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A mon p~re 

J.-E. Lucien S~guin 

~ (1911-1972) 
• • 

"Une vie ~'h01lDe {et de femme] ne se justifie que 

par l'effort, lIl~e ~1heureuxf ~8 le \lieux .. 
comprendre. Et le lIlieux comprendre, c'est le 

mieux adhérer. Plus je comprends, plus j'afme, 

( 
car tout ce qui est compris est bien." 

Le 'matin des magiciens 

J. Bergier et L. ?auwe1s 
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The atudiea reported in thi'. thesi~ constitute the ori~inal ). 

work of the author and represent her,c?ntributio~ to the suoject r . 
of haploidy iQ the genua Lotus • . - /( . 

,) 

, . 

Beported for the firat time are the fo~owing items: 
) ~ 

1. The in vitro culture of four tetrapl&id Lotus spe~ies, 
,-- .----;9 

nahuly , k. anguat1ss1J:Àua L., k. eme~oidea Murray ~ 
i 

h. mascaénsis Buchard, and ~. ~i9i~âus Forsk. 

. 2 • n... dif ferenU.tlon, frOll anth.r,;~u1 tur~ a mixoploid 

h. corniculatu8 plant which coatained 2~, 4~, and 8~ 
, , 

. cella and the induction of multilnucleate or. multicellular 
l 'fi 

pollen$rains in.cultured anthers of h. emeroides and 

" L. villoaus • . ~, - ,-
~'Ihe in vitro culture of ,t"var1es and ovules of eleven ~ 

. species and three hybrida, and the induction of morphogenesls 
n 

, 

(roots, shoots, and plantlets) f~om callu~-derived cell lines •. 

4. The observation of cella vith reduced ploidies in roots 
\ , 

produced fram callu8 tissue derived fram a cultured ovary 

~ of L. emeroides '/ 
\ 

5 .' The in vitro cutture of inflore.ce~~es of four Lotus,species 

6. 

and hybrida. ' 

The cytolog7cal.e~1nation of twin s:edlingB of h. corniculatus 
1 ~ 

.cultivar ~rabel. 
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ABSTRACT' 

Ph.D. , GINETTE SEGUIN Biology 

HAPLOIDY IN THE GENUS LOTUS (FABACEAE) 

~ Attempts were made to recover haploid plants from sixteen 

Lotus spec1es and hybrids by meaus of in ~ culture techniques 

and tw1n screening. Mult~cleate or multicellular pollen grains 

were observed in cultured anthers of h. emeroides Murray and 

,L. villosus Forsk. Cytologieal examinat10n of a h. cornicUl!&us L. 

(2~-24) plant regenerated from 4nther culture revealed a mixoploid 

condition 1ncluding haploid (dihaplold) 2~ cells, as weIl d9 4~ and 
. 
8~ cells. A callus cell line derived from a cultured ovary of 

L.remeroides (2~28) produced rooue which contained 2x ce'lls and 
, 

aneuplold cells with somatic chromosome numbers less than 28. 

Korphogenesis (roots, shoots, or plantlets) was induced from both 

• antheE' and ovarY,csllus èell' lines. H~plotd8 wer,e not induced from 

micr@spore, pol~en tube, or inflorescence culture. Screening for . 
poly~bryonic aeeds led to the recovery of. tw!n seedlings of 

, 
h. pedunculatus var. vlliosus Lamotte And h. corniculatus cv. 

• 
Mirabel. The twins examine~ were aIl tetraploid. 
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. GlNET1E SEGUIN 

(\ 
HAPLOIDIE CHEZ LE GE~ LOTUS (FABACEAE) 

Biologie 

Les études entreprises visaient 1 induire, chez seize esp~ces 

et hybrides appartenant au genre~. la formation de plantes 

haplofdes par l'application de techniques culturales in vitro, ainsi 
# û --~ 

qu'A déco~vrir des hap10fdes chez des graines polyembryonées.· pes 

grains de pollen plurinucléés et pluricellulaires furent observés dans 

des cultures d'anthlres de ~. ~eroide8 MUrray et de L. vil10sus Forsk. 

L'examen cytologique d'une plante de 1. cornieulatus L. (2~24) 

regénérée d'une culture d'anthlres a rêvélé une constitution mixoplofde, 
~ . ( 

comportant des cellules haplofd~s (2~), tétrap10fdes (4E) et ~ctop1ofdes 

(8x~ 
~ ,,-/"' 

Une lignée cellulaire dérivée d'u~ cal d'ovaire de 1. êmeroides 

(2~~28) a prQduit des racines dont l'examen cytologique a dêmontré.la 

pré.enc. d. cellule. 'hapl.fd •• (2~. ain.i que~de cellule. an.uPl~~~' 
dont'les nombres chromosomiques s'échelonnaient de 14 l .2~~ormation 
de racines, de tiges e.t de plantules l partir de ligdes cellulaires.' 

dérivant de cals d'anth~tes et d'ovaires fut également o~servée. Les 

cultures de pollen isolé de l'anthlre, de tubes polliniq~es.~t 

d'inflorescences n'ont pas produit de plantes haplofdes. La recherche 

de graines polyembryonées a pe~is d'obtenir dés plantules jumelles 

chez\ les deux esplces suivantes, 1. peduncu1atus var. vil10sus Ltmotte 
l , 

et L. cornicu1atus cv. Mirabel. Toutes les plantules issues de graines 

po1yembryonées étaient tétrap1ofdes. 
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INTRODUCTION 

~ f""( Since the discovery b~ Blakeskée ~ al. 1922) more than half a 

century a~b of the first haploid plant in the species D~tura stramonium L., 

considerable researeh has been devoted to the study of haploidy.' The 

fact that haploid plants may eonstitute invaluable tools in'var1ous 

researeh a~ such as cytology, cytOgenetic~ plant physi01ogy, geneties, 

and more pat#~t11arly in the fields of p'lant breeding and mutation research, 
è, ..-/ 

has been emphasized by severa1 investigat~rs (Melche:s. and Labib, 1970; 

Me1chers, '1972; Vasil and Nitsch, 1975; Nitzsche and Wenzel, 1977). 
/ ~ 

Hap10ids have proven of great value in seyera1 instances, ,as 

illustrated by the work of Riley and Chapmap (1~58) where the st~dy of 

meiotic pairing in polyhaploids and aneupo1yhap10ids of hexaploid wheat 

1ead to th~eharacterization of a genetic system control1ing homoeologous 1 

·palring. Haploids have a1so been usefu1 in the aece1~ion of breedlng 

programs; spontaneous or Induced haploid ~lants may be doubled by 

means of various techniques tO produce isogenic lines which can readily 
i 

be 1ncorporated into breeding schemes, as for instance, in malze 

(Chase, 1952), asparagus (Thévenin, 1974), rice (~onymous, 1978k). ana 

rape (Strin~8m, clted in Keller and Stringham, 1978). 

Although spontaneous haploid plants have been reeorded tn a 

large numb~ of speeies (Ivanov, 1938; Kostoff, 1942; Kehr, 1951: Chase, 

1952; Kimber and Riley, 1963; Magoon and ~anna, 1963), ~heir relative1y 

low incidence has impel1ed'scientists to investigate artificial means 

of I-nduc tion. 

Irradiation of either the embryo sac (Gerassimova, 1936; 

1 ~ 
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Ehrensberger, 1948) or the pollen used for pol1inating normal pl$Uts 

(for a review of the 1iterature~ see Lacadena, 1974), wound~ng and 

trapmatic injury (Davis, '1931; Ivanov, 1938; Chase, 1969),'and various 

temperature treatments (Blakeslee et al., 1922; MUntzing, 1931; 
-. "!.. --

Nordenski81d, 1939; Winton and Einspahr, 1968) have proven more or 1es8 

effective in inducing parthenogenesis. 

Chemical agents, including those which inactivate the sperm 

nuc1ei without preventing the growth of the pollen tube and the 

stimulation of division of the egg cell, for instance toluidine blue 

(Al-Yasiri and Rogers, 1971; Illies, 1974), and those which have }een . 
reported to cause somatic reduction, su ch as colchicine (Sanders and 

Franzke, 1962: Simante1 and Ross, 1964), have ~een of ltmited value in 

producing hap10id plants. 

A more effective method for obtaining parthenogenetic individuals 
... 

has cansisted of performing interspecific crosses; in this regard, 

remarkable success has been achieved with Solanum species (for a review 

of the 1iterature~on interspecific hybridization, see Ktmber and Riley, 

1963; Magoon and Khanna, 1963; Chase, 1969; Rowe, 1974). 
. - ,r . 

Q 

Studies involving ~omatic elimination of chromosomes (Kaaba, 1974) 

and semigamy (Turcotte and Feaster, 1974) have a1so produced sucCessful 

results. 

And fina1ly, the production of ~ap1oid plants has also been ' 

obtained via ~ vitro techniques which include anther, pollen, and ovary 

culture, as weIl as others. 

Haploids have never been reported in the genus ~ and it has 

been the aim of thls study ta investigate means of recoverins spoutaneoua 

and induced haploid plants in this genus. 
1 

; t 
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LlTERATURE REVIEW 

Spontaneous haploid plants arieing from polyembryonic seeds . 
and ~~-induced haploids have been reported by a number of 

investigators. In this review. only the relevant literature pertaining 
• 

to these two aspects of haploidy will be considered. 

A~ Anther and Poll~n Culture " 

Since G~ba and Maheshwari's report (1966) confirming that the embryo-

like structures observed in cultured anthers of Datura innoxia Mlil • 

(Guha and Maheshwari, 1964) had originated from microspores, the in ~ 

culture of anthers or iso~ated microspores as a means of producing haploid 

plants has aroused considerable int~rest • 

.!!!. ~ culture of 'anthers was not a novel technique, as severai 

investigators had cultured anthers previously in order to study the 

various stages of pollen development (Shimakura, 1934; Gregory, 1940; 

St.Gimesl!! al., 1949; Tay~or,'~949, 1950; ~-de-Faria, 1950; Sparrow 

~tat., 1955; Vasil, 1957, ~959; Walker, 1957; Vasil, 1963). However, 

t~,e studies did not lead to the recovery of haploid ca11us and plantlets. 

(
I}) l' , t. LaRue (cited in Tulecke, 1959) cultured mature pollen grai~s of 

33 angiosperm genera with the view of obtaining ~ callûs tissue, bu~ none 

of the expertments proved successful. 

Several reviews have recently been devoted to anther and pollen 
1 

culture of angiospermous and- gymnospermous ~ecies (Acharya and Ramji, 1977; 

" 
Collins, 1977; Niizeki, 197,7; Nitzsche an4 Venzel, 1971; Relnert and 

'" 
,\ 

- J 
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Baj~j, 1977; Sink, ~ p,dmatlabhan, 1,97-7; Collins, 1979). Vadous levels 

. of B~ess.bave been attalned vith the numerous'species assayed. , . 
.... .. 0 t' , ~ 

in angiosperme, 91 ~pecies ànd hybrids representative of 37 genera in 

15 families have suceessfull~ produced androgenetic haploids (Tables l, II) • 

4 

. ' . 
The physiol~gical basis underlYing the embryogenic behavior of the 

f fi; • . ,... , 
cultured microspores remalns obscure and,' in re~ent years, there ha, been 

a great deal of research devoted to the ~luc1dation of the factors 
1 

i~vo1ved in embryoid induèt~on· • . 
t,The importance of these dtudies ls crucial, as their outcome 
'" ~. 

may br~ng an understanding of the.reasons why certain e~lies, ·the 
, . 

1 'Solanaceae for instance, can be easily induced, whereas others, such as . .. " ) 

~ 

the Fabace~e; affé~ tremendous resistance • .. 
A detai\ed account,of the various at~~pts to, induc~ haploidy 

. .. .-
C,' by means of.anth~r ~d pollen cultures :s given in the following pages. 

No fa 

The author has, as far as possible, attempted to use the correct 

latin nAmes; invalid binomials, as publlshed in the literature, have 

been ~laced between parentheses. 
" 

. 
,~ 

" 
D 

1 (1 f 
1 
Y 

" 

Il .... .... _:, 
.n'A .. 
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TABLE 1. Monocoty1edonous species from which hsploid plantlets and 
plants have oeen recovered through anther and pollen culture 

Family GE:?nuB 

LILIACEAE 

Asparagus 

Lilium 

POACEAE 

Aegilops 

BrolllUs 

FesJ:uca 

Fe~tuca X Lolium 

" Species 

.t 

A. officinalis L. 

. L. longifl.orum Thunb. 
c-

A •. caudata L. 
X A. umbellata Zhuk. 

• > 

B. inermis Leyss. 

F. elati.or L. 
- var. arundinacea 

CSchreb.) Wimmer 
0[. arundinacea Schreb.) 

!. elatior L. (l!) 
XL. mu! ti.florum 

- Lam. (2!) 

!. elatior L. (4!.> 
XL. mu! tiflorum 

Lam. (4!..> 

-- . 1 

References 

Pelle~ier et al., 
1972; Doré-,-1974; 
Thévenin, 1974. 

Shsrp !:!. al., 1972 • 

Kimata and Sakamoto, 
1972 

Saito et al., 1973; 
Zenkteler:-1976. 

Kasperbauer and Buckner, 
1979. 

.. 

Nitzsche, cited in 
, NitZ8Che and Wenzel, 

1977 • l,' ~ 

Ni tzs che , cited in 
Nitz8che and Wenzel, 
1977 • 

Continued.:. 



------ ---- ----------~--'---------------
r;-. 6 

~ 

TABLE 1. (Co nt inued) 

( 
Family Genus Species References 

Rordeum 
l 

, 
H. vu1gàre L. C1apham, 1973; Ha1epszy 

and Grunewa1dt, ,1974; 
'Grunewa1dt and Ha1epszy, 
1975; Foroughi-Wehr .tl. 
al., 1976; Gau1 !! al., 
1976a; Friedt !! aJ.~., 
1977 (4!); Wilson, 1977; 
MiX II &. ,1978; Wilson 
II !l., 1978a. 

Lolium 

L. JIlU1 tiflorum Lam .. C1apll.aJl!_ ' 1911; Niizeki, 
1977; NitZ8Che, eited in 
Nitzsche and '~enze1, 1977. 

Lolium X Festuea 

<-
~. 11111 t1.f1orum Lam (4,!) Nitzsche, 1970. 

X!.. elatior L. 
var. arundinacea 
~ (Schreb.) 

(F. arundinacea Schreb.) 

~ 

o. sativa L. Niizeki., 1968 j Ntizeki 
and Oono, 1968; Harn, 
).969; N:lshi and Mitsuoka, 
1969; Guba !! al.. 1970; 
lyer and~Ratna, 1972; Woo 
and TU1l8, 1972; Guha-
Mukjerjee, 1972; Fou1etier, 
1974; Cha1eff .!.l!l., 
1975; 0000, 197~; Woo and 

/, Su, 1915; Chen and Lin, 
1976; Yin!!. &., 1976; 
Chen, 1977. 

Seca1e 

S. cereale L. Thomas II !l., 1975; 
Wenzel et al, 19768; 

0 
Or1ikoWSka:-1977; Wenzel 

<-
!1 !l., 1977. 

,f Continued ••• 
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TABLE 1. (Continued) 

Fam1.1y Genus Species 

Setaria 

S. italica Beauv. 

X Irit1cosecale Wittmack 

Tri.t1cum 

.!.. aestivum L. 

.!.. dicocco1des Koerm. 

Tr1ticum X AgroPyron 

Zea 

T. aestivum L. 
(.!.. vu1sare Vill.) 

X !.. glsucum 
Roem. & Schu1t. 

1 / 
\ 

7 

Il 

References 

- Ban ~ afY 1971 

• Wang II al. , 1973b ; Sun 
et al., 1974; Bernard 
et al., 1976; Ono and 
Lartër, 1976; Bernard, 
1977; Or1ikowska, 1977; 
Doroaiev ~ al., 1978. 

Ouang et al., 1973; 
Picard and de Buyser, 
1973, 1975, 1977; Wang ~ 
al., 1973a; Craig, 1974(' 
Shimada and Makino, 1975; '" 
Heszky and Mesch, 1976; 
Chuang II al. ,1978; Hart ~ 
al., 1978 • 

Chu, 1978. 

Wang !l &,., 1975b. 

Anonymous, 19'788, f; Ku 
et al.,1978a,b; Li and 
Ta lui, 1978; Miao et al., 
1978. 
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TABLE II. 
1 

Dicoty1edonous apecies from which hap10id plantlets and 
plants have been recovered through anther and pollen culture 

~ 

Famil.y Genus 

APOCYNAC&\E 

Vinca 

ASTERACEAE 

Gerhera 

BRASS ICACEAE 

Arabidopsis / 

(J 

Brassica 

Spec1es 

V. rosea L. 
(Catharantbu8 roseus 

Don.) 

G. jame80nii Bolus 

A. tha11.ana (L.) Beynb. 

B. campes tris L. 

B. chinensis L. 

B. napus L. 

B. oleracea L. 

B. peJdne1l8is Rupr. 

B. oleracea L. 
;X!. albog1àbra 

c' 

References 

'.' 

Abu -Mandoor and C zygan, 
cited in Nitz8che and 
Wenzel, 1977. 

PreU !.l al., 1978,. 

Gresaboff and Doy, 
1972a; Avetiaov, 1976. 

) 

Anonymous, 1975. 

Chung .!l &., 1978. 

Thomas and Wenzel, 1975b; 
Wenzel et al., 1977b; 
Keller aiidAt1IIStrong, 
1978. 

Kameya and Hinata, 1970; 
Chung II .!!., 1978. 

Teng and Kuo, 1978. 

Kameya and Hinata, 1970. 

Continued ••• 
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lAILE II. (Continued) 

Family Gezs 

SALlCACEAE 

Popu!us 

( 

( 

--------- ---------

!Cl 

Species References 

J 

a 

E.. bero1inensu C. Koch Lu (C.-H.) ~ al., 1978. 

E.. nigra L. Wang ll. &., 1975a. 

!. peldneuaia L. Henry Lu (C .-H.) .!!!! .• 1978. 

!. 2HudosiJaolÜi Lu (C .-H.) ~!!., 1978. 

t. ~imonii Carr. l.u (C .-H-;) .!!al., 1978. 

P. bero1inensis C. Koch Lu (C.-H.) .!!!!., 1978. 
X l. n1.lfa L. var. 

2yramida1ia Spach. 
(t. ,2V'Uidalis Sa1iab.) 

P. canadenaia Moench 
X !.' koreana R.ebder 

Lu (C. -H.) .!!.!l., 1978. • 

, 
!. harbinensb Lu (C .-H.) .!U. al., 1978. 

X !.. .!!!Jl!! L. var. 
pyruidalia Spach. 

<!. 2yram1.dalia Salisb.) 

P. 2seudosimonii Lu (C,"H.) .!!. al;, 1978. 
Xl. nigra L. var. 

2YEamidalis'Spach. 
~. 2I~amida11s Sa1isb.) 

P. simonii Carr" 
X !,. nyra L. 

Lu (C.-H.) .t al., 1978. 

!. simogj.i Carr. Lu (C.-H.) .!!. !!".., 1978. 
X!, niara L. var. 

2xramidalis Spach. 
~. 2yramidalis Sa1i8b~) 

Continued ••• 
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TABLE Il. (Continued) 

Fami1y Genus 

SCROPHl.JLAR.IA.CEAE 

/ Digitaiis 
1 , 

SOLANACEAE 

Atropa 

( ) 
Capsicum 

Datura 

) 

Species 

D. laa..ta Ehrh. 

D. pu~purea L. 

A. be11adonnB L. 

C. frutescens L. 
Cf.. annuum L.) 

!!.. innoxis. MU1. 

", 

11 

References 

Corduan, cited in 
Nitzsche and Wenzel, 1977. 

Corduan and Spix, 1975. 

Zenkte1er, 1971-; 
1 Narayanaswamy and George, 
, 1972; Misiura and 
Zenkteler, 1973; Rashid 
and Street, 1973. 

l-
I 

Geo~ge and Narayanaswamy, 
1973; Kuo et aL, 1973; 
Wang et al:7 1973b; Wang 
et !!.., 1978a,b. 

Guha and Maheshwari, 1966, 
1967; Nitsch and Nitsèh, 
1970; Engvild .tl al. , 
1972; Nltsch, 1972; Sopory 
and Maheshwari, 1972; 
Geler and Koh1enback, 
1973; Nltsch and Norreel, 
1973; Collins et al., 
1974a; Nitsch,:l974b; 
Sunderland et al., 1974; 
Sunderland and Roberts, 
1976; SangWan-Norree1, 
1977 • 

Continued ••• 
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TABLE II. (Continued) 

y Genus 

H.yo8cyamua 

<: 
r 

Lyciwn 

Lycopersicon 

Nicotlana 

c 

_._-.--... _---------

J 

D. me teloides Dunal 

D. muricata Link 

D. wright1i. Rege1 

li· albus L. 

H. user L. 

!!.. 2usillus L. 

L. halimifoli.um Mill. 

-~. eaculentum L. 

N. alata Link & Otto 
1!."""àfi1nis Bort.) 

!. attenuata torr. 

N. clevelandi! A. gray 

!. slut1nosa L. 

-', 

12 .. 

References 

" Chandy and Narayanaswamy, ., 
1971; Na.uyauswamy and 
Chan4Y, 1971; Iyer and 
Raina, 1972; Hitach, 1972. 

Kohlenbach·and Geier, 
1972; Hitach, 1972; 
Geier and Kohlenbach, 
1973. 

Hitach, 1972. 
, , 

Koh1enbach and Geier, 
1972. 

Raghavan, 1975. 

Corduan, 1975; Raghavan, 
1975. 

Raghavan, 19 75 • 

Zenkte1er, 1972. 

Greashoff and Doy, 1972b. 

Nitach, 1969, 1972; 
Hit8ch and Nitach, 1969, 
1970. 

Collins and Sunderland, 
1973, 1974. 

Vyskot and Nov'k, 1974. 

Hitsch, 1969 (4,!); 
Nakamura and ltasaki, 1973; 
Niizeki, 1975; toœes and 
Collins, 1976. 

Continued ••• 
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TABLE Il. (Continued) 

PamUy Genus 

13 

Species References 

N. k.nightiana Goodspeed Collins and Sunderland, 
1973, 1974'. 

~ N. otophora Gris. Collins!! al., 1972; 
Nakamura and ltagaki, 
1973; Vagera, 1978. 

N. panicu1ata L. 

!. raimondii Macb. 

N. rustica L. 

N. sy1'\{estris 
Spegazzini & Comes 

N. tabacUDI L. 

Bourgin and Missonier, 
1973; Tomes and Collins, 
1976; Vagera, 1978. 

Collins and Sunderland, 
1973, 1974. 

Nitsth, 1969, 1972; Nitsch 
and Nitsch, 1969; Nakamura 
and ltagaki, 1973; Tomes 
and Collins, 1976. 

Bourgin and Nitsch, 1967; 
Nitsch et a1.,1968; 
Nitsch,:L969, 1972; Nitsch 
and Nitsch, 1969; Niizeki, 
1975; Tomes and Collins, 
1976; Vagera, 1978. 

Bourgin and Nitsch, 1967; 
Nakata and Tanaka, 1968; 
Nitsch et al. ,1968; Nitsch~ 
1969, 1972;-Nitsch and 
Nitsch, 1969; Sunderland 
and Wicks, 1969; Nilsson­
Ti11gren and Wettstein­
Knowles, 1970; Devreux ~ 
al., 1971; Su~~er1and and 
Wicks, 1971; Burk et al., 
1972; Collins et al., 1972; 
Kasperbauer and Collins, 
1972; Corduan, 1973; 
Dunwell and Perry, 1973; 
Anagnostakis, 1974; 

d 1974; Kasperbauer 
1ns, 1974; 

ly and Collins, 
iizeki, 1974; Nitsch, 
Tsikov II al., 1974; 

... 
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~LE Il. (Continued) 

( r 
FamUy Genus 

, 

( 

Petunia 

'Scopo).1a 

Solanum-

( 

________________________ ....... I.U... \~ 

Species 

N. velutina 

14 

References 
C 1 

Zagoraka!! al., 1974, 
1978; Gorenf1ot et al., 
1975; Niizeld., 1975; 
Niizeki and Kita, 1975 
a,b; Nov4k and Vyskot, 
1975; Reinert II .!l. ,1915; 
Zagorska, 1975; Duncan and 
Heberle, 1976; Sarvella 
et al., 1976; Tomes and 
Collins, 1976; Niizeki, 
1977; Sundu1and and 
Roberts, 1977b; Vagera, 
1978. 

Vag'era, 1978. 

N. forgetiana Sander Vyskot and Novak, 1974; 
X N. alata Link & Otto Vagera, 1978. 

(!. 'Sandë'üë Bort.) 

!. sylve. tris 
Spegazzini & Comes 

X N. tomentosiformis 
- Goodspeed 

f. hybrida VUm 

P. axi11aris BSP 
X P. hybrida V11m. 

S. physa10ides Dun. 

S. bu1bocastanum Dun. 

S. dem1ssUDI Lind1. 

Vagera, 1978. 

Maizonnier, 1973; Raquin, 
1973; Wagner and Hess, 
1974; Sangwan and 
Narree1, 1975b. 

Raquin and Pilet, 1972. 

Wernicke and Koh1enbach, 
1915. 

Ir1kura, 1975. 
~ 

1rikura, 1975. 

Continued ••• 
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'ifABLE Il. (ContiDued) 

() 
Family . Genus 

1 
THEACEAE 

Thea -

Species 

!. du1camara L. 

!. fend1er1 Heurck. 
& Muell. 

. 15 

References 

Zenkte1er, 1973. 

lrikura, 1975. 

!. hjert1ng11 J.G. Hawkes Ir1kura, 1975. 

!. me10nsena L. Anonymous, 1978d,j; 
Isouard II al., 1979. 

~. nisrum L. Harn, 1971, 1972a,b; 
lrikura, 1~75. 

S. phureja Juz. & Buk. Ir1kura, 1975. 

~. eo1ytricbcn Rydb. Ir1kura, 1975. 

S. stenotomum Juz. & Buk. Irikura, 1975. 

!. a
l
to1oniferum Irikura, 1975. 

Schlecht. & Bouché 

!. tuberoaum L ~ Dunwe11 and S~nder1and, 
1973; Irikura, 1975; 
Foroughi-Wehr II al., 
1977; Sopory et al., 
1978. 

S. verrucoaum Schlecht. Irikura and Sakaguchi, 
1972; Ir1kura, 1975. 

!. verrucosum Schlecht. lrikura, 1975. 
X!. chacoenae Bitt. 

!. verrucosum Sch1echt. I«kura, 1975. 
X S. tubercsum L. 

T. smenais. L. Okano 1i:nd Fuchincûe, 
(Camellia thea Link) 1970 •. 

·1 
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( Gymnospermae 

There are very few reports of pollen culture etudies performed 

ott gymnospermous species. Most studies have been concerned with 'the 

culture of mature pollen grains and the growth of callus tissue, 

usually haploid. Organ differentiation has not been descrlbed. 

Cupressaceae 

Cupressus arizonica Greene 

_Callus tissue was obtained from cultured m!crosporophylls of 

the rough-bar~ed Arizona cypress, C. arizonica (Duhoux and Norreel, - , 
-

1974). The authors believed that the tissue origlnated from the microspores 

and that the haploid and the diplold cells found in this callus"had a 

c common orlgln. 

1 

Juniperus species 

Duhoux ana Norreel' (1974) reported that ca1lus tissues, presumably 

of pollen origin, devel~ped from microsporophylts both of the Chinese 

j uniper, 1.. chinensis L., and the common j uniper, J. communis L. The 

pollen was cultured on several different media. Haploid as weIl as 

diploid cells were observed in these calluses. ), 
" 

Thuja orientalis L. , ' 

The formation of a callus ti,ssue frOll} ~ ~cultured pol1en 

grains of oriental arbor-vitae wes described by Rao and Mehta (~939); 

the authors, however, did not de termine the p10idy of the cells. 

( 

.' - - .. -- - - '-. "--"---



-- - --------- ~-'----'--

o 

( ) 

, 
."" 

kphedraceae 

_Ephedra foliata Boisa. 

Konar (1963) reported the deve10pment of hap10id cal1us tissue 

from !.q, :!ll!2.-cultured mature pollen of!. foliata. Two patterns of 

devel~pment were qoted; the pollen grains either e1dngated to form 
~ 

multice1lular filamerits or en1arged to produc~ d~scoid multicellu1ar 

masses. Th~ author hypothesi~ed that the cal1us. tissùe originated 

from the generative cel1. 

Ginkgoaceae 

Ginkgo biloba .L. 

A decade before Guha and Maheshwari's discovery, Tu1ecke (1953, 

195~) was able to'derive a hap10id tissu~ from in vitro culture of 

mature ~6~en of ~. bi1oba. The author cone1uded from his studies that 

the ea1lus had originated, for the major part, from 4ivisions o~ the 

pollen tubes. Cytologieal examination of the tissue showed cells with 

haploid (n=12), diploid, tetrap1oid, and heteroploid numbers of 

chromosomes. \ 
> 

Plnacea~ 

Laru species -
Raplold calluses were recovered from cultured microsporophyl1s 

of two ~ species, 1.. laricina Koch, the AmeriCan lareh, and 

1,. deèidua Mill., t~e European larch' (Bonga, 1976). 
) 

-~ species 

Bonga and Fowler (1970) and Bonga (1974) attempted th~ ~~ 

17 
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culture of microsporophylls of red pine, P. resinosa Ait., using 

,Brown and Lawrence's medium (1968). Undifferentiated haplot.d caHus 

developed fram the young microspores, but callus formation could not 

be initiated fram mature pollen grains. Centrifugation of the male 
, ' 

, < 

strdbili prior to culture stfmulated ca1lus development (Bonga and 
, ' 

Mc Ibnis, i97?). Haploid calluses were also recovered from microsporophyll 
" 

Ilultures of thé Swis~ mountain pine. !. mugo Turra, and the Austrian pine, 

!. nigfa Arnold (Bonga, 1976). 

, Taxaceae 

Taxus sp. 

The growth of callus tissue fram cultured mature pollen grains 

of a T8.ltUS spe'cies was successfully achieved by LaRue (cited in Tulecke, <---
1959). However, the ploidy of the cells wes not reported. 

Torreia nuciféra Sieb. and Zucc. 

Tulecke and Sehgal (1963) reportea the deve10pment of a tissue 

fram cultured pollen grains of T. nucifera. Division of the tube cells 

• by a proce.ss of budding was observed-, as weIl as multinucleate and 

septate tube cells. 

<, 

r 
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Angiospeniae 

Anther and pollen culture has been attempted in several 

angiospermous species; a variety of results have been obtained, rafiging 
-, 

from haploid plant recovery to tomplete failure of pollen induction. 

A detailed revlew of the llterature follows. 

Monocotyledoneae 

Amaryllidaceae 

Clivia nobilis L. 

Debergh (1976) reported the abnormal behavior of microspores 

in cultured anthers of C. nobilis. Multinucleate pollen grains were 

observed, sometimes with differently sized, shaped, or stained nuclei. 

The presence of multicellular grains was .not reported. 

Commelineceae 1 
Ct. 
Tradescantia paludosa E. Anders & R. E. Woodson 

Pollen divisions have been observed in the cultured anthers of 

one species,!. p!1udosa (Kaufman, 197~). No plantlets were regenerated 

from the cultures. 

Iridaceae 

Freesia sp. 

Pollen grai~s with ~our to five cells were observed in anthers 

~ a yellow-flowered cultivar of Freesta cultured at either the 

uninucleate stage or just after the first pollen mitosis on ŒK medium 

supplemented with a vitaain complex, l ppw HM, and 10% CM (Sunderla:nd 
\ 

..... ""--... -... - .. ~ .... -
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(-
!.t al., 1971). However, these multicellular pollen grains did not 

'1 

develop further. 

Lil1aceae 

Allium ursinum L. 

Anther culture of A. ursinum was attempted by Veiican (1978) with 

little success. Callus developed from a single anther out of the 400 

cultured. Further investigation cou1d not be done because of contamination. 

Examination of the non-ca1lused anthers showed that embryogenesis was an 

extremely rare event. 

Asparagus officinalis L. 
\ 

o 

The successful regeneration of haplold asparagus pla~tlets was 

( 
first described by Pelletier !!. al. (1972). The authors reported that 

the best results were obtained with anthers cultured at the uninuc1eate 

stage on a synthetic medium supp1emented with NAA, 2,4-D, and BAP. The 

growth regulator 2,4-D was found essential to the induction of pollen 

mitoses but was not required for further stages of development. However, .. 
the regenerated p1ant1ets cou1d not be grown into mature plants. 

Hondelmann and Wilberg (1973) were unable ta duplicate these findings. 

A report of mature haploid asparagus plants obtained via anther 

culture was later made by Doré (1974). Dip101dized androgenlc plants of 

asparagus have been already introduced iota breeding programs (Thévenin, 

1974). 

Lilium longiflorum Thunb. 

Sharp !!. &. (1972) described the induction'of haploid plantlets 

( ,-

of white trumpet J.l1y. Hap'loid callus tissue, which vas produced from, 

.. 
\. 
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o anthers cultured on a modified ME medium, differentiated bulb lets which 

8ubsequently developed 1nto pIant1ets. 

Tulips gesneriana L. 

Unsuccessful attempts to indu ce in ~ androgenesis in tulip 

anthers were reported by Raccius (1972). 

Palmaceae 

Cocos nucifera L. 

Sunderland !! al. (1971) reported that, in cultured anthers of 

the coconut tree, the microspo~es degenerated very rapidly and failed 

to enter the first pollen mitosis. Unsuccessful results were a1so 

brief1y mentioned by 1yer and Raina (1972). 

) Poaceae 

Aegi10ps species 

Kimata and Sakamoto (1971,1972) reported the regeneration.of 

albino plantl~ts from anther calluses of a synthetic amphiploid, 

A. caudata L. X A. umbel1ulata Zhuk. The anthers were cultured on Miller's 

medium (1963) supplemented with 2.21 ppm 2,4-D. Chromosome counts 

performed on the roct tips of these plants showed that they pOBsessed 

the haploid chromosome number of 14. The development of cal1us tissue 

from cultured pollen grains of A. variabilis Eig was also observed. 

The authors were unable to 1nduce callus formation fram anthers of 

nine AeSilc>ps speoies, namely, A. caudata L., !.. comosa Sibth. et Sm., 

A. crassa Boiss., !. cylindrica Host., !. ~ L., !. spéltoides Tausch, 

A. squarrosa L., A. tr1uncialis L., and A. u$bellulâta Zbuk. 

. \ 
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Agropyron species 

The formation of callus from cultured polle~ grains of two Agropyron 

species, !. elongatum Rost. ex Beauv. and A. intermed.lum Beauv., was 
.. 

reported by Kimata and Sakamoto (1971). Calluses were not induced ~rom 

six other species cultured, namely, A. campestre Godr. and Gren.', 

A. junceum Beauv., !. littorale Dum.., A. repens (L.) Beauv .. !. smithii Rydb., 

and A. trichophorum C. Richt. 

Multicellular microspores were observed by Z~nkteler and Mls1ura 

(1974a) and Zenkteler ~!l. (1975) in anthers of quack grass, !. repens, 

cu1tured on MS and LS media supp1emented with various growth regulators 

a~d s~Qse concentrations. 

'" Anthoxanthum odoratum L. 

Anther culture of sweet vernal-grass was attempted by Zenkteler 

and Misiura (1974a) without success. The authors observed only degenèrating 

microspores in the cu1tured material. 

Arrhenatherum pratense 

Zenkteler and Misiura (1974a) were unable to induce pollen divisions 

in cultured anthers of this species. 

Avens sativa L. 

Keller (1974) cultured a few anthers of oats, cv. Garry, without 

any success. Af'ter eight weeks, neither callus nor embryoids were 

observed. 

Ca1lus tissue was obtained from seven out of 12,000 anthers 

cultured on various media (Rines, 1978). The ploidy of the callus cells 

was not determined and morphogenesis was not reported. 
t 

S.-w. Chung (Macdonald College, Ste-Anne de Bellevue, Quebeè; pers. 

---------- ..... 
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() comm.) was able to induce the formation of ca1luses from three oat 

cultivars, name1y, Cayuse, Stout, and Manod; she also observed 

mu1ticel1u1ar deve10pment in the microspores. 

Avenastrum pratense (L.) Opiz 

Degenerating microspores were observed in cultured anthers of 

this species (Zenkteler and Misiura, 1974a). 

Bromus species 

Saito ~!l. (1973) successful1y induced the formation of haploid 

plants of smooth brome-grass, ~. inermis Leyss., from anther-derived 

callus tissues. 

Pollen embryos (Zenkteler and Misiura, 1974a; Zenkte1er et al., 

1975) and hap10id albino plants (Zenkte1er, 1976) were recovered from 

( ) anther cultures of B. inermis. The plants were produced from cal1uses 

which developed from anthers sown at the uninucleate stage on a basal MS 

medium, supplemente~ with 1 ppm K, 0.5 ppm IAA, 2 ppm 2,4-D, and 6% sucrose. 

Niizeki (1977) was unable to induce cal1us formation on cu1tured 

anthers of B. irtermis. 

, Zenkteler and Misiura (1974a) observed the presence of multinucleate 

microspores in cultured anthers of !. sterilis L. 

Pollen degeneration in cultured anthers of B. catharticus Vahl . 
(!. unioloides HBK) was also reported by the authors. 

Dactylis glomerata L. 

