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The Influence of Pretreatment Period, 2-Hydroxynicotinic Acid and
Anther Co-pretreatment on Embryo Induction in Isolated
Microspore Culture of Capsicum annuum L.
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ABSTRACT Microspores were isolated from pepper (Capsicum annuum L.) anthers by using a micro-blender
and cultured in modified NLN medium at 25C. The influence of pretreatment period at 32C, adding the
2-hydroxynicotinic acid to a pretreatment medium, and co-pretreatment anthers with microscopes on the
induction of embryo were examined. Globular and torpedo embryos were observed from 3 weeks after culture.
Embryo development was not synchronized within culture. After 4 weeks in culture, in addition to globular and
torpedo embryos, cotyledonary embryos were observed. Normal cotylodonary embryos developed into plantlets
when transferred to a solid hormone free B5 medium containing 2% sucrose. Embryo yields were significantly
higher after 1- and 2-day pretreatment at 32°C. However the development of embryo ceased at the globular
or heart stage. In contrast, embryo yields were lower after 3- to 6-day pretreatment at 32°C and embryo
developed at the cotyledonary stage. After adding the 2-hydroxynicotinic acid to anther pretreatment solution,
embryo yields were slightly increased. However most embryos occurred were at the globular or heart stage.
Co-pretreatment of microspores with anthers was deleterious for embryo induction and development. AS far as
we know, this is the first report of success in obtaining high frequency of embryogenesis and plantlets formation
from isolated microspores of pepper. Although the culture conditions have to be optimized further, this
promising microspore culture system can be used for genetic transformation, selection for dominant and
recessive traits as well as for the production of homozygous doubled haploid plants.

Key words: Androgenesis, microspore embryogenesis

N B chemical & A gjste] Gl w7} ¥A1E vk 5 32
2 53 “H-Cr" 85k o] &d = Ut} AF7HA] Wk
AEA B vs SEdA fHE HeAdE g F A Xﬂg‘ ket WHo R ofujgke] dE] o] &Fo] o

Aoz wiytEy % &lm 2823 28 antimicrotubular  HTE A 7)o %EOEM]H ZAA R AXAE UE

Azl % wjekste] A 1 2y v g AAbske A w3
*Corresponding author Tel 042-829-7581 Fax 042-829-7580 Wol] wag et o] HYL: Brassica £ AE-& |23
E-mail kim70@mokwon.ac.kr (Lichter 1982; Chuong and Beversdorf 1985; Baillie et al.




38 - Korean J. Plant Biotechnol.

1992), ¥ (Raina and Irfan 1998), @ (Datta and Wenzel
1987; Hu and Kasha 1997), B.#] (Hoekstra et al. 1992;
Cistue et al. 1995), S (Pescitelli et al. 1990), A}
(Hofer 2004) & ®2 2&olA el Hol ofF wids
dAlstA = Aok
o wlgbe ohe 249} FA0E 20H9) AME §2e
Aol 7t AT % 3
$345tol 723}
AAG F gow, 2xA7} ofd
FAE A Y AT EAo] Ao Egjsich o]
03} AR WY UE AFZATS wjdsins ofd 2
2 22 A AL 22 oA w7t F4E FEr) glem, B
2 4 A AFATL BiR w2 dgein g w1k
kA S G5 7 Ao, efufekd vig) vie] Ay Bl &
o] =tk ti&o] ohulf¢at de] A Au7t vkl BA)
T Adolnz ExlrEoA] v A AFeE B2, B
o] F7] (Swanson et al. 1989; Castillo et al. 2001)2} &
A% (Jahne et al. 1994; Stoger et al. 1995)9)] vf-$-
3tA o] 8" 4 Ut
2322 wF Al i) e BAE FFoly A

Y L
30,
H
N
N
vl
i
tot,
Mz
Ho
)
1o
=Y
AL
>
o4

o,
o
y
=)
A
2 1>
it
é
~~
(o]
=%
=
o
3.
(e
=
o
2
N
)

