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During the course of ex tensive investigations on the cytology of endosperm 
in CCCOJ1l1ts, an interesting case of endosperm abnormality in the Philippine 
makapllno coconuts has been studied. " The makapul10 is a special type of 
coconut in which th e meat almost £lls th e cavity of the shell. Instead of tb e 
hard crispy meat and milk found inside ordinary coconuts, th ere are ill the 
makapuno nuts an outer portion which is white and soft substance corresponding 
to the meat of ordinary nuts and in the inner portion a viscous liquid somewhat 
transparent or pellucid» (ToRl~ES 1937). 

The makapuno nuts are in great demand in the Philippines, as the buttery 
kernel of these nuts is used in the preparation of certain delicacies. Though the 
makapuno nuts contain apparently normal embryos, they do not germinate 
in v ivo and hence completely makaplIno bearing trees do not exist. The ma­
bpuno nuts are borne amidst normal ones in makapuno bearing trees and 
,He indistinguishable from the latter in ex ternal appearance. Mature makapun o 
nuts could however be identified with some experience. 

Though there is essenti<11 Similarity in early stages of development of normal 
and makapuno nuts, the latter could be distingui shed by the presence of small 
clltgrowths 'vvhich develop on the inne r surface d th e young endosperm. These 
by unlimited growth ahnost fills the cavity of the shell in the mature nut. This 
situation being reminescent of the development of tumours and neoplasms in 
plants and animals, it was thought desirable to make a critic,ll study of the 
cytology of development of the makapul10 endosperm . 

MATERIAL AND METHODS 

Endosperm materials used in this stud)' were fi xed b )' th e senior author during 
a vi,it [)f th e Philippines in November 1963. Several bunches fr om makapuno bearing 
tree, were cut down and' would be' makapuno nuts in vari ous stages of development 
were selected and th eir endosperm fi xed in Carno)"s fluid. Nineteen graded stages 
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.in order of maturity were fixed and brought to Trivandrum, and stored in a reft-i­
gerator. Microtome sections of successive stages of endosperm development were 
taken and these were supplemented with acetocarmine smear preparations_ 

OBSERVATIONS 

The early stages of development of the makapuno endosperm are similar 
to those in the Laccadive Tall variety reported earlier (ABRARAM et al. 1965). 
The first recognisable stage in endospClm formation is the appearance of free 
nuclei, mostly of uniform size in a thin film of cytoplasm on the endothelial 
wall. This is followed by the appearance of a cell layer which by rapid growth 
results in the formation of regular cell rows. 

From the sixth bunch (counting from the top inflorescence that has just 
opened), it is possible to scrape off the endosperm tissue for making smear pre­
parations of chromosomes. The endospelID at this stage is about 40 cell layers 
thick and exhibits marked variations in the size of the nuclei. Some cells showed 
more than one nucleus. Examination of smear preparations at this stage shovved 
large numbers of dividing nuclei. Though less than one per cent of the cells 
exhibited the diploid number of 32 chromosomes (Fig. 1), majority of the 
dividing cells (78.44%) showed the normal triploid number of 48 chromosomes 
(Fig. 2). Nearly 6% of cells showed a hvpotriploid constitution with numbers 
varying from 38 to 47. Fourteen per cent of dividing cells showed the hexaploid 
number of 96 chromosomes (Fig. 3). In addition, 0.44% of cells showed the 
9n number of 144 chromosomes (Fig. 4) and a similar proportion of cells showed 
the 12n number of 192 chromosomes (Fig. 5). The highest grade of plOidy met 
with in the endosperm from th e 6th bunch was the 12n condition. Similar study 
of endosperm tissues upto the ninth bunch was possible and the details are 
presented in Table I. 

T ,\BLE I 

Chromosome situation in. the cellular endosperm of the Philippine ma)wpul1o COCOl1ut. 

'-1,...0....,­ Percentage of cells with 
c . ~ ~ 

'0; ~l)]6 ""S..c 0 ~ Cl! 
...., ~u "'" Z~ c~>=< 48n & Aneuploidy ,-,02 8 () 0.. (f) 

c '" '" 211 3 r1 6n 9n 1211 2411 above ca . ca.0"""'" o~ ~ ~~ Zc~ t-< [; 311 611 P-< Ou 

6 450 0.89 78.44 14.00 0.44 0.44 0.00 0.00 5.79 0.00 14.88 

7 450 0.00 7179 23.55 0.22 3.11 0.22 0.00 1.11 0.00 27.10 

8 450 0.00 59.33 31.56 0.44 578 0.44 1.11 0.89 0.45 39.78 

9 450 067 44.90 41.56 0.89 S.U 1.55 4.65 022 0.45 54.21 
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Figs. l-G. ~- Cytology of the cellular ( 
x750. 
Fi~ . 1. A diploid cel l. showing :32 chr, 
Fig. :3. A ce ll with 96 chrOIllOS()llI CS (f 
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Figs. J-n . - Cytology of the cellular endosperm of Philippine mabpuno cocon ut. All figures 
x750. 

