
2iup Az wf g A A"E AR BheA SFolu =4
Hol 7] Foll o] &d & dogd WY aeS 9
o] @2 wjot AEAHE g5 & 4 Slojof gt
a2 oy Al o] Y-S wloF Azt W A7,
AAE =24, Wik &k, iAo 24 5 o7 7k 24
Eof o3 93FS W=t} (Jihne and Lorz 1995; Swanson
1990). o] ®ul ol e} Az & vz w3k vjoF = A
Hi 2] o] H7E ARg-She v 9] w2l A A ol s =
A 98-S W=t} (Hansen and Svinnset 1993; Immonen
and Anttila 2000; Kott et al. 1988; Li and Devaux 2003;
Polsoni et al. 1988; Zhou and Konzak 1989; Zhou et al. 1991).
AA g - wj# o A Al A8z v A o
uhel o2 AR 2 HH7<1 o AMgehE E, 2y &
—4 Bole AA Y Al AHES WA S vl A = wL gt
& v oF gtc} (Liu and Devaux 2003; Zheng et al. 2001).

@_},ﬂ AR} HHOko] AEL ZoZ oA Brassica &
AEsoAe Y 49 A48 AE O=2 A
312 931 NLN HHOkHHX]OH ] AF3te] 31~33C oA 4=
b meAe g 5 owix o wgk glo] 25Co &A Wk
St} (Swanson 1990). &t T2 Brassica & 4&°]2t
= AAE T S 23sto] wjgetr)E s v R
w3 A 45 (Brassica napus ssp. rapifera. DS)2] 7 -0

Hj o] wkAlo] 2718} A0tk (Hansen and Svinnset 1993)
Tronchuda cabbage (Brassica oleracea var. costata DC)2] 73
2ol ALET 4EF 53BN M) BAo] ot
t} (Dias and Correia 2002). o] ¢} Zro] L&A 2] & Hj %
of merolf W77} wjo] WAl] nlAE JFL A%
To| wet & Z2 AEFE FF5 ot dEA = 7i
o= 01—3474 01014, _1_1_391]—_1,]» 147]. _—g__,_].e Z]FS ]
o m|$ =E} (Zhao et al. 1996). 21522 232} H
& Aol L2A 2R 3 A 2 Hj A S NLNS Hf o
Az mshe 25ColAl WokshE vk wAISHA T
(Kim et al. 2008, 2010) A X2 & vj= o] wato|} A7}
7t el wale] ul AL dare AR AT ATE gtk
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&34 WY 347 F A S Sl ARt
27) 2 S & A, 4, ol =g H, A
Sol SAE B ohuick o) Wee] YAHOE o
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F2HOE Yol it HIHHHOR dojitl B9 3
A AR ok L xﬂfﬂ WA= o4 Al §42
2 wgshl ugol 0je Wik webd 2ER Bl
o8 throl H4EAS AT 4 Goew e Aol

BS Uk ofyz WA HjSo] Yo r wds=
H Zast iz ol 4 glofok k. A A
o2 dEshA ete 7P 2 ol o wad 4
83 Fiof 2T T T LAAT oxictt = o]
Aol A E7] w2l v 271 ARgR WA S

=]

A A = mESAL Bl A RS AobekE we)
Aot digo] A Fof A= Aor dA Stk (Dias
and Correia 2002; Huang et al. 1990; Kott et al. 1988,
Posoni et al. 1988; Swanson et al. 1987).

