
2!1flil [2 
5'1it351b 

!\Joj.1J8~ .Io'lj 181_1'8tl7J1.'(l>I~\o<8>.\ :J\. ", 'UI1\1I:l\l, .'1, G.Imuan . Genet.. 48(2): '7O<'i, 

5J£IUJ2oq 01 i (1 J m~rlJ b~JI 3:<:i£01 ni ~5~~()1J biolrrl;:h1--i):,)Iq.rb HJ 

~::lIqrl1um 10 fIt. tl) flDiJuri1;.:nm if: i'.;iq;..obn'J fI!; JnjrnqubljjG';i~~H:~~J;~ rol 11>01 

CHROMOSOME NUMBER IN RELATION TO ENDOSPER~ D~\il!ttJPf\1E¥hki 
bn£ IEfl1'}IBm fI5~wl:5d 1 f!'lt r,4AJilii {;ZlfiAo~Y~ If· ):wrflonl !Hlt: J;mwli(i;>iit! 
~:lfl£ll:d Hn:)qwbfl:J 'Jrl1 ~G l:iJf;l L:>iilborn <'.f;N "jrlT .iTII!lql.ol;n:J or (',mofI:J~ h;nl<}};;q 

:(biolql'J!ni ~i 1fI:5f1V1o!Q-.')!). rMt)({~8NJti~;.8. (SA~l'IR ~i~'jfl!oqlli (VH3) '1C)'OfflllO . 

'1linnJirJ1f; ".i;,W. %'ia. 3~b...... <!i2:;'(IJOq'ind;:inl 1'3b(IU .~':;)~(.f).l.) ')ili:'~'q~Hll(lj brui :;;iti:I~q;.o:l~Jni 
. . . U1V1SIOn 0 venetles In '~ I.lgpcultllral ff.esearc ,.nsfJfute ,'.

Iii b5ql::lfl <'.'Ji'JX~" l' rHo fUlW 'W!)!?' :;,0. ;JJll.ljj?8,'1 c.' I om.li .:J:n(j;J. '.H'\O C)l... . . 
, . Nt». e,hI1/v" "'.' I '''''J"1' ....~'rlt l:.l[1J:)nW no <'i)il:3q:.lb <'.%01') elm 0 u:;::nilL .t:JlJ:,;ql 'J1'.()f 1 ~.d ;r,(: Jf1f ~1niH:glag 

. s;. H Ihnl b:)1t;~~i!~9IM~.1!f.14"ln*""t*f·J)cJ~111j!ilIII8711 .:;If;rn~l::: bEfI,cd)'!:; 

noitlV:lR b:.l':il u; uvn b to ,'."::):1::;11<' sri) 101 lfJ'Ji:lill11" lun Jud '{1Llt:n'Jr; t!i. (Jilin iLl 
.b:;i'Hlq'::n n"jl: <'.r,w ',i1I:ABmltAC'fS. rhiw ~~!)j:) b:;J~iiY)lq 1;<11 

, 
";.!!!.;h 01 D:;,iJi1')'l '{ih';ln~)mi'l:;fp(6 fl:':>:)d 'ww1 i:'floilllliJW)q !1''.inoH.15'i:.,m;H 

10 ~!b~tM,me)!t~n~~~~~~~~L~E brm 
x In. cross in main> • .n- ex?'t of" go ~Iooment in· such ~ . 

:lfl) o. ftCIJJJ>I!1QuwmnIl !I.!)[mj()l~:rI:.l· rr1~ ::J .'J1:'nrfn-fl! .'l~':),lf.rWfl' ..J'''',,,nijlff1"!
V IrteO -1n)JJI .nUv Plump aleG KenleIs. • num extra '.. 

'io NbftIxmopriip rj~li" liilnlt ~ntWJ~reliHil . t g.t~IMt .!IJ(~_I£P . 
~)dlr4~ i~t dWj~/•.~li~~(.oQ·hirt6c~~'8l'Iq;lnbrf:l'· 
b'j')",e!~ni'.()Tht1~rr~jIDIlltjPlejlJf'~O~~IafTtm1~1s~~~qiobR':;; 

endospenn·devdop~t. ~s the endosperm ch~' q.um~!inc~.I't'OII'!·,J,O'Jf~~.Iby~b ' 
and more seed shnvelli"!l ,Is.obsened. . .. .. '..,' ........ :.:'.{; .... ' ...... , 

http:i)il:3q:.lb
http:biolrrl;:h1--i):,)Iq.rb


182 D. S. Mathur & K. R. Sarkar [Vol. 48, No. 2 

anomal~us fertilization in diploid-tetraploid crosses in maize led them [11] to postulate 
that for proper kernel development an endosperm constitution of 3n or multiples 
of 3n is essentiaL 

. Nishiyama and Inomata [12] propOsed a ratio of 2 : 1 between maternal and 
paternal genomesin endosperm. This was modified later as the endosperm balance 
number (EBN) hypothesis [13} to expJainendosperm development in interploidy, 
interspecific and intraspec:ificcrosses.Underthis hypothesis; an ERN was arbitrarily 
assigned to one species and its crossing behaviour with other species helped in 
assigning the EBN to those species. Success of the cross depends on whether the 
cross had 2 female: 1 male ratio. The ai'ithors[13], however, indicated that a 2 : 1 
ERN ratio is necessary but not sufficient for the success of a cross as seed abortion 
in a predicted successful cross with 2: .1 EBN ratio was also reported. . . 

However, none of these postulations have been experimentally verified to date 
and an attempt has been made . in the present study to ascertain the role' of 
chromosome number in maize endosperm development through manipulation ()f the 
chromosome number of endosperm tissue and correlating it with the extent of 
endosperm development and confirm the validity of the hypothesis [11] that the 
endosperm constitution of 3n or multiples of 3n is. essential for normal seed 
development. 