%
FEl, xRS i A, w24 2 wjYg 2 B
o AA FS vl v AEAE in vivool A A
Hle-AQl st o whdE ol vl o) B
ks vhHtel ZEAIRQ] B2 WSl E k= Zolth
2ha] XA Bl AEete] g 58 4 dod )
% 2~¥x7} vlEA AXA} (embryogenic microspore) =2
ol BE5E 2 ske Zo] Fash olg YA A
Agk WA 7 esith Xy F 7P de o)&Ha A
© Zlo] xAge]™ o]gfo sucrosett AAe] 7]opA g,

antimicrotubular chemicalo]t} inducer chemical®] A7} 5
o] Aol HMAg Ao ALR-E= viA| 9 Aot A
2% o 2ael ZA 9L Atk

a2} frefel vk Aol f7bl Hge A ene
717k A Ed ule} g2d 749 A4$- 25T, 30T, 32.5
T,35C9 A & tha %2 2% 35CeAA 59 7+ A
gl Al 232} 19 Azl dralo] =31 (Miyoshi 1996),
ofxme}A20] - 4T o] A2l X 7T~9 o 3+ 2527
2 AAY & F U3 AZAolA Aear) dagsict
(Peng and Wolyn 1999). & 2ol 15T 44
7 A Al F=2oll B]8] embryo-like structure (ELS)2]
uko] 2u) o]4} T} (Pescitelli et al. 1990). 221} H-
£ H)Este 9, Hel 5 B2 AEY AS A¥AHE 3
0~33C9) Zol| oo} AXAE FUT Ao g
#71€t} (Baillie et al. 1992; Telmer et al. 1993; Touraev
et al. 1996).

A A % Bk opeh A9 2HE o] e
20 9 v Bl vA% 24 2S04

M mannitol §-§7hg ARg-te] 30°C oM 3U7E HA 2|3 F
222 &7 wizt {719tk (Kyo and Harada 1985).
5 sucrose$} glutamineo] H7FEA] 2 wjxjollx wjok 3t
F olE°] F7H WAR &7IH ZREAR 2Lt} (Kyo
and Harada 1986). &l vt olijz} ¥2] (Hoekstra et al.
1992), ¥ (Touraev et al. 1996), ¥ (Raina and Irfan 1998)
59 A8 % HA A sucrose’} H7VH A & johulA]
SAfe] 227} we] S7le] wael Ro] AelHWA H)
7] 248 Ao w2} tha Ao|} YT Be A8} A4
2] Al sucrose7h H7FEH gke Flokit ALSH T ek

AR wjR| ol &3]%, trifluralin, ozalin®} 22 antimi-
crotubular chemical & A 7}shH AEA u)o] dkale] o338k
£ VA& o|F wle] 7)ol 7Y a3 Aol Fa]R
o]t} Zhao 5 (1996)2 55| (Brassica napus)ol| < 3-8
2] Qlo] 25 uMé] Z3]3olA 42 AIZF AEsk & et
Ag AFA F15% ol ol A w7t st B 317 WUt
7} 2228 E A 4 9loka skt Antimicrotubular
chemical o|9jol] 2] 7}x] glghEo] AFAu] f7]o &3}
A Aoz dHA e 7P 2y A HI e Aol
2- hydroxynicotinic acid (2-HNA)o|t}. o] 79 2-HNA
7b 71 Aol A SR W op el al 2lg
A= =& vE2 gl E 2-HNA 2obe 1 a3t
t}4 "oz x4t benzotriazole-5-carboxylic acid$} violuric
acid monohydrate”} A7}8 wix|| A AR d}H A Z A}
o] @¥o] A AL wje] Ao FHA o|tt (Zheng
et al. 2001). OligosaccharideS %= i 2} o] 33}8- v|X|&=
t) Brassica oleraceadl| 3= ALE-3F 8 F7F9] oligosaccharide
5 Z carrageenan oligomers7} Ti}doln mexael 5
Aol AalshA o] whago] 28)& ZF7}3t} (Penhuizic et
al. 2001). A3xzpaje] BAL HA ] A5 el M= F3F
& wk=g] A& w} o)Al (Datta and Wenzel 1987; Liu
et al. 2002), Z£¥- 9 2] (Lichter 1982), ¢k (Hu and Kash
1997), 3= & A XA} (Touraev et al. 1996)2 A& 3}
< T o 7k A7 Aok

