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Influence of medium addition and agitation on the production of embryos
in isolated microspore culture of hot pepper (Capsicum annuum L.)
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Abstract The influences of the agitation as well as the
addition of medium during culture on the production of
embryos were invested in isolated microspore culture of hot
pepper (Capsicum annuum L.). When the culture medium
was added during initial liquid culture step of liquid-double
layer culture, the embryo yield and quality greatly increased.
The most effective time point for medium addition was 5
days after the culture commenced. On the other hand, the
effect of medium addition at later double layer culture step in
liquid-double layer culture on the embryo production was
less compared to that of medium addition during the initial
liquid culture step. Agitating the culture for 1 week during
later double layer culture step in liquid-double layer culture
effectively increased the production of normal cotyledonary
embryos. In the case of liquid culture, agitating the culture
for 1 week from 7 days after the culture commenced was also
effective for embryo development. However, when the total
agitation time was longer (2 to 3 weeks) during liquid-double
layer culture or liquid culture, the embryos developed
abnormally in both cases. The normal cotyledonary embryos
obtained in this study successfully developed to plants when
transferred to regeneration media. These regenerated plants
were either diploid or haploid, and there was a difference in
the number of chloroplasts between guard cells of diploid
and haploid. These results can be used as an important data
for developing an efficient microspore culture system with
high quality embryo production in hot pepper.
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S & Folg AZA e Y2AE WHEA HY olE
J 41 Q1 SHEo| L 2 - xﬂ
HFETE o] 3 uj9-A| Yol 1]:59} A E7}

4| (double haplmd)% E’_P% £ Qovg
S45hd ol ol AEH A=t =

T AR Aejel A MANSHE WA T 47 o)
9 Hol A4 §Fol ol g3 ol 9uE AgHoR
AR 2 gojof dek MAAE dsHeR ATt

9F (ovule culture), Hordeum vulgare?} H.
bulbosum®| F3t i’-ﬂ of o8| H. vulgare®] WF=A| S A AL
S}i= bulbosum technique (Kasha and Kao 1970), oF vjoF &
EAFo] Yout ol % A Qe ol §H T Y= A
of) ot 4 ] oFol ok

SfuapolLt £ EA HOF WE ATAL} 0]53HE
o] WA 2 AASGE oA 2w AmA) ok
SFujF A% el UE AmAuE wopstns
|7t ze AAE 2AA ok B4 2 dein
Aol whet po]7h glont of Hijok Ao Bl
o] wkt}. o & 50 5 (Siebel and Pauls 1989)
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ok Ak (Hofer 2004)2] - b Aol s} 109} g
o], Helo A g FEE AGHE F 9 opulor A
of H|3sf 100 ~2008)1} @} (Davies and Morton 1998). T
2EA o Aol UEE T Ae o) 2EAZRY
M7k S W) M Z) RS RSB BARZ
oA AFsl=t w9 S5}t (Testillano et al. 1995;
Custers et al. 2001; Indrianto et al. 2001; Maraschin et al.
2005; Supena et al. 2008). 0] Qo= AXA}= WAl &
Alol SAIEZ AeolBg AZAE o]-§3 FAHAS oL
4Rl 7] Al H71H FAALAY =QHIAE T
dol 34 & 4 o1& Bk obuleh chimeric 47} oby
solid 4Feje] AARA L SAMO|AE HET 4 9]
o olo} 2 FUBO|E Bpel ARA RS of )
opol e wlapuo] A At o $uR ¥
4 o1l ths] Wk ABAE AT 5 sl AL
&2 (Polsoni et al. 1988), EHll (Touraev et al. 1996),
(Liu et al. 2002), ¥ (Raina and Irfan 1998) 5 A<=9] gJ—]-
stn] o] & 9] AEFo|M = B E AxA} vl AF st
Fo o] WAy HlEo] w4 Kttt

