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Fig. 1. a-x. Stages of microspore embryogenesis and reqener_ation incanola

a- Freshly isolated late uni-cellular microspores, b- DAPI-stained unicellular microspores c-sprophytically-
devided microspores in NLN medium after 1 week, d- DAPI-stained sprophytically-devided microspores
after 1 week, e,1,g,h- DAPI stained/light microscopy of multicellular structures after 3 weeks, i,j,k,I- embryo
structures in different stages i. e. globular,heart, torpedo and cotyledonary, m,n,o,p-In vitro regeneration

stages g-Adaptation of regenerants r- Chromosome doubling with colchicines s,t,u,w,x-Flowering and seed
setting stages
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Fig. 8. Determination of ploidy level of haploid plantlets(A) and diploids (B) using flow
cytometry

clite old 01550 oL ey el adsl Wi
Wl gl Ay s 0LE ey SCn 5l 43 S
A shls OLaLS (s o 2131 1
ZAZ] | GO Y - L g I NK g
VYV glejoe,gs aew ;,3DMSO (5
VO Hlas 4S5l lis s . Ldd Hles el
Jle i A hlaithls DS o 2L el
Colg 5o 5 LUl Jti.w: b sl g sls

VA

S (A) A S 53 4S5 bolas

P9 o shla oL 53 odaT S 0 do 0355 o0
LS S (B) JSCb b a5 b el (Y &)
o i 51 SoseS L adsl Ay ks 5 s sl
Ao sl olE e (el 0 (6 S 0311 sk s
LS e s Ly i (F e 0 L
das e 0L (A) Kb Sl o3 oo shla
oS s ods 2155k olS (s gy peba 457



e S ey 36

(Fletcher et al., 1998) >y plosl e 2
(555 £5 €S 555 J S50 b o (2
Osel 2 o S @l 55 0 (2255 o0 AL
SLke b 55 LacS gs 1S 5 J 89 S
J‘Mbuj_g‘ﬁ)bwd_?%ﬁ)b)ou
55 Ol 53 Jshes dn 53 Lnpg5 ey S
(o ST L s (Taji et al., 2000) 54 oo
sldss li_dsl_a\ﬁfo;,ﬂc_w;péb_g
30 d d 0l el s sLap g s S
(Cei:(Zhou et al., 2002) 5 52 plost Ll 5 o
)\_0.:3' (S-J o 4—3);3'\ ‘S\A‘)j:_wj;:ﬁ)l_a.;
2L 0Ll 6 () e IS Jles! (z
okl
S sy o a o p 2l B 4 e S L
QM\}I{&A}H&\)Jouu_éﬂuij)
as A sbladbls sla oY g (gl o S ggn
350 158" (6315 4y sl sl 5 55 eslatul ) shais

.J;)‘J;&)‘Jﬁo}@.ﬁ

S Rl
S 055y Sl (i G
TN SEY | ML g PUNL P - PPN S Y )
RCSEEW R Y ROV, Y. V28 T 2 PO PR
s e SIS > ST 3l s
a0 dSin g5y opl 05 Jlisl 5 3L sS io
DU 5 plas 350 03,5 0l 3 bLs
Lo ydase okige BT uman 5 a&ilesT
ARLST SlaeSes” bl o oSg pu uncs