A AXA wjgo] AEHe AEES FAE
1, Bl T 4259 A& 73 Hofglth 1139] - Tes-
tillano 5 (1995)3} Regner 5 (1996)0]] &}l A A} uj
o] AR Ao Ao tdll A¥ A B A

S35 B ok tharel HlE H5W nas
o]

B ot o2

e
=

< Barany (2001) 52 A2 WS A8 2¥2
go] wiel HEAE d5agivka Busiloyt Ao o
Ao} 1~270] Fotd FH=AE IS53S Boltk
B AL E 139 AXA wjek Aj~eES s 2
o7 Uz AXAE gt b wiek AEAE A5

o, 32T a2 7|3y, AAe] Al inducer che-
micalgl 2-HNA Q] &7}, 7831 AZA}9} oko] 224
7F wile] Aol mXe Jae AT



= 313 (Capsicum annuum L.)2} A
s, sl A4S0 545 47 20 om
Fojof 2ol 23} FHS o W85
g FHES ‘je‘é}oﬂ A7 25 em 3ROl o] 45t
3 AR A7 F5AES Asich #
o AREL It A48 A (R
Aaagon S A8 BRd H9IAE (22 10%
A2k 5%, 874 74 10%)& & 32 3 8 g o] &4
Sk B BRI 168 (AhAeld, L7t 3
FEolA= 24T, GEEldA = 20T BN A%

o
>
>~

031—\1‘141“0

AT AFAY Br= PPy wEWdIE o]L8he]
300 ﬂmol m? s 7k HES §A59, RS

)\] H &=
T/‘ﬂﬂ' °k§}51% % WA etz sl #F A
*}%O}ﬁi‘:}
2Eode ¥ e A #
te] 2% sodlum hypochlorite gfeo] 1087 H# A7l o}
BHEFE 3~43] FAEIATh QAT £5-2 of
1/4~3/40] Bt o o] 9l= 02 wf f7]d

o o]/\l

o n(o o
o OI-E

-
i

q7)2 G ) 184 2FAt 27] 284 ghio] )
EHo] USTh
Mx2|

SFAA Aotz BaEe BEoEoIA g AN F WA
2] A 3 mLo] 9]¢+ 60X 15 mm Petri dishel] 307}
A A)ee] AEEon Bath A2E vl A 8
T2 AAl filter-paper’} E0]30¥= 140X20 mm Petri
disholl o] HA| getdEo 2 Be F 32L1TC A 3
2 AT WA WA wele) AFA o A ALS
i g Ae® 639 775 €99 0.37 M mannitol o]
H7tE 7)ol S 283l (Hoekstra et al. 1992). A
E2 WA Aol 257t 1 mL 2 o 2x10°] HE
hemocytometerZ A& A+ 3 60X 15 mm Petri dish
o 3mLA BFad Belggos URe ¥ obuxy A
% $Ug 204 1A Hak

neAe] F17ke] ATA SAo) vl JFE 2A4
7] A% Aol =32T oA 1, 2, 3, 4,5, 69E 277k
- gejate] HAXYE & F AXAE UEso] Y3t
ioh ZAE F 4AF 29 832 Heslop-Harrison (1992)
W) u}g} Fluorescein diacetate (FDA, Sigma) 2 mg

R o N

o

LHE AZA Bl Al M2l 71ZF 2-Hydroxynicotinic Acid & SE&EE

MHME7F AZAMY LMol o|xle H®E . 39

2 1 mL9] acetoned]] =oF stock solutiong THEo] B3
& 3 Qo u}g} stock solution 2 S 1 mLe] 25429 3]
&b A28l T 2-Hydroxynicotinic acid (2-HNA. Ald-
rich)7h 2 XA el Ve G 2] SF A
o= A7 wj=]ol] 2-HNAE 0, 25, 50, 100 mg/L=
FEE gelstel A7he F 32CeIA 397 kA A
AFEh 2EA A ok Tl AR Dol
X E s A7) A% Aol e 957 1 mLY
2X10°2 239 A¥A g 3 mLo] S0j9lE 60X 15
mm Petri dishol] 282225 A& &S 10718 x4