32RO HRAY Ip b2 vl 2] O] 2 AJETE ofy 2f bl
Ao Ee]4 Ao YA E FFe e AowE 4y
] 21th (Immonen and Anttila 2000; Li and Devaux 2003;
Zhou and Konzak 1989; Zhou et al. 1991). Rye oFulj%Fo] 7
S AR A], HA YA, D ficollo] 7l H A uRA] & 3
ZRA] WRA] F LAY R] ARG Al A A0 A AR 9
dFXJo] =01 (Immonen and Anttila 2000), 22| oFu]oF
Ao HHAgRE wi A o = Al Al Ho =AY
AEA o] A B & ficollo] H7HE HA A ARG Al
o] %t} (Zhou and Konzak 1989; Zhou et al. 1991). A3 A}
HiF Alof = A uf A #t of e} 23 2| = ARE-E AL
Qlt} (Hu and Kasha 1997; Pedroso and Pais 1994). 2Zuj| %]
2 S 49 sznAMAe] 2ol ko) et
wjo] Bl whdko] Sald Ao g AZAEU fgERE
o A% 4% ARNA FAT 240 AT 9 F
B35l AFESFaL It (Hu and Kasha 1997; Pedroso
and Pais 1994; Regner 1996). 115=9] 739~ oFu] ok} shed-
microspore culture Aol 2Z X & AFE3}o] t}9] uf
o} AEAS FEs=d AE5FYTE (Doleet-Sanjuan et
al. 1997; Supena et al. 2006ab). L A3ER} vjoke] 7
S 23 Al ARG Al 9] A ZA T F 555 S #
& F55HA] 35t om (Regner 1996), 2| A 3EAbuf
ol A&7k Kim et al. (2008, 2010)& HA A S AHE
stoich ueba) 33e] 2EA o Aol okal7A) 2%
WA Agetel g B AT ARt gtk
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= (Capsicum annuum L.)2] ¥Rl &
Festan Adzo AE3 222 4 20 cm
VA 34 75U BSAA 20124 &
AP W AFH =7t v = AEsto] A4
o] 25 em¢l 3}E 0 ]*]O}Ojo‘:q mj 5= 2Esko] A
AR AH7} HseteE o}du} FH ol Al F& Al
#HI = Hol g = J"ﬂ”i)oﬂ SHE A&
BgeIns ATE e HHAE (4 g,
2 10%, Q1AF 5%, =84 71E 0%-*
g¥ Aol ARgsh3t
RAELS 2% 7} 2520C (

S~
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gIeh), 3

Z37]7} 16/8 h (§/

M AL A FA AT AP FEE 9
S Wgd ZTE 0] L35} 200 umol ms 7 HEE 5}
R, A S EE 0% §AAT A8 A4S
9o T 1~290up} A A8 g 00, S 4] 7F o3t
AL 9798 B Al vhe 4717 A 28 00
S AAS G BB G4 8F FHE 12F71A W
A s gk

oot TUUT 29 Aol7t A0 2L AL
F3to] ofo 2/4~3/40] HEfA o2 A E o Q)= A&
2ol ot 5 AFE-sETh o] &F & o of = ufj &f A o]
712 G $7] 1WA 222y 27] 2384 3HE ol
WiEzEo Q= Ao R &3 A Qo) (Kim etal. 2004). 22
L g =AY A Ao A F3}o] 2% sodium hypochlorite &
HO R 107 amsta, =2 33 A5kl
ARl LIE U 43

4T AR A F 0749 BRooS
(steel waring blender container 20 ml, Eberbach Corporation,
MI, USA)o| Y1 A wiz] (AZE2F AA g Za) 10
ml& %.47}6_} 3 1024 23] blending (16,000~18,000 rpm)
Slo] AZAE & A1 3 50 ml centrifuge tubeof] FQkTh.
oF el otgli £TAF A Stal AHel WA 10 m
2 A7l 314 (2F 5,000 rpm)of| A 1524 23] vortexing
stttk FH o 7] 7F75 ume} 35 um el A E o] &8 A7)
AEANE 2D HAES AAR S 227 AL o}
A] 50 ml centrifuge tube 2 7|2 A& wjxE H7}s}
o 30 ml= P& F 1,000 pme A 53 e A5
of 2ZASE otk A5 AT F A A 30
ml& 3 7}3}o vortexing 3F & 1,000 rpmof| A 5E7F ¥4
w2 shglen, ofet e A 23] AAEH
Blender2} 44 2] v 2] =4 Col RA= HE AL Ad 1A

micro-blender cup

N

of AW AHEsTh FAAE Ao AA T s
blender cupof] & 3 4 7] 2] W 2] 4 ml-& H 715k & 1024 23]
blending 3} 0.1 0] A ZApo] 28l Wl 2 p = 2 EA} A