MATERIALS AND METHODS . 

The maize stocks used in this study inclUded one diploid and twp tetraploid 
strains. The diploid strain was a white semidentinbred line developed> from the . 
commercial hybrid GangaSafed 2. The tetraploid stocks were designated as purple 
4n and yellow 4n. The triploid ptantsobtained from the 4nxin cross were used as . 
the female parent in the 3nx2n cross. The resultant ears ~were shelled and the 
kernels classified into eight categories"(I-VIII) on the basis of the extent of endosperm 
development (Fig. 1). Mean kernel weight was determined for each' category.' in 
three samples each. The results were analyzed by F and t tests of significance . 

.': ..The endOsperm cytology. to ascertain the chromosome number of the endosperm, 
is not possible in the developed kernels. Therefore, an indirect approach involving 
chromosome count in the root tip smears of progeny from the 3nx2n cross was 
followed. The diploid male parent contributes one setof chromo~mes.totheembryo 
and endosperm, while the contributitm of the triploid femalepareDtto:6te.~rm 
is double that to the embryo. Hence, the expectedsomatk~~!'i\Pttre(~ngs' 
from the 3n x 2n . cross will vary from 20 to-' 30'. ami ·ibe.;,OOrrisp6'nd"",.nn~t>( 
endosperm chromosome number will be 3()..50. ThUs; if .a~etnet1i~sc~ed1i1t~:~tb.·· 
a somatic chromosome number of 21, the endosperm Cht'C.'JlnoSQme'numbetwolikl 
be 32(11 +11+10). 

The kernel categories obtained from the 3rix2n cross were germinated at 2SO(:' 
in moist vermiculite and root tips were collected and pretreated with 'cyclohexamide 
and' 8-hydroxyquinoline solution [14]. The root tips were fixed in 1 : 3 acetic alcohol 
and stored in 70% alcohol. The stored root tips were washed and hydrolysed in 
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IN HCl at 60°C for 8-10 min. Schiff's reagent was used for staining and 2.5% 
solution of pectinase and cellulase for softening, prior to squashing in I % aceto-orcein . 
The chromosomes were counted at metaphase. 

RESULTS AND DISCUSSION 

The mean kernel weight for different categories ranged from 257 mg (cat. I) 
to 14 mg (cat. VIII) (Table 1) . The decrease in mean weight among different 
categories was gradual and significant, except between categories VII and VIl!. 

Fig. 1. Classification of kernels obtained from the 3nx2n cross into eight categories (I-VIII) on the basis 
.of extent of endosperm development. 
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kernels. As the chromosome numberincreased4;~hepc;t~ntage· ofptumpkernel~ 
decreased and. there was no developriient of ptumpk.erfiels with 38 or niore 
chromosomes in the endosperm .. Theperctmtage.ofc~hfiveJtectkemels,.QJl the other 
hand, increased with the rising chromOsome number. The ~and 46--chromosome 
classes had only shrivelled kerllels. These results deatlYiridicate that3ncondition 
of endosperm· is ideal for. proper graiQ.developme{lt and increase in the m.iinber of 
chromosomes causes 'more and mOre ~disturbancesinendosperm development. 
tdtimately leading to its near cotlap~e,pioducingshiivellcd types. thus, confirming 
the hypothesis of Sarkar and Coe [11]; . 

Table 4. ~ of eDdoIperm deveIopIMatln bneIs(....... 3ItXln crGIII) carryiDa-ermt 
~ _lien In dlellllllolperm 

Chromosome 
No.in 

.Total 
No. of 

Frequency of different kernel 
phenotypes, . % 

Ratio between dlTomQSOme numbers of 
endosperm female and male 

\ 

endosperm kernels plump intermediate . sbriveUed and contributiOllin 
embtyo endosperm 

30 89 85.4 13.5 Ol.l.~· 1.50:1 2.0:1 
32 71 42.3 42.3 15.5 1.52:1 2.2:1 
34 67 2SA 44.8 29.8 

,. 
1.54:1 2.4:1 

36 61 26.2 36.1 37.7 1.57:.1 2.6:1 
38 35 0.0 22.9 n.l 1.58:1 2.8:1 
40 
42 
44 

·.24· 
0 
1 

0.0 
0.0 
0.0 

16.7 
0.0 
0.0 

83.3 
100.0 
100.0 

1.60:1 
1.62:1 
1.63:1 

·3.0:1 
3.2:1 
3.4:1 

)., 
l 

~ 46 2 0.0 0.0 ·100.0 1.65:1 3~6:1 
.~.,, 

These findings, however, do not support or contradict the hypothesis [15] that. 
the 2 : 1 ratio of female : male genomes is required for proper seed development. 
This hypothesis is basically not different from that of[ll),asit Tecognisesthat 
3nor multiples of 3ncondition of the endosperri{ is essential for normal endosperm 
development. However, it further emphasises that .this 3ncoQdi!ionalone is not 
sufficient for normal endospc;rm development. In the present studYLwedo notfi'nd . 
sufficient evidence to support the hypothesis involving balance between materna' 
and paternal geoomes[12,· 15]. As such, plump kernels were also obtainedwhe~ 
the genomic balance between maternal and paternal contribution ·in'creased from 2;( 
to 3.6 (Table 4). . . 

From the. present studies, it appears that the3ncondition of endosperm alone 
is important for normald.evelopment of endosperm. Increase in chromosome number 
beyond the normal of 30 for the endosperm of diplOid maize disturbs endosperm 
development, leading to endosperm collapse sooner or later. 
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