Fig. J. :\ dip loid ce ll showing 32 chromosomes . Fig. 2. Tri ploid ce ll with 48 chrom osomes. 

Fig. .'3. A cell \Vith 96 chromosomes (6n). Fig. 4. Metaphase showing 144 chromosomes (9 11 ). 

Fig. 5. 'ddaphase showing 192 chromosomes ( 1211). Fig. 6. A cell showing ca. 2411 . 
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Perusal of data in the above table reveals tha t the frequency and grade 
of polyploidy increase as the endosperm matures. Thus from 14% in the sixth 
bunch, the proportion of 6n nuclei rises to 41.56% in the ninth bunch and 
that of 12n nuclei from 0.44% to 5.11 %. From 0.22 % in. the seventh bunch 
frequency of 24'11 nuclei (Fig. 6) goes upto 1.55 °{, in the ninth bunch. Cells 
with 4811 nuclei an d above (Fig. 7) are Erst noted in the endosperm from the 
eighth bunch and their frequency rises from 1.11% to 4.65% in the ninth 
bunch. 

Examination of division stages in the endosperm of the sixth to the ninth 
bunch showed severa l types of mitotic abnormalities. These included disturbances 
in the sp indle mechanism leading to c-metaphases (Figs. 8 and 9), stickiness 
(Fig. 10) which considerab ly increased in the ninth bunch, metaphase groups, 
unequal and multipolar anaphase separation (F ig. 11 ), lagging (Fig. 12), sticky 
and restitution bridges (Fig. 13), micronuclei (Fig. 14) etc. The frequency of 
abnormalities considerably increases as the endosperm matures (see Table II). 

TADLE II 

Cytological abnormalities in the endosperm of makapuno COCOIltLt . 

In percentage of ce ll s examined 

6"0 

6 .'3.20 2.35 3 .22 0.42 2 .70 0 .20 0.00 12.09 

7 3.14 6.70 4.91 0.00 :3.14 1.30 0.00 19.19 

R 8.80 1.94 0.60 0.60 2.46 1.20 0.60 16 .20 

9 3.49 42.40 0.00 4.23 4.80 0.70 0.70 56.32 

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

Fig, . 7-14. - Cytologica l abnormalities in the cellular enclosp erm of Philippine makapullo 
coconut. All figures x 750. 

Fig . 7. A cell showing over 481). chromosomes . Fig. 8. c-m etaphase in a tr iploid cell. Note 
the ring like shapes of chromosomes . Fig. 9. A ce ll sh owing 96 cliplochromosom es. Fig. 10. 
A triploid cell showing sca ttered , sticky ch romosome g ronps. Fi.g . 11. A cell showing multi­
potl]' seperat ion. Fig. 12. Anaphase w itb laggards. Fi.g . .13 . Telophase sbowing restitut io". 
Fig . 14. A cell showing microl1ucl(" i 
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From the endosperm from the tenth bunch onwards, there is almost com­
plete breakdown of the mitotic process and division figures are rarely seen. 
Due to the high polyploidy attained and the greater incidence of mitotic 
abnonnalities, further divisions are possibly impeded. The endosperm however 
continues growth mostly through amitotic type of division (Figs. 15 and 16). 
Multinucleate cells arise through budding and fragmentation of nuclei without 
cytokinesis (Figs. 17 and 18). Single or multilobulate giant nuclei (Figs. 19 and 
20) are commonly seen at this stage and the polymorphism of nuclei increases 
very much. 

In sections of endosperm from the thirteenth bunch onwards, inclusions of 
various sizes and shapes are seen in some cells (Fig. 21). At first these inclusions 
appear as crystallin e bodies of hexagonal or rectangular shape distributed mostly 
one in each cell. The basal 15-20 cell layers adjacent to the endothelium in 
these sections do not show these inclu sions. The nuclei in these cell Jayers 
are deeply stained. In the cell layers with inclu sions, however, the nuclei 
take only faint stain. In sections of the endosperm from the fifteenth bunch 
onwards, the cell inclusions show increase in size and are seen in almost every 
cell, except in the 15-20 cell layers adjacent to the endothelium. The inclusions 
in the inner cell layers then break up into particles of varying sizes and shapes 
(F igs. 22 and 2.3) and most of the cell space is .Blled with th ese bodies. In the 
region of cell layers away from the endotheliuffi, these bodies are conspicuously 
sm aller and fewer. 