A2l A2k & LdstA 33Tt
ISl

2EA AR Al £Z4 27} 1 mlof 9F2x 10°]
% = E hemocytometerE AFE-3Fo] A3 & 90 x 20 mm
W Aol § ml 4 £73ko] parafilm© = 2% 3kl
ob 7 2] o]t 307 o] B2 o2 2 7l 150180
o) ok of Al 4k eh o) A 2l WA 3mio] Sof 9l 60
X 15 mm W% Ao 506074 40 X A¥eh e, AEA W
erojo]ut ofo] Sof gl Wl AL Hl X7k F et
A 7] A8 @z A fiter papers} 5 o] 9l
140 x 20 mm "} ¥ Al of] @2 & T} A] parafilm o &2 W&
shoiet olsh ol Zul| AE AL oke 322 1T A
12 AFstg o, AA g vX = 0.37 M mannitol +
NLNSZ (Kim et al. 2010) AH-&3} % T}

A e & o & o w gk of 7} (4L A} v oF L) v
o Ao m 2] = Gt ZAT Ao A= 1~3U 7F
A2A P skl om o] o] Ao Al =3 7k LA g
ST E AL & E A 9 —‘.ﬂ——zrt 60 x 15 mm Hj 2F 4 A
Zkztol| 7k Alofl= 1.5 ml 4 W8k Al ol = 3 ml 4] &} 3l .

W 5 77 E ‘é‘ﬂfﬁ A Ef A o] H7E7E El o)
Ao u A= FFS AR AP A= 222 D A

A28 519 o o] o] o] AR ol A A A A 2|5 5}
At

ATA} Rt

LeA7 B 2EAET otum A
AE2 1,000 pmo A SEZE A4 B ste] A WA
2 AAT F Ao @%aw ofn) £zAo] W

=& 1 mlof ¢k 10 x10%0] =8 248tg 0, 60x 15
mm SS90 LS ml ) 85513 91 e £ 217
S0l wFAHAEL E 3l plastic boxo]] o] 25T
o of 4 Eﬁoﬂ/ﬂ 4 7k v Fek it

vl oFul} 2] &= 10% sucrose 7} A 7} ¥ NLNS vl 2] (Kim et al.
2008)5 AF-&Sl o, 25 Wi A] ARG Al BF5 LA ElA] =
2% sucrose 2} 0.4% phytagelo] 7} 1/2 NLNSE A}-& 3}
STk 2507 Hokale WA o) okl wle] Aato] o
A= GoFn st LA ul A & oFol vj o] Ag4tol m A=
A 2T AT AL, olse 4
HA vl 2| & AHE BFATH B A 9] pH= 5.8~6.0
o QE% 2AstA. BE WA WA= pore size7}
0.45 um%} 0.22 um?l membraneS AF-83} o] of I} H
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stelom 23 ek A 813 LA A= o Eatste]  ZBIEA
AHgstelet

A2 7h B 3wl &) of 2k of £-7] ul} of B o ] A AR Y FHAE 1R 2= Shof g X 2] of 4~5
QS 2AT AR AT AN WA QY WA 23] o4 ATk o 4% F o do) 7 10
Selabo] AAD B 2 EA pellcds WeF MAG T B W] 1S ol 4 1749] e Alo] Sol sl w9 -2
A A R A L (o] W olek AF) Ek A Afsto] BRy EE A4S FobAC
i 21 7F S ol s vl F R Aloll v Fu Al & A7) (o] A
b 2 A shel v etsich A7) A gl 224