AT A3} ok J?ﬂr A7t vl A R
Bl o]FojH ot thREef A A Z L oA 2 A &
g5otale B v wjef 4 ” EAE 5ot AEst
A Z3F T} (Regner 1994, 1996; Testillano et al. 1995). 1
g} 22 Kim et al. (2008)0] Bl 2 W 49| vjE A}
Absheel Aastgon, ol o f7]o Aget dAA
2] 274& W o2A g9 ujiE A 5 A =3
o} (Kim et al. 2010). I Lantos et al. (2009) &= AAF &} <3 Hj
7F otd =4 A17]19] v (embryoid at bipolar stage)©] A
gk el AEAE 58kt ekl 7HA A AE &
A= Fujel BEo] Akt vjoke] HE = AEY o
U7h B Qi) o] &F Zro] Az} wfokol oJsf Hlw A g
G0 WS AL 4 QA EGL oL Wk 3~ 45 F WAl
T UE Fols w20 oe s = 2
Y, 012 o) 2 Ae) So] EAT wat ok
o] ko] A o o|Rol2|A] Fato] A vl
el gor 9 Adiel 8L 03 .
go] WExA0R dojuh AAW A&} H R4
ol vjo] Wz MAW vjAAEL YRS vix 2 o)Al
A FAEAR B A olgin 2o ann
dof AR AR 72T B0 o 8T 4
sloditl 34 foAs) ARAR o 65 ¥ & oo
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s o9 7 addEol s FFE "=t (Swanson 1990;
Jihne and Lorz 1995; Touraev et al. 1997). o] ¥ul o}y g}
i oF & A uiR| o] H7tel Kol s e IA FFS
Hk=T} (Swanson et al. 1987; Polsoni et al. 1988). T K& o
B AA 7 B LxAEE Aol 2ol 3~45
FAS wge & dojl viEs AES wiAel &A &
AEA = A7 AN S, B, §4 53 22 4
SEoldL W B3 AT 249 A HAE Bt
of Wjkst7l = szt oot 2ol Al MRS ek 4
- vje] AL dhdo] AA Fof It} (Swanson et al.
1987; Hoekstra et al. 1992; Négeli et al. 1999). 3+#H AL}
HioF Al i F5EY B =7 A A= WS
7] Woll A=) 5lo] wjoFal A ak 2] (Hoekstra et al. 1992),
A (Ferrie et al. 1995), 244 (Nageli et al. 1999) 52}
re BB AE AT WMY)E AHgstel HkstrlE
t=dl S BIESto] Brassica & &3 2R F50
A ol 5 X" shd wj o] A a dhdo] 24 St
3t} (Polsoni et al. 1988; Lichter 1989).

o] &} Zro] Az} uieF Al v o] A v}
A v A o] kel Xgo] Sl 2A FFE e A
dAA Jou AFoA = oef T AFTL v
wat oblet oA 2% WoF (AR % W AE) Ao u
A AHENS U e wasel 9 g
(Park et al. 2009, 2010). & joF % ZI&} EL}% AT
ks el 24 e el A s
of axmah whef A cho] 44T X}?E]HHE s 5 a1t
WP 28 e AUsiee Bag 7 2unE 97 99
oh 72500 Ale] A 2] H7beh ol A2k} o
uijF A1e] ZIgho] v Aate] 2= S whalaLat
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ALo| A= 13 (Capsicum annuum L)) WFA ) &
A8 SHATE. 2003 Eof A Fshe] 4 Cof WA wt
228 47 20 on 2ol 103 4 5E5k0] 3~4
20 3~4mf 2T S o KA =7F T &
Qurstol 47 25 emshe] HAsHAC ]
o A% Az A A5 etk Fe A
G Relg A (REAE)IE ALIHRT S

121C o A 1587t 319F Hatat ek A4 Aol gt
A BEHRE AVHL Yt BYLE (42T
B A4 10%, Q1A 5%, 58471 10%)S 1719 3h&
§ g4 4lo] AL&aliTk
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BAES BEI|TL 16/8 h (F/Q), L&} 2520C (B 3FQ.0m | N NaOHE o] &5}e] pH7} 5.8~ 6.00] E|E=

ohol AAA A HEAZ T AR el s ZAT T pore sizeZ} 0.45 um (Nalgene DS0210-4045, USA)