3le] 32°C oA 347k A2 E stk

I

3
2

2ZAR| LE &

>

227 B 98 micro-blender container (stainless
steel waring blender container 20 mL, DAIGGER)o]| 22
% AXEA 10 mLE A7Ftn 14 (16,000~ 18,000
rpm)el] A 10724 23] blendingdle] AXEXE L}EA7] T
50 mL FHo mgie} oF Ule] ol 9l AXAE A
el AA= WA 10 mLE& H7bste] mol A 20524 23]
vortexing 89tk 78] =7)7F 75 ms} 38 msl A E A}
830] 2707} 2 ohdat 2 AME 22 FUES A7)
S T AEA AL 50 mL FEo 2o} 1,000 rpmel| A

2 2ol AR sto] 2F4 pelletd Zokth ASAS
AAR F 234 pellete] AH2] w17 20 mLE T 37}
3t vortexingdt 5 1,000 rpmoll A 5E7F A4 R 9o
o olsk 2¢ 4 342 2] Wl 2 A2

Aol A ZE ol Ar|e] s AW & oFHA

H A22AE Y&t

O A
2l A2 5%@ Yoz

TA= 50 mL BEZ &7 & 1,000 rpm

A 5 ﬂﬁ%ﬂl ato] e WA & AAstL X4 HY
28 H718l A2%ZA A5t 1 mL 3 1x10°0] & 3
A3}t 60X 15 mm Petri dishol| 2 5 mL® B35t w1}
BUFoR B9 5 Fd Soiad &7l wel 25T o
ol A miekslAtl. X174 viX]E= 10% sucrose’} H7FE
NLN Hjj#] (Swanson 1990)-2— Arg3tgon, pH7} 5.8~6.0
o] E|E& NaOHZE ZA43% % 045 i} 0.22 e mem-
brancg Abg-stod of 3} EFalict.

AEL 5~7 gEEHA 23] o4 AAFHCL WY 45 &
& 3lolA] dish & 2AE v A
T8}k ojnf =717} 0.3 mm o]



40 - Korean J. Plant Biotechnol.

st} FEulE AR &gron 2dulE sucrose 2%}
phytagel 0.25%7} d7}€ B5 (Gamborg et al. 1976) 14|
A2 274 S22 WA AT

F—-
gt A ug

2EREfe] S H RASHQ LE

Micro-blender& A}£3}ke] 22 blending s}3. ThA] vor-
texing gt A3} T} AF 0| UE HYTH (Figure 1A).
g 23452 A28 042 A5 NLN #jel

weFael vl 35 S0 TR B A%, 4
#7h 99 Auzel WASIAT ol He) el wE
2502 dojuba] uo} 47 Aol AHgu) b opje) T
S, AR 9 o) TABEoN e AL
2719 78 &7 cell colonyE = &34t} (Figure
1B). 24P S F ADES s2E0] BiEA gk
BS oAl WiAR S22 o % 35FF 44 fA2ER ¥
2ai3lnt (Figure 10). & A9 23} tho9] w7} 2489
= ole AREE 7o} MA ] wiAjel 32°CeljA 3d 7k
2 F 2ZA B FA] AFESE NLN #i=|7F :15=9] A
) Ao vl A A 3eke) 7] Wil AoR AzbEch

Hx2| 7|20l ~ZERje] LhMof ojxl= ¥et

32T mAA axapufe] dge] =l A7)t
& Be17] Aal 1dellA 69 73] 717k& 2Efste] Az

4§ 2ZA B o) WAL 2AHAT. T
L) v e AT 19 FolE 29.6%01% 05 29

Aol A= 33%= 1Y A vz 2357
el Foll =

=3ken 64
27.1%2 19 A alol] v]s) thah olx|7]= 3

ot & Abol7t Tk o] o] L&A 197E 64
A 9] XA} B 27~33%Z 2] 7|7l e xJolr}
A4 gttt (Figure 2). Dish 3 A