The later stages of development of the endosperm are characteri sed by 
disorganised growth and proliferation. Di stinct cell wall formation ceases. The 
irregular mass thus form ed gets detached from the basal column of regular 
cells. These masses show scanty cytoplasm and pycnotic and degenerating 
nuclei of varying sizes and shapes (Fig. 24). The chromatin of the nuclei 
condenses and shrinks, and only solid spheres of deeply stained chromatin 
'Fig. 25) are left. Such bodies sometim es collect together and f01111 large pycnotic 
masses. These appear lo undergo haryorrexis followed by karyolysis. This is 

accompanied by the appearance of characteristic raphide like bodies (Fig. 26) 
which constitute the chief cell components in the later form ed endosperm 
mass. 

Figs . 15-26. - Cytological abnormnlities in th e cellulnr endosperm of Philippine milkapuno 
coconut. All figures x 750. 

Figs. 15 a.nd 1fi. Stages in amitosis. Fig. 17. Buckling of giant nucl eus and separation of 
b uck Fig. 18. A giant nucleus undergoing fra gmentation . Fig. 1.9. A g iant nucleus with fi VE' 
lobes . Fig. 20 . A m ulti-anisolobulate giant nucleus. Fi.g. 21. Cell inclusions of vari ous sizes 
and shapes. Figs . 22 an.d 23. Stages in division of cell inclusions. Fig. 24 . A pycn otic, dege­
nera ting nucleus. Pi.g. 25. A spherical mass of hi ghly condensed chrom atin. Fig. 26. Raphidc 
like inclusions. 
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DISCUSSION 

The initial stage of development of tbe makapuno endosperm are similar 
to those in the normal coconuts reported earlier (ABRAHAM et (fl. 1965). The Erst 
formed cellular endosperm shows nuclei of almost uniform size and dividing 
cells are predominantly triploid (78.4%) with 48 chromosomes. As development 
of the endosperm proceeds, polyploid cells with 6n, 9n, 12n, 24n, 48n (and 
higher numbers that could not be clearly counted) appea r and their frequency 
increases with increasing maturity. As in the other coconut varieties already 
reported (ABI.1AHAM and MATHEW 1963, ABRAHAM et (fl . 1965), this increase in 
chromosome number is brought about through a c-mitotic type of division , 
res titution or fusion of nuclei, the former two processes resulting in polyploid 
numbers like 6n, 12n, 24n, 48n etc. and the latter resulting in the 9n condition. 
Aneuploid numbers mostly near .3n and 611 and the diploid condition noted in 
a small proportion of cells probably result from errors in mitotic divisions. Tb e 0:. 

early stages of development of the makapuno endosperm shares this cytological 
situation with other varieties of coconuts especially dwarfs with which they 
share in common the higher percentage of polyploid cells , occurrence of 211 
and 9n numbers etc. (see Figs. 27-40). 

Compari son of the mitotic abnormalities in makapuno with tbat in otber 
coconut varieties reveals that the fonner shows higher frequency of the diffe­
rent types of abnormalities, particularly stikiness, and clumping of chromosomes. 
There is also increase in the frequ ency of abnormalities as the maturity of the 
endosperm proceeds, whereas in the normal endosperm of the Laccadive tall 
variety studied, tbe frequency of mitotic abnormCllities is less and the chromo­
some situation is more stabilised in the mature endosperm (ABI1AHA lvI et al. 1965). 
The higher frequency of abnormalities in the makapuno endosperm appears to 
be associated with the abnormal (tumour like) development of the endosperm. 
REISMA.l\' et al. (1964) produced evidence for an association between neoplastic 
transformation and gross chromosomal abnormalities mainly aneuploi.dy. RANA­
DIVE et al. (1963) reported chromosomal abnollT,alities like clumping of chromo­
somes, laggards, multipolarity, micronuclei formation etc., in carcinogen treated 
cultures of mouse skeletal muscle fibroblasts. Available evidence on endosperm 
cytology on other plants shows that mitotic abnormalities play an important 
role in the failure of the endosperm and are characteristic of degenerating em­
dosperms (BOYES and THOMPSON 1937, BEAUDRY 1951, BROCK 1954([, 19.54b, 1955, 
TAN]) ON and KAPOOR 1962, 196.3). 