.:ﬁ@@\s)v\éjjgxé\wjyj

va

59 55T g i hladlls sl oY (sla
(O JSKE) dzes 6,8 50 Jl s Y 4k
A3 5 e (IS e s o g
5 a3 5b 6,515 s shlaadls OLalS WS g
VRl c by Laa mald laai
S 3o el VO Sl as few A US
A e b 5 OT 55 8 la 158
) g5 Ss sles.(Zhou et al.,, 2002)
o ST s (g5l 1 ey A B
UL 5 (Celw 10 de 4 00 mgl™)
o5 S A Caslas do)ys S5y g ,ls gne
(Zhou et al., 2002) ol a3 5 5 5 o3lizl
A3 shla QLS (slapsjges S 055 4l 53
3331 A3 s aulls OLaLS e 5 i W5
ST ol ol VU s Canl (ST,ls g
i s OS5 sl o e Lo hls
P sy ol e 5 s e Ll S e
S (5 5SS g i SO Kos 5 S
g 85 pen SLa Y W5 s S
OLLE O g ool (Mool (glaasl 5 5 o5lizal
=S58 55 gy Ko ot S 51 ol
L LS s sl 1 s de 5 A3 sbls
A shes AL Glaad ol 5 basls s S
33 b OLLE ol (slapsssas S slans gL 5
s Lapsssas S Smi DA ol 93555 pl
33 Gk S 1S (e A shladlls OLE W 5
L 0> Lapsises S 625555 OAd
O il 2 93 5 iS5) 5 s ST AT 3
Aoy i b g (ed o D5y bap g S50 S
S a5 S 5T oole 68 L s



WA Jlo oY oyled V=) Wl " 5 9 JUg (S5 dloxo”

References

Abdullahi, B. R., Moeini, A., Haddadi, P., and Jalali Jorani, M. 2003. Somatic
embryogenesis from isolated microspore culture in different cultivars of canola

(Brassica napus L.). Pajouhesh-va-Sazandegi 3: 48-52 (in Persian).

Aslani, F. 2002. Study of microspore culture and production of pure lines through double
haploidy in different cultivars of canola. MSc. Thesis, College of Agriculture, Islamic
Azad University, Karaj Branch, Karaj, Iran (in Persian).

Bagheri, H. 2000. Study of isolated microspore culture in different genotypes of canola.
MSc. Thesis, College of Agriculture, Tarbiat Modares University, Tehran, Iran (in
Persian).

Burbalis, N., Kuusiene, S., and Sliesaravicius, A. 2002. Plant regeneration in androgenic
culture of spring rapeseed (Brassica napus L.). Sodininkyste ir Darzinikyste 19: 419 —
426.

Chuong, P. V., and Beversdorf, W. D. 1985. High frequency embryogenesis through
isolated micros pore culturre in Brassica napus L. and B. carinata Braun. Plant
Science 39: 219-226.

Custers, J. B. M., Cordwener, J. H. G., Nollen, Y., Dons, J. J. M., and Van Lookeren
Campagne, M. M. 1994. Temperature controls both gametophytic and sporophytic
development in microspore cultures of Brassica napus. Plant Cell Rep. 13: 267-271.

Duijs, J. G., Voorrips, R. E., Visser, D. L., and Custers, J. B. M. 1992. Microspore
culture is successful in most crop types of Brassica oleracea. Euphytica 6: 45-55.

Enayati Shariatpanahi, M., and Emami Meybodi, D. 2009. Microspores:a haploid cell
with various applications in genetics and plant breeding. Modern Genetics Journal
4(3): 5-16 (in Persian).

Fan, Z., Armstrong, K. C., and Keller, W. A. 1988. Development of microspores in vivo
and in vitro in Brassica napus L. Protoplasma 147: 191-199.

Ferrie, A. M. R., and Keller, W. A. 1995. Microspore culture. pp. 155-164. In: Gamborg,
O. L., and Philips, G. C. (eds.) Plant Cell, Tissue and Organ Culture Fundamental
Methods. Springer-Verlag, Berlin, Germany.

Ferrie A. M. R, Taylor, S. L., Mackenzie, W. A., and Keller, W. A. 1999. Microspore
embryogenesis of high erucic acid Brassica oleracea germplasm. Plant Cell, Tissue



e S ey 36

and Organ Culture 57: 79-84.

Fletcher, R., Coventry, J., and Kott, L. S. 1998. Double Haploid Technology for Spring
and Winter Brassica napus. Technical Bulletin, OAC Publication, Canada.

Gland, A., Lichter, R., and Schweiger, H. G. 1988. Genetic and exogenous factors
affecting embryogenesis in isolated microspore culture of Brassica napus. Plant
Physiology 132: 613-617.