AT e 7EA

2] 1ol A& 58700l 3L 2 A ] AlolE 687H0]out 3
o] Aol A= 207 ol8l= ZA At wle] W
&= A 7)zbel et 2A zpol7b v 19 A Felle
A bl 5871 F 43707F TRl A F ol o3
Wi 1574eidt At et g AL a7)9)
TR E] Bol HAske AR AeH A FuE 2
A ol A Fol HAG AEol s A2V)7}F Aodrh &
2] ELS7} 2= o]&= 7|7k Agith 224
2] Hgoll= A3 ) 6870 T Tl 26701 BIS)
oj#l &= 3770010tk ELS® 19 A2} A 0.8711d w)&}
of 5.870% 7uliut Wo] BAIHIL A71% F AECIA
22 3% o]df Aol e 1de 29 A A9z v
AFgA1719 wi7h 2 ERATh ELSE 29 o]ate] A2 Aldl
H|3] Zo] WwAlsIglen A7|% Fr} (Table 1, Figure 3).
U AF A wiEA] wiut A o] frld] A3k AAe
wke Aed wet g2 7o A oha w2 259
35T oA AEA} Fefe] Aejar) Easkal (Miyoshi 1996),
ohessfelzizg] 35 4TS Aol $2E AR @
= L}g?ﬂ- LAl A A A7} EAET) (Peng and Wolyn
1999). & &FFAAE 15T AAZ d& o FAHz
of #)&f ELSE] 2Alo] 2u 2 =t} (Pescitelli et al. 1990).
TR fAlE uRse W, nel F e 48 A% &
FahalE 30~33C 9 neAE] A 'M o}—t— 357F Bk
(Baillie et al. 1992; Telmer et al. 1993; Touraev et al.
1996). A-FApuf Aol A3 Mg 5E T AF
AAE s T vl uhe} 2R
L.o] A% A4 D 27| 24| Mo A= 327C oA 48
AIZE AejA] XA R TSR 7] 24 sl A=
ZIAZO Fdo] dojurpA] gFor 41T 9 Lo 1~2
A g gl dFAEIF BEst] 2xA R B
3t} (Binarova et al. 1997). 1232] ofufjof A] AXEX}]
B7) 184 AxAt 27) 241529 AN T A =
o (Kim et al. 2004), 32°C ¢} 12427t vl LAlol &
& o]t} (Dumas de Vaulx et al. 1981; Kim 1999). w2}A

k) mSl m9

=d| Brassica napus

>~
oL

131

o ongt

Figure 1. The development of embryos and plantlet regeneration from isolated microspores. (A) Microspores immediately after
isolation. (B) Embryos formed after 4 weeks in NLN medium. (C) Germinated embryos (plantlets) at 21 days on regeneration

medium. Bar in (A) is 20 ym and in (B) is 1 mm.



Dxo| LE XA i Al MRH2| 7(ZH

2-Hydroxynicotinic Acid & 255

Mxz|7t Az R Lol oixl= HEF - 41

Table 1. Effect of pretreatment period at 32°C on the induction of embryos in isolated microspore culture of pepper (Capsicum

annuum L.)

Days No. of embryos/plate’ No. of ELS" No. of total

globular heart or torpedo cotyledonaly /plate embryos/plate
1 4291 135 149+5.5 0 0.8£0.3 579179
2 26.016.9 36.61:5.7 0 5.8+0.5 684174
3 53123 3.0+1.2 0.810.5 9.7+0.3 18.5=0.3
4 0.8104 1.0£0.2 1.1+0.7 11.8£5.2 1531£5.6
5 23121 19104 1.8+0.6 12.8+5.2 189172
6 13103 1.5£03 23103 145£2.6 19.1+1.6

*Each number is a mean (n=6) 1 standard error
"ELS = Embryo-like structure.
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Figure 2. Effect of pretreatment period at 32°C on microspore
viability (%tSE). Data are based on observations of 200~ 300
microspores for each replication and three replications for each
treatment.