Ye7b I mlof ¢k 2x10°0] =8 245 A2} Hekod
1.5 mlo] 0] Q1= 60 x 15 mm v &F 7 A] o ufj oF v x| & 2}
ZF L5 ml¥ g 7Fsto] v of st ov, alghef 7 9-of = A
Al gt £2EZ 4SS 1.000 rpmof Al SEZF A4 2] 8o
AAe] WA S AA T F i Fu A5 H7tsto] 222
AEE ] mlof] o 1 x10°0] B =2 A 2 A8} 01 60x
15 mm Hj SF A A o 3 ml & B323}0] vl kst g T},
R B R e s bt g e T B e e B Rty
Z AR A o A& 60 x 15 mm Hj QR Aol AEA} F
HE 1L5mlA FoFL vieF1,2,3 W4 = A oA &
B e ke e SR R B s P I P B i S
of w2 = FFE 2AE AF o A= 60 x 15 mm H F A
Ao 222 A S [5mIA B33 5 ujof 1Y SR
1L5mAS 1Y A0 2 1,29 33 H7bstqlch o3 2
Sl ol A A Ei A o H7F Al A7k Hi A 9] oFol Hl
o) WA o] v 2] = FFE AR AR o A= 8hF LA
Hl A 7F Tml &) Q= 60x 15mm v} % & 7] o] 23} &
ol g 1.5ml A A4Fsta w19 & A A S 22
1.5,2 9 3ml % #7431 o},
25 H) S Al SES- LA E 2] o] o] uf of A off W] 2] =
Bl

oz offt 1T o

S ZAFSE A3 o A= 60 x 15 mm ) F A Al of] T3]
N5 7h743,5 9 Tml 4 B35to] ol g] 2H|3 F A 2R
Fetl S Lsml¥ Beta o 19 5 A A S 5o A
7}k gk,

FA2| % Hixle] Eo| Ho| Mo nx|s 5

AA e & vjx] 2] wehojf7} v o] Ag4tof u
< AP el L EAE 1397 1
AR AA Y RS A e FHi A = gt
o] w3 glo] ujeFujxE H7tsto 45 {
v o] "hAY W dieke zAbElqdch 17]9] w ok
g v o] AA == AAE 7|7ke] 1,2 9 3 Ul A%
W5 71 Zg-of vl aghe] 7o wWotrt. wiA| <
W K7} wjo] AAbof w2 = FFL LA 7|7t
of whel Itk & 2 199 A% A7 A=
17370 ollot w3k Ao+ 655702 oF 3uj] oA W
om, nA g 2d9 A A7t A= 7.37] o]l e
U 13 Aofl= 743702 oF 10u) o]4f WokTh E 112A
2] 399 A9 H7} Aol 63/F oy wE Alof=
136.07 & <F 21uju} ghotch whebA] w29 wet &3
= A2A 7|7ke] dojdaes F AR UENT
iAo w3t of Fof wep n2A e 7|7t gt whg
TogRed L2 9 3Y A Al 17 s Al A
At v o] 7F Hrke] A9 zbzh 173, 7.3 W 6370
2 A 7)7ko] dojd4& Hastg oy wgke] AHe
L Zh7F 655, 743 2 136.071 2 8] 7]7to] ZojA
5 AA 578t (Table 1).

uj o] e wj x| 9] w3t ofFof wpak A zfo]zt Ut

0

-

=2

Table 1 Influence of medium change after heat shock pretreatment on the production of embryos in isolated microspore culture of

hot pepper (C. annuum L.)

Pretreatment period

No. of embryos/plate

Medium change

(days) Globular & Heart Cotyledonary ELS" Total
1 Addition 6.0 £ 12 0 113 £52 173 £ 4.8
Change 29.5 + 8.5 0 36.0 = 1.0 655 £ 7.5
2 Addition 45 £ 26 0 28 £ 1.3 73 £33
Change 40.0 £ 22.6 0 343 + 248 743 + 46.0
3 Addition 45 +£22 0 1.8 +£13 63 + 34
Change 873 + 139 05+ 03 48.2 + 20.6 136.0 + 30.5

*ELS indicates embryo-like structure. Values are the means of two independent experiments + SE (n=4). Every plate contained 30

4 .
x 10" microspores
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A B A] 9 Lﬁ’r o] H =

proembryo7} Wrom HAISE JLHuEE 7|7t wl$-
2ol Ala= ¥ A ?%3 AEol ekt

717} 22 e} 27 o 4ol TRz} Bojgls ELS
7F 77 ol ek ofof sl WA= %‘r& Zfole &
7k Alofl wlsf v o} =717k zlow S