1 gL E o] Z5to] S oA =4 A] 150 pmol 2} 0.22 um (Nalgene DS0210-4020, USA)Q] membrane & A}

o] R 9SG, A SEE 60 HEE  §tol ojzt @ stelch

zAsh AlE S Sld B 1~ 29t A4

STk mARS Beo] AL AL WA AN AR HY

g Al ukel A717F A Z2EedE AlA s en, 1t

F % 03 FRE AT ASSA EReAL  HAsL By F AU el £TA Aol 50 ml

s 20 ol A e AL Astol oFe] A contifuge tube 713 WA HAE A7kstol 30 mi

Zol A~ AHES Hep O ARl i AS B WE TS 1000 pmol A SE B9 U pelstel £EH

ol 3t & ARgsholth o9k T2 oFffol= wje] WAe] & EUTh ASAqE HE T 10% sucrose7t & 7FEl NLNS

7182 dejx 371 194 AxAy 27 294 shEo]  HfFHEiA] (Kim et al. 2008)5 7hsto] A3xA} W=7} of

WzEo] 9l o el et (Kim et al. 2004) 10x10Ymlo] =2 2AS the 60x15 mm HoFH Aol

25 0852 2% sodium hypochlorite 8- of 10&£7F A&
o 3 datE SRR 33 A B E 5o
30 ~ 357} & steinless steel A & 2] micro-blender cup (Eberbach
Corporation 8575, MI, USA)o]| €11 Z A2 vjA] (&£xA}
A #Z3) 10 ml& A7FsE & 1024 23] blending
(16,000 ~ 18,000 rpm)3}o] AZAE U= Al7] 2 polypropylene
A& 2] 50 ml centrifuge tube (Corning 430390, Mexico)of &
otk oF Yol dolgles 2ZAS A7) 3 10 mle]
A WA E d7bske] 14 (9F 5,000 rpm)of| A 1524
23] vortexing SF{TE. 2Foll A | %L Aol Al E A
AlZ 2250 408l o &Sl +HY 2717}
75 um}t 35 pm<l A= o] -&-3f 3717P T AAM . 23] Tt
HES AASFATE o] F thA] 50 ml centrifuge tube 2

713l M A9 WA & H7Fsko] 30 mlE BhE 3 700 rpmo]
A TR SQF AR sto] AR pellet EOkTh A4S
W AAG & 22 pellete] AA 2] w2 30 mlE 3
7}51o] vortexingdt & 700 rpmof| A 7TE FoF ¥4 E
shglom, o|of T A4S 23] AAISHSI T Micro-
blender cup-> 4 C°ﬂ Y BRERE Ag A Y&
Ao AW AHE-sH T

Az

FA7E B 2EAEE YE7E oF 20x109mlo] HEE
hemocytometerE AF-8-5Fo] A3 3 90x20 mm HJ A
o 7~11 ml A X|A5}o] parafilm S 2 Z3} Gt} AXEA}
Herdo] SolQle v HAE AREE AL vy] 93
Har2 ZA 2] 7F E0]3lE 140x20 mm B F A
of 4o % thA] panafilm O 2 E3}gch 0|9} o] 2|
¥ AFAE 311 ColA 3U7 312 A2 sk AA
2] 8] A& 0.37 M mannitol+NLNS (Kim et al. 2010)S A&

LS ml® X Absha 19 5 Sael A WAE A7,
AEAT Bool WPHA TS Auk AFol 4 Az

T 93 polyethyleneAF 2ol go] 25T 2] o AFefol A u
[¢} g}orh;]_

WjoF Z7] 15:7he AR A o] A et om o]
ofl= LA A 7} a%: M FH A & A 353E 251

& st (o1 AA-25 wigfolzt AR & NE an
ZAFsE7] 913 Aol A= HA-2F v Gt ofy 2}
‘?HXﬂHH%'EE shalom wjefS 457t Skqieh 1597 o
A A o A v Fet AzA} FEHS A A2 &4 o
=10 mle] W AFEakelch 22 vjof A B13e] 1
v A= 2% sucrose2} 0.4% phytagelo] ZH71E 12NLNSE
v ok 221 Aof 60x15 mm HJOF A Ao 7 ml & HF3}]
AREEEITE H= Hi 2] 9] pHi= | N NaOHE ©]-§-5}] 5.8
~600] == 2H9lch 43S o] ) pore size7}
0459} 0.22 pmQ] membraneS AREslo] oI} Bt G S
o 3}2 1A vjA| = L= 7} 121°Co]a, 7]¢ko] 0.1 kg/em®
A AeolA 1587 19k W s