Niizeki (1977) fai1ed to initiate cal1us formation from cultured 

anthers of orchard-grass, Q. glomerata. 
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Festuea species 

On1y degenerating microspores were observed in eultured anthers of 

F. e1atior L. var. arundinacea (Schreb.) Wimmer ~. arundinacea Schreb.), 

F. ~ L. var. glaues Koch (!. glauca Lam.), and F. 10ngifolia Thuill. 

(Zenkteler and Misiura, 1974a). 

A single callusing anther of !. arundinacea was recovered by 

Niizeki (1977) out of 806 anthers cultured on a variety of media. The 

ca11us, which was extremely slow-growing, fina11y degenerated after two 
1 

months of incubation. 

The reeovery of haploid plants from anthers of !. arundirtacea 

was recent1y reported by Kasperbauer and Buckner (1979). The donor plants 

were subjected to a cold treatment before the anthers or the entire 

spikelets were sown on a modifled MS medium supplemented with 2,4-D. 

Haploids developed only from anthers that had not been removed from the 

spikelets. • 

Multlcellular microspores were observed in cultured anthe~f 

F. elatior L. var. elatior C!. pratensis Huds.) by Zenkteler and Mis~a 
(1974a,b) and Zenkteler ~ al. (1975). Nllzekl (1977) was unable to 

induce the developmen~ of callus Itissue from anthers of this variety. 

Festuea elatlor L. X Lolium multlflorum Lam. 

Nitssche (cited in Nitzsehe and Wenzel, 1977) reported the recovery 

of four albino and six green hap10id plants fram anther cultures of 

hybrida between F. elatior and L. multlflorum. 

Hordeum species 

-;Pollen ca11us from cultured anthers of barley, ~. vulgare L., 

was first obtained by Clapham (1971); he later recovered androgenic 
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haploids (Clapham, 1973). 

Multicellular pollen grains and pollen embryoids were described 

l by Zenkteler and Misiura (1974a,b) and Zenkteler et al • (1975). 
j \Î; 

The recovery of hap10id androgenetic plantlets was also reported 

by,several investigators (see Table r) . 

• Various aspects of barley anther culture have been investigated; 

these include studies on the determination of the most inducible pollen 

developmental stage (Gaul et al., 1976b), the stimulation of the 

frequency of pollen ca1lus induction by the culture of who1e spikes in 

liquid medium (Wilson, 1977; Wilson ~~., 1978b), and the cytological 

observation of pollen embryogenesis (Bouharmont, 1977; Sun, 1978). 
" 

Anther culture of two other Hordeum species, !!.. bulbosUDI..:(.. 

and H. jubatum L., was attempted by Zenkteler and Misiura (1974a). 

Multicellular pollen grains were observed in cultured anthers of~ 

'"' 
H. bulbosum, whereas, only degenerating microspores were noted in 

H. jubatum cultures. 

~ 

Lolium species 

Clapham (1971) recovered haploid albino plantlets from anthers 

of Italian rye-grass, ~. multiflorum Lam., cultured just prior te the 

first pollen mitosis on L5 basal medium supplemented with 1 ppm NAA, 

151. CM and 12% sucrose. Up to 20% of the anthers developed macrescopic 

calluses from which a small of plantlets differentiated. A 

green haploid ~. multiflo plant was obtained by Nitzsche (cited in 

Nitzsche and Wenzel, 1977) from cultured anthers of this species. 

Niizeki (1977) also reported the recevery of a haploid~. multiflorum 

plant in which the pollen fertility (92.2%) was greater than ~he donor 
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plant (70.5%). 

Anther-deri~ed ca1luses of perennial rye-grasst ~. perenne L. t 

were studied by Niizeki (1977). He considered the calluses 8S having 

originated from the microspores. Multice1lu1ar pollen grains were slSd 

observed by Zenkteler and Misiura (1974s) in cultured anthere of 

!:.. perenne. 

Anther culture of L. hybridum Opiz did not lead to cal1us or 

embryoid formation $Niizeki, 1977). 

Lolium mu1tiflorum Lam. X Festuca elatior L. var. arundinàcea (Schreb.) 

Wimmer (F. arundinacea Schreb.) 

Nitzsche (1970) reported the recovery of haploid plants from anther 

cultures of a hybrid oetween Ita1ian rye-grasst l. multiflotum, and a 

dodecaploid Meadow fescue. 

Oryza sativa L. 
, 

The differentiation of haploid rice p1ant1ets from anther-derived 

calluses was first reported by Nilzeki (1968) and Niizeki and Oono (1968). 

The successful induction of androgenic haplolds in dlfferen~ rlce 

cultivars via a callu8 phase has since been described by several 

investigators (see Table 1); the recovery of haploid plantlets obtained 

by,direct embryogenesis has a1so been reported (Guha-Mukherjee, 1973). 

Anther culture in rice is being extenslvely studled in China; 

for instance, considerable reaear~h ia being directed towards the 

improvement of culture media and cultural conditions, the solution of the 

problematic origin of albino plantlets, and the incorporation of 

progenies of doubled haploids into breeding programs [for references, see 

Proc. Symp. on Anther Culture, Canton (1978a), more than 50 communications 
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on rice anther culture; also Proc. Symp. on Plant Tissue Culture, Peking 

(1978b), 16 papers). 

Pennisetum glaucum R. Br. ~. typhoides (Burm.) Stapf & Hubb.) 

• Anther culture of pearl millet was attempted by Sree Ramulu et al. 

(1976Q) without success. The authors tried a variety of culture media 

supp1emented with various addenda. Neither the development of the 

microspores nor callus or embryoid formation were observed. 

Nitsch (cited in Nitzsche and Wenzel, 1977) was able to induce 

first divisions in iso1ated microspores of pearl millet. 

Phleum pratense L. 

A small number of calluses were obtained from cu1tured anthers of 

timothy (Niizeki, 1977). Microscopie observation of the anthers revealed 

that various developmental stages had occurred in the microspores up to 

embryoid formation. The embryoids later deve10ped cotyledons and roots 

but fina1ly reverted to ca11us forma~ion so that complete p1antlets were 

• 
not recovered. 

Saccharum officinarum L. 

The formation of ca11us tissue from cu1tured anthers of sugarcane 

has been reported~y Moore and Maretzki (1974). 

Secale species 

Thomas and Wenzel (1975a) obtained dip1otd, trip10id, and 
t 

·1 
tetraploid plant1ets from cu1tured anthers of rye,~. cereale L.; 

evidence was presented supporting the androgene~ic origin of some of 

the plantlets. Androgenic haploid a11>-1no plants were 1ater described 

by the same research team (Thomas ~.!l:.., 1975 j Wenzel ~ !l., 1976a) 
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and green haploid rye plants have recently been obtained (Wenzel ~ 

~. ,M 1977a). 

Succesatul induction of androgenic hap10ids of rye has also 

been reported by Orlikowska (1977). 

The cytologica1 events occurring during the course of embryogenesis 

were recently reviewed by Sun (1978) and Sun et al. (1978)r 

The presence of multice1lular pollen g::1~ in cu~red anthers 

of S. montanum Guss. has been reported by Zenkteler and M1siura (1974a). 

Setaria italica Beauv. 

Ban et al. (1971) obtained haploid plants irom anther cultures of 
) 

foxtai1 millet, S. italica. The authors noted that some of the haploids 
;-

possessed a high degree of ferti1ity. 

Sorghum vulgare Pers. var. sudanense Hitchc. (!. sudanense Stapf) 

Anther culture of sudan-grass was attempted by Herzky (1976) 

and Niizeki (1977) without success. The authors reported that ca1lus 

tissue had not formed fram any of the anthers. 

X Triticoseca1e Wittmack 

The production of hap10id plants fram cu1tured anthers of 

triticale was first reported by Chinese researchers (Wang ~ al., 1973b; 

Sun ~ al., 1974). Other successful reports inc1ude those by Bernard et 

al. (1976), Ono and Larter (1976), Bernard (1977), Or1ikowska (1977), and 

Dorosiev ~ al. (1978). Pollen cal lus was observed in cultured triticale 

anthers by Heszky and Hesch (1976),. but plantlets were not regenerated. 

Hap10id albino plantlets have regularly been obtained in triticale 

anther cultures, sometimes with a very high frequency (ca. 40%) 

... 
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(Bernard, 1977). 

Triticum species 

The regeneration of hap10id p1antlets fram cu1tured anthers of 

various cultivars of wheat, !. aestivum L., was first rea1ized in 1973 

by severa1 research groups (Ouang ~ al., 1973; Picard and de Buyser, 

1973; Wang ~ al., 1973a). 

Successfu1 reBu1ts were also obtained by Craig (1974), Picard 

and de Buyser (1975, 1977), and Shimada and Makino (1975), using 

different wheat cultivars. 

Ogura and Tsunewaki (1975) attempted to derive haploids from 

anther cultures of substitution 1ines of T. aestivum; ca1luses were 

obtained from anthers of various lines but hap10id p1ant1ets were not 

produced. 

Considerable research on wheat anther culture has been performed 

by Chinese researchers, as May be seen by the impressive num~r of 30 

communicanions which were presented at the Symposium on Anther Culture, 

he1d in Canton '(China) in 1977 (see Pr?c. Symp. on Anther Culture, 

1978a); various aspects of wheat embryogenesis were studied including 

for instance, the effect of the various constituents of culture media, 

the nature of the cytologica1 events occurring during embryogenesis, the 

chromosomal variations and the ploidy levels in callus tissues and 

regenerants, the genotypic differences with regards to the frequency of 

embry~id induction, and the performance of androgenetic haploids in 

breeding expertments. 

Fujii (1970) described the development of ca11us tissue from 

cultured anthers of !. aegilopoides Bal. and!. dicoccoides Koerm.; 

the origin of the cal1us was not investigated. He fai1ed to induce , 

. 
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ca110genésis in anthers of T. monococcum L. t T. ~ Desf. and 

T. spe1ta L. 

(1976) 

Ca11us from mic~re origin was obtained by Reszky and Mesch 

in !. ~, T. spelta, and!. ispahanicum Reslot. 

Chu (1978) reported the recovery.of albino haploid plants of 

T. dicoccoides from anthers cultured on N6 medium (Chu ~!!., 1975) , 
supp1eménted with 1 pmm 2,4-n, 2 ppm IAA, 1 ppm BA, 100 ppm myo-inosltol, 

0.5 ppm folic·acid, 0.05 ppm biotin, and 8% suœroee. Plante were a180 
L-

obtalned ~rom anther culture of intergeneric hybrids between triticale (8!> 

and wheat; the ploidy of the regenerated plants remains to be determined. 
, \! 

The author also'mentioned that callus tissue was produced from cu1tured 

anthers of T. durum and from 1ntergeneric hybrida between wheat and rye. 

Triticum aestivum L. (1. vulgare Vill.) X Agropyron glaucum Roem. & Schult. 

Hap10id plants from the intergeneric hyb~id between!. aestivum 
• 

and A. glaucum were recovered from anther culture Olang ~!l., 1975b). 

\J 

~ mays L. 

Murakami ~!!. (1972) described the production of haploid calluses 

from anther cultures of corn; the differentiation of roots from,the 

ca11uses was later observed. / 
Callus, tissue was also.obtained by Opatrny 

et al. (1977); the origin of the.tissue was not investigated. Heszky 

(1976) fai1ed to induce callue formation in corn anthere • 

Successful induction.of androgenic hap10ids from co~n anther 

cultures was recently reported by several Chinese resear~h groups 

(Anonymous, 1978e,f; Ku ~ al.~, 1978a; Li and T,s'ui, 1978; Miao !!!l. t 
1978). Numerous etudies have been undertaken in order to examine the ~ 

,. 
various aspects of the phenomenon' including: the nature of the cyto1ogieal 
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events oocurr:lu.& during pollen em.bryogenesis and haploid call~s formation 

. (Ku et al., 1978b), the ploidy levels of the regenerants (Ku et al., 1978b), 
~ -- ,--
the progeny performance (Anonymous, 1978e), and the flowering and fruiting , 

behavior of the haploids (Wang and Kuo, 1978). 

o Dicotyledoneae 

, 
Apocynaceae 

Vinca rosea L. (Catharanthua roseua Don.) --
At least two different haploid plants of V. ~ (n~=8) have been 

regenerated fram 31,000 cultured anthers (Abu-Mandoor and C~ygan, cited 

in Nitzsche and Wenzel, 1977). 

Asteraceae 

,Chrysanthemum species 

First attempts" to derive haploids fram anther culture in this 
.... 

fam1ly were made by Watanabe et al. (1972). Callus tissue was induced 
,J '0--- / 

on aIl cultured an~he~s of two diploid and six polyploid species of 

Chexsanthemum. The' c~lluses, Qhowever, proved to be of somatic origin 

and no development of the microspores was observed. 

Haplopappus graci1is (Nutt;) Gray 

Watanabe et al. (1972) a1so mentiàned obtaining 100% callus --- ~ 

formation on cultured anthers of !. grac1lis, but the ploidy of Ithe callus . 

cells was not ascertained. 

Gerbera j &mesoui! Bolus, 

More r~cently, Preil et al. (1918) 'reported.the regeneration of --.-
~ 

haploid plànts fram capitulum cultur~8 of G. jamésonii. Callus formation 
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was obaerved mainly on the anthers in ',the tubular florets. The authors 

were'successful in+egenerating naploid plants from.these ca1luses • 

Betulaceae 

Betula pendula Roth 

Anther culture of Eu~opean white birch, !. pendula, was undertaken 

-by Huhtinen (cited in Nitzsche and Wenzel, 1977). ~Ca1lus tissue was 

induced f~ a§~hers sown ~t the first pollen mitosis on MS medium 

~upp1emented vith O.1~1.0 ppm K and 1-10 ppm 2,4-D. Chromosome counts 

reveâ1ed that some of the cal1uses were haploid (~2~2e), whereas·others 

were diploid or triploid. The author concluded ~hat thè haploid 

calluses probab1y originated from the induced microspores. unfortunately~ 

shoots or roots could not he differentiated from these cà11usee • 

Brass!caceae 

Arabidopsis thaliana (L.) Heynh. 

Rap10id !. ,thaliana ca1luses and plants ohtained via anther culture 

were descrihed by Gresshoff and Doy (1972a). Meiottc anthers were 

cu~tured on a synthetic medium supplemented with a~igh auxin-low kinetin 
, 

con~entration favoring callus formation. Transfer of the calluses to~a 

low auxin-high kinetin medium resulted in organogenesi8;~ complete 

plantlets were regenerated, a~ a few'flowered in the'culture"vessels. 

Chromosome COURts performed on root tips of regenerated planttlets and 

• ca1lus cells indicated haploidy had taken place (n~5). 

• Avetisov (1976) has a1si( reported the produ~tion of haploids 

d~;ing in vitro culture of A. cha1ians anthers. -- . 
, ' 
" 

j' 

- " 

, 
s.w •. 
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Brassica species 

There exist in the literature numerous reports on anther culture 

in this economically very important genus. 

Keller et al. (1975) demonstrated that plants could he regenerated 

from anther cultures of turnip rape, !. campestris L. Emhryoids, 

ranging from globular to fully-differentiated stages, were produced in 

about 1% of the anthers. These had been cultured at the uninucleate or 

early binucleate stage on different media consisting of various modifications 

of the B5 medium. Sucrose concentration was found to play an ,important 

role in embryoid induction. Levels below 6% did not result in embryoid 

production. According to the authors, high sucrose concentration not only 

inhibited the growth of somatic tissues, but specifically induced pollen 

divisions. Although none of the plants obtained were haploid, the authors 

provided sufficient evide~~e to demonstrate that the anther-derived " 

plants were of pollen origine However, haploid plantlets were obtained 

from anther cultures of B. campestris by Chinese researchers (Anonymous, 

1975). 

Sunderland ~!l. (1971) was unsuccessful in inducing the formation 

of pollen embryoids or pollen calluses from cultured anthers of white 

mustard, ~. hirta Moench (Sinapis alba L.). From cultured anthers of 

!. juncea Coss., he obtained only somatic callus tissue from which root 

development occurred. 

Pollen divisions in cultured anthers of B. napus L. were first 

described by Thomas ~ al. (1974). In a subsequent report, Thomas and 

Wenzel (1975b) observed embryogenesis in anthers of !. 1l4pUS cultured 

on a modified LS,med~um supplemented with various hormones. One embryoid 

was produced from pollen which had been separated from an anther during 

.. 
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incubation." Callus cultures vere Initiated from this embryoid and a' 

haploid plant1et (~.19) was regenerated. Multice1lular structures were 

also obtained from the culture of iso1ated microspores but no further 

deve10pment was noted (Thomas ~!l., 1976). Subsequent studies brought 

about the recovery of 17 hap10id and 48 dlp10id plants (Wenzel et al., --
1977b). 

Although Keller and Armstrong (1977) fai1ed to detect haploids 

in 31 anther-derived !. napus plants, observations on embryoid 

deve10pment in the cultured anthers provided evidence for the microspore 

o~igin of these plants. The authors 1ater reported (Keller and Armstrong, 

1978) that hap10ids of !. napus cou1d be recovered from anthers submitted 

to high temperature treatments X30, 35, and 40°C). l 
Elmsheuser and Neumann (1978) have recent1y reported that their 

attempts ~o trigger pollen embryogenesis in!. napus, using cold 

treatments and activated charcoal were unsuccessful. 

~ther-derived doubled-haploid 1ines of !. napus are now 

avai1a~le and under field tests at Saskatoon (Stringham, cited in Keller 

and Stringham, 1978). Spontaneous amphidip10ids of pollen origin have 

also been eva1uated in a breeding pro gram aimed at developing low 

glucosinolate 1ines (Hoffmann ~ al., 1976). 

The induction of hap10id plants from cultured anthers of 

~. oleraçea L. and the hybrid B. oleracea X!. alboglabra was firet 
~ 

reported by Kameya and Hinata (1970). Ca11us tissue was'produced on 

almost mature anthers cu1tured on a modlfied Nitsch medium (1951) 

supp1emented with various growth regu1ators; p1ant1ets were subsequept1y 

regenerated from these cal1uses. Although the chromosome number of the 

callus ce1ls varied (9, 10-17, and 18 chromosomes), aIl the plantlets 
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were haploid (~~9). The authors were also able to induce the formation 

of cell clusters from isolated mature pollen grains of !. oleracea and 

B. oleracea X B. alboglabra. However, no shoot regeneratipn took place 

on the callus masses. The other species tested by the authors, namely, 

B. pekinensià Rupr., !. chinensis L., and !. alboglabra, did not show 

any response. 

Somatic callus formation in cultured anthers of three B. oleracea 

'varietie~, namely, var. acephala De. (common kale) , var. botrytis L. 

(cauliflower), and var. gemmifera Zenker (brussels sprouts), was 

described by Sunderland !!al. (1971). Pollen diYisions were not observed. 

Unsuccessful attempts to induce and~ogenesis in cabbage, B. oleracea 

var. capitata L., were reported by Miszke and Skucihska (1975). A few 

multicellular structures were 1ater observed by the authors in the pollen 
, 

sacs of cultured cabbage anthers (Skucinska and Miszke, 1978). 

Anther culture studies in broccoli, !. oleraeea var. botrytis, 

were recent1y reported by Quazi (1978). Cal lus tissue and 1ater ?lants 

developed from anthers cu1tured on a synthetic medi~ supplemented with 

various hormones and organic addenda. Chromosome counts on root tips 

from a rhizogenic ca11us revealed that the roots were tetraploid 

(2~=4~=36), whereas the donor plants were dip10id. 

The recovery of ?aploid pl~ntlets from cultured anthers of 

B. chinensis and B. oleracea was recently obtained by Chung et!!. (1978); 

Teng and Kuo (1978) also reported the successful induction of androgene~ic 

haploids of !. pekinensis • 

Raphanus sativus L. 

Anther culture in!. sativus has not been successful (Sunderland 

!!. .!!.., 1971). 
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Chenopodiaceae 

~ vu1garis L. 

First attempts to culture anthers of ~ugar beet, !. vu1garis, 

were described by Banba and Tanabe (1972). Ca1lus tissue was obtained 

from the cu1tured anthers but the p1oid! of the ce11s was not reported. 

'A few years Iater, the successful induction of haploid plant1ets 

~from anther cultures in this species was realized by a Chinese research 

group (Pao ~!l., 1978). The authors mentioned that induction of p1antlet 
. , 

regeneration presented some difficulty and none of the few ~lantlets 

obtained (four from a tetraploid cultivar and three from a diploid 

cultivar) survived transfer to soil. 

Convolvulaceae 

lpomoea ill Roth (!.hàrbitis nil Choisy) 

The induction of haploid cal lus from anther cultures of morning 

glory, 1. ni1, was reported by Sangwan and Norreel (1975a). Upon transfer - - -
to a low hormone madlum, a few ca~lu8e8 were induced to different1ate 

embryos and plantlets. The ploidy of these structures was not reported; 

however, cyto~ogica1 examination of the embryogenic ca11uses revealed , 
• that the cel1s were near1y a11 haploid, more rarely d1p1oid or triploid. 

Euphorbiaceae 

~ braslliensis Mue11. Arg. 

Recently, Chen.!!,.!!.. (1978a,b) reported the regeneration·of 

haploid plantlets from anther cultures of an economically important 

species. !. bras1l1ensis, the caoutchouc tre~: Embryoids wer~ obtained 
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20 days after anthers had been cultu~ed, mostly at the uninucleate 

stage on MS medium supplemented with 1 ppm K, 1 ppm 2,4-D, and 3% 

sucrase. The subsequent transfer of these embryoids into various 

culture media was found necessary ta further their development. 

Cytologiea1 examlnation of the embryoids revealed that they were 

haplo1d (~~=l8). Numerous aneuploid cella «26, 27,)28 chromosomes) 

were scored in the root tipa of the plantlets derived fram these 

embryoids, but diploid cells were not observed (Chen et al., 1978b). 

Sim1lar results were obtained by a different Chinese research 

group (Anonymous, 1978c). 

Fabaceae 

Several attempts have rbeen made ta induce androgenetie haploid 

plants in this economically very important family. 

Arachis hypogaea L. 

Anther culture of peanut was undertaken by Martin and Rabéchault 

(l976). Haploid cella were rarely observed in the callus tissue 

obtained from the cultured anthers and most cells exhibited the 

diploid number of chromosomes. 

Glycine .!!!!!. (L.) Merr. 

Protuse cal lus developed from cu1tured soybean anthers on a 

variety of culture media (Ivers ~ al., 1974). Cytological examination 

of the roots that differentiated from the cal lus tissue revealed that 

the cells were diploid, leading the authors to be1ieve that the tissue 

was of somatic origin. 

Chien ~~. (1978) reeent1y reported abserving mu1ticellular 

pollen grains in soybean anthers cu1tured on a modified BS medium. 
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Anther culture has been attempted in several ~ species 

and hybrids (Ta9~e III). The induction of pollen mitoses leading to 

the development of pollen callus and/or pollen embryoids has not been 

successful1y triggered. The occurrence of haploid cells in the ca1lus 

tissue derived from the cultured anthers was not reported and the 

p1antlets regenerated from these calluses proved to be either tetraploid 

(Niizeki, 1971; MacDonald, 1974) or octoploid (Niizeki, 1971; Niizeki 

and Grant, 1971). 

Kedicago sativa L. 

Callus tissue was obtained from alfalfa anthers cultured at 

various stages of development (Saunders and Bingham, 1972). 

Histologieal studies indicated that, in most cases, the callus arase 

from the connective eells. 

Niizeki and Kita, {197~) and Niizeki (1977) reported the recovery 

of callus from cultured anthers of alfalfa, but the callus tissue 

appeared to be of somatic origine Organ regeneration,did not proceed 

from these ca11uses. 

Attempts to culture mature anthers of two alfalfa cultivars 

treated with Ethrel, an ethylene-releasing compound,. proved unsuccessful 

(MacDonald, 1974; MacDonald and Grant, 1974b). Thé authors concluded 

that the nuclear bodies observed in the pollen grains were micronuclei 

originating from Ethrel-induced abnormal mitoses. The ploidy of the 

callus tissue obtained from the cultured antbers was not reported. 

Phàseo1u' wlgUis L. 

Petera et al. (1977) reported the presence of haploid cells in --

IL 
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TABLE III. ~ species and hybrids u~d in anther culture etudies 

Species 

L. alpinua Sct4-eich. 
(2~ 

L. alpinus Schleich. 
(4~ 

~. caucasius Kupr. 

~. corn~culatus L. 

cv. Empire 

cv. Maitland 

cv. M. C. H. 

cv. Vild.ng 

var. crassifolius 

L. cruentus Court. 

L. divaricatus Boiss. 

, 
L. h:lspidu8 Desf. 

~. jàpollÎcus (Regel) 
<2.!. and 4,!) 

Larsen 

L. krylovil Schischk. et Serge 

References 

MacDonald, 1974; Macdonald and 
Grant, 1974a. 

Niizeki, 1971; MacDonald, 1974; 
MacDonald and Grant, 1974a. 

Niizeki, 1911; Niizeki and Grant, 
1971; MacDonald, 1974; MacDonald 
and Grant, 1974a, Niizeki, 1977. 

Niizeki, 1911; MacDonald, 1974; 
MacDonald and Grant, 1974a; Tomes, 
1976. 

Niizeki, 1971; Nii.zeki and Grant, 
1971; Niizeki and Kita, 1973; 
MacDonald, 1974; MacDonald and 
Grant, 1974a; Niizèki, 1977. 

MacDonald, 1974; MacDonald and 
Grant, 1974a: 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

Niizeki, 1971; Niizeki and Grant, 
1971; MacDonald, 1974; MacDonald 
and Grant, 1974a; Niizeki, 1977. 

Niizeki, 1971; ~iizeki, 1977. 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

MacDona~d, 1974; MacDonald and 
Grant, 1974a. 

Niizeki, 1971; MacDouald, 1974; 
MacDonald and Grant, 1974a. 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

MacDonald, 1974; MacDonald aqd 
Grant, 1974a. 

Continued ••• 
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TABLE III. (Contlnued) 

Specles 

L. pedunculatus Cav. 
(~and 4~ 

L. peregrinus L. 

L. sulphureus Bolss. 

L. tenuis Waldst. et Kit. 
(2!) 

L. tenuis Waldst. et Kit. 
(4!.> 

(~. japonicus (Regel) Larsen 2 
X L. alpinus Schleich.) 

(~. japonicus (Rege1) Larsen 2 
X b alpinus Schleich.) 

X ~. corniculatus L. 

(~. kry10vii Schischk. et Serge 
X L. alpinus Schleich.)2 

Q ( 

References 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

N11zeki, 1971. 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

Nlizeki, 1971; MacDonald, 1974; 
MacDonald and Grant, 1974a,b. 

Nllzeki, 1971; MacDonald, 1974; 
MacDonald and Grant, 1974a. 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 

MacDonald, 1974; MacDonald and 
Grant, 1974a. 
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u calluses derived from cultured anthers of kidney beans. Veliky and 

Martin's culture medium (1970), supplemented with either 2,4-n (1 ppm) 

alone or NAA (1 ppm), lAA (2 ppm), and K (0.2 ppm), was utilized in 

these studies. 

Trifolium pratense L. 

The formation of callus from cultured anthers of red clover 

was observed by Heszky (1976). He also reported the development 

of roots in the cultures. 

Vicia faba L. ---
Failure to initiate pollen divisions and callus formation from 

cu1tured anthers of two broad bean cultivars was reported by Keller (1974). 

Geraniaceae 

Pelargonium hortorum Bailey '. 
The regeneration of plants from anther culture of fish geranium, 

P. hortorum. was first reported by Abo El-Nil and~ildebrandt (1971). 

Haploids were later obtained from anthers cultured at the uninucleate 

stage on a modified White's medium (1943>. supplemeated with 2-2.5 ppm NAA, 

2.5 ppm Kt 150 mg!l CM, a~d 2% sucrose. Upan repeated divisions, the 

microspores gave rlse to a callus tissue which was induced to 

differentiate plantlets (Abo El-Nil and Hildebrandt, 1973). The authors 

noted that the induced pollen grains never developed directly into 

embryoids. 

41 
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Gesneriaceae 

( 
Saintpaulia ionantha Wendl. 

Hap~oid pirnts werè recovered from cultured anthers of one 

member of this family, ~. ionantha, the African violet (Hughes !! al., 

1975). Preliminary studies indicated that late uninucleate microspores, 

that' is, approaching or undergoing the first mitotic division following 

meiosis, were induced into division. AlI regenerated plant1ets showed 

a hap10id number of chromosomes (~~=14). 

Hippocastanàceae 

Aescu1us hippocastanum L. 

;' 

Radojevic (1978) described the induction of pollen embryoid8~nd 

( the regeneration of hap10id plantlets from cultured anthers of the horse-

chestnut tree. These results were obtained with anthers sown at the 

uninucleate stage on a solid MS medium supplemented with 2i. sucrose, 

various vitamins, organic addenda, and growth regulators. The auxin 

2,4-D was found essential for embryogenesis, as no embryoids were 

observed in aothers inoculated on media 1acking the growth regulator. 

Linaceae 

Linum usitatissimum L. 

Anther culture of two cultivars of flax has resulted in the 

formation of ca11uses on which buds deve10ped (Pao ~!!., 1978). 

Cy~ological examination of the callus,' cells or the buds was not reported • 

...... _~~"""",,,..u.~~.,. J>- .. ,-""-,,,,, ~ .... ~-......".....-... ~ ...... ~ ........ ·.4..r~ .. _~"" ______ ..... _r ....... I*~~~,~a.1IiQ~r 
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Malvaceae 

Gossypium species 

The formation of hap10id pollen callus was firet reported in 

Gossypium sp. by Nitsch (cited in Sharp ~ al., 1972a,b). In contrast, 

Haccius (1972) was unsuccessfu1 in inducing embryogenesis in cu1tured 

anthers of levant cotton, ~. herbaceum L. 

Anthers of ~. anoma1um Wawra & peyr. cultured at the quartet 

stage on Nitsch's medium (1974a) supplemented with different addenda 

did not produce ca1lus or plantlet formation (Merriam and Scowcroft, 

1976). 

Chinese researchers have obtained calluses from cu1tured anthers 

of upland cotton, ~. hirsutum L. (AnonymQus, 1978a; Hsi and Wu, 1978). 

The best response was e1icited from anthers given a cold pretreatment 

and sown at the mid- or 1ate-uninucleate stage on a synthetic medium 

supp1emented with 0.5 ppm 2,4-D, 0.5 ppm lAA, 2 to 3 ppm NAA, and 2 ppm K. 

The authors reported the addition of 0.5 ta 1 ppm GA to a1so be 

beneficia1. Organogenesis proceeded after the ca11uses were transferred 

onto a differentiating medium. Roots, embryo-, shoot-, and leaf-like 

structures were noted. The origin of the callus tissue remains to be 

"" determined. Simi1ar results were described by Hu (1978). 

Recently, Sharma and Vijayakumar (1978) observed whitish cal lus 

tissue growing from cu~tured anthers of G. hirsutum and~. herbaceum. 
10, 

The anthers were 80wn at the quartet stage on MS medium supplemented 

with '0.05 ppm IAA, 0.1 ppm K, [~nd 1% malt extract. Cytological 

examination of the ca11us tissue showed that it had originated from 

( ) microspores. Organogenesis was not reported. 
, , 

Barrow .!:!.!!.. (1978) reported the initiation and subculture of 
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callus tissue from anthers of G. hirsutum and sea-island cotton, 

G. barbadense L' f cultured on various media. Cytologieal examinstion 

of a small number of fast growing G. hirsutum cell suspensions derived 
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from anther calluses, revea1ed that 83% of the cells were haploid (~=2x=26). 

Papaverac~ae 

Papaver bracteatum Lind1. 

Hap10id POP1Y plants have been regenerated !rom microspores 

by Corduan, and Abu-M4ndoor and Czygan (cited in Nitzsche and Wenzel, 1977). 

Primulaceae C 
Cyclamen persicum Mill. 

Cu1tured anthers of cyclamen fai1ed to show any response (Haccius, 

1972). 

Ranunculaceae 

Anemone species 

Sunderland ~~., (1971) attempted to induce pollen embryoids 

or pollen callus in anthers of the poppy anemone, A. coronaria L., 

culturedbefore or after the first pollen mitosis. Pollen grains survived 

as long as six months in culture, but failed ta show_any response. , 

Diploid callus formation was also extremely rare. 

Multicellular proembryonic structures were la ter observed in 

cultuted anthers of !. coronafia, which exhibited pollen dimorphism 

(Sunderland and Roberts, 1975). The authors determined that on1y the 

aberrant microspores were indueed into division. 

The development of embryos from cultured anthers of four Anemone 

species, A. virgitiUn.a L.! !. rupicùla Camb., !. multifida Poir., , 

E 
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and the Meadow iinemony, !. canadensis L., was reported by Johansson 
,~ 

and Eriksson (1977). The cotyledonary embryos were recovered from 

anthers sown on Ni,tsch and Nitsch's basic medium (1969) supplemented 

with various concentrations of activated charcoal and incubated 

preferably in darkness at 25~C. Development of these embryos into 

piantlets wÀs not reported however. 

Helleborus species 
<;> 

Multicellular pol~en grains were ob~erve~' in anthers of two 
. 

Hellebo~~s species, the christmas-rose, li. niger L. t and H. foetidus L., 
i 

cultured at the uninucleate stage on MS médium supplemented with 3% 

sucrose and various combination~' of hormones (Zenkteler and Misiura, 

1974a; Zenkteler ~!!., 1975). Further development of these grains 

was not reported. 

Paeonia species 

There e~ist in the literature several reports on anther culture 

in the genus Paeonia. 

First attempts were made by Sunderland !!.~. (1971) with 
::-

P. daurica Anders., !. ~ Wall., !. ml()ko8éliiUchi Lomak. var. 

~enuifolia and various hybrids. Four-cel1ed grains were observed in 

~~_m1okosewitschi, up to s~* cells in!. daurica, and eight cells in 

45 

!. ~.~ Anthers were cultured on variou8 media e:l.ther at the uninucleate 

stage or at the first p~llen mitosi~.· According to ,the autho~s, 

muiticellular grain formatio~ was favored by ~ medium suppleme~ted 

with either a low NA! or 2,4-D concentrat~on (0.1 ppm) and a high 

concentràtion of kinetin (5 ppa). Light. re,ime seemed uniJaportant., 
o ~ 

. No further ~owth ~was reported. A few pollen embryold, were Iater 

--- ... ----------
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\ 
observed in two p~ony spec~es. !.. deeora Anders •• and !. triternata PaIl. 

(Sunderland ~ al.. 1973a, 1975). Embryoid formation vas noted by 

Sunderland (1974) in anthers of P. htbrida .... Pa11. cultured on a variety 

of media. The course of deve10pment of thesé Paeonia pollen èmbryoids 

was stùdied by Baccius et.!l. (1975). PlanUet deve'lopment vas later 

reported by Roberts and Sunde~land (1977). 

Multlnuc1ear and multice11u1ar p01l~n grains were obtained by 

Zenkteler and Mlslura (1974a) and Ze~teler ~!!. (1975) in anthers of 
, 

., severa1 Paeonia species. P. 1utea Delavay ex Franck. var. 8ùperba, 
,'" --

. !. offié1na1is L., !. tertuifolia L., and the tree peony, l. auffruticos& Bav. t 

citured: at the" uninucleate stage on MS medium supplemented with 3% 

sucrose and various growth regulators. 

Callus formation, presumably fromm1crospor~s. occurred in 

cu1tured anthers of !. lactiflora PaIl. ~. a;9iflora PaIl.) as reported . . 
by Barn (1976). Different division patterns, which resulted in the 

f~rmat1on of vari.ous types of multihucleate and mu1ticellu4-r pollen 

grains, w~re bbserved in the microspores. 

Ono and Tsuki4a (1978) 8uccessfu11y induced the formation of 

qsploid ea11us (n~5) from cu1tured anthers of !. ~actiflora PaIl. 
. 

f ~ hortenai.s. The haploid calluses were recovered from. anthers sown 

~ 

on MS media. supplemented with either 15% CM or 2 ppm NAA,.,. 1 ppm 2,4-D, 

and ~.1 ppm K. 

'Ranunculus sceleratus L. 

~rofuge ca]J.using was obta1.Ded from -iirat~re anthers of- cursed 

crowfoot èultured.on White's.medium' (1943) s~~iemènted vith 10% CK, 

0.5 to 2 ppm- 2;,4-D, 8l'ld 2% sucrose (Konar and Natataja, 1965)., 

. 
Histotigical atUAÜes of the cul~lf,red mat~ria!' revea1ed that th.e/i.callus .: ' 

·t, - "" 
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originated from the connective tissue of the anther. 

Rosaceae 

Fragaria chiloensis Duc~esne var. ananassa Bailey 

Anther culture of the cu1tivated strawberry was unsuceE\~sful in 

producing hap10ids CFaw1er !! a1' t 1971). The ca11us tissue that formed 

on the anthers proved to be of somatie origin. 

Devreux et al. (1975) recovered diploid and tetraploid plantlets 

from cultured strawberry anthers • 
• 

~ species 

Callus formation from cultured anthers of apple trees was first . 

reported by Nakayama ~!!.. (1971, 1972). 

Attempts by Zenktelér and Misiura (1974a) to induce pollen 

divisions in cultured anthers of Siberian crab-app1e, M. bacc~~ Borkh., (J 
and paradise Apple, ~. sy1vestris Mill. var. paradisiaca Bailey 

- (M. pumila Mill.), were unsuccessfu1. 

