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ABSTRACT 

Cas.pers son (1970) disc overed that each chromosome 
. . 

pair has a characteristic .qanding 'pattern when chromosomes 

are stained with ·the fluores·ce"nt. dye', ·q~inacriri~. With" 

this dye.there qre certain chromosome regions which, are 
, 

polymorphic. These regions c~n be used as markers in 

the study of the inheritance of chromosome anomalies. 

The purpose of this study was to determine, .... 
\ 
1 . 

using.chromosome markers, the parental origin of the 

extra chromosomes f9und in trip19idcand.D, G trisomic 

spontaneous abortuses. ~olymorphisms in the c~romosomes 

of parents "of l~,triploid gnd 12 tfisomic abortuses 

were compared with: those of their' abort'us to "determine 
, , 

which parent donated the 'extra chromosom~(~~. Tn~ 

distri~tion of 'the ~arkers' was used to'deter~ine 
whether the error 'occurred during m~~os~s, I or meios~s II 

or, in, the case of tr.iploids\ to distj..nguish'between a: 

meiotic error and aispermy. 

\ 
Of the 15 triploids examined, ('Were informative 

. ' 
as to the ,origin of the extra set of chromosomes. In 

31 of ·th'ese. there was failure to extrude' to second polar 
, OJ. 

bod~ d.uring oogenesis. 'In 3 oth~r cases, it was impos.sible 
, \. . , 

~o. distinguis!l between an error" during meiosis of spermato-

genesiS and dispermy. The other informative case 
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. c . 

defini tely arose by" dispermy. Mechanisms for the origin 

of tripl'o idy were d,isc~ssed I in particular,. aging' of 
~ 

gametes. 

Only 1 of the 12 trisomies examined was informative. 

This was a ,trisomy 22 in which the extra 22 wa~ from the 

mother but it was. not possible to dist~nguish'between' 

non-dis junction 'tiuring 'mei9sis' I and meiosi.s II. Possible 

mechanisms 'for the production of·t'risomies were discussed 

including maternal irradiation,fautoimmun~ processes, 

possible endocrine factors and drugs. 

A number of' technical factors which influence 

the appearance of polymorphic regions were also discussed. 
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.J 
., INTRODUCTION .. 

,I. Historical Perspective of'Technical Developments 

In 1956,. Tjio and- Levan de'monstrated with the use 

o~ cultures of fetal lung ti~sue that the human diploid 
", 

chromosome number is 46. 
./ 

Thi~ number was confirmed in 

1956 by Ford and Hamerton who counted 2) bivalents in 

meiotic material from testicular biopsies. The deter

minat-ion of the human chromosome complement resulted 

fr'om the application of' techniques from plant genetics 
, I 

;to human ~ib~oblasts. One of these techniques was the 

) 

, 

use of co~chicine to arrest,cells in metaphase. Hsu (1952) 

discovered accidehtally that hypotonic trea~meht of cells 

before ~ixation led to the swelling of the c~lls,and 

creataa much 'better chromosome spreads. The common 

hypotonic.treatment used was sodium citrate. Tjio and 

,Levan (-1956) employed both of these techniques.in their 

examination of the chromosomes of lung fibrob~asts. Several 

weeks ~re' needed to obtain suffi~ient growth of fibro

blasts. This is the major disadvantage of such culture. 

Simultaneously. with the above workers, other 

rese~uche~~ ~era atte~pting to culture cells from peri-. 
pheral blood. Several unrelated discoveries led to the, 

eventual success of this technique. Nowell (1960a)', 

1 



... 
" 

.' ~-

showe~t ~eriPheral exhibit a burst 
..-' ' 

i 

of mitoti~ activity after 48-72 in culture. "In 
'-. \. ;,. 

prepating cul't1Jl.res I ,Nowell used ytohaemagglutinln (PHA) 
oJ ,- . 

t~ _eparate leu~ocytes from,red c lis. "When'he in~esti-

gated systematically whic~ fact~r-.of 1)i6 cult~re 'techn.ique 

was the initiator 'of this mitotic activity he round that 

the PHA was responsible, (Nowell, 1960b). This was a. 

very important 'discovery bt!cau~e the number of cells 

undergoing spontaneous mit~sis in peripheral blood, • 
'cuI tures is sm;3.l1. . It also enabled more rapid prepc;rat1on 

of chromosomes' than with-fibroblast cultures . 

• 
In 1960, Moorhead combined Nowell's culture 

techniques wi~h air-drying of slide ~reparations (Rothfels 

'and Siminovitch, 1958), in place of the squash methods 

used previously. This procedure also improved chromosome 
, ' .. 

. spreads .. Hungerford (1965) used 0.075 M KGI as the 

~otonic ~retreatment for. cells .• 

This combination of techniques gave rise to a 

very successful culture method for the small lymphocytes 

. present in peripheral blood and chromosome prepa,a.tion . 
. 

Using this method the numb~r of chromosomes in a prepara-

tion could be easily counted. However, it was still no·t 

possible to distinguish all of the qhromosome pairs 
I , . 

from each other. 

" , 

• Q 

" 

" 

2 

.. .- ..... 

, . 



, . 

" 

II. Banding Human Chromosomes 

The field of humal) cytogen~tics progre~sed, no , 
. . 

furt'her until Gasper:s.son discovered ,a technique f?r 

chromosome banding. Prior to this, few ,chr~mosomes . ... ~ ~ 

.~ \ 

coul~ De identified unequivoca?~y. Most could be, as~igned 

, c~>nly to one 9!- the 7 group~ (labelled A to. G) 'whi~h were 
" 

based' on simi~arities in chromosome l~ngth and position of 

the centr:omere. ' 

. ,C.aspersson et a1. (1969a) .treated, preparaj;ions ,of 
,. ' r 

Vicia· laba .root ,tips 'wi th tne fluo~escept' dye quin,acri.~e . . 
mustard to study the process of differentJation: ' They 

, , . t 

hOP:~.'to identifY'PhYSiCO-Chemi?al'/i~~ere~ces bet~een 
re&ions ,of. metaphase chrom9somes. ',Wi. th quimicrir),e mustar'd 

.. . ~ . 
they obtained fluorescent bands 0n each chromosome whic~ ~ 

were id·entica): on sister chroma.tids. The bands were 
. . 

characteristic fpr each chromosom~ and were reproduc!ble. 
t"., ,) 

Caspersson et al. (1970) s~ained leukocyte preparations . . , 

of human chromosomes with'quinacrin~ mustard and found 
t ' , 

ihat again a consistent banding pattern was produced for . . 
_ each chromosom~. 'A photometric technique was used to . . 

identify the 24 fluorescen.ce patterns ,of. metaphase 
, " 

~ . , 

bhromosom~i, (Caspersson et ~1., 1971). A number 0as 
• ¥ 

~:ss'~gned', to each chromosome .'pair.' 'Bn the basis of 
" 

',1 .. "" 

chromosome length,," cent:t;'0!Tlere .. index, 1p.te-hibel1ing 

pit:ter~' (especie.~ly for 'Ch~O~~'Some1? ~ 13" 14 ~nd :15) and 

, c 

" 

I 
l. 

i 
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4' 

banding proper~ies all chromosome pairs were 

identified. The chromosome which 'is t·risomic in 

syndrome was called 21 because of the number· of ye~rs 
• <\. ' • <'! 