Ay WAtk B8 A vle]
zro] Aojdss Fohh 5 wake] 4
1o A= 2717F A2 3 uiet 27H °
=013+ ELS7F 2 o]l oy 124
44 el 2717} AR 3 22 9
717F AR Ly, /\lxhﬁu]-] o} o]—l/}a} )=
ELS7} WAt glon) =
NZE ASE 9]

>

ml, =
_EOT*OFI%FI
i NI

rlo

=

N

Fole 8T Axe] MAE A oA 2 B8t
e, 2o ALl 195eE g s sle] 2
A wjo] 7] @ wrero] makMel Ao vhebyth

A2 WA S w2 AHESHA| ¢b= Brassica & A=
Sof At BREO A4S AZAES NN Hlopu) o]
A apako] DTN 27t WA 3 F WA P
glo] 25Coll A ujate (Swanson 1990), H A 2] Al

710 A & AFESl= By (Li and Devaux 2003) @
(Zheng et al. 2001).,] AL o AA T A AFL3E Hj A
2 o} wjA= wEs & owoach Ty AAle b
A& w2 ARE-SFA] o= Brassica & AEEOIAE
o A Feo] wjx) W@ ojnd upe} vje] Aol
A =g FAH e A5 NLN wfz]o] deE o] Sl=
EAEE 30CA 1Y 7F vkt & W& wdatd
o o} "y up dbdho] A gFAbE T AF el whel viA]
wF & A W 7 gaste AR o) uo
S A Zol Zt} (Kott et al. 1988; Polsoni et al. 1988).
IL (Hansen and Svinnset 1993)o| A = ujj %] w2+ A] ]
whgo] Zrhahid, Mok 39 & A ng A 2%

g Foll gt Wh-g-o] > &5 Gry A& Aol 21
7ot whgo] W2 FF<l Stenhaug AHE- Alofl= 8Lt
Z71st}y. 18y o]9= 28] Tronchuda cabbage (Brassica
oleracea var. costata DC.)9] 7% XA+ 3 1 Lo A HE 5
THA A71E sto] vjAE wek gk 5 ujo ““@% =
Aot g A1 RG] B 4BE B 9
A uje] wAio] ZFASk} (Dias and Correia 2002). E -rrZH
(Brassica napus L)&] A2} vjoF Al 197 124 g 3t
O EEE R E R R B I L g
Shul we] uha wgo] H7k A i 15.4%0] L g A
o= 87%% AA 4 Fhrh (Zhao et al. 1996). o] &} o]
2eH2l F WAL Rebolt A7} ue) wapel vl
£ of ufel E 2L ARFE A
%ol Ujfﬂf g & Aol A LA E - A ¢

F> ul Rl

2 1o f{r o

ol
é

T

wg H7F auE Hud 23 +F9 §A (Hansen
and Svinnset 1993; Kott et al. 1988; Polsoni et al. 1988)o| A
oF Zro] viA| gk Alof uf o A} Hhgro] Fqft) Eﬂr
2pA 3L 0) AL HoF Aol LAY & ARE-gH
2] A E A s Fei A = weksto] wjeF sk Ao HH
o] AAlo] atA L vhal 4 9l

Az} ek Al Hl | u_%‘rﬂl ol wfe] WAy} whet
o] FolAE AL MPLEERIE WA S} A
A= 7] wjFEo] (Kott et al. 1988; Polsoni et al. 1988), Hj
o] "hAjo] 7Adt= AL conditioned mediumo] A| A E
A, WS BEsH] sl AR e F AT
A WAL, EE 277 AR T 2 o 2 RGH
o oA axzEo] dAiEY sk 2ol Al pellet
A TR BEota A4 E 7] gl&o]t} (Zhao et al. 1996).
weba 2 Ao A vix o mek Al wj o) WA o] E9%k
H AL vz ko 9%t conditioned medium 2] A A o]
Ao o3t 2z Ee4 Adfo] o3k @
F Bk toxinA| A &7 o 2A A7) w2l
Aoz AYztET).