i o

i S A HHXIS] H7t= 1

HA-25 v Fol A 271 AA] v
oo Akl mA= ¥
60x15 mm HjF G AJof] AR} ;a 15m1° stu
ol FFe A wieF wiAE #H7ts Pﬂo
o A EiAl H7F S 22 6, 4 B 2
HA HjF7IZte] 1Y o] HEE . 1 & /\;.EZ]—
S A WA 7F Sof%le wid HAR &A 373
25 Wi sk
2% HjoFol A $7] 22 ujoF A] A Hjz| o] H7}7}
B o] AgAte] wlAE JEFE RAEY] $et AdofM=
60x15 mm Wi} FAJo] A3 AERO 1S mlg #|/dsto]
okttt vjoF 54 T Z8k0] A HiX| S )3l AE
oA 247t o Hjekste] HAjF 7|Tto] 1F:Uo] HI

ol 3¢ 9 59



J Plant Biotechnol (2011) 38:30-41 33
% Shich 23 00OFE Bh] SISH 1 2 AWM i 8FF 3~5AY QS A RARES Fe] $7
AEA A DA WA Bolgl HFHA §2 AR AL Ao BAT 2 AU A4S A7
o A HAE WIS AU B | mg A AT ok SRRl o] A% 43 1710] shitel] 1AM §7A 7
of 3327 Wi} shsich o} A 717 A% AZT THAEY A2A 45 245
7 s el AN QL ojHe] w2 Fe) Letol=
Hi 5 XE S0} oA 9o =11 %“%—’Fb} LKI &% (iodine 2 g, KI 1

HA-25 vl oA 57 25 WY A9 AT AIE 2A

5t7] fIet Aol A= 60x15 mm B FA]of] &EA F
ol 15 ml & X|AlSlo] woFalg o HjoF 5 & Eak

of A H\AE A7ha
F71zre] 19| B
2% WFS B7] 93 2E
o5l WFH Aol §2 of
o)

F7r

gefellA 2 o wfjefsked HA| v
=2 ahgich 9 wjefo] Bt
A etol e ) A7}
A BiA]E 1 ml 37Fske] 60
g} 7|7+ 1,2 9 33710
ZEr HH Oko}ﬁ

Hjj A of A &

==

kel
<
=
=

rpmof| A g B st
=2 .%Iﬂo}"“‘ﬂ} 1329} 2
9k 15 o AR wjopate] 2
3371 Bl=2 g
WA Wi Al AFaIE ZAFSH] 97t Aol
60x15 mm ¥ F Ao &AL e 15 mlg 2] 4Foto]
A stalom s & FFY A viAE MR A
EHOM 291 o wjekstel FH ek s|gto] 10| Hw
sholth Aok 1559 & A WA & 1 ml 7} 5}
60 rpmol| A A& wjoFslg o g 717k 1,2 ¢ 35
7Fo 2 Gtk 1329 2527 A g ujoksts Ao
27 259k 1 6 A vl HA wrIzol 4
S

rN

[N}

o
3

paas
| F 717k
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2= H
o

=

1
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AEAQ =3t

A OF 4325 HRAISE AAF A S-S 2% sucrose 2} 0.35%
Phytagel©o] A7} B5 7] EH}Z] (Gamborg at al. 1976)°] &
A FE7]7E 168 h (B, 2E7k 25C ol o)A
AL A1 FEE AREL AGYZE ol 8
sfo] WAt oA 45 umol ms'o] HEE §A/5H

g97 ml DW)S W F 249 FUAE obo] gl
QB +5 Arshdeh 149 ARNH 34 U
ergom, 14e] QAL 71T 109 FHAEAA
Q%A 8 AL

ZaLTAL

BE QYL R OFEAS RO R so] & X
of 4~8 Wy 33] WAt WF 45 F B3 Aol
7 10809] e Sfoll 4 2t Wik WA A BT S A
Sotol Ba BEOAE Fohert

Za o 0¥

el

g,

v oF
uy

A W) 4

ou

Gt

259 3 A7t Ao 2

717}

oFO
1o -

A v A&

A7k
A7k
St 19 F A7k Aol 855

=0

é‘—’F% %%E} (Table 1).