. . 
~hat the extra chromosome was considered to: be' 21 despite 

the fact that 22 is slightl~ longer. 

At the Paris Conference (1971) the qUinacrine 
• 

ban4,ing charactepistics for each chromosome pair were 

'outlined in detail as an international standard. A band 
. . 

was defined.as "a part of a chromosome which is clearly 

'distinguishabl~ from its ad.jacent segments by a'ppearing 

darker ~~-·~'ighter with OBe of the staining methods". 

, ' 

Mi~ler ~t al. (l971).e~ployed C~s?erssonJs 

findings in., the, characterization 'o~ struct.ural, c~omosome 
, , ' 

anomalies. They used banding on the chromosom,e's o,f 

paiient~ o/ith transl~cations and demonstrated' th~t the 

transloca:'tion: chromosom'e s retaine'd the q tiinaer ine 
~ . ,. 

, . 
fluorescence patterns of th~ chromosomes from which ,they 

were derive~. ' Lin' et al. (197l~' and Evans et' a1. (1971) 
,,~ '.f'\.. . 

described metlTIfds f9'r' the use of quinacrine dih,ydro-
~, .. ~ 

chloride. inst~ad of quinacrine mustard' which was difficult . 
to obtain. Quinacrine dihydrochloride enabled potential' . 

" . 
routine e·xamina tion of' chromosomes' in' cytogenetics service 

I • 

laborator~es.: 

'. A number of other banding techniques are now being' 

.u~ed in addition toiquinqcrine. Thes~ include: Giemsa (G)' 
I 

. " 
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-..: ' 

oanding (Seabright I 1971; Sumner et a1. I 1.971);' reverse 
r • 

, (R)' banding (D~tril.laux and Lejeune, 1971); centromeri~ 

~eterochromatin (G) banding (Arrighi ~nd Hsu, 1971); , 

a modification of R band~ng wi th acridi~e 'orange (Bobrow 

and Madan, c~"973); t~lo~eri~ (T) banding <,Duiri~laux: 1:7(3); 
" ,', I 

and daunomycin (D) 1?anding' (Lin an:~ Vl3.n de Sande, 1975). ~ 

~he major que~tion, yet to be answered is how the 
," " "-

bands are produced. Since qurnacrine mustard binds to 
" \ ' ., 

the N7 o~ guanine, Caspersson et ,al. (1969b) suggested 

that chromosome bands represent guan~Be-rich regions of 

deoxyrib9nucieic acid (DNA). 'Ho~ever, q~inacrine dihydro

chloride which proq.uces c'ompara-ble bands 40 quinacrine 
, , 

mustard is a,non~alkylating compound, that is, it does -not 
. ' . 

bind to the N7, Df guanine . Moreover, Sumner et aI.' (1973) 
• 1 

blocked the N7 of ,g~anine,using mustard gas and still 

·produce'tl the characteristic b1nds. 'Phis ,~vi'dence suggests 
" ' 

that, chromosome bands do. n'ot represent guanine-ri.ch regions 
... . 

or the DNA. Freeman (l97l) described'a method by' which he 
, 

produced antinucleoside antib~dies specific tor each of' the 
" 

, , 

4- bas,es' in DNA. These fluorescein-tagged antibodies reacted 
.' . 

,only with .siqg1e-st~anded DNA. Dev (1972) used these anti-

nucleoside antibodies to ~how that binding of quin3:crine

dihydrochl'qride i~ not directly related ,to the DNA bas-e, 
. ' , 

sequence. 'Antibaqies ag~inst adenos~ne, and ,cY~idine both 

produced banding patterns similar to those, of q1-tinacrih,e., 

(-

, , 
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Weisblum and a: Haseth (1972) observed qu~'n~ 0 ' •. ' ,~nfh~. ~ 
fluorescence 'wi.th increasing ~umber.s of :~ ine,;cytosine 

(GC) pairs using several rqicrobial'DNA'~. ", hus, th~ 

impo'r:tance of the DNA bas'e seque~ce to q1.J~<;3.cri~e bindi?~ 

is not clear. There, may be sev~~a+ 'interacting factors so 

- " 

that it is not possible to ascertain their: reia ti v,e imp'ortance.' 

, , 

C~spersson et al. (1969b) suggested that the 
. . ' 

brightly fluoresc'ent ~ands produced with quinac!'ine repres~n.t 

'heterochromatin. Heterochromatin is tightly coiled in 
\ - . . 

Ij1i t'otic prophas'e in contrast to euchrD'matin which is 

loosely coiled. Because of this tight coiling hetero

chromatin undergoes DNA replication late in S phase~ Two, 

types of heterochromatin have been descriped~ constitutive 

and facultative. Ganner ,and Evans (1,971) suggested that 

the fluorescent bands more ~ikely repres~nted constitutive 

rather than facultative heterochromatin. Constitutive 
" 

het~rochr:p'matin contains DNA wi th highly' repe-t;;i ti ve 

sequences. It is f'ound in the same location ill both 
, ,I 

members of- a homologous pair, of chromosomes~ An example I 
• ',.-., "., I 

is that chromatin found in '~he centromere'regions of , most 

chromosomes. Facultative heterochromatin is not found 

) 

in both members ,of,a homologQus pair and does not ,contain 

repeti'ti ve s~quences. ' An example of facul fa ti ve hetero

chromatin is one of the two X chromospmes in human females. 

Early in embryoJ:lic development, o,ne X becomes heterochromatin:", 
• 0 

• 
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ized (inactivated)', Since both XIS 'band identi&a11Y' 

with quinacrine ~his implies a more con~e~sed struct~re 

for the inactive X, not a c~ange in organization such, as 

the repeated sequences of constitutive heterochromatin, 

Ganner' and Evans (197.1) perfcirmed' autor:adiobaphY. and 'then 
.' , j , 

stained the same ce1~s,with quin~crine. They fou~d that 

the regions of bright' fluorescence sh0¥ied a, high rate of 
./, " 

inco~poratio~ ,of 3H (thym~dine ,late, in S phase. 'However,..I 

the seco~darY· cCfustrictions o'f chr~mosomes 1;,9 and 16 were 

late-replicating ye~ were not brightly fluorescent. 