The attainment of high levels of polyploidy in greater frequencies as well 
as the increasing incidence of abnormalities in the makapuno endosperm ap­
pear to impede further mitotic divisions, which are replaced by an altered 
mechanism of cell division, namely amitosis. It is of considerable Significance 

Figs. 27-32. - Cytology of th e celll 
x 750 . 
Fig. 27. Mitotic metaphase sholVing 
1fI0S0l1l l'S (6 n). Fig. 29. c-metaphase 
(1211 ). Fig . .'31. A cell shOlVing aboul 
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Figs, 27-32. - Cytology of the cellular endosperm in Str~its 
x750 . 
Fig. 27, ',,[itotic metaphase showing 48 chromosomes (311). 

32 

Settlements Apricot. All figures 

Fig. 28, Metaphase with 96 chro­
Ino,omes (611). F ig. 29, c-metaphase in a 611 cell. Fig, 30. Metaph ase with 192 chromosomes 
(U n), Fig, 31..4.. ce ll showing about 3011. Fig, 32, Ch romatin bridges at anaphase, 
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Figs. 3·'3-40. - Cytology of th e cellul ar endosperm of Andama n Dwarf. All figures x 750. 
Fig. ,').:3. lvli totic metaphase with 48 diplocllromosomes. Fig. 34. Metaphase with 96 cbromo­
s() n ll'S (6 11). Fig. 35. c-metapbase in a 611 cell . Fig. 36. Metaphase with 144 chromosomes 
(DII). Fig. 37. A cell showing ca. 12n. Fig . .'18. A ceil showing ca. 2411. Note th e charac teristic 
alld to end assoc iations of chromosomes. Fig . .'19. Anaphase sh owing sticky bridges . Fig. 40. 
Latl' anaphase showin g .Iilggards. 
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th,lt the initiation of amitosis and nuclear proliferation is <:1ccompullied by the 

lInlimited growth of the endosp erm which affords strong compa ri soll to the 
sitllation in plant and animal tumours and neoplasms. Bucm-:H (196,'3) cons iders 
increase in cell acti vity and high p olyploidisabon as conditioJls wh ich hring 

ahout amitcs is, both of which characterise the initiation of amito ti c acti vity ill 
lllakapuno endospeml. Ko:vrurtO (1932) from a study of coal tar tumours ill 
Vicia faha concluded tha t the growth of the tumour appears to b e du e to all 

amitotic multiplication of cells. LEVAN (1959) showed that there is \vide varia­

tion in chromosome numbers in tumour cell s which indica te genetic va riahility 
and ad aptation to the changed environm ent of tumours. It is of considerahl e 
interest that the later stages of growth of the makapuno endosperm arc aCCOll1­

panied by the appearance of multinuclea te cells (which might result by repea ted 
amitotic divisions without cytokinesis), g iant nuclei (possibly by the fusion of 
amitotically divided nuclei), budding and fr agmenta tion which increase the nll­

clear polym orphism characterised b y lobe d, cleft and notched nuclei. Bes ides, 
the above changes rela ting to the nuclear si tuation, the transition to the maka­
puno is also characterised by the appearance of cell inclusions. SII1frrr (1916) 
found that the nuclei of plant tumours divide both mitotically and amitoticall y 
and variously lobed, notched and cleft nuclei are common in plant and animal 
neoplasms. Occurrence of irregular and abortive mitoses, presence of giant 
nuclei, multinucleate giant cells, division by ami totic means and also by budding 

and fragmenta tion are often noted in tumours (PETROV 1962). F ERNANDES ~\'lAIUA 

and KCPROVSKA (1963) also observed that transfom1ation of mOllse cervix Sll­

bjected to carcinogenic treatment was accompanied by the presence of variolls 

inclusions, and was associated with an increased number of chromosomes, alld 
appearance of large numb er of nuclear blebs and multinucleate and g iant cells 
with nuclear l11ultilobulation. In the advanced stage of formation of th e hllttery 

endosperm, cellular and nuclear degeneration characterised by pycIlosis. ka­
ryorrhexis and kmyolysis in seen and such changes are also reported in advanced 
degenera ting tumour cells and cells und ergoing autolysis (CrrA),lBEHs and 
WEISER 1964, CAlvIERON 1964). 