A few years later, Mi!ewska-Pawliczuk and Kubicki (1977) reported 

the development of embryoids from anther cultures of common app1e, 

M. domestica Baumg. cv. Jona~han. The embryoids which were induced most 

successfu1ly from microspores cultured at'the uninucleate stage 

deve!oped up to the torpedo stage but degenerated soon after. Plantlèts 
... 

were not recovered from these cultures • 

l'runua species 

There are severa! reports in the- 1iterature on anthet:'. ,c.ulture in 

" the genus Prunus. Harn and Kim (1972) succeeded in ind~cing calius from 
tI 

anthers of the common apricot!. armeniàca L. Aecording to the autho~s, 

._._. --~-----_. __ ._~--- ___ ~ _____ ... w_ ......... ~ ... _~, ~\, ,..~' ...... _ .... " ,~ .. 

. '" 



~CI. llllliU 

( 

c 

/ 

(-

ilb 

the cal1us tissue vas probably of microsporè origine 

Callus tissue a1so deve10ped from cultured anthers of the 

peàch tree, l. persica Batsch, and the almond tree, !. amygdà1us Batsch 

CMichellon ~ al., 1974); haploid callus cells vere obse~ed by the 

authors in P. persica. 

Pollen embry~ vere detected in anthers of the sweet cherry 

tree, !. ~ L., cu1tured on MS medium supplemented with 1 ppm SAP, 

1 ppm LAA, and 12% sucrose (Zenkteler and Misiura, 1974a; Zenkteler ~ al., 

1975). Mu1ticellular structures of microspores origin were obtained by 

Jordan (1974; 1975) in cultured anthers of the same species. 

pyrus sp. 

Microspore divisions in cultured anthers of a ~ specles vere 

observed by Jordan (1975). 

Rosj:l sp • 

. Attempts to induce pollen divisions in cultured anthers of roses, 

~ ~p., have recent1y'been reported (Jain and Guha-Mukherjee, 1978). 
~ 

The authors observed ca11us formation from the anthers but the origin 

of ~his ca11us tissue vas not investigated. 

Rubiaceae . 

Coffeà arabica L. \ 
Sharp ~!!. (1973) successfully induced callus prolifer~tioù 

from anthers of two cu1tivars o~caffee cultured on MS medium supplemented 

1 
vith various concentrations,_ of auxins and cytokinins. The ca11us cells 

'showëd the dihaploid (2x=22), or in some instances, the haploid (~11) , -
number of chromosomes. However, the differentiation of haploid plaritlets 

.... 
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was not reported. 

Rutaceae 

Citrus species 

Anther culture of two Citrus species, f. medica L., the citron 

tree, and f. ~ L •• the·1em.on tree, was attem.pted by Drira and 

Benbadis (1975). Callus tissue was obtained from both species; 

according to the authors, the presence of glutamine in the culture medium 

was; indispensable for the formation of the callus. In the case of citron, 

the callus originated from the connective tissue; in f. lüion the 

divisions which were observed in the cultured microspores lead to the 

formation of multinuclear masses and androgenetic calluses. Determination 

of the ploidy of the callus cells was not reported. 

Sa1icaceae 

POPUlU8 nigra L. 

The recovery of hap10id plantlets from~lack poplar anthers 

.cu1tured on a synthetic medium vas reported by Wang ~!!. (1975a). 
, 

Stmilar sucçessful results were recently obtained by Lu (C.-H.) et al. 

(1978) vith four Populus species and six interspecific hybrids (see Table II); 

~ the authors observed haploidy or near haploidy in root tips of the 

regenerated plantlets. 

Saxifragaceae 

~ species 

Utilizing MUrashige and Skoog's medium (1962) supplemented vith 

various combinations of hormones and relatively high sucrose levels 

/- -- ------~_.~,- .. -
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(6% and 9%), Zenkteler and Misiura (1974a) were able,to induce multicellu1ar 

pollen grains in ~he cultured anthers of European black currant, 

!. nigrum L. Anthers of a different species, !. sanguinéum Pursh var., 

atrorubens Hort., cultured on the same media failed to show a response. 

A few microspore divisions were a1so observed in anthers of a 

~ species cultured on Nitsch's medium (1972) supp1emented with 

1 ppm NAA and 1 ppm BAP (Jordan, 1915). Further development of the 

induced pol~en grains was not reported. 

lariaceae 

Digitalis species 

Sunderland ~~. (1971) reported rapid dlploid callus formation 

on cultured anthers of common foxglove, ~. purpurea L • .. 
A few years Iater, Corduan and Spix (1975) reported the induction 

of hapioid callus formation and the regenerltion of plants from anthers 

of R. purpurea L. Production of callus was obtained on severai basal , 
media supplemented with varlous amounts of 2,4-D. Although the calI us 

~ssue was haploid, most regenerated plants were euploids. 
~ . Cyto10gieal . 

observations demonstrated that regeneration started from haploid callus, 

1eading to intermediate degrees of ploidy and finally ta diploid plants. - . 
rive haploid (~~=28) plantlets were ~eeovered but did not survive 

transfer ta solI. 

More recently, Corduan was able to regenerate plants from the 

generative cells of Grecian foxgIove. D. Ianata Ehrh. (cited in Nitzsche 

and Wenzel, 1977). 

,--"~,,,,,,,,,,,,--------" -------------- -
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Linari4 ~roceana Rook. f. 
".. 

The formation of a white and very fragile callus tissue from 

cultured anthers of a MOroccan species of toadflax has recently been 

repoTted by"Kumar and Tyag1 (1978). Pollen divisions up to a seven-celled 

stage w,ere observed but insufficient numbers of dividing callus cells 

prevented the authors from assessing the p10idy leve1. They stated, 

however, that the callus tissue was hap1oid.: Morphogenesis was not 

obseTVed in the cultures. 

Solanaceae 

Atropa belladohna L. 
c 

. The produ~~ion ,of haploid plants (.!!.==36) from anther cultures of 

belladonna was first realized by Zenkteler (1971). Anthers were 

inoculated at the uninucleate stage on a solid LS medium supp1emented 

with 4 ppm K and 2 ppm IAA. 

Successful results were also obtained by Narayanaswamy and George 

(1972) using a s~ightly different medium (MS) supplemented with various 

gr~wth regulatols and organic addenda. Studies by Rashid and Street 

r 
~1973) indicated that embryogenes~s was most often initiated by a 

s~etrical division in the uninucleate microspore forming two nuclei 

which stained to the same extent. 

Multice1lular structures were noted in cultures of iso1ated pollen 

mother cells of A. be11adonna (Bajaj, 1974). Further development was 

not reported however. 

C4psicum frutèscèns L. (Capsicum ~ L.) 

In cultured anthers of red pepper, Sunderland ~ al. (1972) 
,. l" 

obseTVed the development of a few poIleh embryoids; these did not 
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develop further under the cultural conditions assayed. However, the 

recoverl of an~ogenic pepper plants was independently obtained the 

following year by three research groups (George and Narayanswamy, 1973; 

Kuo ~ &., 1973; Wang .!!:. al., 197 3b) • 

Novak (1974) reported the presence of hap1oid.cel1s in ca1luses 

derived from cultured anthers of red pepper but the~plant1et8 did not 

differentiate in the cultures. Ethre~, an ethylene-releasing compound, 

did not induce embryoid tbrmation in cultures of mature pepper anthers 

(MacDonald and Grant, 1973l,l947b). 
/' 

Recent1y, Wang et ~. '(1978a,b) described the recovery of 

androgenetic hap10id peppers which they were able ta diploidize. 

Datura species . 

Embryo-like structures growing from cultured mature anthers of 

D. innoxia Mill. were observed by Guha and Maheshwari (1964); these 

structures were later determined as having originated fram the pollen 

grains (Guha and Maheshwari, 1966, 1967). Subsequently the plantlets 
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that evolved fram the embryoids were shown to be hap1oid. This constituted 

the first example of in vitro embryogenesis occurring in the male 

gametophyte. 

Various aspects of anther and pollen culture in D. innaxia have 

been examined; for instance, the effect af the different components of 

the culture medium (Nitsch and Nitsch, 1970; Sopory and Maheshwari, 1972, 

1973, 1976a,b; Forche and Neumann, 1977), the importance of the developmental 

stage of the microspores at the time of excision (Engvild!E...!!., 1972; 

Sopory and Maheshwari, 1972, 1976a}, the influence of pTetreatments 

(Nitsch and Norreel, 1973; Sunderland !!!!., 1973b; Sunderland and 

Roberts, 1976; Forche and Neumann, 1971; Sangwan-Norreel, 1977), the 



ù 
nature of the cytological events occurring during the induction of 

embryogenesis and the fo1lowing deve1opmenta1 stages (Nitsch and Nitach, 

1970; Norreel, 1970; Geier and Koh1enbach, 1973; Collins ~ a1.,1974a; 

Dunwe11 and Sunderland, 1974a, 1976a,b,c;.~itsch, 1974b; Sunderland, 

1974; Sunderland.!Ë. aL, 1974), and the ploidy of the callus cells and 

the regenerated p1ant1ets (Engvild ~ al., 1972; Geier and Koh1enbach, 

1973; Collins ~ al., 1974a). 

Hap10id androgenic Q. innoxia plants were reported by severa1 

investigatora (see Table II). 

Attempts by Laneri and Chiril~ (1976) to culture iso1ated 

microspores of Q. innoxia were partia11y successfu1; embryogenesis was 

induced qut maturation of the embryoids into plantlets did not proceed. 

Sangwan-Norreel (1977) recently described a method to improve yields of 

androgenic embryoids from cultured isolated microspores of D. innoxia, 

put p1antlet maturation was not reported. 

Kohlenbach and Geier (1972), Nitsch (1972), and Geier and 

Koh1enbach (1973) successfu1ly induced hap10id plants of 

D. mete!oides Dunal. 

The recovery of pollen embryoids fram cu1tured anthers of 

D. stramonium L. was reported by Guha and Maheshwari (1967). 

Androgenic haploid plants of D. wrightii Rege1 were obtained by 

Koh1~nbach and Geier (1972) and similar successfu1 resu1ts w~ described 

by Nitsch (1972) with Q. muricata Link anther culture . 
. 

Hap10id plants from~. ~ L. arising fram cu1tured anthers have 

been repo~ted by several researchera (Chandy and Narayanaswamy, 1971; 

Narayanaswamy and Chandy, 1971; 1yer and Raina, 1972; Nitsch, 1972). 

Unsuccassful attempts to produce haplbids fram anthers of 
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D. guere1f~11a Godr., ~. tàtu1a L., D. àtramonium, and~. wright11 

were reported by Nitsch (1972). 

Ryoscyamus spec1es 

. 
The regenerat10n of androgenic plants of H. a1bus L., H. n1ger L., 

and H. pusi11us L. was descr1bed by Raghavan (1975). The anthers were 

cu1tured at the un1nuc1eate stage on N1tsch and Nitsch's medium (1969) 

without hormonal 8upplementat1on. 

Corduan (1975) also reported the differentiat10n of hap1oid, 

as weIl as dip1oid, plants which or1g1nated from cultured anthers of 

R. n1ger. The deve10pment of plants from 1solated !. niser microspores 

cultured in liquid medium was observed by Wernicke and Kohlenbach (1977). 

The mode of origin of pollen embryoids and pollen ca11uses of 

R. niger bas recent1y been studied by Raghavan (197~, 1978) and 

Sunderland !! al. (1977) and evidence 1s presented for the participation 

of both nucl~i (vegetative and generative) in the development of 

multicellular structures. 

Lycium ha1imifolium Mill. 

Zenkte1er (1972) reported the recovery of,hap1oid green and a1bino 

p1antlets from anther cultures of L. halimifolium. The embryogen1c 

" process took place in anthers sown at the un1nuc1eate stage on L5 medium 

supplemented with 1 ppm K and 0.5 ppm IAA. 

Lycopers1con species 
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Raplo1d callus ~rom cultured anthers of tomato, 1. eseulentum Mill., 

was obtained by Sharp ~ al. (1971). The authors were la ter able to grow 

hap101d tomato clones from isolated microspores using nurse cultures (Sharp 

et !l., 1972b). 

Il 
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Gresshoff and Doy (l972b) reported the differentiation of haploid 

tomato plant1ets from anther-derived cal1us tissue initiated on several 

culture media. Haploid ca1luses were also obtained from cultured anthers 

of L. peruvianum Mill. and b. ptmpinell1folium Mill. 

Fol10wing unfruitful attempts to produce haploid plants from 

cultured anthers. Debergh and Nitsch (1973) succeeded in inducing 

embryogenesis in isolated microspores; developmental stages up to the 

cotyledonary stage were observed in the two species cultured. 1. esculentum 

and 1. Eimpine1lifolium. Further deve10pment of these embryoids was not 

,reported. 

Unsuccessful anther culture studies in L. esculentum have recently 

been reported by Dao et al. (1976) and Heszky (1976). 

Devreux et al. (1976) and Sree Ramulu !.!..!!:.. (1976b) were able to 

trigger the formation of callus from cultured anthere of 1. peruvianum, 

a close relative of the tomato. Diploid and tetraploid plantlets were 

recovered but haploid plants were not produced from any of the genotypes 

studied. 

Nicotiana species 

Since Bourgin and Nitsch's report (1967) on the recovery of 

androgenetic haploid plants from tobacco • .!. tabacum L •• anther and pollen 

culture in this species has successfully been induced by a great number 

of investigators (see Table II) and ls now regarded as a~model system of 

androgenesis. Different aspects of tobacco anther and pollen culture 

have been researc~d; these include studies on the cytological, 

u1trastructural. and biochemical events occurring during embryogenesis 
" 

(Nitsc~. 1969, Nitsch and Nitach. 1970; Norreel. 1970; Dunwell ~~ •• 197L; 

Sunderland and Wicks, 1971; Vazart, 1971; Dunwe11 and Sunderland, 1972; 
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Pelletier and I1Rm1, 1972; Bhojwani ~ al., 1973; Pelletier, 1973; 

Vazart, 1973; Dunwe1l and Sunderland, 1974b,c, 1975; Rashid and Street, 
t. 

1974; Homer and Street, 1978), the effect of the culture medium 
-

composition and the cu1t~ra1 conditions (Nitsch and Nitsch, 1970; 

Sunderland and Dunwe11, 1971; Corduan, 1973; Dunwe11 and Perry, 1973; 

Anagnostakis, 1974; Kasperbauer and Collins, 1974; Dunwe1l and Roberts, 

1975; Dunwe1l, 1976; Wernicke and Koh1enbach, 1976; Forche and Neumann, 

1977; Phil1ips and Co11ins~ 1977; Anonymous, 1978i), the effect of 
1 • 

temperature pretreatments (Suftder1and and Roberts, 1977a,b, 1979~ 

Lu, 1978a.b), and th~ determination of the most appropriate stage of 

deve10pment for embryoid induttion (Sunderland and Wieks, 1969; Nitseh, 

1972; Norree1, 1973; Mii, 1976). Anther and pollen culture in this 

species has also generated cyto10giea1 studies of callus tissue and 

regenerants (Collins ~ al., 1972; Niizeki, 1973, 1974; Engvi1d, 1974; 

Gorenflot ~~., 1975; Novâk'and Vyskot, 1975), as weIl as cytogenetica1 

(Matting1y and Collins, 1974; Tsikov et al., 1974; Niizeki, 1975; Niizeki 

and Kita, 1975a,b, 1977; Sarve11a ~t al., 1976), mutation (Nitsch ~ al., 

1969; Nilsson-Ti11gren and Wettstein-Know1es, 1970; Vagera ~ ~., 1976; 

Vagera, 1978), and breeding research (Collins ~ al., 1974b; Collins and 

Legg, 1975; Burk and Matzinger, 1976; Anonymous. 1978g,hj Arcis ~ al., 

1978; Zagorska ~ al., 1978). 
\7 

The very interesting results obtained with N. tabacum prompted 

severa1 investigators to attempt the production of hap10ids in other 
\ 
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Nicotian~ species. So far, hap10id p1antlets or plants ha~e been recovered 

from cultured anthers of 13 species and interspeeific hybrids (see Table II). 

Fai1ure to induce androgenetic hap10ids from cultured anthers has 

been recorded for the following species: N. acuminata Hook.ç(Nitsch, 1969, 
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1972), N. biSé10vii Wats.(Nitseh, 1972; Tomes and Collins, 1976), 

N. bonariensis Lehm. (Nitsch, 1969, 1972; Tomes and Collins, 1976), 

N. eastii Kostoff (Tomes and Collins, 1976), !. exce1sior (Nitsch, 

1972), !. forgetiana Sander (Nitsch, 1972; Tomes and Collins, 1976), 

N~ glauea Graham (Nitsch, 1969, 1972; Tomes and Collins, 1976), 

N. glutinos8 L. (2~) (Nitsch, 1969), !. goodspeedii (Nitsch, 1972), 

N. gossei Domin (Tomes and Collins, 1976), !. 1artgsdorffii Sehrank 

(Nits ch , 1969, 1972; Tomes and Collins, 1976), !. longiflora Cayo 
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(Nitsch, 1969, 1972; Tomes and Collins, 1976), !. megalosiphon Heurc~ & Muell. 

(Tomes and Collins, 1976), .!. miersii Remy (Tomes and Collins, 1976), 

!. nud~caulis Wats. (Tomes and Collins, 1976), !. p1umbagirtifolia Vi~. 

(Tomes and Collins, 1976),!. repanda Wi11d. ex Lehm.(Nitsch, 1969, 

1972; Tomes and Collins, 1976), !. simu1ans N. T. Burb. (Nitsch, 1972), 

!. stocktortii Brandegee (Tomes and Collins, 1976),!. suaveolens Lehm. 

(Nitsch, 1969, 1972; Tomes and Collins, 1976), !. trigirtophylla Dun. 

(~mes and Collins, 1976), N. undulata Ruiz & Pavon (Tomes and Collins, 

1976), and!. velutina (Nitseh, 1972). 

Hap10id catlus was report~d in cultured anthers of 

~ suaveolens X!. langsdorffii (Guo, 1972), but organogenesis was not 

described by the author. Unsuccessfu1 results were a1so obtained in 

l 

anther cultures of!. glaucR X!. 1angsdorffii and!. suaveolens X!. glauca 

(Nitsch, 1969), and N. sylvestris X N. tabacum and N. 1angsdorffii X 

N. glauea (Bourgin and Nitseh, 1967). 

Petunia species, 

From cu1tured anthers of an interspecific hybrid between 
Il 

P. axillatis BSP and P. hybrida Vilm., Raquin and Pilet (1972) obtained 
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one haploid as weIl as several diploid and triploid plants. Cytologicsl 

studies conducted in order to determine the origin of the non-haploid 
, " 

plants provided evidence for ~n androgenetic provenance •. 

Engv1ld (1973) also reported the recovery of androgenic t~iploid 

plantlets from cultured anthers of P. axillaris. He proposed that this 

species produced predominantly triploids presumably because plantlets 
- ../If 

developed from older binuc1eate pollen grains in which DNA synthesis in 
" 

the -generat1ve nucleus wa~ already comp1eted. Plantlets of P. axillaris 

were also observed by Swamy and Chacko (1973) in anther cultures; the. 

p10idy of the regenerants was not reported. 

Haplo1d callus (Raqu1n an<! Pilet, 1972) ... nlf haploid. dip10id', V-
and tr1ploid androgenet1c plants (Ma1zonn1er·. 1973; Raqu1n,' 1973; 

Wagner and Hess, 1974) were obtained from cultured anthers of p. hybrida. , 
i 

Unsuccessful resu1ts we~e reported by Bernard (1971) • 

Mu1t1cellular structures (Bi~ding, 1972) and haploid plants 

(Sangwan and Norreel, 1975b) have been reporte~ from ,~he culture of 

isolated microspores~of !. hybrida. 

Sc~polia species 
" , 

The development of embryoids in anther cu1turês,of three Scopôlia 

species, S. carniolica Jacq., .r. lur;tda Dun., and .!. physaloides Dun~. 
7' 

J 

was observed by Wernicke and Kohlenbach (1975). Ha~loid plants were 

recovered only from the latter species, .!. _ physalôides. 
\ ~. 

Solanum. ~ speci/s 

The differentiation of haploid plants from calluse~ derived from 

cultured anthers of .!. nigrum L: was described hy Barn (1971; 1972a,b). 

The anther~ were 8bwn at various stages of development"on MS medium 

.. 
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aupplemented vith different growth regu1ators. SiDilar findings were 

a180 obtained by ~rikura (1975). 

Irikura and Sakaguchi (1972~ were successfu1 in inducing haploid 

plants (~-12) of 1. verrucosum Schlecht. from microspores cu1tured at ~ 

the first poll~n mitosis on various media. Irikura (1975) 1ater 

confirmed these results. 

The successful production of several pollen embryoids and one 

haploid p1antlet in the cultivate~ potato, 1. tuberosum L., was reported . , 

by Dunwell and Sunderland (1973). Their findings were duplicated by 

lrikura (197~) • 

Foroughi-Wehr ~.!l., (1971) produced monohapl.oids ·(.!!,"",!=12) from 

dihaploid (n=2~24) 1. tuberosum obtained parthenogenetical1y by 

pol1ination with!. phureja Juz. & Buk. (Hougas ~!! .. 1958).~irar 
results were obtained by Sopory !E. al. (1~78); the ~rs were able to 

improve embryoid yields, and many of these embryoids were monohaploid. 

The addition of 0.5% activated charcoal, 4 X 10-6 M RAP, and 6% sucrose, 

was found necessary to produce an optimal response. ,. 
Several authors have failed to induce and genic plants in a • 

number of potato cultivars (Irikura a~d Sakaguc ,1972: Koh1enbach and 

Geier, 1972; Labib and Me1~hers, 1972; Zenktele 19~4a; 
o 

Si~a "et al. J 1976). 

, Pollen callus formation has been,induced in cultured anthers of 
.. , 

the eggplant, S. melongena L. (Raina and 1yer, 1973), Although cytological .,... 

sfudies of the ca11us revealed a haploid condition (~-12). aIl the 

regenerated plants were diploid. The authors believed that polyploidization 

tesulted from chromosOllle dup'licatiott occurring during c~llus growth. 

, Haploid andro.senic !. melonlw plants were obtained by a Chlnese research 
~ 

.. 

i' , 

.. 

. . 
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The plants were regenerated'either direct!y 
( . 

'1.' 

,,1 l, Eurppean bitt~r-sweet. However, on1~ degenerating .icro.pd~es vere , 

observed by'Zenktei~r a~ Misiura (1974.) ~ cultured anthers of four 

0, .. "li .' ~ '" ~ 
other ~peeies, ,namely, 1. bulboca8tanum Dun., 1. chaeoéué Bitt.. ) 

!', p:J.n,rtatiseetum Dun •• ~and !. verne! Bitt. Ir .~ittm. 
• .' ,f 

.Il \ 
Iri~+a (1975)~ucces8fU~ly induced ~ndrogenetic hap1pids fram 

1 \ 6 j',.4, • ~ ~ '). • 

two solanum ~ybri~s, iL verrucosUIII. Sehlecht_c,X!. ehaeoenae ,Bit:~. J and 
k 

.1- 'vçrucos~' Sehlecl.\t. X.;; tuber~s,*\, ~"" ~~ f~am seye,ral spéeie~, 

na:mely, '!. bulb947.~t,anum, S. dé!n:t'ssuDt Liiidl~:, !. ,fendles.i Heurck. Ir Moell., 
, 1'. , 

"!. 'hJert1!yU J. G. Hawkes,'!. phureja ~uz. & Buk., ~ polytrlcon",Rydb., 

s. 8tenotOli.tJll( Juz. ~,Buk., and s. sto~ol1iferum Schlecht. Ir Bouéh€. 

,-,' As~ey aM '';'~h~ (;97~) reportR' att_ta ~o tri88er O1Idro8~e 
devélopmsnt i';-S~ aesul. BUt. 01Id 1 . ...,r~_k .... A f.., u11usiàg ( 

, " -
S. suerènae anthers vere observed 'by the authors, but they were • 
~ j .... -" . 
UDluee~ssful vith!. a~ule. 

Il 

tly t the fbrmation 0" pollen callus fram cu1,fured enthera of . l . 1 ", ~ 1 

olia Poir': watf" studied by Sharu and Chowdhury 0.977). t 
Î 1 \ '!o, 

However. the sut7:or were.unable to iDduce organogenesia. 
,....,. >' , J, 

iii ' 0::::. ... • ,"'* 

< '1 I!~., .. ~ ' .. 
. SterètJliac~e, ,~. ."' . \ 

~t .~,'/ 
ff!\éc>&rOlllâ ~ L'. ~ 

• 0 ' . ',' .. 
• ,~' • P~eU.1lliDary etudies 01f anther .cultures 

1" , ' "'" 

of the cacao tree have b~e'I\., . 

./ 

'. - \ 

" !" 
" . 
, -

~: 

, 
" , 



" 

" .. . ,' ~ 

. 

Q 

r) ,~~"}-

,'" 

.. 

, 

~J il,,! f·1 • t< 

<' • 

c, 

'iii 

""-r 

\. 

... 
-.-.- -- ------ _._._-- ---.. - -.. -----

1 

.. 
"il 

... 
.,. 61 

recentIy reported by Esan (1978). Anthers, mostly at the ~~~tet stag~, 

~ere sown on<a modified KC medium supplemented with 0.2 ppm Kt 5.0 ppm NAA, 

and,lOO ppm Bacto-peptone. Raploi~callus was in~uced within 35 days 

and roots developed about one month later. The author also stated that 

the roots-were haploid. Sh~ots have not yet been produced fr~ the 

rhizogenic calluses. 
...tJ 

,.Theaceae 

Thea sinensis L,. (C61llel1ia thea Link) - ~-,..,....-

- 1 

The regeneration Qf haploid plant1ets 

"waèrtep~~ted ~Y Q~no and Fuchinoue (1970)~ 

Til:Laceae 

Corchorua eapsularis L. 

,', 

from anther cultures 'of tea 

The induction of callus formation from cuîtured jute anthers bas 
f 

been repor~ed by 1yer and Raina (1972) • 

~ 'Ir; 

Violaçeae ., . 

Vlb~tt~oe~ana ~ort. ex Kapeert \ 

Unsucc88sful at:~empt8 tb ob tain hatloid." -plants. or callüses of 
" ,1/ v, A , 

V .. wittroeldana via anther culture w~r~"reportled by Rerabek and Novotna 
- , IL, ' 

~ '1< • 
, , ~,- ~ l 

(1973) • ~Olle of the culture media usea (KC" White (1943). ènd LS) 
, . 

Supp1emented tdth vario~ormones and organie addenda i~ the 
~ , _. ~ 

.... binué1eatf,!~ pollen grains ta dinde. 
.' . 

':' '. 
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Vitaceae 

Vicie species 

Gresshoff and Doy (1974) were the first to report the successful 

culture of haplpid cell lines derived from anther cultures of wine grape 
J

. t . -
\ . 

(V. vinifera L.), using a medium designed for tomato anther culture 
. .-

(Grèsshoff and Dor, 1972a). They emphasized the importance of the stage 

of microspore development (quartet to ~ninucleate) at the time uf anther 

exci'ion and the effect of illumina~ion at the begiuning of. the culture. 
~. ' ' 

Unfortunately, aIl attempts to differentiate shoots. roots, or plant1ets. i ~ , 

aU.1 
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fa:iled. ~ . ' . \ 

" Differentiation of sh,oots and roots fronr anther-derived callus 

. in a different species. !. thunberg11 Sieb. et Zucc •• was later rep?rted 

by Hirabayashi et al. (1~76). Th~' ploidy of these organs was not determined. --.... . .. 
The formation of sever~l types of ca1lus tissue from cultur~d 

anthers of grapes has 'a1so been reported by,Tsou et al. (1978). -- ... 

.' , 

" J, 
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The ~.~ culture of female gametophytes 8;s a "means of producing 

qaplold plants has recelved little attention as clearly demonstrated by 
l 

the paucity of reports available in the literature: 

GyDmospermae 
f 

~ 
A survey of the llterature revealed that, in gymnosperms, haploid 

, 
tissues could easi1y be derived from the megagametophytes wh~ch are ! 
, . 
~ssive mu1tice11u1ar structures. in comparlson with the fema1e 

gametophyte of angiosperms. 

LaRue (1948, 1955) was the first investigator to report the 
.j>. 

dlfferentiat~on of shoots and roots from in vitro-cu1tured ~egagametophyles . -'" --,. . 

of a cyt:ad, ~ integrifol1a Ait. JZaIlia floridan,a A. De.). An 
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Intermediate ca11using phase did not c~nstitute a pre~equisite for 

organogenesis. The ploidy of the regenerated organs could not be 

determined, but they were presdmed t~e haploid. Norstog (1965) and 

Norstog and~Rhamstine (1967) later obtained haPJoid roots ~pd shoots from ~ 

cultured female gametophyt~s of th~J sP~cies. These organs were either 

derived from callus tissues developed from the exp~ant or directly . 

from the exp1ant • \ .. 
Buds and roots formed on ,~u1tured cjcas révoluta Thunb. ovules 

~e, 19~5j; these structures were presumed 'to be haploid. The àuthor 

a1so reported limited callus growth from Thuya oc~idental1s L. }negagametophytes 

and other gymnosperme. 

Haploid tissùe, fram G1nkgo 
l 

!' 

'rec!overed br Tulecke '(1964, 1967). 
, 1 

biloba L. ,female gametophytes weret . 
1" 'l ' . ,f" , 

but'he wa~ unable to induce orga 0-

-Ir • 
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Simi1ar resu1ts were obtained by Norstog and lhamstine (1967) 

'from cultures of Cycas ciréindis L. 

More recently, spontaneous polyploidi~ation was observed in haplo~d 
~ . 

calluses derived fr~ cultured megagametophytes of th~ sugar pine, 

Pinus lambertiana Do~\1. (Borchert, 1968). 
'------ -. 

Haploid callus cultu~es have been established from several other 

mem~s of t~ Pinaceae, namely, the European larch, ~ deddus Mill. 

(Bonga, 1976, cited in Nitzsche and Wenzel, 1977), the Japanese larch, 

1. l~Ptolepis God. (Bonga, 1976, cited in Nitzsche aqd Wenzel, 1977), 

the Norway spruce, ~ ~ Karst. (Bo~a, 1976~ cited in Nitzsche and 

Wenzel, 1977; Huhtinen, 197~), the white spruce, !. slàuca Voss 

(~onga,\ 1976, cited ~n Nitzsche and Wenzel, 1977), the Swiss mountsin 
\ 

pine, ~ ~ Turra (Bonga, 1974, ,1976, cited in Nitzsche and Wenzel, 
• J 

1977), the Austrian pine, !. nigrs ~old (Bonga, 1974, 1976, citl!<l" in 

'" / Nitzsche and Wenzel, 1977), the longlesf pine, !. palu.tris Mill. (Brown 

and Sommer" 197 S), the red pine, P. res1n.osa Ait. (Bonga and Fowler, 1970; , -
Bonga, 1976, cit~ in Nitzsche and Wenzel, 1'77), and 'he pitch pine, 

P. riBlda Mill. (Bonga, 1976, ~it~d in Nitzsche and Wenzel, 1977). 

S~gnificant differences were found between ~otYPes of 
'i 

~ic~a ables ln thelr potential in indue1ng haploid callus from femtle, 

. g~toPby.tes "H~ht1~en: '1978). 

Angiospermae ~ 

Few successfu1 results have ~een obt~1ned with cultured avaries 

and ovules of angiospermous epecies. 
"' 

, ., . 
Ear1y rep?rts include those by LaRue (1942) who,described rooting 

( 
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.-

of detached ovar1es of Aeclepias syd.aca L. and 'Armàratta aquatic.a (Rat.) Wieg. ' 

(Radicula éqUàt~ca)t and profuse callus1~ fram ovules ~f'~he snapdragou, 

'" " 
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AntirrhinU$ lIlAjU8 L.; the inter~l deve10pment of the snapdragon ovules 

did net continue. 

Nitseh (1951) did not observed any deve10pment f~om unpo11inated 

Cucumis ansuria L. ovaries cultured in~. Sachar and Kapoor (1959) 

reported that unpollinated ovules of a species of Zephyranthes deve10ped 

into seeds ~f reduced size one month after the initiation of the culture. 
, ~ 

Parthenogenetic development of the egg ce1l or other cells of the embryo 

sac was not stimu1a~g. 
p • 

Unfertilized cotton ovule's cu.~,~ed with IAA or GA increased in 
, !;;' 

size and produced fibers (Bea81ey~~1973). The develoPment of the 
.f) -~ 

gametophyte during incubation was not investigated. 

, ~~ culture of unpollipated avaries of Vincetoxicum nigrum Moench 

and Nicotiana tabacum L. was unsuccessfu1 CHAccius, 1974). 

Dip10id and tetraploid rice plants COryza sativa L.) w~re regenerated 
• ,t . 

from calluses derive2 from cultur~ unpo1linated ovaries (Nishi and 

Mitsuoka,1969). 

Hap1oid,~e1ls were detected in calluses obtained from unp011inated 

OVt8r1es of maize, !!!. !!iYs L., which'had been pretreated with GA and 

cultuxad on various media (Uchtmiya ~al., 1971). ,The authors a1so reported 

the pres~nce of haploid cells in calluses deri~ed fram 'cultured ovaries 

of the· eggplant, Solanum mél6ngé!: :r.;. , 

.' . Successful regeneration of haploid plants via ovary culture has been 
,,,1 

repor~ed by San Noeum (1976) in barley, H. vulgare L.; Cyto~giCal . ~ , 

examination of thè'roo~ tips showed the haploid'number of ch omosomes (7). 

The recovered plants were aIl chloropht11ous; 'this led the author to 
, 

emphas1~e the iTaport4e of thie ,techn1q~e in compa~~Bon with anther , , 

cu1ture~wbich produces variable n~ers of albinos. ~ 

'. 
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C. Inflorescence Culture 

The ~ ~ culture of single flowers has been attempted by 

several investigators for various purposes (LaRue, 1942; Johri and Guha, 

1963; Nitsch. 1963), but whole inflorescences consisting of several buds 

or spikelets have rarely been cultured. 

Miszke and Skuci~ka (1975) cultured inflorescences of cabbage. 

Brassica oleracea L., in the course of the1r investigations on improved 

techniques of ~egetative propagation. Callus tissue often developed fr~ 

the peduncle and roots were produced fram the flower receptacle. 

Haploid androgenic plants hav&been obtained fr~ entire spikes , 
cultured in liquid media (Wilson, 1977; Wilsort !! !!., 1978b). The 

frequency of pollen callus induction was greatly stimulated by this 

'" procedure. 

~ Prei! ~ al. (1978) have recently reported the recovery of haplo~d 

plants fr~ cultured heads of Gerbera jàmesonii Bolus. Calluses, which 
~ 

developed mainly from the anthers in the tubular florets, subsequently 

gave rise to haploids. 

D. Polyembryony 

As illustrated'by the pbenomenon of polyembryony, haploid plants 

may arls~ spontaneously. Po1yem1;lryonié seeds "may contain two, or more 

rare1y three, seed1in~à each with its own genotype. Since one member , 
, , 

of twin ae~ling8 may b, hap1oid. acreening for tw1ns cShstitutes a 

valuable tool for the recovery of hap10id plants. 
~ ~ , 

Polyembryony, from both the embryological and , 

"'I! 

the" cytological 

points of vi~: has been the subject of 8ever~1 reviewe OHebber, 1940; 

Kappert* 195~; MaheebWari," 1950; Kt.ber and Riley, 1963; Kagoon and 
1 .. o 

Khamta. 1963; Chase, 1969; Boriaenko '1!! al. J 1970; Nezhevenko.and Shmmy. 

'O#9J'F""+'ir'O'U"' •• 
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o 1970; Lacadena, 1974), Recently, Nit~sche and Wenzel (1977) summarized 

the data on polyembryonie seeds or twins and found that maternaI haploid 

plants have arisen from the se in 64 plant families. Lacadena (1974) 

l!sted 41 angiosperm speeies, belonging to 13 families, in which poly-

embryony ~s been reported in connection with hap1oidy. In the Poaceae, 

an economically very important family, haploids originating from po1y-

embryonic seeds have been found in several crop species, such as, bar1ey 

(MUn~zing, 1938; Aase, 1946), maize (Chase, 1948, 1963j Rhoades, 1948; 

Morgan and Rap~leye, 1951; Ger~ish, 1956; Sarkar and Coe, 1966; Yudin and 

Khvatova, 1966), rice (Rami~h, 1935; Ramiah et al., 1933, 1938; Choi and 

Chung, 1961), rye (MHntzing, 1937, 1938; Kostoff, 1939; Levan, 1942), 

triticale (Straub, cited in Nitzsche and Wenzel, 1977) ,and wheat (Namikawa 

and Kawakami, 1934; Yamamoto, 1936; ~sparaya~, 1938; MUntzing, 1938; Aase. 

) .JI 1946 j Wilson and Ross, 1961; K1hara and' Tsunewaki, 1963; Kazaryan II al. , 

\ 

( 

() 

1971; A1amo, cited in Lacadena. 1974) • 
. 

In legumes, 2n-2n twin seedlings have been reported in red clover, - -,. 
Trifolium-pratensl L., a1~ike claver, ~. hybridum L., and alfalfa, Medicago .. 
sstiva L. (Skovsted, 1939); ~-2~ or ~~ twins have ooly beeo obsesved in 

il' four species, ~ely, yellow lupine, Lupinus luteus L. (Kazimierska and 

~zimierski, 1970), sweet clover, Melilotus SPI (Jaranowski, 1961),kidney 

bean, Phase;lus vulgaris L. (Belikova, 1952), Sesbania acu1eata Poir. 