The quinacrine, ~anding pattern is not abolished 

by the removal of ribonucleic aci~ ~NA) with RNAase (Comings~ 
1971), When the DNA is removed ~th DNAase there is no 

, ' , 

staining' wi th quinacrin~ (Sumner e,t al., 1973), Sumner et al. 

(1973) also showed that methanol-acetic a~id fi~tion, a~ 
, \ " 

integral part of chromosome pr~paration, 'removes a large , 

'~ount of protein, especially ,l}istones, 'Therefore I histone', 
, 'x..' ' 

~,..:, , , , 

.proteins are.not responsible,fo~ banding, The presence of the " ,," , 
~. . . 
,~istones may suppress the' binding of the fluorescent dye., \' '.. .. 

''.'" Com~ngs ,( 197,1) suggeste~" tha t staining pa tt~r.ns. ' 

m~y reflect binding to diiferent regions of the genome of 
/ , 

\ /' ~v~rYing §lmounts of. non-his'tone proteins, Non-histone 

proteiz:s are, involved in the regu1~,tion of g'~netic acti vi ty 

and a~e,tiss~e and species spe~ific. Caspers~on et al. (i972} 

, ' 



\ 

• 

found iderr'2,ic.~1 chromosome banding :patterns in cells, of 

amnion t bone marrow, skin arid te,stis. ' Therefo~.non-

, histone protei~q are not solely involved in the pro,duction 

of bands . .. 
tI 

Sumner et al. (1973)' proposed a theory which they 

\ felt accounted for t,he conditions nec'essary for the pro

duction of chromqs'fme bands bY"quinacrine. They proposed 
, . , 

tha:t the' dy~ ,molecul'e combined ionica;tly with 'phospha:te 

groups -and that most" dye will be"bound when phosphates 

are the correct 'distance apart to bind both.amino groups 

of. the' dye molecule . 

8 

,The evidence discussed sug?~sts tha t ~her.e are, a 

numb~r of factors involved in ~he production of chromosome 

bands by quinacri~e. The DNA bas~ sequence is not directly 
, 

involved. The areas o'f br~ght fluorescence are consti~ 
, ' ' 

tutive heterochromatin, with the 'exception of the secondary 

constrictions of chro~osomes l~ 9 and 16 which' are 
. j .. 

het,eliochro,?atic but not brightly fluore·scent. Non-histone 
, /. 

protein -DNA interac:tions ar~ probably i'nvolved and histon~ 

protei~s are not necessary for, the 'production of bands. 
\ 

The exac·t mechanism of the production of bands by quina

crine is yet to be 'el.uGi'?at~d .. 

" . 

" . 

'; . . 



III. Human'Chromosome ,Polymorphisms 

With the advent of chromosome'banding techniques 
" 

came the observ~tion that, especially with quinacrine 

fluorescence, there are certain regions ,of the human 

c,hromosome complement ,that are polymorphic, that is, 

the~ m~ary' from one j.ndividua1 to anoth'er. These 

_.' pOI~orphic features are' norni'al chr~moso~a:i variants 

9 

which are inherited in'~ Mendel~an manner (Buckton, 1976). 

Quinacrine fluorescence polyrnorph'isms we,re first described' 
I 

by Caspeisson et ,aI.' (1971), and confirmed by Evans et ale 
, , 

(1971). Two groups ~f chromosomes which exhibit po~y-
" 

morphisms are 'the 'l~rgeand sma~l acrocentric~ •. Variable ... . . 

features are ,the short arms " s·talks and sa telli tes. The 

stalks, which may vary i,n length " have been shown by 

G?odPasture et a~. (1976) to be'the nueleolar or~anizing 

regi·on's ('NOR) of the 'human chromosomes, tnat is', th~, st~lKs 
~tain the genes for ribosG1nal RNA. T.he short arms and 

the satellites of the' acrocentric chromosomes vary both in 

theiyintens i ty ,of" fl~ore~,cence and in th'eir s~,ze. However, 

it is difficult to separate these two variabl~~ sin~e the 
,,~ 

satellite region may appear larger merely because it is 

int~nseiy fiuorescent. Anoi~er,ch~omosom~ conta*nini a 

polymorphic re'glon is chr9mosome :3.' It, may, 'or may not . .. ~ 

have a bright band near the centromere on the long arm. . , 

In cerct;ain indi vi~uals the band is present on the. short 

" 



. 
" 

, ' ~/..) 
,~ 

I~' 

arm. Chr'omosome 4 mayor may not' possess a bright 

centromeric band. , The length of the. secondary constric

tions on chromosomes 1, 9 and 16 may also-vary. Chromo

some 17, may' occasion'allY possess satellites. Thus,

chromoSomes 1; 3, 4, 13, l~, 15, 16, 1.7, 21 and 22 may be 

use'd as 'markers. 

M~kelsa~r et ale (l974) 9btained the f~equencies 

10 

of these pqlymorphic regions among Est~ians. The 'presence 
, \ 

of brigh t pands on chromosomes' J", 4 and ~J had a freq uens:y 
t 

of 64.9', 27.6 and 84.4% respectively: Th~y found a sex 
/ 

difference with respect to homo- and heterozygotes for. 

chromosome J only, ~ith women be~~g more often heterozygous 
. \ . 

- ' 

and men homozygous; Similar studies have been conducted 
, . 

on newborn populatiQn~. (~cKenzie and Lubs, 1975; Muller 

et al'., '1975; Lin et a1.,. 1976). Although the exact 

frequencies' obtained by these groups are not identical 

io those of ' Mikel saar et ale (1974), their'relative 

frequenc'ies are s~milar. ~t is not possible to make 

meaningful comparisons between the groups because the 

£lassif~cation ~nd methotl of scoring of variants differed 

for each group. Anoth.er, compounding factor'is the dif;fic.ulty 

,in assessing quantitatively flu?rescent intensity: 

In 1975 (Paris Conference, SuPPlemen.t) it was 

sugges~ed to standardi~e: human cytogenetfo research, by. 

scoring chromosome, region~ with variable fluorescence 

" 

.... 
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, , 

II ~ 
: .(.5)~; intens'e (4-) .\med1.um (J), pale (2) and n~gative (::.1). 
\, '- ' .... 

",-'-.--~-,.\?·15e~~ .. ~re a number of }·e~~nical d~fffcUl ties ~ssoc'ia ted' . 

with this attempt at a very precise method of cl~ssifica-
f .' . ~. .. '\. ~. - . 

tron. It is not'easy to distinguish'between' the presence 
, . , 

of, sa.t€d~i tes of' l~w: int.ensi ty 'and the absence of satellites. 