E

Afoli 155~ 1016712 29 o) 2A 3
Zhsteleh Al WA W7 Al W7EA 7o) wret

33 42.671

A

N oollen 3d

F2+ 90570 101.670 =2 H 71 Al

Table 1 Effect of medium addition during liquid culture in liquid-double layer culture system on the production of embryos in isolated

microspore culture of C. annuum L.

Time point of medium No. of embryos/plate
addition (‘DAC) Globular & Heart Cotyledonary °ELS Total
0 (control) 9.4+3.2 2.543.2 31.2+14.0 42.6£15.4
1 18.3+18.7 9.9+3.4 57.4+41.6 85.5+60.2
3 19.6+17.6 7.1£2.4 63.7£39.6 90.5£60.0
5 21.4+26.1 9.2+2.2 71.0+£39.0 101.6+64.6

"DAC means days after liquid culture commenced in liquid-double layer culture system. PELS indicates embryo-like structure. Values
are the means of three independent experiments with six replicates for each treatment. Every plate contains approximately 150,000

microspores.
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Hln A Zhgron], wj&a 2pgo] A om WA
S Aol A Fe 7t gt AEo] Wkl ofdf H|
A A E ekl o B WiE2 frof £k f2
o] F5lstA & d Eut of e} vjSo] AR
drasto] dojzt Aozl A&l wakth A wiA & ¥t
Al H7EA 710w vf o] Whgho] gt 39U} S
A 5 A7 A AR HiE2 1Y & A7 Al BAEE A
=0l Blsf vi=o] thax wthskih (Fig. 1). B Al 174
o A HHEgt A AQule] = A EiAE H7F SHAl &
= 8% 2570 ooy HURRE Aol 7.1~9971=2 3
o o)A} okt A} iR H7F Aol H7FAI 7 of whet
AGue] b gdst=d 1Y & J7F A 9INE HE w8
dom ohZ2 55U 3Y O = 7F 7} 9270} 1.7 o]
UTF (Table 1). Z2juk 5L} 1 Abo]ofl= & Zo] 7t
e Bk oty Ao kA= SY & H7E A9
W2 A= A weba] AA-25 wjeellA 27
AufeE AJe] A w2 M7= wl ] WAt W] A
Aol 7 Al H7E Al7]= vl s <l
O 2 U

2ZAS AAsto] wieFet viA] Well= At £E
=&l He 8% =4 (0% division factore} 9ol
E9] 91022 conditioned mediumS A S} ujj 2] ¥HAY
o] ZA ZF7}5tc} (Huang et al. 1990). SFH wljoF v %] U
o= division factorf 4t ofie} AL zfol A HEH A7t
54 (autotoxin) = 5] Qlof Ao AL oA 5}
=8 W T A7)0 AREEH WA E A viA| = gt
o] wAyat wto] 3 A Z7bgttt (Kott and Polsoni
1988). +A o] 7 vk 1Y 5 ARE-RE viAlE Af HiA[ =
wekstH 2pQuf o] Hago] oF 28 = F7bsH (Kot
and Polsoni 1988), =59 A Lo %= vjoF 34 & A ujj#]
2 kel FFo] weh Aol Qo Hje] Aol
200 ~800% U+ S7k8te] Apufe] HRAYS o 3w o4
%7} Stt}h (Hansen and Svinnset 1993). L&} HjSF 27|
A& wgtels A9 Aol o3t 84 Asiy