(Haque, 1946) ~and soyb~an, Glycine!!!!!. (L.) Merr. (Kenwprthy ll!J:.., 1973; 

Ah,mad !l &., 1975)., The ~urrence of twin seedlings ~as abc b~n 

reported 'ih peanut,·Arachis hypogàea L. (Patel and Natayama, 1935), black 

medick, Med;lcago lupulina L., and b~dsfoot trefoil t ~ corniculatus L., 

Qut" the p~oidy of the seedlings Z?'s no~ investïgated (Skovs~ed, 1939). 

The mode of origin of the n-n and the n-2n twin seed1;lngs bas been -- - - . 

~~tudied in a few species and sever aI mechanisms have been proposed~ 
• 

67 



j 
1 

t 
-r , 
i 
! 

'-
-p 

, 
, 
f ' 

i 
,-} 

~.'.'J"" .. ____________ __ o 

C ,.J 

" \ 

The oecurrenee of ~-2!!. twins may be explaiI1ed by the production of two 

embryo sacs within the s81l1e ovule, one being fertilized while the other 

develops parthenogenetical1y, a~ bas been observed in cotton (Harlaud, 

1936; Webber, 1938), riee (~iah, 1953), ~d rye (MH~tzing, 1937). 

68 

Anothe.r mode of or1gin of the n-2.!!, twi.ns may be the resu1t of embryogenesis 

occurring in synergids or antipodal cella simultaneouslY vith the normal 

development of the zygote (Kappert, 1933). Conversely, Yamamoto (1936) 

concluded froUf his studies of twins in wheat, Triticwii aestiV\llll L. 

(!. vulgare VU1.), that the .!!.-2!. twin, seedlings origininated from partheno­

genetie development of the egg cell and the fertilization of a a~rgid. 

Sarkar and Coe (1966) prop,osed that, in!!!. mays, ~he !!.-:!!. twitlS,J.. may have 

resuÙed from the early eleavage ~f a single hap10id erAbry~ or by 

simultaneous partheogenetie development of two cel1s of the embryo aac. 

Lacadena (1974) suggested that an androgenetic embryo could develop from 

a sperm nucleus simultaneous1y with parthenogenetic deve10pment of the e88 

cell or a syner~id. 

Little La understood of the factors involved in polyembryony. 

Kappert (1950) eoncluded from hi. atudies on fIas that the frequency of 
\ 

polyembryony was controlled by recessive genes which produced mat~rna1 and 
" 

zygotic effe~~s. Results obtained by varioua researeher~ have ahorn var-
o • 

! " . iations in the::f~equency of polyembryonie aeed.a irom one ÎPecies to 

another and aomet1mes within strains of t~e seme 8pee1e~ (Cbr18tenaen and 
'\. 

Jamford, 1943i Morgan and hppleye, 1950)", Cqpos aÜd Morgan (1960) 

produeed evidence that the frequency of ... Mnning in pepper ia controUed 

by~the gepo~YPe of the female parent. 
" 

The importance of twin select10n 8fI one of the technique for 
. -" 

reeovering haploid p~nta bas reeeutly been stre.sed (Httzacbe and Wenzel, . \ . 
q • 

• 
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1977); the outcome of a 8creening for twin seedlings in ~ 

species mây weIl 1ead to the recovety of haploid plants. 
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II 

MATERUL AND METBODS 

A. Anther cul ture 

1. Mate,r:lal and Growing Cond1tio~ " ~'J 
~I 

The various sources of Lotus germplasm used for the anther 
1 -

culture experiments are 11sted in Table IV. , 
The plants were grown in pots and kept in the greenhouse from 

Septembèr to May. Dur1ng tl\e sumer DlOnths, the pots were taken 

outaide and p1ac:ed in cold frames. The. perenn1al spécies were' 

repotted every six months and 'both perennial and a1lJlual species 
. - . 

were regular1y fertilized vith a 20-20-20 '(CIL) solution and checked 

for the presence of pe8t~ and disease symptoaa. 

In the greelÙlouse, the plants were kept under a 16-bour 

photoperi.od in order to eusure abundant flowering (Grant ll.!l., 
, -1962).' Illumination waa provid~d by ~luoreacent l8lllps placed 1.5 

Jlletera above the benchea. Temperatures approximated 2Ioe during· the 

daytiœe and lSo at night. 

2. Flover Bud Selecti.on and Preparati.Dn of the Explants ' 

Anthera at vari.olla atages of, develo.~nt, that is frOm quartet. 
.. '"' ~ .'. ~.~.,. t ... ~ 

to mature pollen grains, _re utili.zed. Special emph8sis waa placeci on 

uninucleate microspore, 'as. the.re aœ a ~ea, nUlllber of succeasful report. 
, . 

of hap1oi.d plants obtained from anthel'.a culturec!" Ilt thi.s stage as fol' 
. - . 

instance :ln bar1ey (Foroughi-Wehr !1 a1 •• 1976). belladoUQa (Zenkte~.n-, 
" 
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o TABLE IV. ~ species used for anther culture 

\ 

o 
/ 

'. ' 

Species 

Dip10id 

\ • 

~. g1aueus Ait. 

Amphidip101.d 
. 

.. 

Geneties 
Laboratory 
accesai.on 
number 

B348 

<.h. j apon1.cus (Regel) AI JA 
La~8en 2 

X L. alpinus Sch1eich.) 

Tetraploids " 
L. angustissimus L. ' B141 

, . "\ h • .,.comcUlatus L.' 
'cv. Lao 

L. ~ornièulstus L. 
cv. H1rab~ 

( 

B259 

AA764 

AA779 

, . 
. , 

2n 

14 

i ( 

Source 

Jardin Canaric "Viera y 
Clavijo", Grsn Canaria, 
Canary Islands. 

24 Produced by Dr. B.H. 

,-

24 

24 

24 

24 

Somaroo (1970), Macdonald 
College, Ste~nne de 

.Bellevue (Que.) Canada. 
+ 

Origin, Israel. 
Division of Plant 
Induatry, C.S.l.R.O., 
Canberra, Austr~lia. 
C .P .1. 156Q6 

Botanischen Gart~n und 
HuseUlll ~erl1n-Dahlem, 
Germany. 

Produeed from seeds of cv. 
Lee (8764) treated w;lth 50 
ppm of dUOdo-L-tyrosine. 
G. S'guin (1977), 
Macdonald College, 
-St~~ de Bell~vue (Que.) 
Canada. 

Produced from seeds' of cv: .... '­
Mirabel (B779) treated 'w1th 
25 pp- of diicdo-L-tyToaine. 

J G. S'au:ût (1977), 
Haçdonald College, 
Ste-Anne· ae Bellewe (Que~) 
Canada. 

CC?nt1nu~d; •• 
.. 

, . ..... .. ~ 

. , 

. 
\' 

• , 1 ta"', 
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" TABLE IV. (Continued) 

Species Gene tics 
Labdratory 
accession 
nUlllber 

, 0 

L. carniculatus L. EMS 764 
cv. Leo 

~. cruentus' Court. B79 

L. emeroides MUrray B349 ..-

J . ' , 

·L~.ensis 
- Bu~hard 

, 
B350 

L. tenuis Walds t • B340 
.. et Rt. 

L. villosU8 l'orsk. B189 

Synthetic autotetraploids 

,h. '!.lp!nus Scbleich.T77 

~ 

L. jaP9ni.cul (~~1):;a.~9 
Larsen . ~/ 

. ' 

cs ) ., 
24 

28 

28 

28 

24 

28 

24 
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Source 

, ~ l' , 
Produced fram seeds of cv. 
Leo (B764) treated with 
0.01% BKS. 
M.C. Tbarrien (1976), 
Macdonald Collage, 
Ste..,A,nne de Bellevue (Que.)>> 
Canada 

,Bot~c Garden of A4elaide,( 
South Australia.~ 

1 

Jardiri Canado "Vier. y 
Clavijo", Gran Cfnaria, 
Canary Islands. 

Jardili C8081\10 ''Viera y 
Clavijo", ,Gran Caparia, 
C~ry 18l,4Og8', 

Seed obtained.from Dr. Â. 

Gerahoy, UniV~~itY of , 
Vérmont, Burl ton Vt" 
USA. 
~ 1 

Origin, Israel. Plant 
. Introduction Station, 

Geuava(N. Y.), USA. 

Te~aploid p.ducecl fralll. 
, b 'alpinus ('177) by Dr. 
;L.H. Sàmaroo (1970), 
Macdonald College, 

... 

. Ste-Anne de Bellevue (Que.). ' 
Cauda. 

• 
l 24 Tetraploid producad froa 

k. japoJlicus' (B129) by ~ 
Dr. B.R. Somaroo (197Q), 
Kacdonaldlco11eg8, 
Ste..:&me dé Bellevue (Que.)" 

'- CaMda. 
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1971; Rashid and Street;, 1973), esgplant (Ànonymous, 1978d), 

Lyciua ha1imifOU":,,, (ZeDkte1er. 1972). po tato (Dunwe.ll and Sund.~ land .: 'i 
1913), r~ce (Guh~~ukherjee, 1973; Chen, ~977) Solanum dulcamara : . , . , 
(Zenkteler, 1973), triticale (Bernard, 1977; Dorosiev ~!!., 1978), 

and wheat (Craig, 1974). The different stages of anther development 
\,.. 

could be correlated with the morphologieal development of the flower 
" J 

, ' .... ;~ 
buds, wb.ich mad~ i.t possi.bl~ to easily select a particular pollen' . 

developmental stage by ehoosing the ~propriate floWèr buds. Anthers 

were staged aceording to their develoPment, as iollows: stage l,-
.~ 

included pollen mother cells to quartets; stgge 2, un1nuc1eate 
o 

micro8po~es; and stage 3, grains at the~irst pollen mito8is~to mature 

binuclèate polle~ gr~ins_ 

Flower buds at the seleeted stage of development ~ere 

from -the douar plants and, in seme caaes, gi.ven -. c.old pretreatment • ... ~ 
This conaiated in arrans1ng the budsobetween bWQ 8heet~ of maistened 

. 
fUter paper in a petri. diah and placing th~ petri dish i.n the 

4°C for a periQd of 24 boura. 
. 

Surfaee-ster1.lization,4f the buds wawachieved by dippingeach 

flowe.r bud in 70% ettumol for 1:0 eeC:onds, followed by t~ee lIlinutes_'~ 
" y 

and a ~i"e~ute riDae in 
i' 

in ~ 7% soluti~n of calc1.Qm hypochlorite, 

aterUe d.;lat1.lled w.ater. 'the buds 1I1ere t!len oranaferred to a sterile 
';j. . '<1 

petri cU.ah wh:1ch vas plac~-1n ~ diaae~tiDS hood tut bad been 

prester1.li.zed w1.t!t- ultraviolet llgh~ fo~ 30 minutes. n Disaecting 
~' r 

glasawilre, mi..croscopic slü!es, >f:l1ter paper s\leets, etc. used during 
.... ' ,. " 

diaaection of the buds, were ~ven' ster1.li_zeèl at "l60oC for two' hours. . \., 

The f:ll~ts were general.l~ detae~ed from th~ anthers wh:lch 

~ere then aown. on the varioua C'Ul.ture media (FiS. 1); in soma cases, 

,', .., . 
'" "" 
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~ 

~ 'J 1 Ir- y- .. -:. il 
. 

- ..,~_ ... -t.........._'" " 

\ 



u 

• 

( ) , 

f 

.. 

tI _____ . _____ ~ 

the ovary was placed vith the anthers in the same culture bottle 

(FIg .2) • 

3. Culture Medium Formulation and Preparation 

Three synthetic culture media, namely, Murashige and Skoog 

(1962; 'Appendix 1), Gamborg (1970; Appendix 2), Veliky and Martin 

(1970') Àppendix 3), and undefined medium, termed Potat..4\ culture 

medium (Appendix 4), were utUized in the anther culture studies. 

~e basié culture media vere supplemented with a variety of grawth 

regulators and oriantc substances. Details are given below • 

a) Murasb1ge and Skoog (1962) 

The basic medium was modified in severa! ways. 

Type l 

First~y, the basic medium was,used as formulated and 

supplemented with 3% sucrose, coconut milk, and 2,4-D (Table V). 
1 

Type II f 

Secondly, the concentration of the mineraIs, Le'. macroelèdlents, 

microelements, and iron, vere reduced by half. The concentration of 

the vitamins and the myo-!nositol remained unchanged. Varioua levels 

of sucrose and two growth regulators were used ~o supplement the 

medium (Table VI) • .. 
Type III 

Thirdly, the concentration of all the c~enets of the basic 

medium, Le. mitlerals, vitamins and mlo-1noS1tOl,/nre halved.w 

Sucrose (3%) and various growth regulators (Table VII) were added to the 

medium • 

7r4 
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TABLE V. Type 1. Coconu t mU~ aad 2. 4-D concentratious ua.ct in 
combination 1d..th Muraah1.se aqd SkooS'. culture medium (1962) 

Medium 
Bubtype 

l 

2 

3 

4 

. 

CM 

~ v/v) 

15 

30 

15 

2,4-0 

-(mg/l) 

; ( 

) 
TABLE VI.I Type II. Growth regulators and suc rose level.s uaecl in 

Medium 
aubtype 

1 

2 

3 

4 

1 combination. v.1th Hurashige and Smogts culture aediua (1962) 
( ~ 

e 

( 

. • 

Growth regul.tora mgll 

2,4-0 ( BN 

0.5 

0.5 

0.1 

2.0 

2.0 

Sucrose 

(% w/v) ..,., 

8 

12 

3 

3 

,; p< 

7~ 
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TABLE VII. Type III. Growth regulators used in combination with 

Murashige and Skoog's culture medium (196~) 

~ " 
Medium. Growth regu1ators' (ms Il) 

. subtype 
, 1 

1 
1 

1 1.0 .. 
2 2.0 ,fA 

3 1.0 2.0 

4 2.0 1.0 

5 2.0 . 1.0 

6 1.0 2.0 

~<: 

b) Gamborg (1970) 

The basic medium ws used a6 formu1ated and supp1emented with 

3% sucrose and severa1 growth regu1ators (table VIII). 

TABLE VIII, Growth regulators used in combinAtion vith Gamborg's 
.cu1ture medium (1970) 

... 

Medium Growth re~lator8 {!!!B/1) 
subtype 2,4-D NAA a .B-D K BAP 

'i' 

1 
1 

~ 1.0 
, 

f 1'-
j 3 1.0 0.1 

~ 4 1.0 0.1 .. 

) 5 '1.0 1.0 0.1 

6 • 2;0 -
.: continued ••• 

î 
/ 
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TABLE VIII. (Continued) 

Medium GrOwth ragu1ators (118/1.) 
subtype 2,4-D NAA a., B-D. K BAP 

7 0.5 
__ J 

-T- 1.0 

8 0.5 --- 1.0 l--. 

c) Ve1iky and Martin (1970) 

The basic medium was utilized as formulated and supplemented with 

2% sucrase and various growth regulators (Table IX). 

TABLE IX. Growth regulators uaed in combination with Veliky and 
Martin's culture medium (1970) 

Medium 
subtype 

1 

2 • 

3 

4 

L 
Growth 

2,4-D 

1 

--~ '<, 

, 
reElators (s/!2 

IAA t NA! K 

---
~ 

2 1 0.2 

0.5 

The components of the three synthetic culture media were 

prepared in a similar way. . 

G 

Double (glass) distilled water W8S used in th~~reparat~on for 

each component in each of-the different culture media. Stock'solutions 

for macroelements, lIIicroelements, and Iron were kept refrigerated and 

replaced after two mon~bs. Vitamins and lIlyo-ino81tol stock solutions 



o 

} 

t" " . " 

were 8tored in a freezer. Stock solutions (0.5 mg/ml) of 'growth r . 
regu1ators were prepared tmmediately before use in the following 

manner. 

Auxins tuA. NAA, a, S-D, ) and 2, 4-D) 

ror each ,auxin, 50 mg were firet disso1ved in a minimal 

volume of 95%tethano1; the ~~tion was gently heated and double 

d:8t111ed wBter was added very 81~1~ up to a vo1~e o~ 100 ml. 

Cytoklnlns (K, BAP, and Z) and BN • ' 

For each compound, 50 mg were initially dissolved in a small 

amount of 0.1 N NaOR or 0.1 N HCl and the solution was gradually made 

up to 100 ml with double d~stilled water. 
« 

. Coconut milk wes prepared as follows. Ripe' coconuts ~ere 

purchased from,a local grocery store. A hole was dri1led through . 
one of the germination pores and the liquid was collected, heated to 

BOGC (with stirring)rand filtered through severai layera of cheese 

clotho The filtrate yaa then set aside to cool to room temperature 

and stored frozen. 

The cult~re media were prepared by combining,predetermined 

volumes of the, stock solutions (macroelementa, microelements, iron, 

vitamine) myo-inositol, and growth reguiators), dissob,ing the sucrase, 

~ and making the solu~ion' up to the required volume w±th double distilled 

water. The pH was th en adjusted ta the req~ired level (5.7-5.8 for 

Murashige and Skoog's medium. 6.0 for Gamborg's medium. and 4.5 for 
• pt 

Veliky and Martin'a medium) with a smaii amount of 0.1 N Hel or 
, 

0.1 N NaOR. 

Liquid medi~ were poured into 30 cc clear glass bottles 

78 
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(Aapak L'td.), rinsed vith double IIé.Ulled vater and labelled Vith 

colored tape (Profeaaional Tape Co,) for coding purpose'. The . 
bottles contained a cotton baIl topped with a fllter paper d1lk. 

\. (F.ig~ 3) in arder to aupport the explanu. About 20 ml of media 

~ necesury to cOIIlpletèly vat the cottou ball and the piace of 

f 11 tet paper • 
• 

In' order ta prevent leaehing of c.baIIlicala frOJll the cotton wocl 

and the fllter paper, these were cleaned by rineing aeveral ttmea in 
• 

a 
double diatilled water, followed by autoclaviug at 121 C,for 15 to 20 

, 
~) 

minutes, and rinsinS again aeveral tiDes with double d~tilled water. 

The cotton balls and the f11ter pqer diaka wara tben dl'i.eci in -the 

a aven at 60 C overnight. 
y • 

Contamination pf the media by,chamical. preaent in D8W bottle. 

and caps.. vas prevented by 8oaki.ng the bottles in a chroa1c acid 

solution" for 24 bours, fôllowed by rinaing for 48 boura in tap water; 
CI l " • J 

the plastic caps (,Upak Ltd.) wete soaked in a 1 N HCl solution for 

1 
24 bours and rinsed in tap water for 24 ta 36 bour •• 

For solid culture media, Bacto-agar (0.6%) was uaed a. the 

gel1ing ,agent. The agat vas slowly dissolved by heatins and sUrring_ 1 

In soma cases, activated charcoal (O.~%) was added to ~lture 
media. Ten m111iliters of mediA were poured into aach culture bottla, 

" , , 
prerinsed vith double distUled vater aJld labelled witq. co1ored tape •. 

The caps vere screwed on tisht1y and the bottles vere autoclaved at 

121°C for 20 minutes. , 

d) Patata Culture Medium 

The medium. used vas simi.l.ar to the one da.cribed by à Chineee 

research group for wheat antber flture (AnonY1lOua, 19~ lt 
1 

r, 

of 



• 1 

) 

i • 
1 
1 

;\ 
t 
1 
1 • 

1 

,1 

) 

) 

. ' 

, , 

t:.l conained of the folloW1ng in&re~ient.: 1 Pota'to .extract 20,%, .. 

leNaED'rA 40 mg(l; ànd "sucrose 9%. Vario48 growth t;egulators were 

uaed 'in oeombination with this mediUm. ÇTable X) ./1 

TABLE X •. Growth regu1ators used in combi\l&tion with the Potata 
/ Culture Mediua ~' 

Medium 
aubtypé 

1 

2 

3 

4 
1 

( 
1 

• 

, 

Growth regu~tors Vag/l) 

2,4-0 ' , 

2.0' 

2.0 

2.0 
, 
f, 
(; 

K 

1-- . 
r\ If -

l' 
0.5 

1.0 6.5 

l'he Potato Culture Medi&n wq prepared ft; ~he. following "manner. 
( 

The patata tubers (cv. Kennebec) were W8shed with tap water and in 
< 

one 1psta~e,-peeled; the buds were removed and the uubers were diced; 

200 Brama of potato cubes were then boiled in 500 ml of double distilled 
. \ 

. watar for 3,0 minutes. A Waring blender was then uaéd to liquefy the 

potato m1x~ure, and thf resulting purée was filtered throu~h s~veral 
/ 

layers of.cheèse clotho Sucrose, FeNaEDTA, and in the case of medium 
\ 

subtypes 2,3 and 4 ,'(t'able X), growt!) regulatots, were added to the 
1 

filtrate. The ~~lution was mad~~ ~o one liter~~it~ d~uble distilled 

vatar and tlle pIt was adjusted to 5.7 to 5.8. In some cases, 'activated' 
'J 

charcoal (O.51! vas ad~ed ta the medium. Bacto-agar (0:6%) was used 

to gel the medium, as pre~ioU8ly described. 

Culture bottles and plastic caps ident1cal ta thcse used for the 
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aynthetic culture media vere utU1Zèd. 'Rach bottl. da labelled/ 

with a piace of colored t'Ape" and rlns~d with double .d1atUled water , 

,prlor to uae. Ten mUlilitara of potato iaedlwa were poured into each ~ . 
• 

culture bottle. The caps wace adjua~ed and the mediU1ll. was autoclaved 
. 0 

,at 121 C for 20 minute8~" 

4. Cultural Conditions 

The cultures were Incubated in growth chamPers st different , \ , 
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,. , 

temperatures and were submit~ed to various photoperiods (Table XI). ~ 

) 

TABLE XI. Photoperiods and tamperatures used for anther culture 

1 

Treatment Duration of Photoeeriod Tapera tu.re 
reg1JDe , 

day night • dgy _ n~ht 
'. - Ch) (h) (C) (c)" 

4 

a ContinuouB 24 ! 25 
-' 

b ContlnuouB .24 O~, - 30 -, 
c la days, then al 24 ~ 30 

contimlouB 24 a 25 

d la days, then a 24 25 
'continuoue 24 a 25 

.". 
.C> 

e la days, then 24 0- 30 
continuous 24 A, -25 

~ 1 
Incubation ws performed under low l1ght Intensity (16 \1 Esèc -

-2 -. 
m ,ca. 800 lux), and illuainati~n was provided by fluorescent lamp~ 

(Cool~te,. General E 

Relative ~dity was' 

or Vita Lite, Ouro-Test Electric.Ltd.). . . 
at the 60 to 65% level. 

\ 

, 

... 

1 
,1 

o 
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5. Callus Subculture Procedures 

Callu8ed anther8 were trsnsferred to a differentiatian medium 
. 

10 arder ta induce regeneration 9,f ·plantlets. This culture medium 
" • 41 

cona1ated of Murashige and Skoog's basal medium supplemented with 1 ppm 

,. K, 0.<1 ppm ~, and 3% 8ucrase. 
~ 

The medium was gelled with 0.6% 
t;i. 

Bacto~gar and a volume of ten milliliters was poured into each,culture 

'bottle which was then capped and autoclaved. as described in Sect10rt 3. 

. 0 
Calluses were incubat'fd at 25 C in continuous light and 

, 
regulatly aubcultured on the regeneration medium until plantlets were 

developed. lt was found unnecessary ta use a basal medium, that ia, 

unsupplemented wit~ growth regulators, to induce rooting. 

",,- l 

\ 6.. PlanUet Tranafer 

, Plantlets were delicately removed ~,om the culture vessels an~ 

placed 10 lO-cm plastic p~ta fil1ed with wllight 1:1:1 m~tùre of peat 

82 

moss, 'pEttlite--and vermicu1ite. No attempts were made to remove the agar 

covering the root system, 80 that damage to the fragile roota would . . 
be prevented. One-liter beakers were p1aced upaide down pver the 

pots to create a highly humid environment which,reduced dehydra~ion 

of the plantletp. The covered pots were thèn transferred to the green­
~ 

houae'. The beakers were removed after 10 days and the planUets wete 

Iater repotted in a regular soil mixture and &rown to maturity. 

7. Cy~ological Exam1~tion of Cultured Anthers, Callus Cells, and 

lle.generant~ 

a)_ Cultured Anthers 

, ln genaral, a fev anthet's-f-roureacn~tre.atmeIU: were examined after 

one mo~th in culture, especial1y when callull tissue had IlOt beeu induced 

-
( 

, 0 

\. 
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ta fora; calluaeel anther. were usually aUbcu1tureel, ~ el8scrib.d 

in Sec tian 5. The anthera nre sautly teued {vitil eliauctlD.1 neeelles, 

t~en squaaheel in a drop of a~eto~.~ and examined 'a fn Mun later 
(\ 

under a ~icroacope. 

b) Callua Cells , 

Small portioI1B of tiaeue vere reaaoved aaeptically fro. the 

surface of the csllua'maaa and pretreated in 0.002 K 8-hydroXyquiP01ine 

for two houra lt 'ro~m temperature. The piecea of cal lus were then 

rinsed wit{ distUled vater and fixed in Carnoy' 8 fluid (three parta 
• 

of 95% ethanol ta one part. of glacial acetic ecid) for 12 ta 16 bours 
,r 

at 4 oC. Following several r:1n8ea with distillecl watar, 'the fixed - ' 

pieces of callua ~re macereted in a 4% pectinase aolution for 6 ta 12 

hOUES at rqom temperature. The tissues vere then rinaed vith distU1ecl 

vater and sta1ned vith an alcoho1ic hydrôchloric acid~a11U,De solution 

(Snow, 1963) for about 12 haurs at 60oC. ,'Slides vere prepared 
, 

according to a routine squashing technique. 

c') Regeneranta 

The eletermination of the chromoaome number va. performed by 

examining mitot1c uoot tips) or meiotic '(pç,rlen iDotber cella) tiaauea. 

i) Root tips 
.', 

Healthy root tipa were co1lectecl from , the regeneranta and 

~ 
prêtreated in 0.002 K 8-bydroxyqu1noline for two haura at roOli 

temperature. Distilled wat~'was uaecl to rinse the root tlpa which 

o 
were then fixed in Carnoy's fluid for 12 ta 16 bours at 4 C. The fixeel 

root. tlps were then rinaed several t::lJDes vith distUl.d, and once wi.th 

1 N Hel at room teœperature. Hyelro~LI wag acbieved by'adelina bot 

,. 

83' 

G • 

.M'M· 

j 

1 
/ 

( 

\ 
( 
\ 
( 



0-

1 
1 

) 

\, 

l ' 

.1 
1 

\ 

1 N Hel (60~é) to' the vials and placiDg tbem in a w4ter bath at 

600C for 6 ~o 8 minutes. The vials were then transferred to an,1ce 

water" bath to stop the reaction, and the root tips were rinaed 

several t1me. with distilled water. Staining.was p~rfo~ed at 40 C 
• , '1 

according to a standard Fe,ulgen procedure (Darlington and La Cour .. 

1960) • The root tips were again rinaed with d1st1lled water and 
• 

maeerated in a 4% pectinase solution for 3 ta 5 hauts. The root 

tips were f1nally rinsed with distLlled water, transferred ta 70% 

ethanol, and stored at 4oC. Prepa~at!on of the slides was done 

accord,mg ta a routine squashing method. 

li) Pollen Mother Cells 
. 

Young flower buds were collected from the mature regenerated 

plants and fixed in a modified Carnoy's solution -(six parts of absolute 

84 

ethanol to three parts of chloroform ta one part of glacial ace tic acid) ~ ~ 

for two ",urs at 4oC. The buds were then rinsed with distilled water, 

and stained with alcoholic hydrochloric acid-carmirle for about 12 

hours at 60oC. The buds were either left in the "stàin or transferred 

ta 70% ethanol, and stored at 4°C. A routine squashing technique was 

~.ad for preparing the slides. 
\ 

Pollen "viability of regenerated plants was estimated according 

to the procedure outlined by Marks (1954). A mature unden1sced anther 

was macerated in a small drop of'aceto-carmine jelly which gives,an 
1> 

even distribution of both empty and plump pollen grains. Debris was 
1 

removed !Lud the coveralip 1Itas applied. The prepaz;atlon was examined '"1 
j 

under a microscope a few hours Later when staining and 4ifferentiation 

of the pollen grains was complete. About 1000 empty and full pollen 

graina were counted from one edge of the coverslip to the other to ' 

• • 
, . 
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ob tain ~ repreaentative re814ta. Shrivellecl liut uutai.ne.cl 1'011en gfaw 

vere &cored as inviable; converael.y, pluap, oormal-aized pollen graiu 
. , 

Which took up the stain vere countecJ. .. viable. 

8. Stat:lstical Analyais 
1 

The proportion of ca1lu~ anthers on. varlous ... aia vas., 

analy~ed u8i~ the comparison. of proportiona for two binomial 
,1 

populations (Ostle and Kens1ng,1975 ). _ The ch1-aquare approXiaatlon, 

corrected for continuity, to the binomial diStribution wa. uaed to 
• 

test the null hypoêhesis of. no _diua or within medium cénulition 

clifferences. All possible pel'DlUtationa of the media wi.th identical 

c~iona and a11 COndi~i~aa ûth1n a mecI!ua vere testecl in pairs 

using the abov:e statistical analyaia. ). 

B. ~len Culture 

1. Haterial lUld Groving ConditiDaa 
Q 

'IWo tetraploid ~ spec1.ea" vere u.ed in the •• etudies 

(Table XII). The donor plants vere grown under green60use 

conditions from ~ept8mbet ta May and kept outdoors in'cold fraaes 
1 

during the 81JJ1111er months. DetaUs on the growing concU.tions are 

given in Section A-l. \. -

,. 
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b corn1culatus L. B534 

L. emeroides f Murray B349 
g 

o 

24 

28 
Cl 

Od.gin, Yugoalavu. 
Seed obtained by Dr. J. 
aubar through the 
University of 
Yugoslavia. 

Jardin Canario 'Viera y 
Clavijo", Gran Canaria, 
Canary Ialanda. 

2. Preparation of ~he Pollen Suspensions,Culture ~dium Formulation 
and Preparat~on, and Culture Procedures 

The flover buda wer~ cQlle~ted tram the dOnOr plants and 

aurface~terilized vith 70% ethanol for ten seconds, 'followed by 

86 

three ùdnutes in an agitated solution of 7% calcium hypochlorite. ; 

The. buds vere then thorou~lùy d.naed with sterile diat;Uled water and 

transferred to a sterUé petri duh. Dissection of thé flover buas 
~ 

ua do~ aaeptically in a diasecti~ hood. 
",' , 

The dulture of iSolated microspores was performed in several 
• 

ways. 

U:rst1y,young anthe:rs è>nta~ pollen mothe:r ç!Üla up "to 

the quartet stage (Stage l)·we:re bamogè~ in a lew m1llUiters 
\ 

of liquid culture ~dium to form a suspension. pTwo to three dropa of 
• 

r;.e suapena~ vere placèd 1,0 we~l slidea in sterUe pe~ri duhes and 

- , " eachwell slide ~s covered with a sterile microscopie slide to 

prevent evaporat:làn. Whe cultur~ medium cona1.ated of the basic medium , , 

. 

,.. 

, , 
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of Murashige a~ ~Sk~àg (1962; Appendix 1), supp1emented with 1 ppm 

IAA,. 0.1 ppm K, and 3% sucrose. The cultures were incubated in the 

dark at 2SoC. 

Secondly, anther~ at'the uninucleate stage (Stage 2) vere 

-
gently homopJenized wi.th a glass rod in. thrée milliliters of sterUe 

~ , 
distilled vater; ~ few drops of the microspore suspension were then 

spread'on the aurface of a solid c\1it~re medium. Thia medium consisted 

of the basic m~dium of Gamborg (1970; Appendix 2), supp1emente~ with 

3~ sucrose and gelled wittr Bacto-agar (0.6%). The cultures were 
~ 0 y 

incubated in the dark at 25 C. 
. ,. If 

Third1y, mature,.dehiscing anthers (Stage 3) were sown on a 
• 

Gamborg's B5 (1968)-soybean medium (Appendix 5), supplemented with 

5.ppm 2,4-D and gelled~with Bacto-agar (0.6%). The culture med~um 

waa p{epared aa follows. Soybean seeda (100 g) were waahed with'tap 
"il . ' 

water and soaked in distille~ water for 21 to 14 hours. The imbiBed 

seeda were then c1rained, r.insed with d~ub1e distil1ed wate,r" and 

ground in approximat~ly 300 millili~ers of doubiè ~istilled water • 
.. 

. The resulting thick liquid was then filtered through several'layers 

of chease cloth and the filtrate was gently brought to a boi1 (with 

stirring) '. Required volumes of stock solutions of Gamborg' s basic .. 
medium Unacroelements, microelements, and iron) an~ 2 t 4-D were added 

to the soybean extract. Sucrose (10%) _as dissolved and the solution 

. was made up to one li ter with double dis til1ed wa ter. The pH was 
, . ' 

estimated with indicator paper as approximately 6. 

The agar was slow1y disso1ved by heating and the medium was 

autoclaved :ln 250-ml erlenmeyer flasks aea1ed with a1um4lum foil for, 

o 20 minutes at 121 C. l'he steri1ized medium was. then pouœd 

asepti.cally in sterUe 60 X lS"'1IIDl plastic p,etri dishes. The cultures 

~ , 
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were incubated in the dark at two diffe.rent temperatures, 250 C 

and 30°C. 
, 

c 

'" 
" 

"Details pertaiilning to the preparation of the 'stock. solutions 

of t~e d~feren~ulture media,~ tbe_growth regulators, and the complete 

culture media, as weIl as ~be culture vessels gnd sterilizatLon 

procedures, a~e given in Section A-3. 

3. Exam1n8tion of ~he Cultures 

The cultUres were examined after two to five weeks of incubation 

for the presedce of ca1lu8 tissue or pollen embryoids. 

In the case of microspores sowu on solid culture media, a sma11 
• r-• • ~unt of material was removed aseptically from the surface of the 

agar wtth a bacteriological 10op, placed on a microscopie slide and 
o 

sta!ned with aeeto-carmine. The ~verslip was applied and the mount 

was'firmly pressed down~ 

The dévelQpment of microspores inoculated in liquid me4ium W8S 

inv~tigated by removing the slide covering the weIl slide, adding one 

small drop of aceto-carmine to the suspension in the we~l, and 

exsmining the slide a few minutes later u~der a microscope. 

C. Pollen Tube Culture 

1. Ma terial and Growing Condi tions 
~ 

On~ amphidiploid and fi.ve tetraplo,1d ~ species were used in 

these studies (Table XIII). 

The donor plants were grown elther in. the greenhouse or outdoors 

in col~ frames, under the growth conditions deseribed in Section 

88 
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( TABLE XIII. Lotus germplasm sources used for the !a.~ 
~re of pollen ~ubes 

, 1 

, Species Genetics 2!t Source 
Laboratory 
accession " 

,1) number 

L. corniculatus L. B259 24 Botanischen Garten ùnd 
Museum Berlin-Dahlem, 
Germany. 

L. crue.ntua Court. B79 28 Botanic Garden of 
Adelaide, Sou th 
Australi.a. 

L. mas.caensi.s B~50 28 Jardin Canarfo "Viera y 
Buchard Clavijo", Gran Canaris, 

Canary Islands. 

L. ~edunculatus B124 24 Tetraploid produced by 
Cav. P.I. Barclay, 

( Department of Scientific 
and Industrial Research, 
Grasslands Division, 
Palmerston North, 

" New Zealand. 

(!!.. krIlovii A/KT 24 Amphidiploid produced 
Schis.chk.. by Dr. B.H. Somaroo 
et Serge (1970), Macdonald 

X L. tenius Walds t. College, Ste-.Anne de 
et K:1.t.)2 Bellevue (Que.), Canada. 

2. Sterilization Procedures and Germination of the Pollen 

Mature flowers were collected from the donor plants and 

surface-steri.1ized with 70% ethanol for ten seconds, followed by 

three minutes in an agitated solution of 7% calcium hypochlorite; 

the florets ~ere then thoroughly rinsed ~th sterile diati.11ed water 

809- transferred ta a sterile petri dish.. 

<- Dissection of the florets W8S performed aseptically in a 
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. 
laminar air flow cabinet; the mature pollen graina were removed from 

the keel with a disaecting needle and placed into lO-ml erlenmeyer 

flaskS containing five millUiters of the germination medium. The 

medium conaisted of a 0.3 M solution of sucrose, supplemented witu 

0.001% borie acid. This solution was filter-sterilized (Millipore 

Corporatio~) and aseptically poured into flasks which were presterilized 

in an oven at 160°C for two hou~a. Aluminium foil waa uaed to aeal 

the flasks. 

~ 0 
The flaska were incubated in tue dark at 25 C until a sample 

showed a large proportion of germinating pollen grains, generally 

occurring after five to eight days of incubation. 

3. Culture Medium Formulstion and Preparation 

Murashige and Skoog's culture medium (1962; Appendix 1) was . 

utili:i~d in these studies. The bJlsic medium was used as formulated 

by the authors and supplemented with 3% sucrose and 2 ppm 2,4-D. 

The culture medium was gelled with Bacto-agar (0.6%) and poured into 

glass bottles. 

Details concerning the preparation of the various constituents 

of the Murashige and Skoog's medium 2,4-D, and cotlJplete culture medium, 

as weIl as the desèription of the culture vessels and the sterilization 

procedures cau be found in Section A-3. 