In additfon; where sate.llites '~re definitely present the .. . . 
·level. of intensity may be difficult to. assess. :The 

qualit~ of fluorescence: may vary from photograph ·to 

,pho~ograph dependi~g on the quality of the .negative and 
, , 

the. exposure time.· To overcome these, techn,ical, di.fficul tie~, 

sporing'from direct ?bservation,~s po~sible, However, for, 
" ". 

documentati n", photographs' are' nec.essary. . For· each pictur'e 
, . 

i t m~y be po ··s'.ibls I to rate marker,S on ~a scale of 1-5 but ' 
i : 

the rating i a s otpe~ha t· sub'j ec ti ve d~cisi0n. As long as 
I'· ' 

these limita ions ar.e realized, hu~an chromosome poly-, 
. l ' ' " 

morphi'sms can, be of value in .s.t'IJdY,ing the inh'~ri tance of 
. .. I" 

extra chromosomes 'found' in trisomies and triploids. 

IV.. '. Tri 1l1oid;: and .i.it~ Od gi;;t . . 
Penro.s~' and Delhanty (1961) wer,e the first to 

" 

describe a spontaneously aborted ,fetus witp an abnormal 

'karyo type. This fetus.was shown to 'possess 69 cbromos~mes. , . 
. Triploidy has since' been fauna to ?ccur in a.pproximately 

:20% of spontaneolJs abortions'with an abnormal' karyotype . . . ' 

(Gen,eva Cohference, 1966; Carr, 1967;. Arakald and Wa.xma,n, 
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1970). This represents approximately'l% of all conceptions 

in man. ~akino et ~l. (1964) first noticed that a , 

triploid' sponta'neous abortus possessed hydatidiform 
, \ . ~ 

deg~n~ration of the chorionic villi. Carr (1969) 

r:eported that 'if hyda~tidiform degenerati'on is pres'ent :there 

is a 70% chanc~ that the concept~s is,triploid. The 

pr~sence of triploidY,is associated with 'hydatidiform 

d~generati0h or' true.mo~e in 85~ of cases. Carr ~197d) 

'found that~incidence ~f triploidy was increased 4.5 

times over control's when women . conceived wi thin 6 mpnths 

of disc?ntinuing 'oral contraceptives hut Bou~ et al, (1975) 

"did not find this inc;rea'se· in trip~oid conceptuses. 

. ", 
'AlthQugn most triploid conceptuses ~re aborte? 

I , 

by the end of the fi'!'st trimester (Carr, 1'971), a number 

of cases of triploids ~urvivi~g past.~his time. have been 

reported, some of whom were live-~orn (Uchida and Lin, 1972; 

. 4- • .Walker et al., 1973; de Gro~chy et al., 197 ; others 

reviewe9 ~y Saadi et a1., 1976). By combining tne 
,. 

information concerning malformations found in these 

triploids it.ha~ been possible to. de~cri~e the triploid 

syndrome (W.ertelecki' et a1., 1976). The most common . ' 
features found were low birihweight. severe eye defe~ts, 

.syndactyly, dys:plastic cranial bones, geni tal abnormal.~ ties 

in males,' om:phalocgel~, :facial c~efts and a number 0.£ l,e.::;s 

freq~ent 'anomaliei. In addition to f~tal ,abnormalities, 

... 

. , 

j 

I 

.' 
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\ . , 

triploid gestations may' cause maternal complications such 
" ' . 

as pre-eclampsia and ,hYdramnios . (GQsdez: et al.;, 19-76). 

At- the ceLt.ul~r lev-el ~ M~ ttw6.Gh and, Delhanty (1972) 

showe:d that triploid' cells grown in c'ul ture ,had prolonged 

cell :di vision time. c;mpared to ce;lls with a normal 

~karyotype: This ,d~sturbance ot; growth may partial~'Y 

~xp1ain the 'lethal! ty of tn'is, cond~ tion. '. 

Junien.et ale (i976) ~easured the ac~ivi~y of 

several auto"somal and X-linked enzymes in cultures of. 

, hl..j.man. triploid cells. , Thlr cells w~re 69., XXY and there, 
'. 

was no Barr body which indicated both X crrr,oqlosomes, were 
,- '.; 

" functioning .. Their biqchem'ical evid'ence also supported 

the existence Of t~b ,function~l X chromosomes. XXX, 

triploids .would be', expected - to 'have ~i ther one X chroma tin 
, ' 

body per cell or none., In'other wODd~, ?ells may have. 

either.l or 4 active X ,Chromosomes. Weaver and, Gartler 

,(1975) compared ·the ,clinical XXY triploids 

sUTviylng 31 weeks'g~stat' whose cells contained 1 or'2 

'acti ve X chromosomes .'~They found no s,rgn~ficant diff~rences 

between triplo,ids which. were sex .chroma tin negati VB and 

those whic~ were sex chromatin positiye, indicating that 

,tlfe presence ot: ~ ~unctional X chromo$omes is .not responsi'ble 

for the' observ~d abnormalities . . . . , , 

There ·are $everal ways in which a triploid' 

conceptus cotiid ~rise: ' ':ferti'liza tion of' q." diploid oV'U~ 
, ' .. 
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'a haploid s,perm I fertilization of a haploid ovum by a 

d-iploid sperm or by two sperms,. The former case is ca11,ed 

digyny an9 the ~atter two, di~ndry. A diploid sperm or' 

ovum can resuit f~om,an error during either the first or 

second meiotic division. Ii! is p,ossible ,to .distinguish 
, , 

betwee,n 'Certain of these mecBanfsms- with the aid of 

chromosome polymorphisrns. Digyny with,f~ilure of 

.t chromosome separation during the firs,t meiotic division 

w~uld result in chromosome markers which correspond to 
, f 

two markers. found in the .mother for a gioven chromosome. 

'However, if the '~rr~r occurred in the second,meiotic 

di vision the abortus would possess' two chromosomes w.i th 

the same marker. This wO~lld be true for', any chromosome 
. 

containing a pol~orphism .. The underlytng assumpx~on 
. 

is that crossing over doe~ not occur ~etween the marker -and the eel/tromere. .Robinson (1'973') s,ugges·ted that such . 

crossing over is unlikely' b.ecause ,of the proximity of the 

centromere to the.marker. 

In cases of diandry it is sometimes possible to 

discriminate between fertilization by a diploid sperm and 

. dispermy. This, is difficult but the sex chromosomes may 

be of some assistance. For example, it'the sex chromosomes 

were XXY and" the extra set of. chromosomes sh'own to 'be of 

paternal origin by. marker studies. then a diploid sperm 

could only be XJ. This wo~ld result from ?n error during 

t 

I 
I 
1 
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the first meiotic division since it is this, division 

which separates homologues .. If this were the case, t~en , , 

the markers for whatever chromosome chosen should be 

identical to those in the father. This would be useful 

only if the £ather is he~erozygous for·a marker, as 

illustrated in Fig. 1. This XXY triploid could also have' 

arisen by fertilization of a haploid ovum by two sperms, 

one bearing an X chromosome and one a Y chromosome. If 

the 'triploid had one of each marker found in the father, 

then it is not possible to determine with certainty 
"1 

whether dispermy br fertilization-~ith a diploid sperm 

·occurred. However, by examining seYe~al chromosome pairs 

it is possible to tell which of the two mechanisms is 

more likely. If the father was heterozygous for several . . 
markers then by dispermy the triploid would be expected 

to have a random assortment of,these markers. Using this 

reasoning it should be possible in certain instances to 

determine whether the triploid arose by dispermy or by 

• failure of one of the meiotic divisions during either 

spermatogenesis or oogenesis. 