Figure 3. Embryos formed after 4 weeks in induction medium after different pretreatment period. A, 1 day; B, 2 day; C, 3 day;
D, 4 day; E, 5 day; F, 6 day. Bar (I mm) in (A) applies to all the figures.
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3% A TEE gstE o) da ¥ Aoz Azhrh
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A AAYA o] H7b ZHE 2ARE AT 179
Petri dishol| 4] 2AgH o] & S HI7FeHA] 248kS o
= of T30} ok AN Aol 397)2 Wl ug
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2150 met A Al AREEE ABTE g o]2) (spike),
FEE, o e s AXAE AAE g F o9 7t
57t Adrk o2l £EoE e oFE A e 4
AAY 713F Fol| dojvhe 27|AxAbe] Welg #F
g gls Bu ol o WA RELYERY 9Y
oS AFdhet BE I Axte] QSRR AF
25k 1 31‘4 A ] o] EAY-S A X2
AEe wel ZA JgS pow ”‘j"ﬂ ks AEA}
AAE Aol el BAo] ol A7}t Bt ofxvlet
A2e] 7S 4ColM T~99 3+ F 09_11]% Axg g
ofofl A AAH o2 HEE AFAS kS 7~21Y FFF
B ge g Ao o] Egpom, Il 7|Tte] 3
A oltellx = A9 WA o] AetAl ZAHIATH (Peng &
Wolyn 1999). @] AAME (Touraev et al. 1996) ko]

Table 2. Effect of 2-hydroxynicotinic acid (2-HNA) on the induction of embryos in isolated microspore culture of pepper (Capsicum

annuum L.)
2_HNA No. of embryos/plate’ No. of ELS No. of total
(mg/L) globular heart or torpedo cotyledonaly /plate embryos/plate
0 84+23 12£1.2 03%0.1 1.1£0.8 11.0£2.8
25 85t14 19£1.6 0 3.1%£1.9 13.7£3.0
50 8.1£47 3.6L3.0 0 34£1.2 15.4£6.5
100 54%27 3.6+2.1 0 54+£27 14.7£49

*Each number is a mean (n=6) *standard error
"ELS = Embryo-like structure.
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Table 3. Effect of co-pretreatment of microspores with anthers on the induction of embryos in isolated microspore culture of pepper

(Capsicum annuum L.)

No. of embryos/plate® No. of ELS" No. of total
Pretreatment
globular heart or torpedo cotyledonaly Iplate embryos/plate
Without anther 30.1t6.5 264+8.8 0.6+0.2 33.7+159 72.7+257
With anther 27.3+32 2.1£0.6 0.5+0.3 28.8+9.6 39.0£53

"Each number is a mean (n=6) =T standard error
°ELS = Embryo-like structure.

v olahe AR E A% A BASAR UE AEAE
A & A9l wo] ot CHEAL A7AT
M wEs BaTh 2 AFNE 2T AAY Al
oF AA Aol Ws) el TS Tha Ehou} v
Yol elalso} G o] WS He A9 FY wE 2
4739 Wit (A3t AN, ek 224 A1 A
o Wb 1AE EARBGoL W BAe] Padde
ol wae vel wIE oA R olsh 2L 2
oF W B9 2RHRYEH H2E 459 o
Aol FgzAon AgHIntke e 28
oz Yz

Mo & ofE 10 N op fr
rir B et r—?-'
ok

ol
S

it
0

n2d 4E 2420 0E folsed 419 2
S 893}7] 938t micro-blenderE Al-g3le] AXAE
U3k & NLN s x]o] sfekallom 32C 9] a24g 7
, A7 wlX W 2-hydroxynicotinic acid®] 7}, 18]
o3 2%t FEAR A Lol v 2=
e AT UE 2XAEE 7oA oA L&A 7

N

Oo]:

o2 RN o X

IN W) Wt S o) chee) ulsh g apskih

3% FE) 79 9 ol Fulsk BRHLE ol )
WL MERHOR Yolgrh W 457} SW YA
ozl gu) olelel AguiEol LY BT HE F

AGHIEE 2% sucrose7} H7bE T Ag AzPEAL A7}

Lo

=4 2 Bs uAMiAE &4 | B3 rAEER L
gatdty e g 7|zto] 1~292 é}}% 9 AX A
BAL Eokont difde] BExr)e] 78 e A

ojom Agule] WAL vl =ETE 12T 3Y o]
ol wfe] BAL AA 7RSI o A ult thgs
Ay&}i ok Inducer chemical 2 224 2-hydroxynicotinic acid
oA Aol HtelA-e W owje) ML Tha =9
oup WEE 95| oA|Eo] tiFoe] 78 = A
ol AXA WAl k& HIF ZA9- vle] @Yo}
ek 2% A E A 2 @?éﬂr A3 s A¥ZARE
HE] o] wlE G539 AEAE AEs Al7)ed
Ao 2 dFetrh °]9Jr 22 AFEA i FAI "L o