4. Cultural Conditions 

Three to four drops of the pollen grain suspension were spread 

onto the surface of the culture medium. Tue cultures were incubated , 

in the dark st 25°C • 
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5. Examination of the Culturea 

1 The cultures. were exam1ned after one mon~h of incubation 

to determ1De whether d{visiDna 10 the pollen tub~a.and callui-­
~ 

tisaue formation had been ,inducèd.· 

Material on the surface of the medium ws gently removed 

vith a bacteriolog1cal .loop, sprea:d on a microscopie alide and 

stained with a~to-ca~e. A coverglas8 was then placed inta 
~, 

position and the mount was firmly pressed down. 

D. Ovary and Ovule Cul ture't 

1. Mate.rial and Growing Conditiona 

The different ~ species utilized ~r the!!l ~ 

culture of ovaries and ovules are listed in Table XIV. 
. 

The donor plants were grown under greenhouse conditions fram 

September to Hay and kept outdoorB in cold frames during the suœmer 

montha. Details pertain1.ng to the growing conditions are given in 

Sec tion A-l. 

2. Flower Bud Selection and Preparation of the Explants 

The culture of ovaries and ovules was usua1ly performed 

concurrently with anther culture. The ovaries were staged s~arly 
/' 

• 
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to the anthers: stage l (pollen mother cells to quartets in the anthers), 
1 

ovaries contain1ng ovùle primordia which were beginniDg to elongate 

and bend; stage 2 (eàrly to late uninocleate-microspores), ovaries 

containing premeiotic ovules ta oVules with ver~ung emb!ra sacs: 

and stage 3 (early binucleate to mature pollen gr~ins), ovaries' 

eontaining ovules vith developtng to fully mature embryo sacs. 

The flower buds at the selected stage of devélopment were 

.. 

, ., 
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TABLE XIV. Lotus species uaed for ovary and ovule culture 

Species 'GenetiC's 
Laborstory 
accession 
Number 

Diploïds 

L. 
~ 

glaucus Ait. B348 

L. krIlovii B86 
Schi.schk. et Serge 

Amphidiploid and hybrida 

~.,japonicus,(Regel) A/JA 
Larsen 2 

X !!.. alpinus -Schleicb.) 

~. japonicus (Regel) JA-2-l5 
Larsen . X 554 

X !!.. lalpinuB Schleich.) 
X ~. corniculatus L. 

(L. krylovii KS 7(a)5 
- Sch1âèhk. et Serge X 5542 X L, schoelleri Schweinf.) 
X ~.-cOrniculatus L. 

Tetraploids 

L. ansu;s tissimus L. B14l 

L. corniculatus L. B259 

\ 

2n 

14 

12 

24 

24 

24 

24 

24 

Source 

:: 4 

Jardin Canario ''Viera y 
Clayijo", Gran Canaris, 
Canary, Islands. 

Hortu8 Botanicus 
Universitatis, Uppsala, 
Sweden 

Produced by Dr. B.H. 
Somaroo (1970), Macdonald 
College, Ste~e de 
Bellevue (Que.), Canada. 

Produced by Dr. B.H. 
Somaroo (1970), Macdonald 
College, Ste-Anne de 
Bellevue,(~e.), Canada. 

Produced by Dr. B.H. 
Somaroo 0.970), 
Macdonald Col1ege, 
(Que.), Canada 

Origin, Israel. 
Division of Plant 

.IDdustry, C.S.I.R.O., 
Canberra, Australia. 
C.P.l. 15606 

Botanischen Garten und 
Museum Berlin-Dahlem, 
Germany 

Continued ••• 
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C- I TABLE XIV. (Continuèd) 

. . ,fU • 
l 

" « 

" "'" Genet_1J!,. 1 

, 
Speci~ 2n Source ~ 

Labo(ato~ " 
acce .. ioo 
IlUllbér 

',' .. i :: 

'. l b \ corniculatua L. B280 24 Or~1n, Pol •• 
Plant Introduction 

" Station, Ge.œva (N~ 
USA. 

" P.I. 255176 

~. corniculàtua L. B285 ' 24 Oriain; ; Iorea. 
Plant latroduction / 

"-
Station, Genev. (N.Y.) 
USA. 

ftJ "'1> P.l. 273443 

"fi , 
/ L •• comïculatus L. B534 24· Origin, Y;UIO~âvia. - Seed obtained by Dr. J. 

Bubar throulh the / 

( University of Yugoalavia. 

h· corniclha tua L. B554 24 OriSin, Turby. 
~ 

Pl~t Introduction 
StÀtion, Il'.IIlit, Turkey. 

L. corniculatus L. B719 24 Commercial certifi~ 
cv. Mirabel seed. Plant Scf.lw:e 

Departmetit, Macdonald 
Collele, Ste-ÂDD8 de 
'Bellevue (Que,), Canada. 

h· corn:t.culatus L.' 
l 

AA764 24~ Produced frOm seade of cv. 
cv. Lao Lep (B764)' treated with 50 

ppm d1~0~tyro.ine. 
G. S'SU' (1977), Macdonald 
Colle~t Ste-ânDe de 
Bell,vue (que.)" Canada. , 

1 

f.. corniculatus L. BKS764 24 P~6duced from aead. of cv. 
cv. Leo yeo (B764) treatect vith 

/0.01% EMS. 
j M.C. Therrièu (1976), 1 

Macdonald,Colle", Ste-Anne 
j' dè Bellewe (QUe.), Canada. / 

( 
! 
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.... 



... 

o 

. ' , J 

{ ) 

" 

( ) 

.1 

" 

TABLE XIV. (Cont,inu8d) 

&. cruentu. Court. 

" 

'Geneties. 
, Laboratory 
accession 
number 

B79 

L. mascaensis B350 
Buchard 

Jo b.. ténuis Wàldst. 
et Kit. 

B340 

L. vUloaua Forak. .. Bl89 

Synthetlc autotetraploida 
1 

~ 

h. alpfnus Schle!ch. T77 

1 

&. japonicus (Regel) T129 
Larsen 

28 

28 ' 

26 

24 

28 

24 

24 

, . 

( q 

Source 

Botanie Garden of 
Adelaide, South Auatra1!a. 

Jardin CanariD ''Viera y 
Clavijo", Gran Canaris, 
Canary Islands. ~ 

o , 
Jardin Canario ''Viera y 
ClavijQ", Gran Canaris. 
Canary Islands. 

Seëd obtained from Dr. 
A. Gershoy, University 
of Vermont, Burling~ 

, (Vt.), USA. 

Origin, 'Iafael. 
Plant' Introductii,n 
Station, Geneva ~.Y.), 
USA. 
P .1., 238336 

Produced from' h. alpinue 
(B77) by Dr. B.H. 
Somar,oo (1970), Macdonald 
College, Ste-Anne 'de 
Bellevue (Que.), Ca 

Produced'from L. a 
(B129) 1?y Dr. i.li·~. ~== 
Somaroo (1970), Macdonald 
College, Ste~nne de 
Bellevue -(Que.), Canada. 

~ 
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. harvested frOlll the. donor planta and, in soma cases t given a celd 

treatment which 1s detailed in SeCtion A-2 • . . 
The flower buda were 8urfaée-sterilized ae previoualy.deacribe4 

in Sectio.n A-2.. The avaries wi.th or wi.thout anthe~s were/'*~iid on 

the surface of the cultu~e medium' (Fig. 2) t:%r planted in the agar . . . \ 

(Fig. 4). 

3. Culture Medium Formulation and Preparation 

The avaries and the ovules vere cultured "'On the ;uedia useel for 

anther culture, namely, Muraahige and Skoe~ (1962, Appendix 1), . 

Gamborg(1970i Appendix 2), Vellky and Martin (1970; Appendix 3), and 

the Potata medium (l\ppendix 4). The baaai media were aupplemented wi.th -
varioua grdwth regulatora and organi~ substances, as det.Ued below. 

a) Mura~h1ge and &.koog (1962) 

The same ~dificatiena were .brought to the Muraahise and 

Skoogja medium, (T~ I, II, and"UI) ~ a q deacrihed in S~ctiDn A-3-a. 

TheBe media were supp1ementeel w:lth various gro_th regulators ~nd 

orgsnie addenda (Tables XV,. XVI). Type II medium was sUP'Plemented' with 

0.5 'p'pm 2,4-0 and 8% or 12% sucrase. 

TABLE ri. Type 1. Growtn regglators and organie supplement. used itJ. 
, ' combination wi.th Murashige and Skoog 'a culture medium (1962) 

Medi.um 
subtYPe 

1 

2 

.; G~owth regulatora Uag/l) 

2,4-1> 

0.1 

z 

- . 

< • 

Org. suppl. 
'a v/v) • 

CM 

. Cont:l.p.ued •• '. 
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TABLE XV. (Continued) 0 

Medium 
aubtype 

-3 

4 

5 

6 

7 

TABLE XVI. Type III. 

Growth reggl.tora Ong/l) 

2,4-D UA z 

0.1 
~ 

0.1 0.1 

1.0 --

. , , 

.. 

'. . -
Orge suppl. 

(% v/v) 

CM 

15 

30 

15 

Growth regulators used in comb1nat1on with 
Muraahige and ~kao8'a culture medium (1962) 

Medium Growth resulators ~ml/l~ 
subtype ... 

2~4-D . lM 
BAP • 

1 1.0 

2 1.0 

3 2.0 

4 1.0 
.. 

2.0 -
5 , 2.0 1.0 

6 2.0 1.0 

7 1.0 2.0 
.) 

J 
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~) Gamborg (1970) ',' 

The basic œedium wa utUi.zad ail formulated and 8upp1eme.nted 
<: 

witn differeat growth regulators and 3% sucrose (Table XVII). 

, 
TÂBLE XVII. Growth regulators used in combination vith Gamborg's 

culture medium (1970) 

Medium 
eubtype 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

c) 

Growth regqlators Û!6/1) 
2,4-0 NAA NUA - K 

1.0 

1.0 

1.0 0.1 

0.1 1.0 

1.0 0.1 

1.0 1.0 0.1 

2.0 

0.5 - 1.0 

0.5 1.0 

0.5 1.0 

Veliky and Martin (1970) ~. ~ 

< 

The medium waa utllizeci as_ formuuted a~upplemented with '*2% 

sucroee. 
. . 

The explante were cultured on "subtypes 3 and,,!r (see Table_ IX). , 

d) Potato Culture Medium 

The medium was prepared as des~ribed in Section A-3-d and 

supplemented vith the.growth regulators listed in Table X. 

, 

&1 1 J ,'-,~ 
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Details on the preparation of the synthetic media, t to 

medium the coconut milk" and the growth regulators, and the 

description of the culture vessels and the sterilization procedures 

~e given in Section A-3. 

4. Caltural Conditions 
~--1 . » J 

"'2'~(The cultures 'were incubated in growth chambers at different 
l~t~ • 

temperatures and under varlou~ 1ight regimea (Table XVIII). Incubation 
, ~ . 

- -1 -2 . 
was performed under low 1ight inte~ity (16 ~E sec m , ca. 800 lux), 

land illumination was prO~ided Dy fluores~ent 1amps (Coo1-~te, .. 
'General Electric, or Vita-Lite, Duro-Test Electric Ltd.). Relative 

humid~ty was maintaine4 l et the 60 ta 65% ieve1. 

TABLE XVIII. Light reiime~ and temperatures used for ovary and 

Treatment 

, 
b 

c 

>-
d 

e 

.. 
f 

ovule cultpre 

Duration of 
regime 

Continuoue 

Continuous 

Continuous 

10 days, then 
continuous 

10 days, ~hèn 
continuous' , 

10 dayS', then 
continuoua . 

... 

~ 

Photoperiod 
day night 
(h) ,(h) 

16 8 

24 0 

24 0 

0 24' 
24 cD 

0 24 
24 0 

0 24 
2

1
4 0 

r· 
Temperature 
day ni2ht 
(oC) (oC) 

25 25 

25 

JO 

30 
2.5 

25 
25 

30 
30 
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S. Call~ Subculfure P:rocedurea 

" 

The subculture of cellusa. waa performeel a. eleacribed for 

ca1luses obtain.ed' frOlll anturs. Details are shen in Section A-S. 

6. Plantlet Tr&n;8fer 

The method described in Se~tion A-6 for ttausferring plantleta 

was utUlzeel. 

, 7. ~tological Stuelies 

In g,.~ral, non-callua1na ovaries we.re el1a •• cteel aftel: one te 

two months of incubation to examine the ovules. Callused ,9variea and 
t 

ovules were subcultured, aS previous1y described (Section A-5). The 

fixation and the staining,proceelur~s useel in the stuely of the ca1lus 

cell$'ar~ outliDed in Section A-7-b. 

8. Statistica1 Analysis 

... The proportion of ca11using avaries on various culture media 

~8 analyzed using the compar~son of proportions for two binomial .. 
populations, as described in Section A-8. 

• ,.r 

E. In!.!.m. Culture of Inflorescences 

1. Material and Growth Conditions 

The ~.germplasm sources used for the culture of 

inflorescences are liated in T'bl~ JfU. 

The .. plants were grCM;!. under the same conditiOns as cieacribed 

'in S'ection A-l. 

" 
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, 
rABLE XIX. Lotus. germplaam' ua.ed for infloreace~e culture 

Spec1.ea Gène.t:J,.ca 
t..aboratory 
accè8fl1On 
numb!!r 

L. alp1nus Schleich. T77 
U,!) 

L. angustisrimus L. B141 

1 ~ 

24 

, 24 

(h. burtii Sz.-Boraos !03-r-2-3 24 
X !!.. fUicaul::l.a Dur.) X 554 

X~. corniculatus L. 

(L. japonicus (Regel) JA-lO 
Larsen X 554 

o X L. alpinu8 Schle1.Ch.) 2 
X~. corn1culatus L. 

2 •• Preparat1.on of Explants 

24 

, 
Source 

"­
SC) ( 

q " ,4 

,. 1 

Tetraploid produced by 
Dr. B.K. Somaroo,(1910), 
Macdonald College, .-
8te- Anne de Bellevue 
(Que.), Can.ada .. 

Origin, Israel. 
Di.viaion 'of Plant 
Industry, C.S.I.R:~." 
Canberra, Austral1a. 

Hybrid produced by Dr. Bo' 
H. Somaroo (1970), 
Macdonald College, . 
8te~né d~ Bellevue 
(Que.), Canada 

Hybrid produced by Dr. B. 
H. Somaro~ (1970), 
Macdonald College, 
Ste-.anne de Bellevue 
(Que.), Canada. 

Inflorescences beating tbree to su flo~r buds at varioua 

• stages of development were collec~ted from the dortor plants. The . .... 
bractlets and, in the case of very young 'inflorescences, the leaves 

sul'rounding the f~owering apex were removed. r ~ 

'0 8urface-ster1.lization was ac~eved by di~ping the inflorescences 

" 
in 70% athanol for ten seconds, then transfel'ring them to an agitated 

'" 
solution of 7% calcium hypochlor1.te 'to whicb a drop of a wetting agent, 

f 'rweeu 20, had lt~~n added. After ten minutes, the :tnfloreseenees were 
.,.: , 

~~ .... ~ ------ --_ ....... _~~_ .... - ... .-.,.,-____ ...... '\I1oo ... v > ____ '01.0!<-.._ ...... _ ~-..- '"'~ .... ,..lot- .... ~ ....... ~ ~"*,,,,,,. __ 
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rinsed thorougbfy vith sterile diatilled water 4nd transferred to 

a sterile pet~i dish. 
o 

,. " 

3. 'Culture Med~ Formulation and Preparation 

. A mod1fieq Murashige and Sltoog'a cultur~ medium (1962. 
, 

Appendix 1) was u8ed in tbese etudies. The concentration Ç)f ~e 

mineral constituents (macroelements, micrpeleF8nts~ and iron) vas 

reduced bl' balf; the concentration of the vitaia1ns and tie 

myo-inositol'remained unchangéd. The' basal medium was Bup~lemented 

wit.h 3% ~ucrose and ~ ~rowth regulato.rs, namely, 2,4-D and 

benazolin (Table XX). 

TABLE XX. 

Medium 
subtype 

1 

2 

Grawth ~egulators ~d in combination vith modif~ed 
Mûrashige and-Skoog'a culture medium , , 

o 

. 
Growth regulators (!SIl) . 

2,4-D BN 

2 

0.1 2 

€ t;; 
Q C 

•• t , ; 

f 

Solid and liquid culture media were util~zed. Bacto-agar 
l'~,'-,.. -

(0.6%) was used as-the g~ll1ng agent. In some cases, activated 

charcoal (O.S%).was added to,the solid culture media. Liqùid media 

w.e,t.' poured ioto' bottles :in ~ch a cotton ball had been pIa~ed !n 
, 

order to support the expIant. o 

c ... ·Details concerning the preparation of the var tous consti.tuents 

/ 

\. 
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of the Murashige and Skoog's medium, 2,4-0, benazolin, and the 

complete culture media, as well.fs the description of the culture 

vessels and the sterilizàtion procedures may be found 10 Section A-3. 

The sterilized inflorescences were cultured by delicately 

planting the peduncle in agar (Fig. 5) or by inserting the peduncle 

between the side of the bottle and the cotton baIl (Fig. 6). 

4. Cultural Conditions 
y 

The cultureswere i~cubated in growth chambers at different 

temperatures and unde'f" various light regimes. Details are given i,n 

Table ~I. Illumination for the cultures was prov~ded by fluorescent 

tubes (Vita Lite, Duro-Test Electrie Ltd.) with a 1ight intensity of 

21.1 ~E sec-l m-2 (ca. 1,000 lux) • 

TABLE XXI. Light regimes and temperatures used for the 0 culture 
of Lotus inflorescences 

Sb 

Treatment Dura dari of . .~ , ; 
regime 

a Continuous 

b 10 days, then 
continuous 

e 10 daye., then 
continuous 

d 10 daye, then 
con.tinuous ' 

e 10 daye.. then 
continuous 

Photoperiod 

day night 
(h) Ch) 

24 0 

0 24 
24 0 

0 24 
24 0 

24 0 
24 0 

0 24 
24 0 

Temperature 

day night 
(oC) (oC) 

25 

25 
t2S 

30 
2S 

1 30 

~5 

0&- 4 
25 

~ -

'\1 

il!' .. 
i i 4 
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5. Examination of the Cùltur8s 

After one or two months in culture, the inflorescences were 

exam1ned for the presence of callua tissue on the anthers or the 

avaries. Non-callused anthers were squashed in aceto-carmine, as , 

described earlier (Section A-7-a), ta determ!ne whether multinucleate 

or multicellular microspores had been induced. Ovaries were dissected 

for an examfnation of the ovules. 

F. Polyembryony 

1. Material 

Ten L. corniculatua germplaem aources and two diploid ~ 

apeciea, ~. eedunculatua Cav. var. villosua and~. tenuis'Waldst. 

et Ki.t., were used in these studies (Table XXII). 

2. Preparation of the Seeda 

Seeda were searified with a piece of sandpâper and plaeed in 

9-cm plast'ie petri dishes between Plo aheets 9f moistened fliter 

papet. ,The petri dishes were incùbated in the dark, either at room 

o temperature in a laboratory bench. dnwer or at 25 C hn a seed 
. 

germination cabinet. When neceasary; the petri dishes were witered 

with distilled water in order to prevent dessication of the seedlings. 
\ 

3. ~tion of the Seedlings 

After five to six dàys, seedlings with cotyledons still enelosed 

in the seed coat wére eXamined and counted. When a seedling appeared " 

to possess two radicles, the seed coat was removed with dissecting 

needles to expose the cotyledons. In the case of twins, the seedlings 

.were separated and either prepared for cytologiea! examination or 

, 
\ 
1 
1 

,,' 
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TABLE XXII. Lotus germplasm uaed in the screening of polyembryonie 
8eëd8 

Gene tics 
Laboratory 
accession 
number 

Diploids (2~-12) 

Bl45 

B246 

Tetraploids (2!,-24) 

B247 

B249 

B250 

III 

Spe.c1es 

L. tenu1.s Waldst. 
et Kit. 

~. Eedunculatus Cav. 
var. Xillosus 

Lamotte 

1.. corniculatua L. 

L. corniculatus L. 

., 

~. cortd.culatu8 L. 

1 

... 
Source 

U.S.D .A., SoU Conservation 
Service, Pleasanton (Calif.) 
USA. 
P-l4496 

Rhône, Etablissements 
Laras, France. 
Groupement nati,ona! 
interprofessionnel de /), 

production et d'utilisation 
des semences ~ graines et 
plants, Paris, France. 

Loir-et-Cher, Union 
coopérative agricole de 
Loir-et-Cher, 'France • 
Groupement national 
interprofessionnel de 
production et d'utilisation 
des semences, graines et 
plants, Paris, France 

Gers (Montaut), 
Etablissements Saint-Jeannet 
et Fils, France. 
Groupement national 
interprofessionnel de 
production et d'utilisation 
des semences, graines et 
plànts, Paris, France • 

Gers (Vic-Fezensac), 
Etablissements Saint-Jeannet 
et FUs, France. 
Groupement national de 
production et d'utilisation 
des semences, graines et 
plants, Paris, France. 

Continued ••• 

(/\, 
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TABLE Xl7I. (Continued) 

Genetics 
Laboratory 
accession t 

number 

....J B251 

J 

B257 

B325 

B764 

B779 

B780 

B781 

tJ 

Species 

L. eornlculatus L. 

. 1.. cornlcul4tus L. 
cv. Viking 

L. corniculatu8 L. 
cv. lmpire 

1. cornlculatus L. 
cv. Leo 

L. cornlculatus L. 
cv. Mirabel 

1 
1. Icornleulatus L. 

L. corniculatus L. 
cv. Kimey 

.~------_& ~ 

Source 
. \ 

PoitOu, Ètabll..,sements 
o Louis Ricoux, France. 

Groupement nati.onal 
interprofessionnel de 
production et d'utilisation 
des semences, graines et 
plants, Paris, France. 

Commercial certified seed. 
1 

Plant Breeding Station, 
Geneva (N. Y. )', USA. 

Commercial certified seed. 
Plant Breeding Station, 
Geneva (N.Y,), USA. 

Commercial certifled seed. 
Plant Science Department, 
Macdonald College, 
Ste-Anne de Bellèvue, (Que.) t 

Canada. 

Commercial certif1ed seed. 
Plant Science Department, 
Macdonald College, 
Ste-Anne de Bell~vue (Que.), 
Canada 

Northrup t King & Co., 
Minneapolis (Minn. )', USA. 
KO-4. 

Origin t ChUe. 
U.S.D.A. t Belteville (Md.), 
USA. 
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planted in Pro~ and tranafez::red to the greenhPus.e. ta allow 
~ 

development. 

4. Cytologiea1 Exam1 nation of Twin Seedling$ 

Determination of the ehromosome number vas performed on 

m1totic tissues (root tips). The root tips were fued in Carnoy' s 

fluid for 12 ta 16 hours, rinaed several tintes with. distil1ed water. 

and atained aecording to a standard Feulgen procedure. The root 

tips were then rinsed ~th distilled water and macerated in a 4% 

solution of peetinase for two to three hours. The root tipa were 

again rinsed wi.th distUled water and tranaferred ta 45% acetie 

acid. Slides vere prepared following a rou tine aquashilig technique. 

) 

~I n 
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III 

RESULTS .! 

Since ho differenees in the eallu~ing responSe were found beoween 

anthera cultured vith or vithout the ovary (and vice-versa), the reaults 
- 0' 

obtained vith eombined anther + ovary eùltures have been presented 

separate1y in Sect!onsA and D, respective1y. 

A. Anther Culture 

. The results obtained w1t~ the different culture media utilized 

are presented in the fo1lowing Jection. 

1. Murashige and Skoog 0.962), Type l .' 

a) Effect of the Growtlt Regulators CM and 2,4..,0 

The ,formation of a eallus tissue was not induced on ~.; cruentus 

anthers cultured on the basic MS medium or the same med~um 
supplemented with either different concentrations of coconut milk o~ 

a combination of 2,4-D and coeonut milk (Table XXIII). The addition 

of aetivatad charcoal ta the various medium subtypes did not have sny 

apparent effect on eallus formation. 

On ~11 mediwn subtypes, the anthers, in:ltially greenish., slowly 
, , 

turned brown and beeame necrotie. Cytologieal examinstion showe~ 

that most mierospore~ had died; multinucleate ahd multicellular 

structures were not observed. 

107 
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TABLE XXIII. Callus formation on L. cruentus anthers (Stage 1) 
cuàtured on MS, Type l (continuous illumination, 
25 C) 

Medium Activated Number of Number of Frequency 
,fubtype'" charcoal** anthers ca!1using of cal lus 

cultured anthers induction 
(A) (B) (B/A) 

l + 20 a 0.00 
20 a 0 .. 00 

2 + 20 a 0.00 
20 0 0.00 

3 + 20 0 0.00 
20 0 0.00 

4 + 20 a 0.00 
20 - a 0.00 

. "'Bee material and Methods, Table V 
**With activated charcoal (+); witbout activated charcoal (.) 

b) Effect of Cultural Conditions 

The effect of different temperature and light treatmenta was 

studied using !nthers of cultivar Leo cultured on basic MS (Type 1). 

For each cultural condition, treatments were aupplemented with 

activated char co al for comparisoa (Table XXIV). 

Callusing anthers were observed in one treatment, which 

o consisted of incubating the cultures in light at 30 C, on a medium 

devoid of activated charcoal. 

108 

Examination of callusing and non-callusing anthers submitted to 

the various treatments showed mostly uninucleate microspores and dead 
"J 

grains; supplementary divisions were not observed. 

f 
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tABLE XXIV. Effect of different cultural conditions ~nd activated 
charcoal on caÙua foraation on Leo (EMS764) anthers 
(S tage 2) cultured on MS. Type 1 (subtype ltlr) 

Treatment~* Activaced NutDber ot 
chàrcoal*** anthers 

cul.iu.red 
CA) 

,. 

a' + 80 
100 

b + 80 
60 

c + 60 
80 

d + 80 
140 

*8.,e Material and Methode, Table V 
"See ~terial and 'Me thods, Table XI 

lz 
41; 

1 
Number of ~ Frequency ~ 

csllus!ng of cal1us 
anthers induction 

(B) (B/A) 

0 0.00 a.b**** 
0 .O.GO a,b 

0 0.00 a,b 
3 0.05 a ,,\ 

0 O.OO/a,b 
0 0.00 a,b 

0 0.00 a,b 
0 0.00 b 

***With activated charcoa1 (+); without activated charcoal (-) 
****Values followed by the same 1et,er are not significantly 

different at the 0.05 1eve1 ~ 

2. MuraShige and Skoog (1962), Type II 

a) Effect of the Growth Regulators BN-and 2,4-0 and 
Cultural Conditions 

Lotus angustissimu8 anthers cu1tured on two eubtypes of MS 

qedium (Typ~' II) were submitted to different cultural conditions 

" 

(Table XXV). The data in Table XXV show that, in general, the frequency 
'> 

of ca11us induction was low for a11 sets of conditions on both medium 

8ubtypes, which had been sripplemented with 2,4-D and benazolin, or 

benazolin alone. 

The addition of activated charcoal apparently inhibited 

callusing as Callu8 formation was lUnited to anthers cultured on'media 
." 
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without charcoal. However, significant differences were not found 

either within the treablents or between them. 

Non-ca11uaing and calluaing anthers were squashed to determ!ne 

the deg~ee of pollen deve10pment. UnidUc1eate microspores and dead 

grains were~t prevalent; multinuc1eate or multicellular structures 

were not observed in any of the anthenl examined. 

TABLE XXV. Effect of different cultural conditions and activated 
charcoal on ca~lus formation on ~. angustisstmus 

" anthers (Stage ~) cultured on MS, Type II 

Medium Cultural Activated Number of Number of Frequency 
subtype* conditions** charcoal**~ anthers calluEJing of ca1lus 

cultured anthers induction 
CA) (B) (B/f..) 

110 

3 a + . 20 0 0.00 a**** 

c + 

e 

4 a 

c + 

e 

*See Material and MethOde, lable VI 
**See Material and Methode, Table XI 

40 

30 

30 

10 

20 

20 

20 . 

30 

4 0.10 a 

0 0.00 a 

4 °1 2 0.20 

0 O. ~ 
0 0.00 a 

0 0.00 a 

3 0.10 s,. 

***W1th act:l,vated charcoal (+); without activated charcofl (-) 
.**~Values fol1owed by the eame letter are not signif1ca#tIy d1fferent 

at the 0.05 levei 
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b) Effect of Activateci Charcoal and High Sucrose Concentration 

The effect of activateci charcoal and high sucrose concentration 

on callua induction was atudied using~. alpinu8 (4'y anthera 

(Stage 3) cultured on ~Type II aupplemented vith 0.5 ppm 2,4-0 and 

8%, or 12% sucrose ('Iable XXVI). 

As shawn by' the data in Table XXVI, callus1ng only occurred 

on the medium containing 3% sucrose without charcpal. The frequency 

of callus induction was rather low a~ no significant differences were .. 

found within and between treatmenta. 

the, non-ca1lusing 

anthers from the various treatments ahowed that !DOst pollen graina 

vere binucleate and "that some hSd been germinating (Pige 7). 

MUlticelled pollen grains were not sean in any of the ma~ examined. 

TABLE XXVI. Effect of activated charcoal and sucrose concentration 
on callus formation on li. alpinqs (4!,) anthen (Stage 
3) cultured on MS, Type II (continuous illumination, 
2SoC) 

Sucrose Activated NUlIlber of Number of Frequency 
concen. charcoal* anthera callusing of callus 

cultured anthers induction 
(A) (B) ('B/A) ( 

1 

8~ + 80 0 0.00 a** 
1 80 4 0.05 a 

12% + 80 0 0.00 a 
40 0 0.00 a 

•• . 
*With activated charcoal C+); without ac ti.vated charcoal (-)' 
**Values followed by the same letter are not s1gnifrcantly ciifferent 

at the 0.05 level 

\ 
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3. Murashige and Skoog (1962), Type III 

a) E{fect of the Growth Regulators'BAP and 2,4-0 
. 

Cal1us induction on liquid MS medium (Type III) was compared 

betw.een !:Wo ~ spec:les trable XXVII). 

TABLE XXVII: Callus formation on anthers (Stage 2) cultured on 
lisuid MS t Type III (continuous U1umination, __ 
25 C) , 

Spe.cies Medium Number of Number of Frequency 
(Accesa1.on subtype* anthers callusing of callus 
number) cu1tured anthers induction 

(A) (B) (B/A) 

~. emeroidea 1 140 40 0.28 a** 
(B349) 2 80 36 0.45 b 

3 160 38 0.23. a,d 

4 120 54 ' 0.45 b 

L. maacaens1.s 1 100 5 0.05 e 

(B350) 2 120 13 0.10 c,e 

3 180 28 0.15 c,d 

4 200 28 0.14 c,d 

*See Material and Met~od8, Table VII 
**Values followeci by ,tœ saIne lettèr are not signiacantly different 

at the 0.05 level 
a ~ 

The statistical analysis of the results obtained for-

h- ePlSroides anthers shows that the values for medium sub'types 1 and 
, 

3 or 2 ,nd 4 were not significant1y 'different, but that the values 

betweèn these tNo groups (1-3 and 2-4) were significant1y different. 
• 1 

Sinee the cutture media diff~r~d ouly by the growth regulator 

112 
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supplementation, thé reaults aeem to indicate that 1) 1 PP. BAl 

was equivalent in ef~ect to 1 ppm 2,4-D + 2 ppm RAP, 2) 2 ppm BAP 
, 

vas equivalent in~ffect to 2 ppm l,4-D + 1 ppm RAP, and 3) the 
1 

latter concentrations were sign1ficantly sup~rior id promoting 

callus formation. In the case of ,b mascaensis antben, the leve1 
"' .. -'"----:;.-- ..... 

'of eal1uaing was.1ow and on1y s11ghi' differ~nces we~e noted. 

, Significant differences were found between the two ~ 
\ ' 

" species for medium subtypes 1 (1 ppm BAP), 2 (2 ppm !AP), ~ 

4 (2 ppm 2,4-D + 1 ppm »AP). 

The calluaes originating fram !t.. uscaeuais anthers 

frequently assU1IIed a spherical shape 4nd were v,ery CQmpact -with a 

more or le~8 BIIlooth 8urfàce (Fig,. 8); these callusea produced \tr~ 

chlorophyl1 when cultured under continuoue 1l1umi~tion. 

Calluaes obtained from &. emer01dea anthers grew more slow~y 

and their shape vas moré 1rregular (Fig. 9). 

Root format1on took place on a few L. emer01des calluaea 
-< -

subcultured pn the different1at1on medium (Fig. 10). Sal! and 
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del1cate plautlets were reeovered (!igs. Il and 12), but-none aurvived 

traosfer to so11; consequently, the1r ploidy cou1d no~ be determineu. 

Organo'genesis was not observed on any of the cJuses of 1.. mascaensis. 

Cytologieal examination of uoll-c:allus1n • emeroides anthers , 
, 

from the four medium subtypea revea1ed the presence of mu1tinucleate 

pollen grains.. These mu1tinucleate (grains could not be found 1n 

any of the anthers of L. mascaensis. 
"­

Structures resembling multicellular pollen grains (Fts. 13) 
. , 

ware- observed on a few oc.casions among c.allus cella obtainèd from • , , 

callused &. emeroides anther cultured on médium 8ubtype 

, ' . 
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o 4 (1 ppm BAP + 2 ppm 2,A-D). 

b) ~ffect of a Cold Pretreatme~t 

:''\,- A cold pretreatllent consisting of a 24-hour period at 4°C 

( .) 

. 

<> 

)' 

.. a applied to ~.,emeroides flower buds before culturing the antbers 
• 

in order to attempt to stimu1ate the induction of pollen embryoids 

or callus formation. The results of this experiment are presented 

'in Table XXVIII. 

TABLE XXVIII. Effect of cold tr~atment on calluB formation nn 
L. eœero1des anthers (Stage 2) cu!tured on liquid 
- 0 MS, ~e III (continuous illumination, 2:5 C) 

Medium Co1d Number of NUJJIber of Frequency 
subtype* treatment** anthers callusing of callus' 

cu1tured anthers :Lnduction 
(A) (B) (B/A) 

l + 120 22 0.}8 a*** 
140 40 0.28 a,d 

2 + 100 '59 0.59 b 
, 

~ 

80 36" 0.45 b~ 

3 + 140 :46 0 .. 32 c 
160 38- 0.23 c,d 

4 + 160 75 0.46 b 
" 120 54 0.45 b 

0 

*~ Mate'dal and Me thods, Table VII 
**W:lth ~ld t~eatment (+); without co1d treatment (-) 
***Values followed by the s&me letter are not si$nificantly different 

, at the 0.05 1eve! 

The statistical analysis of the data rev~led that there were 

significant differences between the different medium subtypes witldn , 0' 
treated anthers and ~thin, non-treated mater1al. However, differences 

in the frequency of calluaing were DOt fOUM within any one medium , , , 

~ 

.' 
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. subtype between the treatecl 4Qd the untreated anthers. The cold 

treatment clid not exer~any particular influence on callus induction. 
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However, the frequency of calluB formation was ~hanced by particular 

, . combinations ,of growth t~gulators, ,such as medi\Ull sub ty:pes 2 and 4, 
G . ' 

cont~ining.2 ppm BAP snd 2 ppm 2,4-D'and 1.0 ppm BAP, respectively, 

which g~ye the greatest response. '> 

Pollen divisions leading to multinucleate structures were noted 

in both non-treated and t~eated anthers at about ,the same low 

frequency (0.01%). The cal lus es exhibited the same irregular 

sppearance as described above. Structures resembling multicellular 

po~len grains (Fig. 14) were observed in calluses derived from 

co1d-treated material c~ltured on medi~-subtype 3. Plantletlil were 
! , 

recovered from c81luses derived from bath treated and untreated 

material which had been cultured on medium subtypes 3 and 4. 
" , 

c) Effect of Agar 

The e~fect of a Bolid vs. a liquid culture medium on 

ca1logenes~ wss stuclied on anthers of L. corniculatus cu1tured at 

the quartet stage (Stage 1). 

The data presented in Tâb1e XXIX show that, for both medium 

sqbtypes, the'frequency of callus induction was significantly greater 
, ' 

in cultures inoculated on solid media. Significant differences were 
, 

not fo~d bwtween sblid med~um subtypes, bu~ the response of liquid 

medium 7 (1 ppm lM + 2 ppm BAP) wae significantly higher than on 
<, 

medium 06 (2 ppm UA + l ppm BAP)/ 

Mter twO months of' incubation, a heart-shaped embryo-1ike 

structure" (Fig. 15» was observed 
P [. " 1 

" 

to',deve19p-.frOm. an anther whi~h hàd 
t ' 

J 
1 < 

1 
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L\BLE XXIX. Effect of agar on ca1lus formation on ~. corniculatus 
(B259) (Stage 1) cultured on MS. Type III (continuou8 

0 illumination. 25 C) 

",.; 

Medium Agar** Number Qf Number of Frequency 
subtype* anthers cal1using of ca1lus 

cu1tured anthers induction 
(A) (B) (B!A) 

6 + 190 98 0.51 a*** 
100 25 0.25 b 

7 + 140 79 0.56 a 
130 50 0.38 c 

~See Material and Methode. Table VII 
**With agar (+); lodthout &gar (-) J 

***Va,1ues fo11owed by the BaIne letter are not signUicantly 
different at the 0.05 lever .. 

been cultured on medium subtype 6 (2 ppm IAA + l ppm BAP) solidified 

with agar. The green coloration of this structure contrasted 
o , 

sharp1y with the browning tissues of the anther and the remaining 

116 

part of the filament which was also degenerating. The location of this 

structure suggested that it may have originated from the connective 

tissue. Similar structures cou1d net ~e observed in the remaip.der 

of the anthers cultured under the same conditions. 