There have been several reports in the literature 

of cases in which att~pts were made to determine the 
) 

origin of triploids using chromosome banding techniques. 

Uchida and Lin (1972) presented good evidence that an 

XXY triploid arose by fertilization of an ovum with either 

) 

/ 
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Figure 1: Illustration of the difference in marker 

chromosomes' between di~l.ndry caused by a 

dip~oid sperm anddi~ermy, when th~ 

ch·romosomes of the t\iPloid are XXY. 
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a dip10id 'sperm or by' two sperms .. McConnell anq Carr 

(1975) found that 'in two. t;iploids' the extra set of 

chromosomes were derived from the' father. LaurDtsen (1976) 

'examined 14 tr.iploid abort'Uses and the chromosomes of 

'their parents., rie found that in' 2. cases non-re'duction 
• • ~ • a 

Dccur~ed at· the first meiotic division in the mother. In 

a ~hird'abortus the extra chromosomes were. of paternal 

origin. ·Ln· the '-remaining 11, caSeS, it was not 'possible to 

distinguish between maternal and paternal event~. Kajii . . 

~ 

and NliH:awa . (1977) -found th.at 10 out of 16 triplpid abortuses 

were . informative. when they used sequential Q and R band'ing. 
. " 

Of the'se 10., 5 resulted from dispermy, 2 derived from an 
- , 

error 'during eith~r the paternal secon~ division or the 

first mttot.ic division;' J. was Gaused by failure of the 

fir,st me'iotlc division in the mother and 2 were paternal 

bui;: no more information co'uld be derived concerning the 

mechanism. Dewald et 811.. (1975):reported' a 4u,XX/69,X¥ . 
. , ' .\. ' . 

mosaic in which'~ytogenetic resu~ts 'show~~ that'double 
~ , 

fertili~ation' had occurred. An ear1,ier mosaic ~~ported , 

by Ferrier et· al. '(1964) seemed ~o arise by failure of 

the' second meiotic division in the 'mother. They arrived· 
• ' . 

at ,this 'dleci,sion b.eca~se of th~ presence ,of tw<? a?rocen,tric 

phromosomes wi ~h large s~telli tes in the triplo.id mosaic. 
-

Only the 'mother'wal;! found to have such fl. satellited 

chromes·ome. 

. . 

" 
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The purpos,e of was to examine the 
" ' 

,tri'ploids from 'a se ected series of spontaneo\11; abortions 

in order to determine which parent donated the extra 

set of chromosomes and secondly, ..if poss~ ble "'1;0 . de~ermin~ 
, , 

whether the error was more likely, to occur during meiosis 

I or meiosis II. 

V. Tr:isomies· and Their Origin 
.----

~~aut;;omal trisomies represent approximately 
\ . 

40- ,50% of first trimester spontaneou's abortions with an . . 
abnormal karyotype. Of these about 40% involve the D or· 

G gro,up chromosomes (Arakaki, and Waxman, 1970; ,'Carr, 1972; 

Boue,e;; al., 1975). rt is well known that advanced 

maternal age is associated with. an increased incidence 

of the D and G trisomies whether 'li ve-born or ~ed 

spontaneously (Boue et al,., 1975). These are, represented 

at birth by trisomy 22, trisomy 21 and trisomy 13, 'all of 

which possess well-defined c1inioa1 e features. The 'matern~l 

age influence on tr~somies is important fqr the acrocentric 
• - . 
chromosomes and 'also for the X chromosome (Ferguso~-Smi th 

et al., 1964) .. EvaI?s, (:l%7) suggest'ad that t ?ecause the 

acrocentrJ,o· chromd'somes are 'involved in-' tbe organization 

-'\ - .~. ~; . t'h~' n~~leolus, a~~ fa~tor" such as ag~ng, of oo'cytes, . 
, Q> 

which may interfere w~ th, the dis'~ersion of the nucleolus 

- could, account 'for this increase in non-disjunction. 

", 
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, . 
Cooke (1972) obBerved a decrease in, the 'number'of 

nucleolar as'sociations with age ~nd suggested that this 
, ' 

may be ass6cia~ed with fewer nucleoli in which case 

those that are present may persiat longer in order to 
'. 

produ~e the same amount of rRNA. 

Theoretical1y',non-disjuncti;n can occur in ~ 
, , 

, .'-
first or sec?nd division during either spermatogenesis ~r 

oogenesis. Lieznerskl and Lindsten (1972) 'presented the 

first evidence using chromosome banding that the extra 
" . 

chr.omosome 21 il? a boV0 syndrome child was inh.eri ted " 
" . 

from the mot~er and pr.obably the 'l?-~n-d~s junction occ~rred. 

during the first meiotic division. In ·this study, only 
, " 

1 of 6 families was informative .. Since this ori,ginal . 

report there have been a number of studies reporting the 
:' 

origin of, ~he extr~ chromosomes in a~tosomal trisomies. 

Lal'lgenbeck et al. (1976) summarized t,he r~sul ts 'of '14 other 

authors stud.yin~' the ,origin of the ext·~a chro.moS~:>lI~e 21 in 

Down·syndrome. . Sixty~:two cases were 'infgrmati ve out of 

the ,more than 243 s·tudied. When these results were, pooled, 

non~disjunction' was fo~nd ~ignificantly more frequently in 
, . 

o~genesis t,han 'sperm8.;togenesis. He also 'concluded that 

. non:-disj,unctlon' was much more common, in meiosis I than 

m~iosis II.· 
'. 

',.-

'. 



It waS the intent of this study t~ d~termine if 

possible the origin of the extra D or G'chromosomes in 

trisomic spontaneous abort,uses. 
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MATERIALs AND METHODS " 
, . 

The spontaneous abortuse~~used in this ~tudy 
'.. ... 

represe:r;t, p,a,rt o~ ,a larger [series obtaine~ b:l Dr. D.H. C9,rr 
, I' , 

from 1972"-1976. Spontaneouis 'abortuses were collected, 
\ 

mainly from the Henderson general a~d ,St. Jo~eph's Hospitals' 

i~_Hamilton, Dntario. A few were obtained from the McMaster 
, 

Univ~rsity Medical Centre. T~e spe~i~s were kept in 

sterile glass jars contain£ng physiological sali~e. 