Gu H. H., Zhou, W. J., and Hgberg, P. 2003. High frequency spontaneous production of
doubled haploid plants in microspore culture of Brassica. Euphytica 134: 239-245.

Hosseinpour, B. 2003. Production of haploid plants via microspore culture in canola.
MSc. Thesis, College of Agriculture, Mazandaran University, Sari, Iran (in Persian).

Kawana, H., and Ohkawa, Y. 1992. Methods for high frequency leafing of microspoe
derived embryos. Japanese Journal of Breedling 42: 70-71.

Kott, L. S., and Polsoni, L. 1987. Autotoxicity in isolated microspore culture of Brassica
napus. Canadian Journal of Botany 66: 1665-1670.

Lichter, R. 1982. Induction of haploid plants from isolated pollen of Brassica napus L.
Z. Pflanzenphysiology 105: 427-434.

Palmer, C. E., and Keller, W. E. 1999. Haploidy. pp. 274-286. In: Gomez-Campo, C.
(ed.). Biology of Brassica Coenospecies. Elsevier Sci. B. V. The Netherlands.

Roulund, N., Hansted, L. Anderson, S. B., and Faresveit, B. 1990. Effect of genotype,
environment and carbohydrate on anther culture response in head cabbage. Euphytica
49: 237-242.

Shariatpanahi, M. E., Bal, U., Heberle-Bors, E., and Touraev, A. 2006. Stresses
applied for the re-programming of plant microspores towards in vitro embryogenesis.
Physiologia Plantarum 127: 519-534.

Simmonds, D. H., and Keller, W. A. 1999. Significance of preprophase bands of
microtubules in the induction of microspore embryogenesis of Brassica napus. Planta
208: 383-391.

Taji, A., Kumar, P. P., and Lakshmanan, P. 2000. In vitro Plant Breeding. Food
Products Press, New York, USA.

Takahata, Y. 1997. Microspore culture. pp. 160-181. In: Kalia, H. R. and Gupta, S. K.

(eds.) Recent Advances in Oilseed Brassicas. Kalyani Publishers, Ludhiana, India.

Takahata, Y., Brown, D. C. W., and Keller, W. A. 1991. Effect of donor plant age and

inflorescence age on microspore culture of Brassica napus. Euphytica 58: 51-55.

AN



WA Jlo oY oyled V=) Wl " 5 9 JUg (S5 dloxo”

Takahata, Y., and Keller, W. A. 1991. High frequency embryogenesis and plant
regeneration in isolated microspore culture of Brassica oleracea L. Plant Science 74:
235-242.

Touraev A, Pfosser, M., and Heberle-Bors, E. 2001. The microspore: a haploid
multipurpose cell. Advances in Botanical Research 35: 53-109.

Touraev, A., Vicente, O., and Heberle-Bors, E. 1997. Initiation of microspore

embryogenesis by stress. Plant Science 2: 297-302.

Wakui, L., Takahata, Y., and Kaizuma, N. 1994. Effect of abscisic acid and high
osmoticum concentration on the induction of desiccation tolerance in
microspore—derived embryos of Chinese cabbage (Brassica compestris L.). Breeding
Science 44: 29.

Wang M., Van Bergen, S., And Van Duyijn, B. 2002. Insights into a key development
switch and its importance for efficient plant breeding. Plant Physiology 124: 5213-530.

Zhang, F. L., and Takahata, Y. 2001. Inheritance of microspore embryogenic ability in
Brassica crops. Theoretical and Applied Genetics 103: 254-258.

Zhao, J., Simmonds, D. H., and William, N. 1996. High frequency production of
doubled haploid plants of Brassica napus cv. Topas derived from colchicines-induced

microspore embryogenesis without heat shock. Plant Cell Rep. 15: 668-671.

Zhou, W. J., Hagberg, P., and Tang, G. X. 2002. Increasing embryogenesis and
doubling efficiency by immediate colchicines treatment of isolated microspores in

spring Brassica napus. Euphytica 128: 27-34.

\AY