The ca11uses were initially brownish and a few had spots of 

chlorophy11ous tissue which were more t'compact than the surrounding 

tissue$. Upon repeated subculturing. these islands of green tissue 

either became brown-~nd soft or enlarged and. in some cases, produced 

shoots. OrganogeneBis was induced'on calluses derived from anthers 
~ 

cultured on the ~ solid medu. Root formation and the differentiation 
. l 

of plantlets (Fig. 16) were ~DsetVed. 
1 -.. ~;: 

~'-

l' 
\ 

/ 
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A few of the~ p1ant1ets survived transfer ta greenhouse 

cpndi,t'ions and were grown to maturity. pne of the regenerants, 

which had been derived from anther culture on medium subtype 7 .' 
(1 ppm LAA + 2 ppm BAP), showed morphological ~ifferences with the 

donor plant. The mother plant (Fig. 17) possessed weak prostrate 

stems with lbng internodes and light green 1eaves, whereas the 

regenerated plant (Fig. 18) had robust erect stems with much shorter 

117 

internodes and darker leaves. Theae differènces were rather striking 

when bGth plants were placed side by-side (Fig. 19). The plants 

presented some differences in the anthocyanin content of the stems 

and the pedicel and calyx of the florets. In the regenerant 

plant, a deep red coloration cou1d be observed on the stems, whereas 
~ , 

in the donor plant, the stems were entirely green. Anthocyanins were 

also present on the pedicel and the calyX of the florets of the 

regenerant plant, whereas in the donor plant, these parts were devoid 

of anthocyanins. Variation was also noted in the position of the keel. 

In the regenerated plant, the kee1 was completely enclosed by the 

wings (Fig. 20), whereas in the mother plant, the bottom part of the 

keel could be seen below the wings (Fig. 21). Differences in 

pubescence were also noticed. For exemple, few hairs were present 

on the calyx of the florets of the regenerated plant (Fig. 22), 

whereas on the calyx of the florets of the mother plant the 

pubescence:was dense (Fig. 23). The margina of most leaflets of the 

regenerant were clliate "(Fig. 24), whereas, in the mother plant, 

the ma~gina were glabrous (Fig. 25). Leaflet shape was generally 

similar in younger leaves; in more mature leaves taun frOlU the mid 

portion fo the stem, the central leaflet bad generally an acute,tip 

.. 

o \ 

., 
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in the regenerant (Fig. 24), whereas that particular leaflet was 

rounder in the donor plant (Fig. 25). 

An examination of the pollen' mother cells revealed that , 

there vas a regular formation of bivalents at metaphase 1; univalents 

and multivalents were rarely observed. There was also a relatively 

high percentage (ca. 10%) of anaphase l cells which showed one to 

four bivalents left at the equatorial plate (Figs. 26,27). This was 

reflected by the presence of one to several micronuclei (Fig. 28) 

in the quartets. However, pollen viabllity estimates indicated that 

bath the donor plant and the regenerant had comparable values ., . 
(89.4% and 83.6%, respectively). The regenerant, which was kept in 

the greenhouse under open-pollination conditions, produced seed~. 

About 30 pods (mean length 15.4 nun X mean width 2.6 mm) were 

harveated; these pods conta1ned a mean number of 2.7 seeds/pod. 

There was approximate1y an equ~l number of plump and wrinkled seeds; 

the Beed coat color ranged from uniformlY brown to variously mottled. 

MLcroscopical examination of the root tips indicated that the 

regenerant was a mixoploid. Metaphase cells showing the haploid 

number of chromosomes (Fig. 29) were recorded aœong a mixed 

population of predominantly tetraploid (Fig. 30) and octoploid ,cells 

(:Fig. 31). 

4. Murash1ge and Skoog (1962). 'type II vs. Type III 

The callusing frequencies of anthers of ~. emeroides 

cultured on liquid Murashige and S1ooog'8 medium,Type II or Type III, 

were compared. Bath culture 1 media were supplemented with 2 ppm BAP 

and 3% sucrase, and they differed only by the concentrations of,the 

'. 
, 1 
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vitamina and the myo-inositol, which vere eithe.r uaed as formulated 

(Type II) or reduced by half (Type III). 

!TABLE XXX. Callus formatiqn ou anthers 'of L. eme.toides (Stage 2) 
cultured on MS, Type II or Type-III (continUOus 
illumination, 2SoC) 

Medium* 

Type II 

Type III 

Number of 
anthers 
cultured 

(A) 

220 

80 

:( 

Number of 
callusi.ng 
anthers 

(B) 

81 

36 

*See Material and Methods ~ Section A-J..a 

Frequency 
of callus 
iùduction 

(B/A) 

t. 

0.36 a** 

0 .. 45 a 

**Values followed by the as.a let ter are DOt significautly d1~ferent 
at the 0.05 level 

As shawn by the d~ta in Table XXX, there were significanr' 

differences between the values obtained for the two ulture media. 

Multinucleate (up to S nucle.1.) pollen grains were obee ed in the 

material examined from both treatmente: 

5. Gamborg (1970) 

Anther culture of three species of ~ was attempted on 

Gamborg's culturé medium supplemented or not with growth regulators 

(Table XXXI). The anthers were cultured at different stage8 of 

developmeut. 1. 

The data preaented in Table XXXI show that 1:!.. glauCU8 ant}lers 

produced callus on three medium aubtypes out of the six tested. 

Significant differences were found'between medium subtype 5 

~AAü~'.r .i't ..... ~---._~-_ ..... &_-----_ ...... ------
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TABLE. XXXI. Callus formation on anthers cultured on different 
subtypes of Gamborg's culture medium (16h-8h 
photoperiod, 25°C) 

120 

Species 
(Accession 
nwnbe~) 

Stage Medium Number of 
subtype* anthers 

cultured 
(A) 

Number of 
callusi.ng 

, anthers 
(B) 

Frequency 
of caHus 
induction ,.. 

(B/A) 

~. glaucu8 

(B348) 3 1 .. 
2 

3 

\ 4 

5 

6 

~. ,!lpinus (4!) 

(T77) 2 7 

8 

(&.., japonicus 
X L. alpinus)2 

(A/JA) 3 1. 

2 

*See Material and Methods, Table VIII 

20 

20 

10 

20 

10 

30 

10 

10 

20 

20 

10 

0 

0 

10 

10 

0 

a 
o 

la 
o 

**Va1ues followed by the same letter net significantly di.fferent 
. at the 0.05 level 

0.50 a 

0.00 b 

0.00 b 

0.50 a 

1.00 c 

0.00 b 

0.00 b 

0.00 b 

0.50 a 

0.00 b 

... < , 

(1 ppm 2,4~ + 1.0 a,a~ + 0.1 ppm K) whi.ch gave the best response, 

medium subtypes 1 and 4 (basal and 1 ppm 2,4-1> + 0.1 ppm, K 

respee tively) which gave a a1milar lower- respanse, and the other 

media which faU~d to induee callus formation. Anthers of 
. . 
h. alpinus did not produce calluses on any of the, two medium 

subtypes uaed. Anthers of t1!e amphidip10id (1.. japonicus X . ~ -' 

2 . 1.. alpinua) produced eallus on the bas~l medium 

---......... --_._----_._--- -- -----' 
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but none on the medium supp1emented with 1 ppm a, ~-D, a responae 

stmilar to L. glaucue anthers cu1tured on these same œedia. 

In aIl species, ca11uses were brownish and their texture wa! \ 

similar1y irregular and 80ft regardles8 oÏ the medium subtype utilized. 
, L 

Six plantlets were recQver,eci from ~. japonicus X L,"slpiBus) 

ca11uses subcu1tuted on the differentiation medium. These plantlets 
, 

did not survive transfer to soil. Organogenes1s was nQt triggeted in 

subcultured ca11uses of the two other ~ species. 

Cyt610g:tcal exam!nat:Lon of non-dallUS1ng anthets 1 provided 110 

evidence of development of multinuc1eate and multicel1u1ar microspores. 

6. Ve1iky and Martin (1970) 

Anther culture of two ~: species, b.. emeroides and 

~. corn:Lculatus cv. Mirabel, was attempted on Ve11ky and KartintEi' 

culture medium (Table XXXII). The anthers were inoculated at the . .. 
uninucleate stage on the mediwn wh1ch ws.s supp1emented or not wi.th 

grawth regulators. 

TABLE XXXII. Callus formation on anthere (Stage 2) cu1tured on 
Veliky and Marti§'~ culture medium (continuo~ , 
illumination, 25 C) 

Spec1.es 
(Accession 
number) 

L. emeroides 
(B349) -

Medium 
subtype* 

1 

3 

4 

Number of 
anthe.rs 
cul.tured 

(A) 

30 

70 

30 

Nl.U)lber of 
callusing 
anthers 

CB) , . 

19 

40 
30 

Fr~cy 
of cal1us 
induction 

(B/A) 

0.63 .,b** 

0.57 8 t b 

1.00 c 

Continùed •• _ 
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TABLE XXXII. Continued. 

Species Medium Number of Number of Frequency 
~ (Accession subtrt>e* antbers callusing of ca1lus 

number) cu1tured anthers induction 
(j,.) (B) (BiA) 

~. corniculatus 
(AA779) 3 60 28 0.46 a 

4 120 77 0.64 b' 

*See Mater:la1 and Methode, Table IX 
**Va1ues foI1owed by the same 1etter are not significant1y different 

at the 0.05 levei 

The data presented in Tabl~ XXXII indicate that the frequency 

of ca1lua induction on VM medium 1s relatively high on aIl subtypes 

122 

(,. 40%). The statistic;al analysis of the data shows that h. emeroides 

anthers produced significantly more callus on medium subtype 4 

(0.5 ppm NM) than on medium subtypes l or 3 (basal VM or supplemented 

w:lth. 2 ppm lM, l ppm NAA,and 0.2 ppm K, respectively). Results 1 

obtained with. L. corn1culatus cv. Mirabel show that callus formation 

on medium 8ubtype 4 was significantly higher than on medium subtype 3 • 
. 

However, the values obtained for both species on medium subtype 4 were 

8i.gnifi.cantly different, h. emeroides anthers showing a greater 

callua induction frequency. 

Microscopie exandnation of the non-callusing anthers of bath 

,speeies from aIl trea~ta ~evealed that the microspores had degenerated. 

Mu1t~ucleate and multicellù1ar graina were not observed. 
/ 

The ca1lusea which vere brownish., 100sely textured and slow 

growing, vere apparently prolifarating from the surface of the anthers. 

Due to a low mi.totic index (~ 0.01%), few metaphase cella were observed 

and these showed a tetrap10id number of chromosomes. Ce Ils with a 
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reduced chromosome number could not be found. 

7. Potato Culture Medium 

a) Effect of the Potato Extract and the Growth Regulators 
2,4-4> and K 

Anther culture on potato media was attempted in three Lotus 

species. The results of tli.ese exper1ments are presentecl in Table 

XXXIII. 

TABLE XXXIII. Callus formatiOn on anthers (Stage 2) cultured on 
potato media (continuous light, 2SoC) 

Species 
(Accession 
number) 

L. tenuis 
(B340) 

~. jS)22nicus 
(Tl29) 

(4.!.> 

L. corniculatu8 
cv. Leo 
(AA764) 

Medium Number of 
subtype~ anthers 

culturecl 
(A) 

1 70 
2 40 

2 90 
4 90 

1 140 
2 100 
4 90 

*See Material and Methoda, Table X 

Number of 
callus1ng 
anthers 

(B) 

0 
12 

46 
i2 

0 
35 

1 

Frequency 
of callus 
induction 

(B/A) 

0.00 a~* 
0.30 b 

0.51 c 
0.13 a 

0.00 a 
0.35 b 
0.01 a 

{ 4 1 

**V~lues followed by the aame letter are not significantly different 
at the 0.05 level 

The data first show that the meclium with,?ut ~dded growth 

regulators wss not conducive to callus forma~ion in ~he rvo species 

assayed. ln'.h. tenuis, the frequency of callus induction of medium 

subtype 2. (2 ppm 2,4~ + 0.5 ppm K) was aiguificautly. greate.r thau on . . 

the unsupplemented medium. This was also found ln.1. .. corniculatu8. 

123 
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Signif1cant differences were also noted between the values obtained 

on medium subtypes 2 (2 ppm 2,4-D + 0.5 ppm K) and 4 (2 ppm 2,4-D) 
1 

for h. japonicus and, aimilarly, for h. corniculatus. In general, for 

aIl three species, the response on medium subtype 2 was sign1ficantly 

greater than on any other medium used. Also, on this medium a 

significantly greater number of anthers from h. japonicus than from 

the other ~o species formed callusea • 

The calluses obtained from these expertments were generally 

green or brown with islands of green tissue. The calluses which were 

subcultured gradually lost their green coloration but usually regained 

it after being transferred to fresh medium. Organogenesis was induced 

~nly on h. japonicus calluses. Roots and plantlets were observed in 
, 

a few of the cultures. A cytological investigation could not be 

performed because the cultures were lost following the accidentaI 

failure of the cooling system of the incubator. 

1 Microscopieal examination of the non-callusing anthers from 
d 

aIl cultured species showed that either development of the microspores 

had net taken place or that the microspores had undergone the first 
... 

-'pollen mitosis and had become binucleate. 

Examination of anthers at an early stage of callusing revealed 

that the callu& was originating from either the anther wall, the 

connective tissue, or the re~ining part of the filament. Evidence of 

the presence of pollen calluses eould not be found. 

{Anther culture of 'L. villosus was a1so attempted on potato medium. 

The anthets were inoculated at the firat pollen mitosia on the medium 

supplemented with 2 ppm 2,4-D and 0.5 K. Out of 80 anthers cultured, 

20 produ~ed eallus, ~hich gives a frequency of eallus induction of 25%. 

/ 
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Anthers at an early stage of callusing were squaahed to examine 

pollen development. Binucleate microspores showing two symmetrical, 

equally-8taining~ nuc1ei (Fig. 32) were observed in the cultures, as 

well as binucleate asymmetrical grains (Fig. 33). These were 

morpholog1cal1y s1mllar to the binucleate pollen grains found in 

k. villosua (Fig. 34), that ia, w.lth a crescent-shaped, darkly 

ataining, generative nucleus, and a round, more diffuse, vegetative 

nucleus. Trinuc1eate grains, composed of one large vegetative-1ike 

nucleus and two darkly statn1ng generative-like nùelei were also 

obaerved (Fig. 35). Pollen grains with four nuclei (Fig. 36) were 

" occasionally seen. Multicellular 8truct~res (Flgs. 37, 38) were 

observed at an extrema1y low frequency (ca. 0.01%). Further stages 

of development were net f6und. 

Multinucleate graina were a180 observed in the nanooea11uaing 

anthers. \ 

b) Effect of Activated Charcoal 1 

The effect of activated charcoai added ~o potato media on 

cal1us formation was studied using anthers of three ~ species. 

The results of these experimehts are presented in Table XXXIV. 

From the data in Table XXXIV, :lt can be sean that the callus1ng 

response was, in genera~t lowon a11 media. Sign1fica~t differences 

between reguler and charcoal-plus media were found in two apeciea, 

&. angustissimus and h. tenuis, cultured on med1~ subtype 3 

(2 ppm 2,4-0 + 1 ppm BN + 0.5 ppm K). 

Examinetion of the nen-callusing anthers provided no evidence 

for the deve10pment of pollen calluses or embryoids. 
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TABLE XXXIV. Effect of activated charcoal on callus formation 
on anthers (Stage 3) cultured on potato media 

o (continuous ~llumination, 25 C) 

Species 
(Accession 
number) 

Medium 
8ubtype* 

L. ang\ist1ss1mus 
(:8141) 2 

3 

~. tenuis 
(B340) 2 

3 

k· emeroides 
(B349) 2 

3 

Activated 
charcoal** 

+ 

+ 

+ 

+ 

+ 

+ 

*See Material and Methods, Table X 

Number of 
anthers 
cultured 

(A) 

20 
30 

30 
20 

40 
40 

30 
20 

50 
60 

50 
60 

Number .of 
catlusing 
anthers 

CB) 

0 
0 

0 
5 

0 
4 

5 
11 

0 
0 

1 
0 

**With activated charcoa! (+); ~ithout activated charcoal (-) 

Frequency 
of callus 
induction 

(B/A) 

0.00 a*** 
O.OOa 

0.00 a 
0.25 b,c 

0.00 a 
0.10 a 

0.16 a,b 
0.55 c . 

0.00 a 
0.00 a 

0.02 a 
0.00 a 

! 

***Va1ues followed by the s&me letter are not significantly different 
at the 0.05 level 

B. Pollen Culture 

Experiments designed to culture isolated m1crospor~s or pollen 

graina proved totally unsuccessful in the two species cultured. The 

microspores of h. corniculatus degenerated very rapidly and were unable to 

pursue their development. Matura ... pollen grains of L. emeroides were 

still living after three mont~s of incubation at 25 or 30oe, as 

• 
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demonstrated by the grains which were takins up the sta1n (Fig. 39). 
1 

However, no further development of the pollen W8S induced in the , 

cultures @d germination of the graiJ.?s was DOt observed. 
'-

C. Pollen :tube Culture } 

After one month of incub.tion, macroscopic callus tissues could 

not be ob8~rved in any of the apeèies cultured (Table XXXV). 

TABLE XXXV. Pollen tube culture on MS culture medium supplemented 
with 3% sucrose and 2 ppm 2,4-D '- . 

Species 
(Accession number) 

L. 

L. èruentus 
(B79) 

h· mascaensis 
(B3!i0) > 

\)" 

h~ eeduncu1atus 
(B124) 

Ch· krylovii. 2 
X h. cenuis) 

(A/a) 

èal~us formation 

127 

. Microscopie examination of the cultures did not show aQY evidence 

for ,che induction of either multinucleate or multicellular pollen tubes. . -
In some cases, pollen~tube development appeared to hAve bean effected 

, ' 

by the treatment, as i1lustrated by the presence of brarichins tubes 
, , 

(Fi.g. 40) and some extremely large tubes (Fig. 41). 

• 1. 

• 
,., 
.f .J .. ~ J 
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D. Ovàry and OVule Culture 

1. Murashige ~nd Skoog (1962.1, Type 1 • 
(; 

a) Effact of the Qrowth Regul~tor8 Z and IAA 
\ 

/ 1 

-., Ovaries and o~l.es of several ~ ~pecies cultured at 

different stages of development on basaE MS medium or on MS 

" supplemegted with ~ or Z gene~ally failed to produce calluses 

(Table XXXVI). Callusing ovaries and ovules were obtained, however, 

wi.tlt o~ genotype of L. corniculatus. The ekplants were cultured on a 

medium supplemented vith zeatin (0.1 ppm) and LAA (0.1 ppm). There 

vas no significant difference ~ ~he,frequency of callus induction of 
• ! 

stag~ 2 and 3 ovaries cultured on medium subtype 4 (0.1 ppm Z and 

0.1 ppm lM). 

• 
TABLE XXXVI. ., Callus formation on,ovas1es cultured on MS, Type I 

(16h..ah p~otoperiod, 25 C) 

SpecièS 
(Accession 
n_er) 

. ~. kl'llovii 
"(B86) 

~. éorn:Lculatus 
(B280) 

~. corn.i.culatus 
(J~5) 

L. coini.culatu8 
(B534) 

Stage 

2 

iii 

2 

3 

2' 

... 

Medium 
subtype* 

1 

2. 

2. 

1 

3... 
0 , 

4 

~umber of 
ovaries" 
cultured 

(A) 

6 

10 

3 

2 

12 

.13 

Number of 
callusing 
ovsr:1es 

(B) 
.. J 

0 

0 

a 

a 

'0 

12.** 

Frequency 
of callus 
induction 

(B/A) 

, k , 

0.00 

0.00 

0.00 

0.00 

0.00 

0.92 

Continued .... 

1 
/ 
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TABLE J'XXVI, Cont:f.nued. 

, 
I--SpeciU' 

(Accessi-on 
number> 

L. cornicula~us 
(B;54) 

~~" 

Stag~ 

3 

2 

J 

Medium 
subty~efr 

4 

1 

1 

3 

Number of 
avaries 
c,ultured 
Q (A) 

5 

10 

7 

4 

*See Material and .Methods, Table XV 
**Callusing ovules 

1 .... ,'Y 

Num\>er of 
callusing 
ovar~ 

(B) 

5** 

0 

0 

-
0 

Frequeucy 
of callu~ 
induction 

(B/A), 

1.00 

0.00 

0.00 

0.00 

• t c 

The brownish ovary calluses orig~nated ftom the wall tissues. 
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There was no·evidence for the development of the ovu1és that vere 1eft 

inside. Ovule cal~uses did not develop sufficiently ta permit !' 

cYFo1ogical investigation. 

b) Effect of the Gro~th Regulators CM and 274-0 

The effect of supplementing the p'asa~.MS medium with coconut 
~ 

mUk ~d 2,4-1) was studied using L. cruentua ovaries. The effe.ct 

of activated charaoal in the differe~t medium subtypes wss a180 88sayed. 

• f . The various media prove"d totally inèonducive in induc1llg& callus from 
. ... 

the ovaries (Table XXXVII). In ~ll instances, the Qvaries ràpi.dly 
or 

turned brown and became trrinkled and ,crotic. Development of the 

, y6ung 'ovul~8 did not proceed. "" 
..( 

" 

'o. 

1 

ua •. ~ 

, 
') 
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TABLE XXXVII. Callus formation on 1.. cruentus avariea (Stage 1) 
cu~tured on MS, Type l (continuous illumination, 

'2S C) 

130 

Medium 
subtype* 

Activated 
charcoa1** 

Number of 
avaries 
cultured 

Number of 
callusing 
avaries 

Frequency 
of cal lus 
induction 

(A) (B) - (B/A) , 

l + 2 0 0.0 
2 0 0.0 

5 + 2 0 .0.0 
2 0 0.0 

6 + 2 0 0.0 
2 a 0.0 

7 + 2 a 0.0 
2 0 0.0 

*See Material ~nd }fethDds, Table YJI 
**With activated c~coal (+)i without activated charcoal (-) 

c) Effect of Cultural Conditions 

A study was conducted ta determine the influence on callus 

formation from' the avaries of 1.. cornicu1atus cv. Leo at two incubation 

a 0 temperatures, 25 C and 30 C. The temperature treatments were either 

applied continuously or over a përiod of ten days, in light, or ~ 

dark.neas. The presence of activated charcoal in the culture medium 

(basal MS) vas also assaved. 

As mav be seen by the data in fable XXXVIII, ca1lusing of the 

ovaries did net take place in any of the treatments regardless of 

the presence of activated chardos! in the culture -medium. 

The 1n1t1al swell1ng of the explants wu followed by a graduaI 
" , , 

d1acoloration and necros1s. Disaection of a few of thase ovaries 

'~ __ ~ ___ ._. _______ "" ______ "'" ... _._ ........ ~"' ........ ~_'_1--'_. ,,"'_ ....... " _ 
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show~d the presence of abortive ovules. 

TABLE XXXVIII. Effect of different cultural conditions and act1vated 
charcoal on cal1us,forœation on Leo ,(EMS764) ovaries 
(Stage 2) cultured on MS. Type l (Subtype 1) 

Cultural­
conditions* 

b 

c 

d 

e 

f 

Activated 
charcoal** 

+ 

+ 

+ 

+ 

+ 

Number of 
avaries 
cu1tured 

(A) 

8 
12 

8 
12 

8 
12 

8 
12 

8 
~-

*See Haterial and Methods. Table XVIII 

Number of 
callusing 
ovaries 

CB) 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

4( .. 

Frequency 
of cal1uB" 
induction 

(B/A) 

0.0 
0.0 

0.0 
0.0 l 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

**With activated charcoal (+)j without activated cbarcoa1 (-) , 

2. Murashige and Sko~g (1962), Type II 

The effect of two high sucrase concen1rations was teated on 

L. alpinua (4!.> mature ovaries. The explant~ vere cultured on MS, ,type 

II. supplemented with 0.5 ppm 2,4-D; the effect of activated charcoal 

was a1so studied. 

The dats in Table XXXIX show tbat calluaes vere 1lOt produced in 

media supplemented w:lth activated charcoal. Callusill8 took place in 

the _dia WithDut charcoal. but there wall no siSnif1clIIlt difference 
• 1 

between the two sucrose concentrations 1n the frequency of callus induction. 

~~~~~~---~_~ ____ E_. __ "_ •• ).~.F __ ,r_._p._._, ••• a ___ • ___________________ ~~--__ ~~------......... 
\'; , , 18'15 
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TABLE XXXIX. Effect of sucrase and activated charcoal on ca11us 
formation on L. alpinus (4~ mature ovaries cultured 
on MS, Type II ~th 0.5 ppm 2,4-D (continuous 
illumination. 25 C) 

Sucrase 
concen~ 

tration 

Activated 
charcoal* 

Number of 
avaries 
cultured 

(A) 

Number of 
callus1ng 
ovaries 

(B) 

Frequency 
of cal lus 
induction 

(B/A) 

132 

8% + 8 
8 

o 
4 

0.00 a** 
0.50 a 

12% + 

\ c 

8 
5 

a v 
1 

*Wi.th acti.vated charcoal (+) j without activated charcoal (-) 

0.00 a 
0.20 a 

**Values followed by the ~ame letter are nat significantIy different 
at the 0.05 levei 

the nan-cal1using ovaries graduaIIy turned brown and became 

nscratic. Thé isolated ovules were nat aDserved to callus on any of 

tne media • . ' 

3. Murashige and Bkoag, Type III 

a.) Effect of the Growth Regulators BAP snd 2,4-D 

The callusing respanse of avaries af twa ~ species was 

c~pared on li4uid MS medium Type III (Table XL). 

As ah.own by the results preaented in Table XL there wea a 

generally hi.gh ind~ctian levei in bath species. The analysis af the 
, 

data showed tbat there w:ere no significant differeuces within speche 
".., If 

between the medium subtypes uaed, and be.tweeu epecies for auy ope 

medium subtype, except in the case af medium 1 where a comparison 

vas nat made. 
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WLE XL. Callus formation on ~ avaries (Stage 2) cultgred on 

Uquid MS. Type III (continuous illumination. 25 C) 
.-' 

Specie.s Medium Number of Number of Frequency 
(Accession subtype* avaries callusing of callus 
number) cultured ovaries induction 

(A) (B) (B/A) , 
1 

L. emeroides 2 12 11 ~2 à** 
(B349) 

3 18 18 1.00 a 

4 12 11 0.92 a 

5 l2 10, 0.83 a 

~. mas.caensis l 24 22 0.91 a 
(B350) 

2 8 8 1.00 a 

3 9 9 1 .. 00 a 

4 12 '10 0.83 a 

5 12 8 0.66 a 

= 
*See HaterW and Methods. Table XVI 
**Values followed by the same letter are not significantly different 

at the 0.05 leve! 

In b~th species, gréen, white, and brown ca11uses with a 
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rather compact t~xture were observed ta originate from different areas 

of the ovary (Figs. 44, 45). When 8ubcultured, the callusea 

gradually lost their coloration, turning brownish and becoming watery. 

Organogen$Sis wai l~ted ta a few raots deve10ping from one callus of 

.b emeroidea ~ch'had been initiated on an ovary cu1tured on 

l~~ 
~ \ 

î 

medium nbtype 5\ (2 ppm 2,4-D + 1 ppm~.' Rght root tips, approximately 
, 

1 ta 3 cm iu leugth. were examine4 for chl'OIIOsOlll8 number. The mitotic 

rate was. low and on1y 2l.prophase-metaphase figures were obsuved from 

an es~ted 4,000 cells examined. 80th euplold (4 cells, 2~14; 12 
) 

- - ----------:-._---~------
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cells, ln-28; and l cell, 2~56) and aneuploid (3 cells, 2~.1~28; 

_ and l cell, 2n-16) cells 'tiere obaerved. The hap10id cells (2n-14) 

were found in a single root tip along with tetrap10id cells (2~28) • 

Several root tips were mixoploid with subtetrap10id numbers between 

14 and 28. The octop10id cell (2n-56) waB found in a root tip in 

whlch a tetraploid ce11 (2~-28) was also observed. 

Shoots and plantlets were not produced from any of the 

1~4 

subcultured ca1lus~s of both species. Dissection of the non-callusing 

ovaries did not provide any evidence of development of the ovules. 

b} Effect of a Co Id Pretreatment 

The effect of a co1d treatment on the induction of partheno-

gene~iB and callus formation wes studied on ovaries of h. emeroides. 

The explants were cu1tured on a modified liquid MS medi~ supplemented 

with various concentrations of SAP and/or 2,4-0. 

TABLE XLI. Effect of a co1d treatment on cal lus formation on 
L. emeroides ovaries (Stage 2) cultured on MS, 
- 0 

Medium 
subtype* 

2 

3 

4 

Type III (continuous,illumination, 25 C) 

Cold Number of 
treatment** ovaries 

cultured 
(A) 

+ 10 
12 

+ 12 
18 

+ ·12 
12 

> 

Number of 
callusing 
ovaries 

(B) 

9 
11 

11 
18 

11 
Il 

Frequency 
of cal lus 
induction 

(D/A) 

0.90 a*ici, 
0.92 a 

0.92 a 
1.00 a 

0.92 a 
0.92 a 

Continued ••• 
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TABLE XLI. Continued. 

'. 
Medium 
subtype* 

Cold 
treatment** 

Number of 
ovaries 
cultured 

Number of 
callusing 
ovaries 

Frequency 
of callus 
induction 

(A) . (B) (B/A) 

5 + 18 
12 

16 
10 

0.89 a 
0.83 a 

~====================================~~.=<= 
*See Material and Methods, Table ).."VI 
~*With ,cold treatment (+); witbout cold treatment (-) 
***Val~es followed by the same letter are not significantly 

. at the 0.05 level 
different 

The data in Table XLI indicate that a high frequency of callus 

induction was reached lm every medium subtypè, with or without a cold 

treatment. ' There were no signiftcant differences between any of the 

media used and within any one medium between treated and non-treated 

material. 

On all medium Bubtypes the calluses which developed were green 

and relative1y firm and proliferatéd on the surface of the explant , 

(Fig. 45). Dissection of non-eallusing ovaries and non-responai;ve 

portions of ca11usiag avaries sbowed on1y abortive ovules, which did 

not elicit calluB formation. 

The cal1uses gradua11y turned brown upon repeated subculturing 

and became more 100sely textured and watery. Organogenesis was limited 

to a few ~oots as described p 

did not procced on &ny of 

c) Effect of Agar 
" 

S~oot and plant1et fo~~ion 

The effects of solid vs. liquid culture media on the frequency 

\' 

of callus induction were compared uaing young ovaries of 1:,. corniculatus 
• 4 

,(B259) • 

~~~"""'J4,'\.I<4<.~"'~.~_~iI:h"'.'~ _' '!* ..... i_ ..... N .... '_~ ... ., .... - ............. _ ... UM" ... '_r. ,_,_""""" ..... ___ ."' _____ ----.-___ ..... ____ _ 
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TABLE XLII. Effect of agar on ca11us formation on L. corniculatus 
(B259) ovaries (Stage 1) cu1tured on MS, TyPe ItI 
(continuous illumination, 2SoC) 

Medium 
subtype* 

6 

7 

Aga~** 

+ 

+ 

Number of 
ovaries 
cultured 

(A) 

8 
3 

18 
4 

*See Materia1 and Methods, Table XVI 
**With agar (+); without agar (-) 

Number of 
callus1ng 
ovaries· 

(B) 

8 
2 

18 
3 

Frequency 
of callus 
induction 

(B/A) 

1.00 a**'" 
0.66 a 

1.00 a 
0.75 a 

. ( 4 < 
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***Values fo110wed by the same let ter are not significantly different 
at the 0.05 level 

} 
As shown by the data in Table XLII, the frequency of ca1lus 

induction was high in aIl cases, but significant differences were 

not found between Bolid and liquid medium for both medium subtypes 

utllized. 

Fast-growing green cal1uses (Fig. 42) were obtained from aIl 

treatments, but grad~ally turned brown and grew more slowly on the 

differentiat!on medium. Shoot formation (Fig. 43) was observed from 

subcultured callusea dèrived from ovaries cultured on solid medium 

subtype 7 (1" vpm IAA and 2 ppm BA.f). 

OVules vere not explanted fram the ovaries due to their small 

size at this st_ge of development. Only uncaliused degenerating 

ovules were observed in the c~ltured ovaries. 

4. GSmborg (1970) 

Ovaries trom severai specus of Lotus vere di.ssected at varioua 
" -
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stages of development and cultured on basal Gamborg' 8 mediwjl. or on 
1 

this medium 8upplemented with di.fferent growth regulators. 

As can be seen by the data in Table XLIII, callusee were 
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induaed on most ovar~ea fram all the sp8ciea cultured, regardleas of the 

culture medium used and the stage of development of the explants. 

TABLE XLIII. Callue formation on ovaries and ovules cultured on 
different sub~s of Gambors' s medium (l6h-8h 
photoperiod, 25 C) 

Species Stage Medium Number of Number of Fre.que.ncy· 
(Accession Bubtype* ovax1es callusing of call~s 
number) cultured ovaries iruiuction 

(A) (B) (D/A) 

~. slaucus 2 1 l l 1.00 
(B348) 

3 2 2 1.00 

4 1 1 1.00 

6 3 3 1.00 

7 1 0 0.00 

8 3 3 1.00 

3 1 3 2 0.66 

-3 5 4 0.80 

4 2. 2. 1.00 

5 2 1 0.50 

7 3 3 1.00 

8 3 3 1.00 

L. aleiJ1us (49 l 1 ~ 1 1.00 
('E77) 

9 1 l 1.00 .. 
,; 

10 l 1 1.00 

11 1 1 1.00 

2. 9 5 4 .... 1 .. 00 

Continue.d .... 
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TABLE XLIII. Continued. 

Spec~es Stage 
(Accession 
number) 

' .. 

3 

2 <!!.. j â;20nicus 
X L. al;21nus)2 
. (}../JA) 

3 

<!!. krylovU 2 
X k. schoe11ex-i)2 

X L. cotniculatu8 
(Ka 7(a)5)2 
,x 554 3 

Medium 
subtype* 

la 
11 

1 

8 

9 

la 
11 

1 

3 

1 

4 

6 

7 

8 

2 

6 

4 

Number of 
ovaries 
cu1tured 

(A) 

5 

A 

1 

3 

3 

2 

1 

2 

2 

1 

1 

1 

1 

1 

8 

1 

1 

*See Materiai and KethO~8, Table XVII 
**Callusing oVules 

/ 
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~ 

Number of Frequency 
callusing of ca11us 
cvaries induction 

(B) (B/A) 

3 0.60 

4 1.00 

1 1.00 

3 
'-./ 

1.00 

3 1.00 

2** 1.00, 

1 1.00 

2 1.00 

1 0.50 

1 1.00 

1 LOO 

1 LOO 

~ 1 1.00 

1 1.00 

5 0.63 

1 1.00 

1 1.00 

....... .....:: ,-
if; C( 
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Callu"Sing ovules were o~serv4!d in cultures of .h. _al;;;,p...;;~;.;;;n ... us_ 

on med~um subtypes 9 and 10, supp1emented with 0.5 ppm 2,4-D and 

1.0 ppm BAP., and,j.5 ppm NÀA and 1.0 ppm BAP, respectivdy. The 

ovular calluses seemed to arise fram the outer integument and did 

not grow sufficiently to allow fer a C~~logi~al investigation. 

The ovary calluses developed from the surface of the Qvary, 

being U8Ually init1ated at the cut end of the expIant. Only 

abortive ovules were seen upon dissection of the callusing and the 
t 

non-callusing ovaries. 

Root formation occurred in one cal,.lus of the Lotus hybrld 

KS 7 (a) 5; this éulture became contsminated, preventing the 

examinatlon of the root tips. 

Plantlets were obtained from calluses of the amphid1ploid 
1 

A/JA (Fig. 46) derived from Stage 2 and 3 ovaries placed on medium 

8ubtypes l (basal) and 4 (1.0 ppm NAA and 0.1 ppm K), rèspectively. 

These plantlets dled shortly after their transfer to greenhouse 

conditions. 

5. Veliky and Martin (1970) 
~ 

Ovaries (stage 2) of ~ corniculatus cv. Mirabel were 

cultured on Veliky and Martin's cultur~ medium supplemented with 

either LAA, NAA, and K (subtype 3), or NAA alone (subtype 4). 

develop chlorophyll, even when subcultured on the differentiation' . . 
medium. Organogenesis was not induced on Any of the subcultured 

139 
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caliuses. The non-callu8in~ ovaries shriveiled and turned brown. 

InternaI development was DOt observed. 