Specimens were 'selected for culture 'according to one of 
'\ 

.'. .. 
t~e following criteria: a ruptur~d or intact sac with foSS 

~tructurally abnormal <em~ryo~a of embryonic material, a .. . 

macerated embryo, or hy.datidiform degenerg~~ , 

chorionic'villi. Abortuses pO,sses,si~g ,these 'f~atur~ 
have been showri to have an increased risk of chromosome 

',abnopinaii ty. Specimen;:; ~er.~ quI ture'd according to the, 

me1:ho¢ previously 'described in·d.etail (Ga'rr,. 1975). , 

,Bri,efly, thi!3' involve'd growing' small pie~es of embryonic I> , . 
, . 

membrane in cultur~. UsuallY,ch?rion ~as chosen except 

where 'amnion and chorion c0':1~d not b:e,'separatedt~ in, which 
. . , ." '. 

, .1 'case both were cuI ture~. : Fibr?bIasts 'w~re incub,a ted until 
'.. ~ , t 

sufficient cellular proliferation. had occur~ed. Cells were'. . . 
,then harvested and a 'kar¥o,type ,analysis p,erformed. 

~ 

.'; 'cuI tur~s of ab.or~u~ tissue ana karyotype' pr~pa~ation was 

done by' M,.· Gedeon. '. . 

• t 
, " 

.. , : 
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For the p~rpose·of t~is stupy, specimens,we~e 

chosen'whicp had a triploid,karyotype or were trisomic 

for a chromosome in the D (13, 14 t 15) or G (21, 22) 
, 

22 

grouP? In total there. were 20 triploids arId 18 trisomies 

potentiai.ly available' for study. 'Two 'addi'tiona1 triploi,ds 

'f'rom the same time period were 'studied.-previouslY (McCo,nnell 

and . Carr~, 1975) . \ 

.. " 
The family physicians or obstetricians of the 

"mothers "* of" these ab~rtuses w~r'e contacted by Dr. Carr. 

The project was' explained to them and they ,advised us as 
/ 

to wh~her or .n~t th~ couple should be appro~ched. 

were several reasons'why certain couples were deemed 

unapproach~ble.' These included 'divorce or serious 

There' 

ill,ness. S.everal couples had moved from the Hamil t.~:m area' 

but we did manage to ,contact two of these. In tota,v,29 . . ' 

~ouples were contacted. Of these, 14 ,were the,parent~ of 

a triploid ~bortus and 14 of a....l~LQ.:c.,G trisomy abortus. 
• 4 

In additioni blood samp1~s were prb¥ided by Dr. I. Uchida 

from the' parents' of a 68, xx abortus. 
. 

Fibroblasts 'of the 

abortus were also pr0vided. The study was e~plaineq to the 

*A parent has bee~~defined by Webster's Third 

International Dictionary as "th~ source from ~h~ch something 

i.8 derived". Therefore couple~ wh,o J)rodu~e an abortus ra thet' 

than a live child can still be called parents' and will be' 

referred'to as such. 
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couples by telephone. No'couple to whom the purpose ~as 
, 

explained refused to participate. Be-cause of the ,family 

si tuation, one couple-, was not pursues! after the initial . 

telephone' call. Arrangements we~e 'made with the re~aining 

28 couples ,to obtain"a 'venous biood sample. If possl,ble 
. , 

the couples came t.o the ,McMaster Medical Ce,ntre and th-e 

blood was taken by pro Carr. If this was ,pot'convenient", 

Dr. Carr arranged 'to visit them at· their home. 

Twenty ml of blood were aspirated'using'a ster~le . " . 
heparinized g~ass syringe. The blood was immediately 

placed in a·centrifuge tube containing'0.5 ml Hepalean 
• 

'(1000 heparin units per inl). Centrifuge ·tubes were 

stoppered and ailowe~ to st~nd at room temperaturei 

for J hours .. Approximately 2 ml of plasma w~re placed 

in an 84 mi'medium bottle containing 10'ml'of Connaught 
~' .. . , . 

H597 culture medium. ' The' I?H of the me'dium' was adjusted 

to 7.6-7.7 using sodium bicarbonate. Each culture 

also cOl)tained '0.1 rnl of phytol;laemagglutinin (Wellcom~): 

Two cultures were' prepared for each person.' f One contained 

a drop, of packed,red blood cells in addition to the plasma 

\,...and one contained 2,ml of hUman AB serum (Hamilton Red" Cross). . ~ . . 
'0 ' 

,C~llures were incubate~ at 37 for J dal!, then 0.1 ml .. . '. 
colcemid (0.4. mg,colchicine per m-l), was add~d to each 

" , 

cuI ture. After 2t hO,urs in' colc,emid I cultures were 

transferred t<?' centrifuge tubes and ,spun at 500 rpm for 

" 
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6 minutes. ~ The supernatant was discarded and' approxima t,ely , 
. 

.5 ml of""">O.075 M KCl was added to the pellet. Cells were 
, . 

kept in this hypotonic sQlution for 9 minutes and then . ' .. . , 

centrifuged at 500 ~pri1" for' 6 minutes., 'The supernatant 
" ' 

was again discarded and the cells £ixe~ in,S ml'of fresh 

;:1' me,thanol:glacial acetic acid. The tubes were stoPI?ered 

and refrigerated overnight. The ,following day, the' cells 

~ere'centri£uged at 500 rpm for 6 minutes, the supernatant 

\ discarded'and the cell£ resuspended in a small, amount of 

--' fresh fixati ve" j.':1.~t enou.gh to make a milky susp'ension. 

'Slides were prepared by dpopPing cells'from 'a height of . . ~ 

approximately 20 em onto slides which had been presoaked . , . 
in ice-pold wate~ so tha.t they w~re c.overe6 'by 'a thin fllm 

of water. Slides' were then a~r':'dried' by shaking vigorousl.y 
, 

over an alcohol lamp. Prepar~d slides ~ere sto~ed until 

needed. 

Slides were stained for 2 ,minutes with quinacrine 

dihydrochloride made by ,diss'ol ving ; gm of. A tebrin 

.; 

(G. T. G~ ~n 45 cc acetic acid and 55 cc distilled w.ater·, 

Afte; ~{~i~~g; the slide~ we~e rin~ed in J washes of 
/ '-.. 

distilled wfoter. Coyerslips were mounted in disiilled. 

water and sealed. wi t'h wax .. Cells were then observed with 

a Zeiss Photomicr;scope, equipped: with. 'an ~o 200W /4 $upe~...,. . .-
, ,.. ,. 

pressure' mercury: lamp. Exciter f,il ters ;BG 12 and BG ";8 

and barrier filter 47 w,ere in post tion. Slides were sc~ru:ed 
. , " 

, '. 