o of Y-S v el A W AFEQbel whebA = ErebA]
=g "o AL maltoseE 9% H 713t iR 9 AR
300 mOsmol kg’ 'H,0& ujjo] @raio] wo L} maltose?] &%=
7} o m} vhol AHEGRO] W H 9 Ei 9% maltoses)
mannitol 25 F7lsko] 4AHEYo] B 2 ASol= vy
o ¥haio] IA ZFA3tTh (Liu et al. 2002). 2] o] L9
= ok A W AFEFo] 350 mOsmol kg 'H,0 & o 7]
= WA F7Fety ol KTt olAH @5 Hadt
T} (Hoekstra et al. 1993). & AFoA= AX T vHjR =
0.37 M mannitol + NLNS (Kim et al. 2010)2 AF&3lH S
™ v oFu] A= 10% sucrose’} EZ 3% NLNSE AR5}
oh wel A AR % oAe) we o] wokuAE
7¥ote A5 A Wole AR =44 037 M mannitol
I} sucrose7b R EJF B A HIL o] = s wjA|] f 4
Ffol AUAA EobAA HAUAE=R vjo] Aol oA
Hod Aoz AztH

O] OFufF Al AR} o] Mo A bA Q] A
= 1247 ol (Dumas de Vaulx et al. 1981; Kim
), 2 EAL HjQF Aol & AZAE 31 £ 1C oA
bueds goza e e fSag 4
At (Kim et al. 2008, 2010). E 32Co A 1~6Y 7k
A g § 225 YEsho] wfgstH LA
717kol Aojd= wj e Wrdo] Fr} (Park et al
2005). wetA 2 Ao e HYr|ts YR Ee
sto] A E stlow, LAY & A E gt
shof vkt Aut a2 A 7|7to] AojApE uj Y
A dhdo] 2A A E AT oot Zo] x4
AN SF Al uf o] AT e A A e 7]7ke] whet

o -

<
.‘

i

o M
rSrr

W =
ne
N

o ok

M 19 ol
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A 3A S ez oo YA S Aiste TR uiet A F e Bk ol et wjSo] WEdt uj o
i oF Al 2"S SR shy] flsiAl e wi el AAbe] A gkgt ”}0*004 A= Adui= LA wheba ok
A2AA Y 71 HY 5 Qe AT ofRofAHok & A HiA Y H7b= oA Aol 2Rt gloy &
o Aor AzHE A AP Aol o] WA WS A4 S7HA

HiSE 5 A HIXIS) 7P Hie Mol ojxls %ig

HieF 5 A uiR| 2] A 7E7E vl o] AY Aol mlA] = S
ARsE7] Qe A 7 B SRS wjFu Ao 24
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A7ket ASols A7MAIZI wet Zpolzh oy
44447502 3A a5t Ach oot T a2zt A
A A= A viAE H7bekAl &2 4§ 10757 9]
Fqou A wiRE H7b gk Aol A7EA7 o whet
2ol 7} ot 136.1~185.9/0 2 24 Z7}stgh. =7}
g A A7MAZI7E 2oldeE Ao 49 & A
7F Aol = 1859702 19 & A7t Al 107.57] 9 H]3f oF
1.78] 1} 2ok} (Table 2).

HASE wj o] g2 oA elet AxA} HA e HE
AR JTE Al EokTh PR A A A HAE
A7tstAl ke W= e, AP 9 ELS =&
A7|17F Akt A WA E A7FetA S = et
Aol 27]7F ARl ow ELSEE HjZo] wad A
=o] Wokth 2xa AA 2o Hfol=e A HAE A7t
SFA] ¢horS wf WSt vi= 2 7] 7F w2 Sy ujet
ELS7} tf & ojgloy A7kt A f-ol= A717F AA

SEO
ki

oh ok BN
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© ACR yegton, anael M7 A7) w4
??l Ao 2 YER T (Table 2).

E A3 A7 Kim et al. (2010)9] Ao A 9} o] oFA
A2l Alofl mlsf Al AR Al Hje] EAYo] geke
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t} (Huang et al. 1990; Swanson et al. 1987). L&} 2F7A A
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Table 2 Influence of adding the fresh medium at different days of culture on the production of embryos in isolated microspore culture

of hot pepper (C. annuum L.)