oL ooh 12 @ oge

=

division factoro] A4 = 23] 25| Hje] WAyo] A4St
71 % St} (Polsoni et al. 1988; Huang et al. 1990; Dias and
Correia 2002; Dai et al. 2009). ©f2tA] v X & g 3}= o
A S55t) fAoh 2 ABEAAL 7|2 wokuy
of A WAE Aol thepshlE Skt S-S A9
viok 120 Zof A wjRE H7lsko] ZRuiFstH 75%
ol 4ol izl A4 o]=3 wjE HEIIT} (Swanson et al.
1987; Nigeli et al. 1999). & A Fo A= 3L 7H9] 124
2] 3 ARER AA A E A wjoFEi A = ek shgle
B2 ujefz7]o WA 540 tiiio] AAENS A
o|m wjoF F ChA| jA 2 wEEhs Hrk A vjA 2
Aol Ao PR oF Lol AalE WA o
1! division factor7} AAE = AE 23 4= Qlof Hj Qo] A
Aol BTHY Az AL 0|9k 2L A o
HA|2F S A 7] AAEF Al A EiAE
H7ke 3t W) wajo] Z7leA S uk op et uhay
3ol A A AMEIT thebd 1Re] AEA
& Alofl&= A (Swanson et al. 1987)0f A<} ZHo] A} Hjj %]
g Ateto] jekabis Aol A4k A Albo] E A
o Ao daA

2 PRER R PR T E R
L Ao ANHO R AAGA Y AR v
%8 Aol FUNAY Y Folt AYULE L
Aol 2lStek. R (B, napus L. cv. Topas)2] 74§ vl
27] 2~49 AZAF W% 7} 30,000 ~ 40,000 /mlo.

o ofr
=
rlo

o
offy

O o] Fof= WkE 10,000 /ml
E= 4000 /mlz 3= Zo] i) dreo] mupA ot
(Huang et al. 1990). & A FoJ = A2} U7} T2 A
2] Aol ok 200,000 /mlo] oL} HYj oFul =] of] 2] A3
L 9k 100,000 /ml2 1A a] Ao H3)] 122 7FASSA
o} o] wjoF Fof thA] AAGA L} 22 ol A=
A7vste] AxAS] Wk oF 50,000 /mlE 2] AFA]
vl 8 122 Zaskelch waba] A w2 A b A vje] ur
Aap o] £0d AL Al e] Whdo] F At &

o
[
>,

AT

Fig. 1 Embryos developed from microspores after 4 weeks of culture. Fresh culture medium was added at different days after liquid
culture commenced in liquid-double layer culture system. A) Control (without addition), B) 1 day, C) 3 days, D) 5 days. Bar (2

mm) in (A) applies to all the figures
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Sol|l= thA|EA 7} WA S (Maraschin et al. 2005), 2 o]
A% 5~89) gho A EA 7} BHEES e et
(Indrianto et al. 2001). 2 B. oleraceal| A= % 2 ~
39 Sl o] AZE 7~ 1020] i FFoly
A 25 71 3 Al =T} (Polsoni et al. 1988; Dai et al. 2009).
o|e} Zro] AlFof wpe} tha Zpol= lont tfRE o F
S HjeF XSS 1~3Y Alolof #HS AJAFstH 5~7
o Fol= hAAL G AR ek TR AR
W 4~7%l0] S chAAS A S0 WAE
(Kim et al. 2008). o5 W< 581 Ao A3 cha At
CHA|ZA| E0] o] & A& EFsto] FAd4l w2 dd s
ooy olo] WA el FEo] At Basi
= Aol A A wiA S HIHAZIE ey 1,3 R SU =
gejsiol Azke Aok sUF A7k Aol e wals
ol 7HE ESk=H ole MY SY AF

|
Au HA|ZA o] AL ZEste] A w2 TEst=

HH-2S HIHOIM £7| 25 HYRE AS| HHA] HI7b =it

HA-2Z kol A 7] 25 vk AlS A} A H7HF
Hj o] kel mA= FFE 2ASHZ] Sl 137 A
HjoF oF A2 A} AEAS VA AR 71 3 A viAE
A7VstAY B H7FeHA] b2 Aejoll A 337 23 e <
o & o] Ay gl WbeS ARSI HiFH AL 174 9]
A A A v} = A B AE AR A 1349
N2 H7bsiA] e A9 125270010 E Aol vlaf tha
%7} 3}Sit} (Table 2).