, 

1 
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'wi th ..)he Plana'pochroma t 40X, ,1.0 N. A. i oil' ob j ecti ve, 

Photographs of appropriate cells were, t~ken asing the 
, , 

Planapochromat lOOX, 1. 3 N.A.,· oil objective" Kodak high 
, . 

contrast copy film (ASA 64.) was used w~th an average 

exposure time of 5 .,minutes, Films were dev.elo~ed' using 

Kodak'D-,l9 developer, Pr:i:!1ts were 'made on F-2 or F-3 

Kodabromide paper using Kodak Dektol developer and rapid 

fixer', 

Appr?ximately 40 photographs were taken of the 
'" 

chromosomes 'of each person, Chromosomes were 'ident~fied . . 
,accord'ing to the ,standards of the Paris Conference (19'7~). 

, . 
Satellite regions were described as being ei~her non-

o 

. existent (0), present (+),'or i~tense~y fluorescent (++) , 

Centromeric bands on chromosomes 3 'and 4 were either intense 

(+) or dUll (-) and wit~ chromosome 3 the 'position of th~ 

band was noted. After t making 'ob,se~vations on the polymor:Phic 

regions of the chromosomes of the parents and their abortus 
• "! • • • • 

a Icomparison 'was made in order.> to try to determine which 

parent d'ona ted t~e extra I?h'r,omoso'tfle or' set 'of chr::om,osomes. 

and to det'ermine, if po~sible, in which' meioti'c division 
, ' • the 'errot occurred. ' 

""",, 

" 

"' 
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RESULTS • 

, . 
The charact~ris~banding patterns produced 

, " ". ------
when ,chromosomes were sxained with quinacrine dihydro-

chloride are fllustrated ~n Fig. 2. A'number of chromosomes 

. exhibit~ng' polymorph isms were used ,in determining the 

origip 6f the extra chromosome or' set of ch.r'omosomes in 

trisomies and triploi4s. These are· shown in Fig. 3. 

" 

Tri"Qloids: FQur tripl'oids were 69. XXX" ten were 

69,XXY and one was 68,xx. All cultures of parents of' 
• 

triploi~ stontaneou8 abo.rtuses were successful. The 

. -chromosomes of all parents were normal by the Q-banding 

t~ique •. 

·Triploid No. 1 (69,XXX): Chromosome 22 was used 
-' 

as the ~arker ohromosome in t~is,abor~u~«Fig. 4).~ ~Ttie' p 

<" 
triploid had two 22's with bright satellites, and one 

non-bright .. The.father ~ad one 22 with bright' satellites,' 

'whereas' both of the mothex:' s 22 ~ wer~ ·not bright. This 
\ , . , 

indi'cated either, failure during meiosis II of spermato-

genesi~ or disper-my,. 

Triploid, No', 2 (69,)CXX): It can be seen in Fig. '4 
\ ,,' 

"that . the, 'fath.er of this triploid '~ad one chromosome 15 

with bright satellites and one' with non-brig~t satellites. 
'. 
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The mo'ther's 15's satellited. were· not 
/ ,: 

The abortus had 

two 15'8 with bright satellites and'one without visible 

satellites'. Again. the triploid could l).ave arisen 'by! . " 

failure during meiosis II ,or by disperm~ 

o 
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Figure 2: Q-banded ~aryotype of' a ,ltormal 46, XY male 
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Figure):, PolYmorp~~c features of chromosomes 3,,4,9, 

13, 14" 15, 21 and 22 which were used as 
, , 

marker:s 
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Figure 4: 

/ 

Top - Marker chromosomes of parents and triploid 

abortus No.1 (69,XXX)! . Chromosome 22 was 
" 

used as fhe marker. Triploid inherited the 

extra chromosomes from the fath~r. 

-Bottom - Some chromos~mes of parents and 

triploid No.·2 (69,XXX) in which chromosome 15' 

was the informative marker and showed that 

the extr~' chromosomes were donated by the 

father either by failure of meiosis II or 

dispermy. 
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Triploid No.3 (69,XXX): Some chromoso~es of this 

triploid and the parents are illustrated in Fig. 5. 

Chromosome 13 was ~d as the marker. The mother's l3's 

contained n~ bri~OlymOrphiC regions, whereas the 

father had one chromosome 1) with bright satellites and 

one, with non-bright satellites. The abortus had two 13's 

with bright satellites,whic~ were 'identical to one in the 

fatner. This triploid arose by failure .during meiosis II 

or dispermy. 

Triploid No.4 (69,XXX): Both chromosomes 3 and 4 

were used .i'n determining the origin 'of this triploid,', 

illustrated in Fig. 5. The abortus had two 3!s with a 

bright fluorescent band on the long arm and two 4's with, 

bright ba~~s ,at the 'centromere. Only t~e mother's 

chromosomes possessed these t~o features. Because the, ' 

two maternal J's in the abortus were identica~ yet the 

'. 

" 

mother had one ~ with no fluorescent band near the centromere, 
\ 

then the faLI_ure must ha'Ze occurred du.ring me'iosis II 
\. \ 

of 90genesis. \ ~ 

\ "\ 

,\ ~ 

,Triploid No. 5 ~ .. 69,X-XY): Chromb{;ome ,4 was used . "-

as the marKer in this triploid (Pig. 6). The triploid 
, " 

, . , 

had two 4's with a fluorescent centromeric band. Th~ .~ 

father had one Ii with ''this same' ba~d .but ,his oth'~r 4 and 

both 4' s of the mother lacked this band .. ' The extra 

,haploid set of. chromosomes was dona'ted by the father either 

, 
I 

, i 

'f 
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by dispermy or failure of meiosis 11. However, the p~ternal 

sex chromosomes were XY, which could not occur from failure 

'of meiosis II~ • Dispermy was the mechanism for the origin 

of this triploid. ,_ 

Triploid No.6 (68,XX): This ·ab~rtus shown ih 

Fig. 6 had two l4'·s with bright satellites and one with no 

satellites. Only the mother ha~ a chromoso~e ~4 wit~ J 

bright satellites. rhe error occurred during-meiasis II 

of oogenesis. 
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Figure 5: ~o~ ~ Chromosome 13 was used as the" marker in 

triplo~d No; 3 (69,XXX). .~he father donated 

the extr~ ~] chr6mosomes. 

Bottom - Triploid No. 4 (69,XXX) 'resulted 
~ 

from failure of meiosis II of. oogenesis. 

Chromosome\] was the.informatiye marker. 
• I \ 

.' . 

\ 

. \ 
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Figure, '6:' Top :.. Triploid No ~ 5 (69, XXY) ,arose by di~permy. 

The abortus had two chromosome 4's with 

fluorescent centromeric bands. Only the father 

possesse~ a 4 with the band. 

Bottom - Chromosomi 14 was the informative 

marker in triploid NQ. 6 (~8,XX). ~he conceptus 

arose by failure of meiosis II of oogenesis. 
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Triploid No. 7~Y): The chromosomes of this 

triploid and the parents are illustrated in Fig. 7. 