No. of embryos/plate

Pretreatment material Days after culture

Globular & Heart Cotyledonary ELS" Total

Anther 0 17.8 £ 3.5 0 49.0 £ 94 66.8 = 12.4
1 83 + 3.8 0 36.6 £ 6.7 449 + 42

2 134 £ 49 0 31.1 £ 59 444 £+ 7.6

3 134 £ 49 0 31.0 £ 59 44 + 7.6

4 9.0 + 4.6 0 385 £ 39 475 + 0.9

Microspore 0 63.8 + 21.8 0 43.6 £ 24.0 107.5 £ 19.5
1 80.6 + 28.7 0.6 £ 0.3 54.8 + 28.5 136.1 + 55.0

2 99.0 + 49.5 04 £0.2 553 + 325 154.6 + 79.6

3 113.5 + 44.1 03 £ 02 613 £ 294 175.1 £ 72.3

4 118.5 + 34.9 03 +02 67.1 £ 28.5 185.9 + 61.5

*ELS indicates embryo-like structure. Values are the means of two independent experiments = SE (n=4) for anther pretreatment and

three independent experiments + SE (n=5) for microspore pretreatment. Every plate contained 15 x 10* microspores
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% H7hstol e & el
sy }.w st 4ed F 20k A el el A
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%*}J?& E}@MQ} Wﬂixil%ﬂ ﬁlé —“5:05
got=d Bagh kol H7lo 5= A7 W'l A
o7 AztHE
M BiXIQl HIt Bl47t Hiel Mo O|X|= FE
A Ei R S A7E Al A7 SlaTE v o] AAke] ml A=
e 2AFSH7] Qe A2 7F B A ALE vl F e A o
A4 & o A MRS 1~33] H7tsto] v 45
= ouje A 9 g ARSI g RS wi R A
off A AT A wj ] == 13] M7} Alofl= 104.671 ¢
o v]3f 23] 933 H7t Aol 22 59.57] 9 48170 =2
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Hi o] Whh2 A7} Sl 57 SUH 5 FopA A v 0]
gt wfof AF Gl o] =7t S bsk ATk 13] H7F Al A
st = v, A o B o] F i EO AR 2019
= ELS7} @hokom 2 ufj o] Ay o wlf - & Gl th. o] o
H 3l 23] E4=33] H7F Al EARE v = 13] H7F Ao H]
o v Zo] dojg om, A Guf o] T = 13] F7F Al 0.6
A ld vl 28] 9 38] H7F Alof = 2H2 2979k 327 =
A F7ksF gtk (Table 3, Fig. 1). whepA] v oF 5 A ulf 2|

Table 3 Influence of the number of media addition on the production of embryos in isolated microspore culture of hot pepper

(C. annuum L.)

No. of No. of embryos/plate

addition Globular & Heart Cotyledonary ELS* Total
1 284 £+ 6.0 0.6 = 0.7 75.6 £ 12.1 104.6 + 15.0
2 10.7 + 8.5 29 £ 27 463 + 17.1 59.9 + 21.7
3 73 £ 6.8 32 + 3.0 375 £ 147 48.1 £ 17.3

ELS indicates embryo-like structure. Values are the means of three independent experiments + SE (n=5). Every plate contained 15

4 .
x 10" microspores

Fig. 1 Comparison of embryos developed from microspores cultured in liquid medium after adding the fresh medium with different
numbers. (A) 1, (B) 2, (C) 3. The scale bar (1 mm) in (A) applies to all the figures
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SR EREEE S S EE Y L
U A3 v o] Mhere Fol A A 0 2 Lpeby).