TABLE XLIV. Callus formation on L. corniculatus cv. Mirabel ovari.es 
(Stage 2) cultured onVeliky and Martin's culture 
medium (conti.nuou8 i.llumination, 250 C) 

Medium Number of NUlIlber of Frequency 
subtype* ovaries callu$ing of callus 

cuitured avaries induction 
(A) (B) (DIA) 

3 12 8 0.66 a"'''' 

4 16 12 0.75 a 

"'See Materiàl and Methods, Table IX 
*"'Values followed by the s&me let ter ~re not significantly different" 

at the 0.05 levei 

6. Patata Culture Medium 

a) Effect of the Potato Extract and the. Growth Regulators 
2,4-0 and K 

After ~o months of incubation, the induction of callus tissue 

was observed in aIl species cultured on medium subtypes 1, 2, and 4 
,""'" 

(Table XLV) , with the exception of .h. vUlosus ovaries and ovules 

inoculated on the unsupplemented medium. 
/ 

The frequencyof callus 'induction on ovari.~ of 1. vi.lloaua 
\h 

cultured on media 1 and 2 (basal and 2 ppm 2,4-D + 0.5 ppm K, 

rsspectively) was significantly lower than the values obtained fot Any 

ot~ spe.c.ies cultured on the se two media. No significant differences 

vere. established between the frequency of callusing éf avaries of 

&. corniculatu8 cv. Leo, L. tenuis, and L. japonicus culture.d on the 'sam& 

med~. 

'- ' 
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TABLE XLV. Callus formation on ovar1.es (St4le 2) cu~sured on 
potata media (continuous UlUDÜ.J1ation, 25 C) 

• t ( 
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. ( , 
*See Materia~ and Methods, Table X 
**Values followed by the s&me letter are not signif~cantl~ d~fferent 

at the 0.05 level 

b) Effect of Act~vated Charcoal 
• r 

From the dat~ shown in Table XLVI, ~t could be inferred that 
1 

the add~t~on of rct~Vatéd charcoal in the culture medium had a 

decro~iDg OffeCr on the frequency of callua ~~ctl~. but the 

statistical analysia of the data, although performed on ratber low 
, 

numbers of observat~ons, reve;aled that there were DO dUferencea in 

the values obta~ned for' the reaula~ and the charcoal-plus media,> 

,for any of the spec1es teatsd. 

lm 
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TABLE XLVI. Effect of activated charooai on callus formaj:ion on 

ovaties {Stase 2} cultured on potato media· 
(continuous illumination, 25°C) 
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L. an.~stiss1mus 2 + 2 a 0.00 a •• '" 
(Bl41.) 3 1 0.33 'a 

3 '+ 3 0 0.00 a 
2 0 0.00 a 

L. temaLt 2 + 4 1 0.25 a 
(B340) 5 4 0.80 a 

3 + 4 1 0.25 a 
4 3 0.75 a 

u 

L. eUle.roides. 2 + 5 1 0.20 a 
(B349) 6 2 0.33 a 

3 + 5 0 0;00 a 
6 3 0~50 a 

i 

1 *See Material ,.and Methods, Table 'x J 

**Wi.th acti..vated charcoa1 (+); without activated charcoal (-) 
**~Valtie8 followed by the same latter ate not significantly different 

st the p.05 leve! 

IJl genersl, the development of'the callus on the potato media 

~ l1m1ted to the base of the ovary (i.e. the eut surface), the 
1 

temaining part of the ovary becoming. brow:n and necrotic; iD some cases, 

tissue was 1nitiat~d from the eotire ~ry surface; callus, bdwever, 

was ~ever observed to arise from the stylar and the stigaatic tissues. 
~ \ 

The callua originated tram the ovarian tis8ues and w.s not ,obsarved to 
, 0 

develop on pvules aither iaolated'on the culture med~um or 11eft in8~de 
. l ' . 

the ovary. The isolatedoovulea usually turn~d brG1ftl and de:senerated 

1d.ttdù the f~8t few weeka of 1nc,!-bation. 
i 

, . 

'1 • 

',lI 

'. 
" ' ,. 



'R ] 

,. 

i '" 

& 

-
Portions of calluaee recovered froa the differeQt treatMnta 

1 

vére 8ubcultured; in:l.t1ally green and rather cOIIlpsct, the call.ueea 
.' 

\ 
gradually lost thei.r coloration, turned brown and became aoft and 

watery. Plantlets could not .be regenerated from any of the calluaea 

aubcùItured on the differentiati.on medium. 

1 

E. .!!. ~ Culture of Infloresce1U:ea 
" 

b geuerai, the cultured infloreace.ncea dU DDt ahow auy 
, J' • 

, v 
morphQlogical devélopment; however, in mature florete (cultured when 

, ' 1 

stUl uneXPanded), the ovari.es firat incr~ed in aize and elongated 

through the floral parts, then finallt turned brown and started y 

l " 
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, ". 'degeneratf.ng (Fig 47) •• Dissection of th.ese ovar:l.es ~d thoae of yqu~er 

\, buds revealed tha!f the ovules Md 8~uke.t1 and lIecome necrotic. 

Cytologieal examfnations of anthers dissected. from buds '.eul-tured 

on the different media and under the. varioua cultural conditions. alUJwed 
l ~ ~ 

,i'} 

that the. microspores had remained at the particular developmental atage" ~ 

which. preexi.sted at the initiation, of the culture. Multinucleate and ~(r 

multi.cellular pollen grains rœ.re not found in the anthe.ra of any of the 

'. apeciea cultured. 

While callus formation ~B not observed on the anthera or avariea 

'in tha cultùred :tnflorescenées, callua tissue fre<luently developed 
., , "-

frOII the eut end of the peduncle crable' XLVII). 
v " 

CalluEQ,ng of the pedunélé occurred in soUd and liquid culture v . . .. , ~ _ia repril .... of t:J;a cu1tù~F co ... ~t;!gu uae<! •. In aIl apeciea teated, 

the. adclit1op. of activatecl charcoal to the culture medium completely 

suppreaaed the format1.on of ca11us tisSue .. 

The development of roots tram thl pe4uncle was. oburved 1A cultures 

of ~. ayuatisaimwt and the two ~ hybri.ds wheu these ~ulturea hac1 

~', .. ..: ..... I!IilIlI._ ...... ,.w •••• IIIJU!llJi&' ... ""'1 _1 __________________ ~ ____ ~ 

\ 
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o bean subllitted to a ten day dark perioci at 30°C (treatment c). 

Booting was observed to occeur only in sol14 medium of subtypes 2 

and/or 3, resardless wbether or not the medium hac1 been supplemented -

vith activated ~rcoal. 

TABLE XLVII. Callus and organ foraaation fr9Dl cultured ~. inflorescences ~ 

Spec1.ea Medium Cultural Apr Activated Cal lus Organ 
(Accession subtype* conclitiODa** charcoal induction formation 
IWlIIber) 

, 4 1 

L. {iPs.ti8aimUS 1 a +lrir* + 
1415 + + 

c + + 
+ + 

e + + 

() 2 a + + 
+ 

c + ,-l!: ~V + 
-"":;""''--

J-
d 

! + + ...... 
e 

3 a + + 
<' + + 

'b + + ) 

è '+ ,+ R 
+ + 

od + -
( . 

... e + + ".l 
'" + 

At '-
h· ~21D.ua 2 a + . 

(17) _ c + 
e + + -

+ 
j - "1 Li 

() 
C;ntinued ..... '\ -Q 

"\. 

/ ~ 

... 
• , 

" ~ 
li 

_ ~ _~~~ri~.~:.!"{ .1t:J1:,'<~ 't.~" ':~ .. ~.' 1 :_, 
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TABLE XLVII. Continued. 

Speèies 
(Accession 
number) 

Medium Cultural Agar 
aubtype* conditions*. 

(l.. burtii 
- X L. f:UicauU.s) 2 ./ 
XL. cotnièulatus" 

(303-1!'-2-3 
X 554) 1 a + 

+ 
c + 

3 

<!!.. japonicus 
X L. -alpUws)2 

XL. c.o't1ÜCulatus. 
(JA-lO 

X 554) 2 

e 

a 

d 

e 

a 
b 

d 

e 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

.+ 

,.Se .. Îlater1al ~ é., Table XX 
"See' Hated.a.1 and Methode. Table XXI 
***Preaence (+); abae.n.ce (-); Root (Jl) 

1 
1 • 

, ' 

145 

Ci 

j' A ( • 4 

Activated Callus Orsan 
cbarcoal induction formation 
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F. Polyembryony 

In the course of th1a atudy, a s4ifarch for tnn seed1ings W8S 

'made. The results are presented in T~ble XLVIII. 

tUL& XLVIII. 'Ihe occurrence of twin seedlings in 'l.otua species 

Specua 

Empire 

K1mey 

Leo 

Mirabel . 
Viking 

acc. B241 

B249 

B250 
S) 

B251 

B780 

L'. tenuis 

L. pedu11Culaws 
var. vUlotilus 

Seed1ings 
examined 

878 

669 

12 447 

13 978 
II-

2 835 

1 439'" ,. 
902 

1 507 

873 

4 305 

693 

2180 

Tw1n 
seed1ings 

4 

.... ,.::, \.., 

1 

.... : 
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. 
Ttd.n aeed1:û1gs ore observed 1u two Lotus species, L. corniculatus 

- - < 

cv. Mirabel aad ~. pedunculat\18 var. 1fUloaua. AlI t'Win pairs \lere composed 

of unequally s1zed members (:Fig. 48). 

The~; paduncu!atus twin .et desenerated witbin a few daya after 
. , 

:ita tranafer to soU, 80' tut cytolog1ca1 data cou1d not be obtained. 
\ 

The fuat ae.t of' M1rabel ttd.na QS. a1ao lost 800n aft:er they ware 

,r 



c 

( 

planted in soi1; the cotyledons were 1n1t1a.lly g~een and appeared 

normal, but there was no subsequent elongation pf the epicotyl, and 

141 

within three days the seedlings bad ahrivelled; conaequently cytological 

exam1nation of the seed11ngs could not be perforœed. 

Transfer of the other ~abe1 'twins to soil was not attempted; 

the seed1ings were fixed and stained soon after their recovery. Chromosome 

counts performed on the root tips of the seedlinss revealed that they . 
, 

a11 posaessed 24 chromosomes (J'1.g. 49) .. a nLmber corresponding to the 

tetrap10id condition in L. cornicùlatus. An octoplOid ce11 (8x-48) 
. - -

vas obaerved on one occasion among a population of tetraploid cells (Fig. 

50). Baploid cells were not found ,in any of the tw1n pairs investigated. 

, 

d Il rll 
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DICUSSION 

A. Anthe.r Culture 

The culture of anthers was performed on three synthe tic culture 

media, namely, the medium of Murashige and Skoog's (1962), origina11y 

designed for tobacco ce11 cultures, and the media of Gamborg (1970), 

and Veliky and Martin (1970), both of which were devised for ce11 

cultures of legumes. In addition, a chemically undefined medium based 
\ 

on a pot~to extract was also utilized. 

o 
1. Mur~e and Skoog (1962), Type 1 

a) Effect of the Growth Regulators CM and 2,4-0 

The formation of callus frdœ anthers of h. cruentus was not 
p ; 

observed on MuJfashige and Skoog 1 s medium whether, or not. it was 

supplemented with coconut milk alone, or in combination with 2,4-0. 
, /' 

Coconut milk has been shawn to contain several active compounds such 

as myo-inositol, 1,3~pheny1urea, a leucoanthocyanin, an atabinose 

ester of indo1eacetic acid, IAA arabinose, zeatin, and zeatin ribose 

(Salisbury and Ross, 1969; Thimann, 1977), as wel1 as minera1s 
\ 

(Anonymous. 1976). Hap10ids ~ere recovered from ànther cultures on 

media supp1em.ented with coconut milk, for exemple, Datura ~ 

(Chandy and Narayanaswamy, 1971) and Solanum me10ngena (Raina and 

lyer, 1973). Niizeki (1971) did net observe ca1lus formation or 

pollen embryogenesis from anthers of h. corniculatus (both Cys. 

---~"'--__ t ............. __ 11 ..... -... ....... _, .... , ......... , ... ' ........... , ... ·_, ___ ... ;0'1 ..... _~ __ ........ ~ __ 1~-' ............... '" .>_ .... ~ ...... 4 
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Vi1d.ng and Bmpire), b,. corniculatus var. crassifo1ius, and ' 

i. japonicus cultured on Mi1ler's medium (1963) aupp1eœented with 

either 15% CM alone or 0.1 ppm UA, 40 ppm AS, and 15% CM. 

Anther culture of L. cruentù8 was also attempted by MacDonald 

(1974) on Gamborg's medium (1970) supp1emente4 vith 1.0 ppm K 

and 1.0 ppm NAA. So~t1c calluBtwas produced only on' stage 3 anthers 

(that is contain1ng binucleata pollen grains) at a frequency of 

17.9%. He did not observe Any emb'ryogenesis in the pollen grains. 

l. 
b) Effect of Cultural~nd1tions 

Chinese resear~hers have obaerved that an incubation 

temperature of 300 C was superior ta lower. temperatures (23 to 26°C) 

for inducing cal lus fram anthers of certain rtce genotypes 
• 1 

(Anonymou8, 1974) • ." Keller and Armstrong q978) also recently reported 

that culture temperatures greater then 25°C drastieal1y increased 

the numbet of embryos from Brassiea napus anthers. Aceording ta the 

° authors, even short treatments of one dey at 30, 35, or 40 C 

stimu1ated embryo productian.~ The highest embryo yields were 
p' • 

obtained by culturing the anthers for two to three weeks at 300 e prlor 

. ° . to transferring the embryos to 25 c. The authors suggested that high 

temperature might induee a sw1tch in the microspores from their 

normal course of deve1opment. The treatment may cause a neutra1ization 

in their tendency to deve10p towards maleness as has been discussed 

by Pandey (1973). High temperature treatments at JOoC did net trigger 

the induction of pollen callus or pollen embryogenesis in cultured 

anthers 'of ~. cornicu1atus .cv. Leo '(BMS764). Somatic eallus1ng was 

not promoted by Any of the treatments which seems to indicate 

the medium and/or the cultural conditions were inappropriate. 

i 
'\ 
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incubator temperature of 300C WBS found inhibitory to both callus 

induction and I~owth in cultured anthers of Phaseolus vulgarts 

(Peters ~ al., 1971). 

2. Murae.h1ge and Skoog (1962). Type II 

-
a) Effect of the Growth Regillators BN and 2,1M> 8bd Cultural 

Conditions 

o A higher temperature treatment (30 C), applied continuously 

o or prior to transfer of the microspores to 25 C, was found ineffective 

in,triggering pollen callusing or embryogenesis. These results must be 

considered inconclusive because of the small numb~r of anthers cultured. 

Similarly, the' apparent inhibition of callusing on medium subtypes 

supplemented with activated charcoal may be the result of the smal1 

number of anthers cultured. 

The growth-promoting effect of auxine, including 2,4-D, has 

recently been reviewed (Thtmann, 1977). While considerable information 

is known about these substances,their precise molecular ~ode ~f 

action remains unclear. Benazolin (4-chloro-2-oxobenzothiazolin-3-yl 

acetie aeid) has b~en reported to possees auxin-like properties in that 
t; 

it can substitute for 2,4-0 and NAA in culture media (Ingram and 

Butcher, 1972) and induce callus in species which do not re.pond to 

2,4-0 supplementat1on. lt waa concluded from the etudies of Ingram 
/fi;.. 

and Butcher (1'972) thllt. benazolin could be of value in initiating 
'\ 

cal~us from species and tissues, which have been found to be difficult 

to induce growth in otherwise. In!.; angustieeimus, the level of 

eallusing was rather low regardless of the growth regulatore used in 

the formation. 

-----
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, 
b) Effect of Act:tvated Charcoal and Sucrose Concentration 

The effects resulting from the addition of activated charcoal 

to culture media willcbe discussed below in Section A-7-b. 

Highef levels of sucrase than common1y used (normally 2 to 3%, /II? 

Sunderland, 1974) have been shawn ta promote the formation of pollen 

callus in cultured anthers of several cerea1s, auch as barley 

(C1apham, 197~), wheat (Ouyang ~ al., 1973; Picard and de Buys~r. 

1973), and rice (Miao ~ !l., 1978). In Brassica campes tris 

sucrase concentratioua below 6% did not result·in embryoid production 

and increased levels inhibited somatic cell enla~gement and callusing 

(Keller ~!l., 1975). In tobacco, higher sucrose levels exerted 

an adverse effect on embryogenesis resulting in the formation of 

albino plantlets (10.6% sucrose), cal1using and production of 
" 

aberrant albino plantlets (13.6% sucrose), and cessation of growth 

(17.1% sucrose) (Sharp ~ al., 1971). The highest levelof callusing 

from.tomato anthers was observed at 13.6% sucrose, but morphogenesis 

from these calluses oo1y occurred fol1owing their transfer ta a medium 

with a lower concentration of sugar (4%) (Sharp ~ al., 1971). Sucrose 
\ 

appears to play an important role, not s01ely as an osmotic agent, 

but also,as an importaat metabo1ite (Miao et al., 1978). l 
Very little callusin~ took place on anther of h. alpinus 

cultured on a medium with'high concentrations of sucrase and pollen 

embryogenesis was not trigger~d. lt ls possible that the stage of the 

pO,11en (stage 3) may not have been conducive to induction. Callus 

formation from anthers 'of L. cOrnicu1atua cv. Viking (stage 1, 2. and 

3) cultured on Gamborg's medium supplemented with ~AA and K and 

different sucrase concentrations (0, 3, and 12%) was not induced 

3 d 
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(MacDonald, 1974). 

3. Murashige and Skoog (1962), Type III 

a) Effects of the Growth Regu1atars BAP and 2,4-0 

The differences observed in the frequency of ca1lus induction 

and organogenesis for the two species cultured may be attributed to 

genotypic differences, k. emeroides showing a greater response than 

h. mascaens18 on three medium subtypes. Genotypic differences have 

been observed in several species including Lotus species cu1tured on 
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the same media and aubmitted to identica1 cultural conditions (Niizeki, 

1971; MacDonad, 1974). 

!} 
The differencea and the similarities in effect observed for 

the growth regulator formu1at~ons cannot be satisfactori1y explained 

at thia time. 

b) Effect of a Co1d Pretreatment 

Cold pretreatments app1ied to f10wer buds and inflorescences 

prior to culturing the anthers have been reported to promote pollen 

embryogeneais or ca11using in severa1 species, such as Datura innoxia 

(Nitach and Norree1, 1973; Sangwan-Norree1, 1977), tomato (Debergh 

and Nitsch, 1973), rice (Fou1etier, 1974), wheat (Picard and de Buyser, 

1975), rye (Wenzel ~ al., 1976b), and tobacco (Sunderland and 

Roberts, 1977a, 1979). 
.: 

;­
Temperature shocks applied during the firat pollen mitosis have.-' 

been repor~ed ta cause a reorientation of the spind1e axis, an event 

Wich vas s ..... times foUowed by supernumerary divisions :u lhe pou:n -:-'--\ 

grains (Sax, 1935). Nitsch and Norreel ~1973) obaerved the same 

pheDomenon in cultured anthers Of, Datura innoxia given a cold "; 

_"J 

C, , 
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pretreatment prior to culture. The spindle axis was modifie.d 

whieh resulted in the production of two morphologieally sfmilar 

nuelei instead of the typieal vegetative an~ generative nue1ei. The 
, 

authors proposed that the embryoids were derived from the se abnormal 
, 

pollen grains. This hypotheaia has been ehallenged by the observation 

that ~bryoids ean develop from pollen gra1tts in whieh s typieal 

8sym.metrical division has taken place, as in henbane (Raghavan, 1976, 

1978). Wenzel et al. (1976b, 1977a) concluded from their studies -- \ 

on rye that the cold treatment blocked the development of 'the 

microspores just prio~ to the first pollen mitosis, preventing the 
t; 

synth~sis of starch. As a result, they considered there were a 

greater number of inducible microspores p~sent at the time the 
1 

microspores were initially cultured. Duncan and Heberle (1976) also 

proposed a similar explanation for the effect of a cold trea~nt 

on cultured tobacco anthers. The inducible stage during which pollen 

18 switched to embryogenesis appears to be the post mitotic period 

" up to the time in which stsrch is ac'cumulated (Sunderland, 1974; 

Dunwell, 1978). The viewB of Wenzel ~!!. (1976b) and Duncan and 

Heberle (1976) are in agreement w.ith those reported earlier by 

Picard snd de Buyser (1975) who observed an "arresting" effect of the 

cold treatment on the microspores, regardless of their stage of 

development, whether uninucleate or binucleate, or whether the nuc!ei . , . 
were morphologically similar or different in,aize in the binucleate 

grains. ~ecently, Sunderland and Roberts (1979) proposed t~at the 

co Id pretreatment "exerts its effect not by a1tering the course of the 

first pollen division - - - but by delaying anther deterioration and 

thus assuring the 8urvival of a greater proportion of the pollen grains 
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awitched into embryogene&is". 

In ~, cold pretreatment of the flower buds (48 hours at 

4oC) haB been reported to be ineffective in triggering pollen 

embryogenesis (MacDonald, 1974). In the present studies with 

~. eme~ides the cold pretreatment did not appear to promote nuclear 

divisions in the microspores, since mu1tinuc1eate pollen grains were 

found at a similar frequency :ln both treated and non-treated materia1. 

The occasional presence of structures resemb1ing multice11ular pollen 

grains observed in ca11uses derived from cold-treatad anthers does not 

provide sufficient evidence to assign a positive effect to the 

treatment but warrants further investigation. 

c) Effect of Agar 
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Incre~ed frequencies of tobacco embryogenesis and bar1ey ca11us 

formation have been reported when liquid culture media vere substituted 

for solid media (Wernicke and Koh1enbach, 1976; Wilson II al., 1978b). 

Higher embryo yie1ds were slso obtained in Scopo1ia carniolica 

following the usé of a 'liquid culture medium (Wernicke and Kohlenbach, 
,9 1 

1975). It has beert suggested that agsr containe inhibitory substances 
. 

CWernic~ and Koh1enbach, 1976) and the utilization of highly 

pur.Uied agar has been shown to minimize its adverse effects 
! 

(Kohlenbach and Wernicke, 1978). 

The level of callusing of ~. corniculatus anthers was higher on 

80lid media than on liquid media and, possibly, hapl~id callus tissue 

was derived from,one anther cultured on solid medium, as discussed 

bèlow (Section A-8) in relation to the mixop10id regenerant. The 

results obtained seem to indicate that somatic ca1lusing and perhaps 

pollen callusing were favored by the addition of agar" which appears 
'{II; 
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ta cantradict the current literature.' However; the poasibility 

exists that inhibitory subst41lces vere still present in the material 
,~ , 

used ta support the explants in spïte of all the precautions taken. 

The finding that significant differences in the frequency of 

callus formation existed betveen liquidmedium subtypes but not 

between the equivalent solid media rafBes the question~if these 

differences are real, whether there exists a differential effect of 

the growth regulators when ~ey are supp1ied to the exp1ants in a 

liquid farm rathe~ than in agar ~edia. 

4. Murashige and Skoog (1962), Type II vs. Type III 
1l.1 

Niizeki (1971) cultured anthers of severa! Lotus species on 1 _ 

media with and without supplementation of vitamine an~ ~-inositol 

and obtained a wide range of caUus formation. His results , 

suggested that the vitamine an~ ~yo-inositol frac~{on exerted no 

influence on callus induction, but played an important role in callus 
~ 

growth. 
o 

The present studies with h. emeroides showed that decreasing 

the concentration of the se constituents had no effect on calius 

induction, which could mean that .this fraction was not ueeded for the 

llyIùctiOll of ca11ù.~ as ohserved.by NU"Ur:97U. However, the 

possibility that the smaller amaunts of vit ns and myo-inoaitol 

present in Type III had been ae~iv~ cannat,he ruled out ent:l,rely • .... 
Althougymultinuc1eate pollen grains were observe~, 

. , 

multicellular structures could not be detected in the cultures, which 
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suggests that the culture media t!w.y have been approP,r~te for inciuel~ /\ 
-'-',-

nuelear divisions, but not for allowing further development, even i.f thé, 0 

, 0 ) 

media were supplemented'with a cytokinin (BAP). ... . 
\ 

, , 

0, • 
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5. Gamborl (1970) 

MacDonald (l97~) determined that Gamborg' s culture medium 

(1970) vas more conducive ta ca11u8 formation from root cultures of 

~. cornicu1atus (cv. Viking) than media containing higher concentrations 

of nitrates and c41cium, such aa Murashige and Skoogls (1962) and 
, 

Liau aqd Bo11 1s (1970) culture media. Similar1y, the results that he 

obtained from anther cultures ~f several ~ species on either 

Gamborg' s or Murashige and Smog' s culture medb 8upplemented with , ' 
/ ... - , 

the same growth regulators, indic~ted that ~greater total frequency 

of ca11using waa attained on the former medium. In the present 

studies, callua1ng on Gamborg's medium was rather poor a1though the 

results must be considered with circumspection because of the small 

numher of anthèrs exp1anted. No siSns of pollen divisions were 

observed in any o~ the opeeieo culture. on Gaa~s me.ium, Whi~ 
agrees w.ith the observation made earlier by MacDonald. (l974). 

. / 
6. Ve1iky and Martin (1970) 

~ters ~a1~ (1977) reported the presence of haploid cells in 

ca1luse~ derived from anthers of Phaseolus vul ari inoculated on 

Ve1::Uc.y and Martin 's culture medium (Appendix 3). 
, , 

difficul~ies of chromosome nUlllber dete~na~10n in allus tissues, -the 
~ , 

authors' illustrations of hap~oid cbromo~~me complements are not 
, . 

overwhel.Jœ..qgly cOJ;lvincing. In .the LÔtua spec~s studied ou' this - -

• 

medium, haploid 'cells were not observed in any of the callusest nor was 

. embryogenesis triggered in the microspores. 

o 
The 1evel of ca1lus1ng (~tie) was re1atively high in ap1te of 

the small number of antbefs cul~ured. rus ma1 relate to the 

observation by MacDonald (1974) that samatie ca1lusing ta specias of 
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of ~ 18 favoreèl by the utilbatian of media C9Ut&ini.I1g, - , -
.rel~t~velY 1Jw, concentratiana of nitrates and calc1\DD., such as' tbat 

'<1 ... IL .... ~ e • . -.--. 
in Gdmborgts medium (1970)., Ve1iky and Martinie culture madiqer 

r \ . " • 
containe 10w concént~ationa of nitrates aad.ealcidm; this medium 18 

• \ ~ 1 

a modiffcation of Gamhorg'a aedium PBL-4-C (1966), which iavery 
\ . g 

aimilar to the 1970 formu'1'at!on, but with a lower nitrate content-. . 
Ho~ver , • the}'K medium 18 sllpplemented with a sou.rc\. of reduced " . 

• Il ' 

.nitrogen, ca~ein·'}lydroly8atet which Dy a1so prOIIOte callusinS. In , 
..... ~ , :;> 

'~otus, fhe addition'of cas~in.~Ydro1Y~àte Has Dot proven beneficial 

:, to callus fp~tion from cu1tured anthers of siveral species 
, «\ ".' 

(N~~Jd, 1971\ l " r . . 
• 

7 ~ c PQ~lito Cul: tu,té Medium 

"" ~ ~ ~1 
, . . 

~ 1" / .... 

al Effect of the ~otatq Extract'and the·Growth Ragulators 
1 ""'2,4-D and K ' ' , , 

" ' 1 • 

- C A potato medium was successfully utilized by Chines'e 
- .. . ~ 

J .1 ~ese~c~~s t~ymo.?&, 197p) -to improv~ the freqvencies of poUen 

, calluBeS; in cluFl'Je4 anthère of Wheat ~irJ analysa for a ~O% 
• ''\ '{[ b~, • 
axtract per' liter of t~e potato' medt ~evealed the following: ( ." 

'1) there was approximat~ly 1.4% sugar (glucose, ,fructose, and 
- ,- ',," , ~ "' 

" .. b - <.} 

, ,ucrose), 2) the- leveJ of nitrate. vu intermediate to tho.a' of 

~ - , 
~ • 

, t 

~~ obta~d by Wenzel.!!. !!.,(1917!-} with tru: use of a 'potato
1 
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medium. ~ittle information on the natu~e of'the inductivé , 

substances is knIND. However, it' i8 wor~h recalling ~rt\at it has 

bean recognized, for some time that potato tubers contain 
, " 

inhibitory substances (anti-auxins?) which are able to antagonize 

the effects of coconut mi1k (Shantz ~ al., 1955). Furthermore, 
.1 

the observation that the addition of activated charcoal to the 

..-l medi.um rédqces its efficiency (Wenzel et' al., 1971a) may mean that' 
, --

the activ:' compounds 'are adsorbed and thus neutralized, as indicated 

" by the f.1ndings' of Constantin et.!.!:. (1977). Efforts are now being 

directed to~he identification of the stimula tory compounds (Wenzel 

!! !!., 19778)., 

In ~, the potato~d~um appeared ta be effective oniy tn 
.' , 

~. v1l10sus where mu1tinucleate and multicel1ular structures·were 
---.. 't 

observed ta the cu1tured anthers. 

Two types of binucleate mi.crospores were noticed in the 
~ , 

cultures •. The first type sbowed two symmetrica1, equally-stai.nint:;"'" 

=~enerat~ve-l1ke nucleus, aUg a round, more 
. " 

.~ucle",Were observed. T1;le binucleate grains bel ngiog 'to the 

second type vere morpho1ogicallY'8ûai1~r to the ture p'ol~en grains 

~f L. 'VilloSU;. TrinucJ.eate '8ra~ observee! in clÜturee! 

ho vlllosU8 anthers ~re ~omposed of ore large vegetat!vs-l1ke 1 

nuc1Jus an'il tw darkly-staining' mDalle~ D:uclei. Trinucleate graina " l 

slmtlar to the ~nes described above were'occasiona1ly seen in th~ 
) '\V~ . • " 

mature pollen of ~~' v1l1osus, the smaller nuelei pr~umably being, 

the spérm Duclei. 'This' vould constitute a ease of premature second 

pollen 'mitosis, ainee, in Lotus, the°generative nucleus div!des - , 
lb 

in' the polle:q tube. Pollell grains with four nucle!( one large alld 
", 

'. 
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" 
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diffuse, and three ~àrkly-stai.ning and nal1er) were als-r; obaerved 

in the cultures, as well as structures wbich appeared multicellular. 

The possible natural tendency of t~e generative nucleus of 

thia species to divide premature1y may have beau stimulated by the 

ct4ture medimn and 1ead ,to the formation of mu1ticellular struètures. ' 
- . 

lt -is ~teresting ta note that pollen gr~ns vith more than tWo 

vegetat1.ve-like nuclei were~ DOt observed in any of the cu~tures. lu 

" moat spec1e4 investigated, the 'division of the generat1ve nucleus does 

not play a significant role in the formation of embryoids, although, in 
• 
the case of heubane, it has beeu claimed to be a,major pathway to 

embr~eSia '<..Rag~van, 1916, 1978). lt should be interesting to 

,determine whethèr the résponsive'microspores belonged to a different 

population of pollen grains (pollen dimorphism)\such as postulated by 

certain ilivestigators (Hosne~, and Street, 1978), although this has baen .. 

-'-' \ 
disputed (Dunw.ell, 1978). Pre.sumably, the pollen dimorphism would 

t ' ; 

reflect the different genetic backgrounds of the populations • .. 
, If 

h) Effect of Activated Charcoal 

The additiOn of act1vated charcoal to solid culture media has been 

repor'ted' ta enhance plat;ltlet or embryoid y!.e1ds from éultured anthera of 

severa! species, such as tobacco (Anagnostakis, 1974; Wern1..cke and 
, 

• I! 

Kohlenback, 1975; Kohlenbach and Wernicke, 1978), potato (SoPOry et al., , 

1978), and mai~ (M1ao!!. a~., 1978). Constantin !1 al. (~977) bave-, 

provided evidence that activated. cbarcoal inhib1ta cal1us growth _ad shoot 

de.ve1oPment in p:1:th exp1ants of tobacco (cv. W~in 38) by biDding 1;,,0-" , . t \ 

the growth l'agUl.ators ~dded to the cu1.ture medium. Fridborg and Er~.on 

(975) a1so proposed that s~bstaJlCes, perhaps' auxin, are removëd frOlll 'the ' 

JDe.di.um by 8,iC:1vated charcoa!. Recently; Kohlenbach and We~cke (1978) 

, . 
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conelJded that the beneficial effects of activated charcoal result from 

.the adsor~tion of inhibitors present in agar, r~the~ than the removal 
c 

of tont: substances originatirig from the tissues of the anther, such 
~ 

a~ the inhibitory wall factors postulated bi DanYe~l (1976). 

The significant differences in the ca1lusing frequencies found 

in culturea of h. anjJUstissimus and L. tenuis betweel!- the regular j.nd 

~ t1 
the charcoal1Plus media mey not be regarded as conclusive because of the 

saa 11 number of anthers cul tured. However, 1,t these diMerences are 

, { 

resl, thia may-tndicate that, if activated charcoal acts by bin9ing to 

growth regulat~~~ present in the culture medium, the levels of enJogenous 
'" 

hormones in the explant8 must be relatively low, wQich would explain the 

reduced ,cal1us formation. Callusing of anthers of several Lotus species 

" • ?II -
was induced ooly on hormone-supplemented media (Niizeki, 1971). In 

"'-the present stud1es, the inclusIon of ~ctivated eharcoal in the culture 

media did not promo te pollen calluaing or embryogeneaÎ8. 

8. Physiolog:f:.eal Statua of Donor Plants 
" , 

In Lotus :lt remains to be determined to what extent the physio-
- ,t' 

logicsl etate of the donor plant influences the induction ~f pol1e~ 

d:lviaiona. Ind:lcations to the effect that the age of the donor plant 

160 

may play an important role have'been obtaioed from studies on annual species 
, l , , , 

(S'unde:dami, 1971, Dunwell, 1976). Simi1ar studies vith perennial 
} ... i, 1'.. 

apeeies,sueh as species of "Lotus , are lacldng and need tQ be undertaken. 

9. Cytology of the Begep.erant 
" . 

A fn ,haploid cells. (more correctly 'dihaploid cèlls, 2,a-lZ) 
• l ' 1 

ere observed in root tips coll.~cted from a plant ot L. COrni~latu8 
, 

ÇB259)- regenerated from' anther cul~ure. These cells weu f9und ~~g a 

~ed' p~pulat1on composed of principa11y tetraploid cells ~nd a sma1ler 

\~ 
" 
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proportion of octoploid cells. These firu:!ings may indicate that the 

regenerant originated from a callus which included cella w~th a baploid 

chromosOme 'Complement,. These cells .presumably were derived fram 

"" microspores, altbougb the unlikely event of spmatic reduction cannat 

be ruled out entirely. 

lt has been suggested that plants regenerated from tissue 

cult~e derive from single cells and that cytochimeras may arise fram 

chromosomal number changes that occur during in vitro growth (D'Amato, --
1977). However, evldence has been presented for' a multicellular 

provenance which, in t~f! case of 1 mixoploid caUus, wou,ld ex~lain 
.' , 

a1so the occurrence'of cytochimeras (Sree Ramulu !!!!., 1976b; 

\ ' Mix et al., 1978). It ws not possible to obtain de~ils on the ploidy 

~ 
of tha callus- from which t~ ~ plant differentiated s:l.nce the 

., 
callus was no longer available for investigation at the t~ the,plant 

, 1 • 

had matured. Even if an anal.ysis of the callus could have been 

perf~rmedt it ~y not have been representative of the situation which 

exited a~ the Ume the plantl~t diff1arent~atedt rt is weI}; known that 
. , ' '. 

ploiàY,levels evo1ve in PFolonged culture (Guo, 1972; Sunderland, 1973; 

~1izek!, 1977; D'Amato, 197~, 1971, 1978)~ Sin~e the c~tolo~ical, 

examiDations wel'e pel'formed on the mature regeneranF. it may be that the 

baplo1d celI poopulations had bean eliminated almost entirely in the 
, -

c?urse of devel.o~ent as shown iD cultures ~f hap10id PelargoUtua 

(B~ci.t .1974) and i\ anther-4erived barley plants (Forough1-Wehr 

~ al.', 1976). 

Âs discu8sed above, tbe ~ resenerant ma)" have arisel1 for, a -, , 
single cell or from a group of cells. In the event of II. s1nslce ~ell ' 

or1gin, thiB cell would give rise to a genetically unifot'1ll plant in which . ' . 

,/ 
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the cella ~uld possess Lhe seme tenotype. Sincl thls plant arose 
\ 

from callu~ cella which have undergone many divisions dùring which 

time both chromosomal and~ene mutations could occur, the regenerant 

could be phenotypical1y or genotypical1y different from the donor 

plant. If a multicel1ular origin was involved, it is possible that 

the regenerant could consistiof a mo~aic of cells a1so containing .. 
different chromosome numbe~s or gene combinations. Solving this 

~. X~J 

"type of puzzle>may on1y be feasible with the aid of suitable markers. 
~;<,~ 
"1)1 

B. Pollen Culture ~ 

The culture of iso1ated pollen grains~ffers ~evera1 advantages 
, Q 

over anther cu1~ure~ as pointe~ out by a number ~f investigators (Sharp 

& &., 1972b; Debergh and Nitsch, 1973; Reinert II &., 1975; Laneri 

and Chirill, 1976). For instance, t~e technique facilita tes the study 

~l the various aspects of pollen embryogenesis and the determination of 
liÎ'" 

the origin of non-haploid plantlets,'and eliminates the problem of 

somat1c callusing. 

An interesting phenomenon was observed in cultures of microsporas 

of L. cornieulatu~ (cv. Viking). Following the first pollen mitosis, 

Niizaki (1971) showed that the two nuclei mcved to opposite poles and 

cytoktnesis occurred. One of' the nudle:1! divlded a second time, and a 

three-celled pollen grain, in which the cells wère linearly arranged, wsa 

produced. Nilzeld "(1977J" concluded that "the cu1tured pollen grains bad 

acqulred aome unknow t"actor whicb 'appeara to be 1acking when ~he anthers • -p08fiess1ng the pollen grains were 'èul:,;ured. Thia factor ia effecti.ve st 
• 

lent in the initiètion of the multicel1ular condition, a1though lt la 
, 1 

, /' 
-- not aufficlently effectiv~-forthe conUnued develolllnent i-nto a' cal1u8 

or ~ embryo~". 