2 6 B e 4N 5 Qe wgzie] dysiolof o)

iy

)% homozygoust W7} wkaAle] A4k wetohzh 97
AP 9 T 9o Bauold] A tle $-83

A ol8E 5 g Aotk

A AL

B ATE AL ZH7)2 AT (R05-2003-000-
10209-0) A Yo 2 L.

o
EEn

Bailie AMR, Epp DJ, Hutcheson D, Keller WA (1992) In
vitro culture of isolated microspores and regeneration of
plants in Brassica campestris. Plant Cell Rep 11: 234-237

Barany I, Testillano PS, Mityko J, Risueno MC (2001) The
switch of the microspore developmental program in
Capsicum involves HSP70 expression and leads to the
production of haploid plants. Int J Dev Biol 45(S1): S39-
840

Binarova P, Hause G, Cenklova V, Cordewener JHG, van
Lookeren Campagne MM (1997) A short severe heat
shock is required to induce embryogenesis in late bi-
cellular pollen of Brassica napus L. Sex Plant Reprod 10:
200-208

Castillo AM, Cistue L, Vallés MP, Sanz JM, Romagosa I,
Molina-Cano JL (2001) Efficient production of androgenic
doubled-haploid mutants in barley by the application of
sodium azide to anther and microspore cultures. Plant
Cell Rep 20: 105-111

Chuong PV, Beversdorf WD (1985) High frequency em-
bryogenesis through isolated microsopre culture in Bra-
ssica napus L. and B. carinata braun. Plant Sci 39: 219-
226

Cistue L, Ziauddin A, Simion E, Kasha KJ (1995) Effects of
culture conditions on isolated microspore response of
barley cultivar Igri. Plant Cell Tiss Org Cult 42: 163-169

Custers JBM, Cordewener JHG, Dons HJM, van Lookeren
Campagne MM (1996) Regulation of the inductive phase
of microspore embryogenesis in Brassica napus. In: Dias
JS, Crute I, Monteiro AA, (eds), Proc Int Sym on Brssicas,
Ninth Crucifer Genetics Workshop, Acta Hort 407, pp
209-217

Custers JBM, Cordewener JHG, Nollen Y, Dons HJM, van



44 . Korean J. Plant Biotechnol.

Lookeren Campagne MM (1994} Temperature controls
both gametophytic and sporophytic development in mi-
crospore cultures of Brassica napus. Plant Cell Rep 13:
267-271

Datta SK, Wenzel G (1987) Isolated microspore derived
plant formation via embryogenesis in Triticum aestivum
L. Plant Sci 48: 49-54

Decout E, Dubois T, Guedira M, Dubois J, Audran JC,
Vasseur J (1994) Role of temperature as a triggering
signal for organogenesis or somatic embryogenesis in
wounded leaves of chicory cultured in vitro. Jour of Exp
Bot 45: 1859-1865

Dumas de Vaulx R, Chambonnet D, Pochard E (1981) In
vitro culture of pepper (Capsicum annuum L.) anthers:
high rate plant production from different genotypes by
+35T treatments. Agronomie 1: 859-864

Gamborg OL, Murashige T, Thorpe TA, Vasil IK (1976)
Plant tissue culture media. In Vitro 12: 473-478

Heslop-Harrison JS (1992) Cytological techniques to assess
pollen quality. In: Cresti M, Tiezzi A,(eds), Sexual plant
reproduction, Spriger-Verlag, Berlin, pp 41-48

Hoekstra S, van Zijderveld MH, Louwerse JD, Heidekamp F,
van der Mark F (1992) Anther and microspore culture of
Hordeum vulgare L. cv Igri. Plant Sci 86: 89-96

Hofer M (2004) In vitro androgenesis in apple-improvement
of the induction phase. Plant Cell Rep 22: 365-370

Hu T, Kasha KJ (1997) Improvement of isolated microspore
culture of wheat (Triticum aestivum L.) through ovary
co-culture. Plant Cell Rep 16: 520-525

Jahne A, Becker D, Brettschneider R, Lorz H (1994) Regene-
ration of transgenic, microspore-derived, fertile barley.
Theor Appl Genet 89: 525-533