A EiRIE A7k A EAR wiEY HE e H
7FshA] FSke whel vlal Al & Zol7t Tt (Fig. 2).
T AL IR0l A A A duf o] = Af HiAIE
H7bekAl & B9 15370 olley Af WA & H7hgt
AF-ole 169712 2 o] 7k ATt (Table 2). whahA ol
A-2% kol A 271 23 ek A9 A iR b 2
7] AAueF Al H7F wfol] wls) L AL WS Ao
LHeRSE T

o|e} Zro] AA-2F oA T7] 25 wi Y Al ThAl A
2 E A7bekalE o 2L &yt 271 A Al A7t
ool Bl ZA] eote A AF Al aL2A 2 5 uj
AL g stglon, 27] A} Al A FAIL d2
po] A} WA ARG O, 1 27k AR HF G £
A Aol 230 S 915h A 1A A2 SRo D
Z R Ueof 9= AR dej A division factor (Huang
et al. 1990)7} A E AT AEXO] W XJAGA

Table 2 Effect of medium addition during double layer culture in liquid-double layer culture system on the production of embryos

in isolated microspore culture of C. annuum L.

No. of embryos/plate

Addition of medium

Globular & Heart Cotyledonary *ELS Total
Without addition 29.9+13.8 15.3+3.2 79.8+20.8 125.2+32.9
Addition 37.5+14.1 16.94£3.6 80.5+21.0 134.9+31.9

“ELS indicates embryo-like structure. Values are the means of three independent experiments with five replicates for each treatment.
Every plate contains approximately 150,000 microspores

Fig. 2 Embryos developed from microspores after 4 weeks of culture. Fresh culture medium was added when the liquid culture was
transferred into the double layer medium in liquid-double layer culture system. A) Control (without addition), B) Addition. A ~B;
Embryos in culture plate, a~b; Embryos under stereo-microscope. Bar (2 mm) in (a) also applies to (b)
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Table 3 Effect of agitation during double layer culture in liquid-double layer culture system on the production of embryos in isolated

microspore culture of C. annuum L.

Agitation period

No. of embryos/plate

(wk) Globular & Heart Cotyledonary “ELS Total
0 (control) 72.24+56 11.1£3.9 98.1+40.1 181.4£100
1 34.542.9 13.7+£6.5 122.3£66.9 172.5+78.3
2 38.6£9.2 4.9£1.5 112.1+65.1 155.6+75.8
3 24.6+1.8 2.9£1.9 75.1£32.3 102.6+35.4

“ELS indicates embryo-like structure. Values are the means of three independent experiments with five replicates for each treatment.

Every plate contains approximately 150,000 microspores

Fig. 3 Embryos developed from microspores after 4 weeks of culture. Agitation during double layer culture in liquid-double layer
culture system was done for different period. A) Control (without agitation), B) 1 week, C) 2 weeks, D) 3 weeks. A ~D; Embryos
in culture plate, a~d; Embryos under stereo-microscope. Bar (2 mm) in (a) also applies to b~d
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Table 4 Effect of agitation during liquid culture on the production of embryos in isolated microspore culture of C. annuum L.

Period of agitation

No. of embryos/plate

(wk) Globular & Heart Cotyledonary *ELS Total
0 (control) 124+421.0 0.4+0.3 31.6+£23.6 157.4+7.2
1 92.3+25.4 2.1+0.4 76.7+£26.0 171.3£22.9
2 72.6£19.8 0.7+0.5 85.7+16.5 158.9+27.8
3 102.7+17.1 0.7+1.0 55.6+28.9 159.1+44.4

*ELS indicates embryo-like structure. Values are the means of three independent experiments with four replicates for each treatment.

Every plate contains approximately 150,000 microspores

Fig. 4 Embryos developed from microspores after 4 weeks of liquid culture. Agitation during liquid culture was done for different
period. (A) Control (without agitation), B) 1 week, C) 2 weeks, D) 3 weeks. A ~D; Embryos in culture plate, a ~ d; Embryos under

stereo-microscope. Bar (2 mm) in (a) also applies to b~d
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39

Fig. 5 Plant regeneration. (A) Plantlets developed from embryos after 7 weeks on solid BS medium. (B) Plantlets showing adequate
root development enough to transfer to soil. (C) Young plants in the pot. (D) Adults plants in the pot. Plant on the left was doubled
haploid with fruits, while plant on the right was haploid. (E) Chloroplasts in guard cells of doubled haploid. (F) Chloroplasts in guard

cells of haploid. Bar (10 /m) in (E) also applies to (F)
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