162 



( 

c 

... 

-

- . 

:;, 

The negative resulta obtained in the present atudies'do not permit , 

one to reach a definite conclusion as to the ability of Lotus pollen 
, -

to undergo embryogenesis when cultured in the absence of the anther. 

C. Pol:).en Iube Culture 
o 

The culture of pollen tubes of ~ species permitted the 
!I. 

observation of both'branched and enlarged pollen tubes. In Lotus, -
t~e formatioq of ca11us tissue from the pollen tubes was not induced 

as has been reported in gymnosperms (Tulecke, 1953, 1957, 1959, 1960), 

nor,~aa the initiation o~ embryoid development as observed in tobacco 
\ 

by Nitsch. ~ al. (1968). The latter authors noted in' their anther 

culture studies the formation of embryo~l1ke s~ructures at the extremity 

of the tubes of germinating grains. They observed that nuelei m1.grateo 
~ ~ 

towards .the tip of the tubes and underwent divisions to fom 

'~ _--pt 
mü~ellular structures on'wh1ch. cO~fledons'differentiated~ 

In~, the a.d~iti,on of the synthetic auxin 2,4-;-0 to the. 

cu~ture medium may have induced branching of the pollen tupes, aa 

re.ported in LUium auratum L1ndl. bt !.wanami (1956). the sugar 

codcentrktion of the germination medium has beeu involved Blao in the 

developmènt of brabch.ed poll~n tubes in the California poppy, 

l ' 
Eschàcholtzia californ1ca Cham. (Beatty,.1943). Beatty (1943) &1ao 

~ 

establiahed a positive correlation betMeen tube diameter and the augar 

conce.ntration use.d in. the get1ll1nat:Lon me.diuà. SimU*ly in Lotua, it is 
~ ~ )-"" 

pONible tbat the h1.gh sU,crose c Iltents of the 'setminatt,on medium 

(e! J/iilf#t'may bave ~outributed to il. formation of branched an} enlat,ed 

\ 

'k 
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D. Ovary and Ovule Culture 

In ~t studies of cultures of unpol1inated ovaries have not 

been teported previoualy and, in general, 1itt1e information i8 
~ . 

available in the literature on the cytological behav10r of ~~­
~ 

cultùred unfertllized ovules (Sachar and ~poor, 1958, 1959; Hacc1us, 

1914; Linti1hac and Jensen, 1974). 

1. iff,ect of the Culture Media on CaHus Formation and Induction 
of Parthenogenesis 

With the view of inducing callus formation from ovaries and 

ovules and the parthenogenétic development of female gametophytes, a 
, 

wide range of ~ germplasm lUs utilized. A comparison of the 

culture ~dia in terms of their efficiency as callus ptomoters, al' 

partheaogenetic inducers, beeomes l'ather difficult, sin~ different 
, \ 

spec1;es and cultivars were asssyed on different med;la and\ one cannot 

igno;re the genotypic differences that certa.in1y éxist, as ~hown in 
\ 

anther culture studies. \ 

..... 
!li In general, in Lotus, the tissues of the ovary may be induced 

"quite eas11y to produce cal1us when placed under in vitr~culture 
. ---~ 

conditions. This i~ shaWn by the relatively high frequency of 

éa1lusi11.g bbserved in several species. Oo1y in l'are instances\ was 
, n 

callusing tnitiated on the ovules. The responsive ovules had been 

164 

isola"d on the culture medium, which .sema to ,indicate that a direct 
. . 

contact with the c~ure mediua was a prerequi8i~e fo~ callds induction. 

The level of callu~ing was rather lov in 8pecie~ cultul'ed on~ 

, the medium of Kurasb:lge and Skoog (Type I), whether or not the medium 
'6 

waa Bupp~emented with growth regulators. lhere was one exception, 

a.single genotype of ~. corniculatus which responded to a combination 

'. 
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of zeatin and IAAj ovules which were iso1ated on the medium produced 

callus from the integuments, but development of the gametophyte did 

not occur. 

The species cultured on a Murashige and Skoog's medium in which 

the minera1 composition had been reduced by half (Type III) responded 

with a very high 1evel of callusing. This ca1lusing was apparently 
\ 

Independent of the type of growth regulators used (2,4-D and BAP), 

or the particular combinations of these substances, and in 

L. mascaensia, the frequency of ca11us induction waa sim+1ar on the 

basal medium and the growth regu1ator-supp1emented media. In the 

culture of unpollinated ov.ries of ~ mays, Uchimiya eJ-al. (1971) 

found that the frequency of ca1lus formation was higher on MS medium , . 
than on Nitsch's medium (1951). The aut~ors 8uggested that oVary 

ca11using in maize was favored by hig~inorganic sa1t,concentrations, 

such as ls present in the MurasMge and Skoog' s medium. 
\ 

, 

Gamborg's medium was conducive to callua formation from Lotus. 

~varies, and in 80me cases, from the Qvules of t~e different species, 

cultured at -vadous stages of development. ~cDonald (19,74) reported 
\ 

~ 

that Gamborg' s medium bese supported the growth 9,f caHus \tissue from 
\ ' 

root cultures of L. ëorniculatus cv., Viking in comparison with the 
- . l, 1 

-Other media assayed, namely, HS, Mille!:' 8 (1963), Ltiu ahd Boll' s 

~~970), and Nagata and Takebe (1971). MacDona1d.(1974) found that~the 
\ 

organic ,fraction oft al1 media 
, 1 

contributed 1e88 to dtlferencea in .. 
, ~ 

final fresh weights of callus than the . salt composition of tQ.e media. . , 
, ' . ~., 

me culture med1a wi.th re1atively low sa1tr concentratiolUl, tbat 18, 
" 

Gamborg , 8, Miller' 8, and Nagata an.d Takebe' 8, proved to be JaOre .. ,. 
suitable than the media with relative1y h1gh 8~lt concentrations, 
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'namely, MS, and tiau 'and Bo11's media. MacDonald (1974) concluded 

tliat Gamborg's medium was the most suitable for the growth of Lotus --, ,-( 

cultures because of its specifie aa1c:lum"and nitrate concentrati~n. 

These f iruHngs may confirm the high. degree of ca11using obsèrved on 

~ ovaries cu1tured on Ve1iky and Martinls culture medium (1970). 

This medium contains a1so low nitrate and calcium 1evels. 

The potato medium successfully utilized to improve embryoid 

a~d plant1et yie1ds from cultured anthers (Anonymous, 1976; Wenzel 
~ 

et ~., 1977a) did not ~ave any promotive effect on the induction 

of parthenogenesis in Lotus, whether or not the medium was supplemented 

with: growth regulators. Additiona1 studies in ~ with the potato 

medium are needed to assess its value. 

Temperature Treabments 

A e reports are present in the literature where an association 
, ~ " 

between the produc~ion of haploid plants and the use of temperature 
il " J 

treatments has been ès'tab1ished or hypothesized (co1d: Datura. 

Blakeslee et' .,1922; Cte~is. Ho1lingshead, 1928; rye', M8ntzing. 

1937; heat: Tr ticum. Chi zaki , ~934; ~ye, Nordenski81d, 1939). 

However, an ex 1a~ of the mechanism by which temperature induces 

parthenogenetic development ~s ~till needed. In the present etudies 

o with ~, temperature treatœents, either cold (4 C) or hat-

o (30 C), did not promote parth~nogenesis in the cultured ovules of 

~. corniculatus (cv. Leo) and~. emeroides. Perhaps more extensive 

trials with additionh species .y show 'a relationship • 

"*" 3. Effect of High Sùctose Concentration 

San Noeum (1916) obse~ed ·that haploid plantlets ~re produèed 

. " 

• J 
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from ovaries which had been cultured on a medium supplemented ~th 

high sucrose levels (8 to 12%), but not from those inoculated on the . . 
SaJDe medium supplemented wi.th le!lser amounts of Bugar. In c.ultuxed 

fertilized ovules, lt was determined that.high sucrose concentrations 

c.reated an osmotic pressure which favored the'dev~lopment of the 

embryos (Kameya' and Hlinata') 1970; WakU:l1A and Nakaj1ma, 1974). 

remains uncertain whether the promotive effects of high sucrase 

çoncentrations observed by'San Noeum in barley were 801ely d~e 

influence on the osmotic pressure, or whether sucrose played a 
, 

metabo1ic ro1e. It was shown that the promotive effects of high 

suc rose leve1s (6 to 12%) in cultured anthers of certai~ cereal~ 
(Clapham, 1973; Ouyang ~ al., 1973; P;card and d~ Buyser, 1973; 

\ 

Chen, 1977; Miao !!. al., 1978) were not only osmotic but also . 

metabolie (Misa et al, 1978). Thorpe (1978) conc,luded from hia studies - ............ -

on shoot~~orliia.tion in cal1u8 cultures of tobacco that sucrase not o~y 

played ~~ important ro1e as a carbon source and an osmotic agent, but -that it -'eonstituted a source of teducing power essential for the , , 

biosynthetic reactions occurring during organogenesis. 

In Lotus, increasing the sucrose concentrat~on of the cultuFe 
. 

medium to lavels comparable'-t;.o those used by San No .. um (1976) had no 

prolll.Qt:lve effect on the induction of parthenogenesis. / 

4. Effect of Activated Charcoa1 

The posaiple roles of activated 'charcoal in culture media have-
< • 
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been d:1acussed previously (Section A-!-b). In 12!!!!., in a11 exper1me..nt;s . .. 
-",," . . 

whare cliarcoal vas ~luded in the culture medium, no differen.eea vere 
• 

found between charco~-plus and cbarcoal-less media. ~f acdvated 

charcoal adsorbs growth regulators presedt in the ~âlture medlua, as , 
, , 

" 

;IIIJo 
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has bean suggested by.Fridborg and Eriksson (1975) and Constantin 

et al. (1977). then in Lotus species where callusing occurred on -- -
cbarcoal-plus media this may indicate that the levels of endogenoua 

hormones in the avaries must have been sufficlen~ ta induce the 

formation of a callus tissue. The reverse situation (Le'. ~o 

callus formation, low endogenous hormonal levels) would be a1so true. 

ln~, the presence of activated charcoal in the culture medium 

did not promote the induction of parthenogenesis in any of the 

various species cultured. 

5. Effect' of Agar 
t) 

The reported observations that agar contains substances 

inhibttory to ~o+len ~bryogenesis (Secti~ A-3-c) prompted such
9 

studies with ~ ovary cultures. The callrusing respon&e of ovaries 
, -

• of h. eorniculatus was simila~ on li~id and soUd media', and ovule 

development did not occur in any of the treabnents. 

6. Cytologieal Examination of Callus-Derived Roots 

168 

Cells with haploid (2~) (more correctly, dihaploid) complements 
('). " 

were observed alo~g vith tetraploid (4.!.> cells in the meristem..Qf a 
• "'\ \ 1 

roo~ whieh'had d~fferentiated fromfa eallus produeed from a cultureo 

ovarY of è. _roides (Results, Section D-3-a). lhe presence of these 
, - t 

haploid eells implies that either they resulted by a phenomenon of 

somatic 'reduetion that occurred in the tetraploid root, presumably of 

ROmetie origin, or that the root develope~ from a mixoploid eallus 

containing haploid cells. In ealluses and eell suspensioJlS, ,it has been 

,shown that rOJjate may form from large multicellular a,gregates (ThDmas 
", 

1 and Davey, .197?)., These-haploid callus ce~l~'maY,have originated fram .. 

( 

~ 
, ,~ 
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the d~vision ~f gametophyt~c c.~ls (i.e. the embryo s~c) or fram 

the producta of meiosis (~.e. the-magaspores) since the o~les vere 
, , 

cu~tured fram the premeiot~c to poatmeiotic stages of development. 

Uchimiya et al. (1971) reported the presence of haploid cells in 
,-- 0 

caliuses de;rived from cul~ured ,ova~. of maize. Howevet', only 

diplo~ cells were obaerved in roota 4erived from these calluses. 

Haploid cells were also found in, calluses obtained from cultured 

ovules of eggplant. 

The establishment of haploid cell l~es may have beeu favored 

169 

by the genotypic co~atitution of h. emeroides which i~ cons}aered ~ 
(.) 

to be a~ autotetraploid (L~raen, 1960). A dihaploid condition in 

this specie.s would, presumably, present a balauced situa&10n. 
, ' 

E. ln Vitro Culture of Infloreacenc~ 

. The observations made in the course of these experiments 

indicated that culturing inflorescences, or flower buds, was not 
" 

, 

conducive to, th~~formation gf callus fram the anthers or tne ovaries, or 
(::'1 '" 

to the inductiOn of androgenesis' or parthe~genesis.-" 

However, calluses were fo~d when antbers of ~. anBustiss~8 

were 1noculated on medium sqbtypes 1 and 3 without charcoal (correspondiDg 

to medium subtypes 3 and 4 in Table VI, respecti~ely) and submit~ed ~ 
, 1 

the same culture conditions as the cultured inflorescerilRs. The few , ' 
, 

p 

ovaries of L. angustisSim~s, wh1ch were cûItured on ·the same medu and 
- - f " , 

submitted to t~e same cultural conditions did not exhibit callua 
\ , 6 

formation or ~ternal development1 In this LOFus.~pecies;icallu~es were 
'fJJ ». 

produced ouly on anthers duaected on the culture medium.. Sunderland 

and Dunwel1 (1971) tested\the possibility that the f\ora1 parte eXerted 
"} 

.. 
.~ 

\ 
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an inh1bitory influence on the a.byogenic pro~ess in ~obacco ,pollen. 

Tbe~r observations indicated that direct contact of the antaera and 

the culture medium. was necesaary to induce embryogenesis. lt was 

inferred also from their etudies that the somatic tissues other than 

those of the anther werê not involved in the inductj:on process. 

Ins';rting the flower buds vertically in the medium 'Simfly ·.~evented 
the anthers from being in contact '(ith the med~um. 

,1. '-...ç~ 

~ ~' 

,Il-- fl", 

In the experiments ~th infloreàoences o,f ~, the avaries that 

belonged to the more mature floreta which vere cultured (petals 
.,~ 

unexpanded) continued thei.r development. ~th1s' seemed to \indi.~ate that 
o 

6 

they were recei.ying nutri.e,nts fram the cuiture med~.. However, 

parfh.enDgenèti.c develop~ent 0 of the egg or other ~,~lla of the embryo sac 

was not triggered and the O'VUles aborted. The. younger buds were not 

ind~';- ta qevelop further and 800n ,degenerated after the onset of the 

c4ture,' 
,. , 

PreU !!.!l. (1978) no'tec:l that the formation pf callus on ~ 
.~~ 

ovaries and aXigmaa f~om cultured fl~reta 'of Gerbera j~sonii. occurred 
4 c 

" i 
rarely." Call'ua:îl1g fram the ovary o-n-' the stipat:1.c area ~ nÔi: obae.rved 

... '" 1 l!' 

.!t' 
The fOrDIStion of callus t~aue~,llDd roota on the pedunclea of W 

cultured inflorescences" flo.wera, and develop~8 ~var1.ea, ~ been-
~ * 

obaerved in several apec:les (lJaR~, 1942; Nitsch, J1963 i Mizske a~ 

S1wciliaka, 1975) and has been correlated w:1.th the presence of auxin . . ' 

1 ~ 
in ~the culture -.dium. The natura,! auxin, indoleace~;lc acid as, vell y. 
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from cutt~ngs and tissue cultures (Thimann. 1977).' The fact that ' 

c~ttings of ~ spec~es ca,n be e~ily rooted With the use of cOlIIDercia'l 

preparations of indo1ebutyric acid, a aynthetic auxin, suggeats that 

the ped1ce1s may rèspond ln a simi1ar way when placed in~ culture 

medium supplemented with auxins, such as med~wn subtype 3 (w~ich 

contamed 2,4-D ,and benazol1~). Benazolin' ia known for !ta auxin-like 

.D' "- J proper~iea in tissue cultures (Ingram and Butcher, 1972), although its 

prec1s~ mode of action is. not UlJ,derstood •. 

F~ Po1yembryony 

Thé" search for polyembryonie seeds in ~ 1ed to the r~overy::of 

f.:1.ve sets of twina from two spedes, k. cornicu1atus and 1.. pedunè'ulatus 

var. villosus. 

Tw1n seedl1ngs in d1plo~d!!.. eedunculatus have not be~n reported 
. -

previously. Since these seedlings degenerated shortly after their 
• 1 . 
transfer t~ soil and dru not reach the expanded cotyledon stage, it 

• 
was impossible to determine theiP ploidy and ob tain any c1ues as to 

1 

t~r mode of origin. 

The occurrence of tw1n seed1ings in h. corn1cu1atus was brief1y 

mentioned by Skàvsted (1939).' The author, however, did not describe 

the aeed1ings, nor did he examine them cyt010gicslly. 

In the present study, aIl recovered L. cornicu1atus twina were . -
compoaèd of unequally-sized members, a feature which suggested that the 

sJ(l8.11er member may have been haploid, as previous1y described in .. 

asparagus (Kar)t.s, 1973), s~ybean, (AluDad !! !l., 1975), and interapectiic 

171 

" LfJ hybr~dà' .of Gossypium (Skovsted t 1939). . ,However t t~ chromosome counts 61 

p~rfo'rQled on three sets oF ~ twina. e~tablishèd that both meQ1bers of 
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each pair verè tetraploid. Cases of à.i8s:imil.ar win seedliD8s with', . \ 

identical chromosome numbera have al80 been repo;-tdd, for ~le . , 
by Greenshields (1951) in alfalfa, and Skovsted (1939) in,red cldYer, . ~ 

• timothy, alsike clover, carrot, flax and Agrostis .!!!!!.L. Skovsted (1939) 

cotlcluded from his studies that it was impossible to aasess the ploiày 

of the f8edlings by their differences in Bize. Thesê variatioll!l in 

size have been considered the result of competition for nutr:lents between 

the two embryos (Skovsted, 1939; C~ron, 1949) • 

In the course of thia study, it was observed tb,at polyembryonic 

seeds could not be selected on t4e basis of seed size. L1kewise, twiD 

seedlings were not found during an extensive screening for large seeds 

in L. corniculatus (W. F. Grant, Macdonald College, Ste-Anne de 

Bellevue (Que.), pers. COlllD.). Kenworthy II al. (1973) emphas1zed that, 

in soybean, tw1ns "cou!d' not be determined by visual examinat:lon of dry 

mature seed". The authora a180 mentf.oned that there did oot appear 

to be a correlation between seed weight J.nd the presence of twin embryos. 

1t i.e interesting to note that, in h- corniculatus, all the twin 

sets were produced in one partf.cular source of germplasm, namely, tbe 

cultivar Mirabel, but even in th:ls ~ultf.var with a rather low frequency 

(0.028%). No polyembryonie seeds were found in eultivlr Leo, although 
, } 

a comparable number of seed1inga to that of cultivar Mirabel were 

examined. This most P'1ike1y reflects genotypf.c differences. Variations 

in the frequency of polyembO'ony between genotypes h,ave been opserved 
-~ 

/by B1ank and Allbon (1963) in Gossypium hirsutum and Ahmad ~!l. (1977) 

in soybean. It b rather di.fff.culi:.to make a valuable eompaJ;:ison between 

the other germplasm so~rees and cultivar Mirabel due to 'the much suller 

~_ . numb4 of seedlings screened. 
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Copjoined twins were not~serv~d in Any of the genotypes 
. 

"investigated. A few seedlinga w,ith bifurcating root tips were obaerved,1 

:Ir 

but these seedlings possessed on1y one growing point. The origin of 
" 

the L. cornicu1,tus twins may on1y be specu1ated upon: i) they may have 
" 

ar:i,!en from twin zygotes, although' the obser'Yation of double embryo sacs 

in ovules of ~. cornicu1atus or, for that matter, in other ~ species, 
", J .. 

bas not beea repQrted in the literature; 2) they may have originated from 

a ~le zygote which separated into two distinct embryos at an early 

stage of development; 3) one member may have ar1sen from the zygote and 

the other member from another somatic ceU of the ovule; in this 

regard, nucellar embryony may be possible, but unlikely at fertilizatiOn 

'time, sinee the nucellus has almost entirely d1S1ntegr~ at this stage 

(Hansen, 1953); embryogenesi.s of the other somâUc tissues bas not been 
. 

pbaerved in the few embryologicaY studies performed in this species . 
, .:2. ' 

(Soueges, n29; Hansen, 1953; 'Jaranowsk.i and Wojciechowska, 1963; 
6 

Wo)ciechowska, 1963); 4) another poesibi1ity, as suggested by Maheshwari 

and Saébar (1963), ie that a hap10id (2~) cell of the embryo sac may . 
't 

have become tétrap10id (4!.> following elldoduplication of' the chromosomes 
- , 

and undergone embryogeneais simultan~ously with the development of the 

zy~ote. Similarly, simultaneou8 fertilization of the egg cell and 
1 

another celI of the embry~ sac may 1ead roductlon of ~i.ns, but 

whether thase would develop in the abse endosperm ia quite 

doubtful. This 18 hybridization e~riments 

,.. in ~ mere the failure of endospetm 

degeneration of the embry~8 d Wojc1echowska, 1963). 

, 
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CONCLUSION AND SUMKAIlY 
l ' 

- -
Various attempt8 were made ta trisger ~rogeneëi8 in several 

l ' , 
totu. spede.. Supp1ementatron qf the four culture media [Mura.bige 
'-
and Skoog (196,2), Gambarg" (1970), Vel~y and Ma, rtin (1970), ~ a 

o """ 

Potata medium] with severa! growth fac~~r~ .~,CM, ~,4-D, ~, N.V(.' BN,~ -,JI......' 
BAP, and K) resulted in.additiona1 nuclear and cell\1lar .dl~ions in 

the palle~ in the followtng cases: !!.. emeroi~es aQ,thers ~~~tl~e~: on 

liquid MS (Type-III) supplemented with ~ alone or BAP'+ 2,4-D; 
, .' 

~ .. vil1oau. antbers cultured on the potato mediUJll supplemente~ with 
, , 

• l' c; 

K and 2,4-D; and poss~bly, k. cornLculatus anthers cu1t~rep on MS 
-

(Type III) 'supp1e~nted with BAP _ and ~ as lndicated by the presence 

of hap10id (2~ cells in.root.~p~ ~f a reienerated plant •. R1gh suerose 

le~e1s did not promo te androgenesis 'in k. °a1~inu8 P911en grains, nor did ' 

- '11 • ~ " .", ' 

the addition of act1.vated. charcoal 'te? different cul.ture media in any of"", 
. . . .' )! . " ~,~ 

the sp";~ies assayed. Somatic 'call;uS!~g' appeared, to be favored by the' D 

il' ~. \ ~ 

use of a medi.um containing ïow leve1s oC'~1tra'te and ~alc41m. . . 
~ . ~ 

Genotypic. differ~nces were observed in the, callusing response fOl:, 

sev~ral sp~cies. 

,From the paucity of positive~result8 obtalned, it 18 considered 
loi .. 'f> 

that th~ J.D8éii~. util,i~eci were not i9-aal for inducing haploidy ~n ~ 

and that fu~thet research should b'e earried out ;ln order to improve or 
~ {~ , ,.,r~ ..,~ 1 

" . '" 
design a culture medium better fitted to the particular requireaents of 

cultured anthers of Lotus speciesi ,- . 

Pollen and pollen tube cultu~es were not succe8~ful inÎtnduC!ng 

additional divisions and forination of calluses in Any of thl~ specie,s 

174 " 
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cultured. 

Ovary and ovule culture of ~ species attempted on four 

d1fferant cultpre ~edia [Murashige >and Skoog (1962), Gambors (197Q), 

Veliky and Martin (1970), and a Potate mediuut{ 8upplem.ented with 
• 1\1-

/ 

different groWtp factors (CM, 2,4-0, NAA, NlAA, a,a-D, lAA, BN, RAP, 
l' 

i 'K. and Z) p08sihly induced parthenogenetic development ln L. emeroides 
,/1 - r-="'':;';::=~ , , . .' 

cultured on liquid MS (Type 111) supplemented with 2,4-0 and.RAP, 

since haplold (2x) cell~ snd aneuploid cella' with soma~ic chromosome 
\ -

numb~s leas than 28 were bbserved, ~ a root proauce~ on an ov,~y~erived 

callu8 ceil line. High sucrose concentrations did not promote the 
-, . 

inducti0n of parthenogenesis from the cultured avaries and ovules, nor 
. , 

did the presence of aétivated charcoal ln the cultùre medium in the 
\ 

various species assayed.· As sho~ in the anther 'cûlture etudies, 

somat1c callustng appeared to he favored by the use of media containing 

low concentrations of nitrate and calcium. Except for t~e case mentloned 

ab ove , ovarr, ~nd ovule culture failed to induce parthenogenesis in 

~. t1gate the cytological 

behavior of cultured unfertili Lotus. lt is .suggested 

that hy selectinK an appropria te culture medium it shoul:d be possibl~ to 

induce the formatiod of callus tissues and the differentiation of " 

haploid plants from female gametophytes of Lotus species. 
4 

In Lotus, the culture of inflorescences do es not;appear to 

favor somatic callusing from anthers and ovaries, or to promote pollen 

embryogenesis and ovule p'arthenogenetic development. This technique uy 

he of value in t~e study of a4ventitious r90t formation. 

Screening for poly~bryonic ~98 in ~ l:ed ta the recovery of 

five sets'of twina from two spec-ies, namely, L. pedunculatus var. 

-
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'. vere al1 tet"X'aploid: An improved 1I8thod, for raiLainS the tviD saect\1DP 

ta llaturity r .... iu ta be dev1Md &ail for thU p~rpo.e. hyclropou:1c. 

te~hnique8 .... y prove use.ful. SiDee a llÙabar of twin a~edl1l1J. vere' 
• 

. found in L. corniculatua cv. Kirabel, it ia consielerad that further - ' , 

in.veati.gat:t.:ons of th1a cultivaI; for the recoyery of haploid aaedU.ns_ 

1II&y be reward1ng. 
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APpmu 1 

$ Mufuh1ge and Skoog's e~lture medium (1962) 
~ . . . . 

'" J 
\ ./ 

'( f, 
Compouncl l ' mgr l' 
- , . k::::;"=L • ~ , 

\. 

JQJO.3 
.r A , 

'19r> ) 

. NH4N03 
. ,. -, 

lCll2P04 

.CaC12 .2820 
1. ~ 

) 1 

MgS04.7H 0 
c 

2 -

l~:O', . 
J 170 

fl 
440 .. 

, 370 . . 
/ .' 

, . 
, 

MnSO 4 .4H20 , 
, 

/ 

HlBO/ 1 ,(, 
znS04 

.~\./ 

KI 

r 
'.'\: J 

i' 

8.6~ 

0.83 l' 
0.25 Na~4·2~0 • 

1 / 

,CuS04'S~0 0."'025 
. .,.. 

'C?C1i' 6~20 

* Na2EDTA 
' . • le

2
50

4 
,7820 

\ " 

Glyé1ne • t' 

Thiamine,BCI 

N1cotinie acid 

Pyridoxine. Hel 

m-IDDsitol 

;J 

/ 
{, 

/ 

/ 

L' r 

* 'i .' Diaodium ethylenediaminetetraacetic acid 
1 • 

0.025 

37.3 
, p' 

27.8 

2.0 

0.1 

o.~ 

100.0 

177 
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Gabors' ~ cUlt;ure- ;"d1U11l (~970) . . . 
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" 
AP)ENDIX 3 /s, 

1,1 

0 ... 
f-.. iii:· 

Veltky and Martin', culture ~diWD (1970) 
, 1 

., 
~. Compound mg/l 

\l NaH2P04 15Q 
.'=' 

Na2~04 .. 2Ù 
'. 

Kel' 200 

Mg~04 .7H2O 250 
~ 

.' (NH4)lS04 100 

KN0 3 800 
, 

CaC12·2lf2O 200 

KaflOO4'~O 0.25 
~ .. CuS04,5H2O 0.25 

\ 

() r <l • 

MnS0i..H20 4.0 • 
'. 

,znS04 1.5 

v CoCl2·6H2O 0.25 .. . 
• HJDOJ• 5.0 

KI 0.05 
~ 9 

FeS04 .7~O 1-3.9 
~ 

'* _Na2EDTA ~ 18.6 r" 

• • 
Casein hydrolysa te 2000 

Thiamine. He.l p o·V 
Pyrido~ine.HCl 0.5 

~ 

,Nicot1ni.c acid 1.25 
. 

"-.. Calcium panthotenate 1.0 

i, ~-~M8itol -~--~ 

-160-;0- --- - ~ -. 
r, 

• Disod1um ethylened1am1netetraacetic acid 
.. 
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Compôund 

Potato extract 

* PeNaÈDTA 

Suc rose 

, APPDDIX 4 

Potato'culture ~d1ua' 

(\ 

• 

.' ,; 
Coneeutrat1~1l 

20% (v/v) 

40 ms/l 

9% (v/v) 

* . 1 
Sod~ ferrlc ~thylenediaminetetr .. cetic acid , . . 

) 

j 

<.,: -

.. 

r . ' 
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'0 .. APPENDIX 5 

Gallborg's BS (1968)-8oYbeaq culture medium 

'" COIIpound Concentration 

... . 
ICN03 

li' 2500 ms/l '1 

CaG12·2H2O 150 
'< 
\. NaH2PO 4 .H2O ~lSO 

(N1l4)2S04 134 

,j 
. , 

MgS04·7H20 250 

. , Mn.S04 ·H2O 10.0 

B
3

B0
3 

3.0 ' . , ' 

~ ZnS04 ·7H2O 2.0 
~ 

lU 0.75 

() 
Ha2MOO 4 • 2Hz° 

J 0.2S· 

CuS04 ·5H2O 0.025 
~ 

éoC1
2

·6.B20- ". 0.025 

~ tir ) 

NaiEDtA 37.3 

PeSO 4 .7H2O 21.8 -

Soy1beau extrac:t 10% (v/v) ., 
Sucrose 12%\ (w/v) 

zz:, ok -' tir 
Disodium ethylenediaminetetraacetitdacid 

,., 

'( 

( ) 
1-

• 
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Figure 1. 

2. 

3. 

4. 

Anthers cultured on solid medium. 

Combined anther and ovary culture 
on solid medium. 

Combined anther and ovary culture 
on liquld medium. 

Ovaries cultured on solid medium 
supplemented with (left) or without 
(right) activated charcoal. 

5. Inflorescences cultured on 80lid 
medium supplemented with (left) or 
without (right) activated charcoal. 

6. Inflorescences cultured ort liquid 
culture medium. 

7. Germinating pollen grains from 
anther culture of ~. alpinus (4~) 
on MS (Type II) supplemented with 
8% sucrose without aet1vated 
charcoal, ca. X 250. 

8. 

-

Callusing anthers of L. mascaensis 
cultuted on liquid MS-(Ttpe III), 
subtype 3 • . ' 
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Figure 9. 

10. 

Callusing anthers of L. emeroides 
cu1tured on liquid MS-CType III), 
8ubtype 3. 

Root f~rmation from anth~derived 
ca11us tissue of L. emeroides 
subcultured on the differentiation 
medium. 

Il. P1antlet formation from anther­
derived ca11us tissue of L. emeroides 
subcultured on the differëntiation 
medium. 

12. Shoot regeneration from anther­
derfved callus tissue of L. emeroides 
subcultured on the differëntiation 
medium. 

13. Mu1tice11u1ar-like pollen grain 
observed in anther-derived callus 
tissue of L. emeroides cultured 

14. 

15. 

16. 

17. 

on liquid Ms (Type III), subtype ". 
ca. X 1360. 

Multicel1ular pollen grain-like 
structure observed in anther-derived 
ca1lus tissue of L. emeroides 
cu1tured on liquid MS (Type III), 
subtype 3, with a cold pretreatment. 

~ 

phase contrast, ca. X 910. 

Heart-shaped embryo-like structure 
from a cultured anther of 
L. cornicu1atus on MS (Type III). 
subtype 6. ca. X 140. 

Shoot formation of L. corniculatus 
from anther-derived-callus tissue 
[MS (type III). subtype 7] subcultured 
on the differentiation medium. 

L. cornicu1atus donor plant. 
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Figure 18. 1. corniculatus plant re8ene~ated a from anther culture" on MS (Type III), 
subtype 7. 

19: L. corniculatus donor plant (1eft) 
and regenerant (right). . 

20. 1. corniculatuB regenerant. Side 
v1ew of florets slewing the complete 
enclosure of the eel by the wings. 

/' 2l. 1. cornicu1atus donor plant. Side 
view of floret showing the partial 
enclosure of the keel by the wings. 

22. 1. cornicu1atus regenerant. Ca1yx of 
floret with sparse pubescence. 

" 
23. 1. corniculatus donor p~t. Calyx of 

floret with dense pubescence. 

24. L. cornicùlatus regenerant. Ltaflets 
wtth ciliate margins. 

25:---- ~. corniculatuB donor plant. Leaflets 
with smooth margine. 

) 
26. Meiosis in pollen mother cel1s of the 

~. cornicttlatus regenerant. Anaphase l 
eell ehowing three bivalents 1eft at 
the equatoria1 plate. Phase contrast, 
ca. X 1360. 

,. -
27. ~ipsis in pollen mother eells of the 

~. corn1culatus regenerant. Anaphase l 
cell shawing two bivalents left at the 
equatorial plate. Phase contrast, 
ca. X 1100. 
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Figure '28. 

29. 

,/ 

Meiosis in pollen mother cella of 
the L. co ieul~tus reganerant. 
M1cr~ucleu8 arrow) i~ quartets. 
Pha~ntra8t. ca. X 640. ' 

Hitosis in root tips o~ the 
L. cornicu14tus regeneiant. CeU 
With 12 chromosomes (arrow) • • Phase contrast. ca. X 590. 

30. Mitos1s in root tips ot the 
L. corniculatus regenerant. 
ëell with 24 chromosomes (one 

31.J 

32. 

33. 

.J.4. • 

35. 

outo of focus). ,,' 
Phase cont~a8t. ca. X 1400. 

Hitosis in root t1ps of the 
L. corniculatus regenerant. 
ë~11 with 48 chromosomes. 

,Phase contrast, ea. !,470. 

L 

L. v1l1osus anthers cultured on the 
potato medium. 8ubtype 2. Binuc1eate 
microspore showing symmetrical nuclei. 
ca •. X 243Q. 

L. v11lo8us anthers eultured on the 
potato medium, subtype 2. Binucleate 
microspore showing asymmetrical 
nuelei. ca. X 2680 • 

1. villo8US mature pollen grain sh~ni 
a round vegetative nucleus and a 6 
ereseent-shaped'generative nucleus. 
ca. X 2560. 

1. villosus anthers cultured on the 
potato medium, 8ubtype 2. Trin\1cleate 
pollen grain (arrow) composed of two 
small, darkly staining nuelei. and 
one targer, more 11ghtly staiuing 
nucleus. ca. X 760. 
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Figure 36. 0 "1.. 'lJ'illosu8 anthers cultured on the ' 
pota~o medium. subtype 2. Tetranucleate 
pollen gr~in. ca. X 1580. 

,y 

37. 

38. 

. , 
L. villosus anthers cultured on the 
potato medium. subtype 2. Multicellulaf 
pollen 'grain. ca. X 1400. 

L. villosus anthers cultured on the 
potatoïnëcITum, subtype 2. Multicellular 
pollen grain and non-induced microspore. 
ca. X 1360. 

39. L. ~er01des pollen cultured on the 
~~" BS-soybean medium supplemented with 

2,4-D. Mature binucleate pollen 
grains. ca. X 760. 

40. 

41. 

42. 

L. corniculatus pollen tube culture. 
Branching pollen tube. 
Phase contrast, ca. 590 • 

L. corn1culatu8 Follen tube culture. 
i&nlarged pollen tube • 
Phase contrast, ca. X 540. 

Ovary-derived callus d'ssue of 
L. corniçulatus [MS (Type III:). 
subtype 71 subcultured on the 

.differentiation medium. 
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Figure 43. Shoot formation of L. c6rrticulatus ,1 
from ovary-derived cal lus tissue 
[MS (Type III). subtype -7] 
subcultured on the differentiatlon 
medium. 

44. Cal1using ovaries of L. mascaensis 
cultured on l1quid MS-(:r'ype III), 
subtype 4. 

45. Callusing ovaries of 1. emeroides 
cultured on liquid MS (Type III), 
sl1btype 4. 

46. Ovary cul!u2e of (~. javonicus X 
1. alpinus) on Gamborg s medium, 
subtype 4. Plantlet formation on 
ovary-derived callus tissue 

... subcultured on the differentiation 
medium. 

47~ Degenerating flower buds from 
inflorescence culture of 

---- 1. angustissimus on medium 
subtype 1, treatment a. 

48. Twin seedling of L. corniculatuB i) 
1 cv. Mirabel. ca,-X 2.5. 

49. Twin seed1ing of ~. corniculatus 
.} 

. cv. Mirabel, root tip. 

" Cell with 24 ch~omosomes (one 
chromosome out of focus). 
Phase contrast, ca. X 1070. 

50. Twin seedling of b. corniculatuB 
cv. Mirabel, root tip. 
Cell with ca. 48 chromosomes. 
Phase contrast, ca. X 800. 
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