It is thus seen that there is striking resembl ance in the si tuation chanlcte­

rising the transition to the development of abnormal end osp erm with the cha­

racteristic uncontrolled and high growth rate, wide variation ill chromosome 

numbers with very high level and fr equency of endopolyploidy, occurrence of 

aneuploid y, increased mitotic abnollnalities, onset of divisioIl hy ami toti c mea ns , 

budding and fragmentation, wide nuclear pol ymorphism, appearance of charac­

teristic inclusions, cellular alterations and nuclear degeneration to that g(~ncrally 

observed in tumour cell s or tissues treated with ca·rcinogens . It may however IlC 
pOinted out that the makapuno character i.s an endosperm trait which is renorted 

to be gene ticall y controlled (TORl~ES 1937). KFl-H\ (J 951 ) fOUllll that the OCCllI"­
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rellce of abnormal tumourous growth without normal cell differentiation in cer­
tain interspecific combinations in Nicot'iana is caused by genes controlling the 
growth regulating phytohormone mechanism. It is possible that when the growth 
regulating mechanism of the endosperm is thrown out of balance in certain 
genetic combinations as in the makapuno, the development of the endosperm 
may become abnOlmal. The makapuno endosperm thus provides an instance of 
genetically controlled abnormal development simulating the situation in tumour 
cells. It is of interest in this connection that suppression of mitotic division, pyc­
nosis of nuclei and stickiness of chromosomes which simulate the situation in 
tumour cells reported by KOLLER (1943) have also been reported in the endo­
sperm of Lolium. perenne x Festuca pretensis hybrids (REUSCH 195-9). 

BnINK and COOPER (1947) have pOinted out the importance of Donnally fun c­
tioning endosperm for the normal development and functioning of the seed . 
The embryo of makapuno nut is apparen tly normal and cytological examination 
has shown that it has normal diploid chromosome constitution of 211. = 32 and 
no cytological abnormalities have been observed. Thus the non-germinability 
of embryo of makapuDo nut under ill vivo con ditions may be due to the incom­
patibility between nonnal embryo and abnormal endosp erm. This is further 
borne out by the fact that makapuno embryos can be made to grow under 'in 
vitro conditions, as recent investigations in the Bureau of Plant Industries, Ma­
nila, Philippines have shown (private communication). 

ABRAl'lAlVI (1963) noted an inverse relation between oil content and ploidy 
level in certain zones of the endosperm of the West Coast tall variety of coconuts. 
Results of further investigations on different dwarf and tall varieties of coconuts 
conducted in this laboratory show that such a relationship possibly characterises 
different coconut varieties as data in Table III reveals. 

T ABLE III 

Polyploidy and oil cont ent in so me uaJ"ieties of coconu.ts. 

Percentage of polyploidy Percentage of oil 
Variety in endosperm above 3n in the endosperm 

L accadi ve tall 34.89 72.2 

Straits Settlements Apricot 38.35 686 

Chowghat dwarf green 29.70 66.2 

Chowgbat dwarf ornnge 36.90 66 .0 

.-\ncl aman dwarf 46.00 82.0 

Philiplline makallullo 54.21 58.45 
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It is of considerable interes t that the makapuno endosperm with the highest 
frequency of polyploid cells (54.21 %) shows the lowest oil content (.'S8.45 '}(» ) 
while the Laccadive tall variety with th e lowest percentage of polyploidy 
(34.89'X,) has the highest oil content (72.2%). This trend is also observed in the 
dwarf cocon uts studied . It 'is pertinent to point out here that induced autopoly­
ploids of other oil yielding crops like Bmssica nigra and B. campestris also show 
lower oil conten t than the diplOids (OLSSON 1960, ANON 1961). It would be 
quite interesting to examine the relation between frequency of polyploidy and 
oil content of the endosperm in different varieties and hybrids of coconuts. 
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SUMMARY 

The cytolagy af developmen t af the buttery kernel (endosperm) in tbe Philippin e­
makapuna cocanuts has been studied. Though the fir st farm ecl cell ular endospe rm is pre­
dominantly triploicl , h igher levels and grades of ploidy like 6n, 9'11, 1211 , 24n and 481'1 (a nd 
abave) cha rac terise th e maturing endasperm. Th e cytologica l s itua tion in early stages of thE' 
makapuna endosperm is comparable to. that in oth er cacanut varieties, p a rti cularly th e dwarf 
coconuts with whi ch they sh are the relatively higher levels of polyplaidy, presence of 21'1 and 
911. nucle i and th e greater frequency af mitotic abnarmalities inclu d ing canside rable stick iness 
of chramasam es . 

The later stages af develapmen t of the makapuno endasp erm characterised by unlimited 
growth and prolife ratian, accampanied by high polyploidy, increase in frequency af abnor­
malities , cessatian of narmal mitos is, onset af amitosis, a ttainment of high nuclear p olymor-
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