S (Brassica napus L. cv. Topas)®] AZA} H]joF A] feeder
culture SH= % wle] A4kl 108 F7bsin, AHE
(3,000, 4,000/ml) Bk A] wjoF AZ2Fe] T w7} 30,000~
40,000/ml1Q] Arefol A 1Y 7+ vjoFst v XS conditioned
medium ©. 2 AR5} wl o] AAbo] 3ufu} F7hete) (Huang
et al. 1990). o]} 2 AMHEZ v ool ARG Al W
of| = division factor7} QYti= AL ou|3tct 2 AL 4
T A A7FRTE Bol g we] walo] Zhaslgle.
of wjo] e FoRr] oleh ol Hje] wago] Zhaat
A& A W division factor7} 2| U2 Al 3] A H Q7] o &
ojrf, uj o] Ho] Fobx AL w2 427} Aol WAyl ul
Zholl &9 ARl Fastelr] Wil Aoz A
2Tk AAR nEE H o] e ABEY 49
o] 527} Frashe Hje Ae FohAth (Kim et al 2008;
Kott al. 1988; Zhao et al. 1996).

O

i
0;

==

23 Al H7kok= M HiRIQ O] H S o DIXl= FE

H7bsHe A Wi 9] ool Hjo] AAbe] m AL Qe =
AF3E7] 18] Al oFo] obd 25 HjoFS HHRLL.

WA Slo] %A AeAG 15 ml A4 12
A 152 9 3 ml Arkske] 473 wjeF @ F wjo
Ay W owge zAAnh 110 W AA A
3 e] A S A HAE LS ml AR A9 27800
2 7b goren] 2 miak 3 ml A7 Aol 2h7h 2027
o} 203742 15 ml 7} Alo] uls) Zrasteleh. Wt

A7} 2 ml#} 3 mlQl A&
(Table 4).

Aduf o) Hhge A A E 1S ml 7k A 9-of 15.2
ME 7Hd @ekom 2 mla}k 3 ml F7F Alofl= 2H2F 12,0
Met 12870 2 tha FASHE T} (Table 4, Fig. 2). B A )
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Aoz dHA A}t (Hu and Kasha 1997; Immonen and
Anttila 2000; Pedroso and Pais 1994; Zhou and Konzak 1989;
Zhou et al. 1991). 1130 A= 2Fu)joF1} shed-microspore
culture A] 23 Ui A] & ARE-5o] thpo] vijel A=A E &5
=t A55Fth (Dolcet-Sanjuan et al. 1997; Supena et al.
20060b). T AEA W Aol 25 AE AET
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SAYBEA] QFUTE (Regner 1996). T 115=2] 2} wljof
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A A& ATk B ATAA AR WA S 22
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2 SSatod 4B E e wye ety

=

o] wrAle] 2 xpol 7t gloich

Table 4 Influence of volume of added medium in double layer culture of hot pepper microspores on the production of embryos

No. of embryos/plate

Vol. of medium added (ml)

Globular & Heart Cotyledonary ELS* Total
1.5 30+ 1.9 152 £ 40 9.6 £ 1.5 27.8 £ 6.0
2 1.2 £ 1.0 120 £ 49 7.0 £ 3.8 202 + 84
3 05+ 02 12.8 £ 3.2 7.0 £ 0.8 203 +£ 24

ELS indicates embryo-like structure. Values are the means of three independent experiments = SE (n=4). Every plate contained 15

4 .
x 10" microspores

Fig. 2 Comparison of embryos developed from microspores cultured in double layer medium after adding different amount of fresh media.
(A) 1.5 ml, (B) 2 ml, (C) 3 ml. The scale bar (2 mm) in (A) also applies to (B) and (C)
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Table 5 Influence of volume of under solid medium in double layer culture of hot pepper microspores on the production of embryos

No. of embryos/plate

Vol. of under solid medium (ml)

Globular & Heart Cotyledonary ELS* Total
3 38 £32 11.6 + 3.1 255 + 6.6 409 + 6.0
5 23 +20 144 £ 53 15.1 £ 43 31.8 + 84
7 1.6 + 1.7 17.1 £ 64 130 £ 64 31.7 = 8.8

ELS indicates embryo-like structure. Values are the means of three independent experiments = SE (n=4). Every plate contained 15

4 .
x 10" microspores

Fig. 3 Comparison of embryos developed from microspores cultured in double layer medium with different volume of under solid
medium. (A) 3 ml, (B) 5 ml, (C) 7 ml. A-C; embryos in culture plate, a-c; embryos under the stereo microscope (10 x). The scale

bar (2 mm) in (a) also applies to (b) and (c)
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