Kim M (1999) The influence of temperature pretreatment on
the production of microspore embryos in anther culture
of Capsicum annuum L. Korean J Plant Tiss Cult 26: 71-76

Kim M, Kim J, Yoon M, Chio D, Lee KM (2004) Origin of
multicellular pollen and pollen embryos in cultured an-
thers of pepper (Capsicum annuum) Plant Cell Tiss Org
Cult 77: 63-72

Kyo M, Harada H (1985) Studies on conditions for cell
division and embryogenesis in isolated pollen culture of
Nicotiana rustica. Plant Physiol 79: 90-94

Kyo M, Harada H (1986) Control of the developmental
pathway of tobacco pollen in vitro. Planta 168: 427-432

Lichter R (1982) Induction of haploid plants from isolated
pollen of Brassica napus. Z Pflanzen Physiol 105: 427-434

Liu W, Zheng MY, Konzak CF (2002) Improving green plant
production via isolated microspore culture in bread wheat
(Triticum aestivum L.) Plant Cell Rep 20: 821-824.

Miyoshi K (1996) Callus induction and plantlet formation
through culture of isolated microspores of eggplant (So-

lanum melongena L.). Plant Cell Rep 15: 391-395

Peng M, Wolyn DJ (1999) Improved callus formation and
plant regeneration for shed microspore culture in as-
paragus (Asparagus officinalis L.). Plant Cell Rep 18:
954-958

Penhuizic CLL, Chatelet C, Kloareg B, Potin P (2001)
Carrageenan oligosaccharides enhance stress-induced
microspore embryogenesis in Brassica oleracea var.
italira. Plant Sci 160: 1211-1220

Pescitelli SM, Johnson CD, Petolino JF (1990) Isolated
microspore culture of maize: effects of isolation tech-
nique, reduced temperature, and sucrose level. Plant Cell
Rep 8: 628-631

Raina SK, Iffan ST (1998) High-frequency embryogenesis
and plantlet regeneration from isolated microspores of
indica rice. Plant Cell Rep 17: 957-962

Regner F (1996) Anther and microspore culture in Cap-
sicum. In: Jain SM, Sopory SK, Veilleux RE, (eds), In vitro
haploid production in higher plants, vol. 3, Kluwer
Academic Publ, Dordrecht the Netherlands, pp 77-89

Stoger E, Fink C, Pfosser M (1995) Plant transformation by
particle bombardment of embryogenic pollen. Plant Cell
Rep 14: 273-278

Swanson EB, Herrgesell MJ, Amoldo M, Sipell DW, Wang
RSC (1989) Microspore mutagenesis and selection:
canola plants with field tolerance to the imidazolinones.
Theor Appl Genet 78: 525-531

Swanson EB (1990) Microspore culture in Brassica. In:
Pollard JW, Walker JM, (eds), Methods in molecular
biology, Vol. 6, Plant cell and tissue culture. Humana
Press, New Jersey, pp 159-170

Telmer CA, Newcomb W, Simmonds DH (1993) Microspore
development in Brassica napus and the effect of high
temperature on division in vivo and in vitro. Protoplasma
172: 154-165

Testillano PS, Gonzalez-Melendi P, Ahmadian P, Fadon B,
Risueno MC (1995) The immunolocalization of nuclear
antigens during the pollen developmental program and
the induction of pollen embryogenesis. Exp Cell Res 221:
41-54

Touraev A, Indrianto A, Wratschko I, Vicente O, Heberle-
Bors E (1996) Efficient microspore embryogenesis in
wheat (Triticum aestivum L.) induced by starvation at
high temperature. Sex Plant Reprod 9: 209-215

Zhao J, Simmonds D, Newcomb W (1996) Induction of em-
bryogenesis with colchicine instead of heat in micro-
spores of Brassica napus L. cv. Topas. Planta 198: 433-
439

Zheng MY, Liu W, Weng Y, Polle E (2001) Culture of freshly
isolated wheat (Triticum aestivum L.) microspores treated
with inducer chemicals. Plant Cell Rep 20: 685-690

(At 20059 19 64, 2]d#F 20053 14 28<)