Chromosome 22 was used as the marker. The abortus h~d 

two 22's with brightly fluorescent satellites and one 

with no brighthess. Only the mother h~a a 22 with s~ch 

a brightly fluorescent area. The triploid must have arisen 

from a paploid sperm and a diploid ovum, which resulted 

from failure during meiosis II of oogenesis. 

Triploids 8-15 (all 69,XXY): The origip of th~ 

extra set of chromosomes in these triploids was impossible, 

to determine. The chromosomes of these triploids and their' 

parents are shown in Fig. 7-11. There was no suitable 

marker which allowed unequivoc~ble determination of their 

origin. However. there' are several possibilities for their 

origin which can be proposed. JThis was done by choosing 

one chromosome as a marker and ·then ruling out unlikely 

possibilities. Seyeral alternatives remained. These 

. are illustrated iri Table 1. 



\ 
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) 

Figure 7: Top - Triploid No.7 (69,XXY) resulted from 

failure of meiosis II of oogenesis. Chromosome 

22 was the informative marker. 

Bottom - Some marker chromosomes of parents 

and triploid No.8 (69.XXY). There was no 

informative chromosqme marker . 
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Figure 8: Top - Some marker chromosomes of triploid 

No.9 (69,XXY) and the parents. There was no , 
informative marker. 

'Bottom - Some marker chromosomes of the parents 

and triploid No. l~ (69,XXY). The parental 

origin of ,the triploid could not be deter

mined. 

o 
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Figure 9: . Top - Some marker chromosomes of triploid 

,." 

No.. 11 (69, XxY) and .the parents. There was no 

informat~ve·rnarker. 

Bottom -.Some· marker chromosomes of the parents 

and triploid abortu~·No. 12 (69.,XXX). There 

was nO'informative marker. '. 

" 

.' 

.' . ' " . , II • 

\ . 
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, 

Figure 10: T0p - Some marker ,chromosomes 'of triploid 

abortus No. I) (69,XXY) and ,the parents. 

", 

, ' 

The parental origin,of the abortus could not 

be 'determined. 

Bottom ,- Some marker chromosomes of triploid_ 

'No. 14 (69, XXY) an~' the parents,. There was 

no informative marker. 
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... 

Figure 11:' Some. marker chromosomes of triplo'id abortus 

No. 15 (69, XXY) and' the parents. . Th'ere was no ' 

informative marker so the parental, origin of 

,the triploid is not known. 

: 
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Tris'ornies: Of the trisomies examined four were 

trisomy I), one was tri~omy 14, one trisomy 15, th~ee 

were trisomy 21 ,and' three were trisomYj,22. In addition, 

the cultures of parents of a trisomy «1 were unsuccessful 

·and in a trisomy 14 the father refused to glve a blood 

sample although the mother was willing. The chromosQmes 

of tne mother alone were not informativ~. Of the remaining 

12 trisomies studied the p~re~ta1 origin of only one could' 

be determined. This was the first trisomy' 22 illustrated 

in Fig. 1). Only the mother had· brightly. satel1ited 22'q. 
, ' 

The abortus had two 22's with bright sate;Llitesv It 

was not possible to determine whether the non-disjunction 

occurred during'meiosis I or 

trisomie~e uninfo~mative 
of parental markers. 

meiosis II. All other 
, .. 

because of the similarity 

) 
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Figure 12: . Abortuses possessing ~ group trisomies and 

the corr~spo:p.ding chromosomes .of the parents 

are shown.. Th.ere were four trisomy 13' s t 

one trisomy 1.4- and one ~risomy 15. The 

parental origin of none of these trisomic 

abortuses could be d~termined because of the 

similarity of 

." 
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Figure 13: The trisomic chromosomes of abortuses possessing , 

G group trisomies and the corresponding 

chromosomes of the parents are shown. There 

were three trisomy 21's and three trisomy 

22 I s'. The origin of only one of these could 

be determined. This is the first trisomy 22 

shown in this figure. The extra chromosome 

cam~ from the mother although in which meiotic 

division the non-disjunction occurred was not 

clear. 
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DISCUSSION 

\ 
Human chromosome poJ:ymorphisms have proved useful "-

in the determination of the parental origin o~ the extra 

chromosomes found in D and G trisomies and triploids. 

However, the polymorphic fluorescent reglons, especially 7 

the sa telli tes, have 'certain limi ta tions which must be 

recognized. For example, satellites may be bent under 

the chromosome and thus appear to be missing. For this 

reason analysis should not lbe made from o.hly one cell. 

Another factor is the intensity of fluorescence in a 

photograph. This depends on many.factors, including the 

intensity of the negative and the exposure time of the 

print. Any overlapped chromosomes will appear much 
, ~ 

brighter than if they were separate. For these reasons 

initial sc~ring of variants is best made directly from 

the slide. Realizing the limitations of fluoresce~ce 

" ,I 

polyrnorphisms it was decided, not to employ the five-

level scale o~ fluorescent intensity suggested at the 
, 

Paris Conference. A simplifi~d scheme consisting of , . 
~. 

three categories was used. These categories are absence of 

brightness, fluore·sc8r.lce present' ~ut not brillian~ a"nd 
~ 

... 
brilliant fluor~s~e .. This was believed to be more 

objective than the five-level scale since it eliminated 
45 . ' 

----,.--
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thE?" need to "discrimina te b~tween v-ery similar levels ,of, '. 

~ .. 
,intensi ty-. 

Overton et al., (197~)r reported great success in 
, . , 

".... . .. 
determIning the origin o~ the extra ,c,hromQsome 21 in Down 

syndrome. ' Their success stemmed from darkroom techniques 
~ ," ;t 

.i~ which ~hey made se~ial vr1nts of each 21 using increments 

of.l second e~posure time, from underexposure t9 over-
., , ' ,I 

\ 
exposure. They believed that the number of exposures " . 

.,. . ~ ~ .' 
necessary to produce visible .satellit~~ could be used 

'" 
as a h~rit~ble characteristic. Because of the number of 

. . . 
variab,les involved suc,h 'a c.onclusion is, nO,t jus\tified. 

, - ".( ;1 ~ 
, . 

Origin of Triplo..i:d~y , 
" ' 

0' 

af the. 7 trip~dS which ~ere inf'ormative there 
" . 

were almost equal numbers in whic'R the extra chromoso~es 
. , 

were ,fl;"om the mother (3) and the' f'a ther (4}., These " 
'''\. t ' 

7 cases represent· 47% of ,:the, triploi~s exam·in~d. The', 
, '- ' 

increased 'number ,of informative ,cases ,compared te the 
~, . 

autosomal t~iso~ies is due to the fact that, more chromosom~ 
'- ' 

, , 

pairs are availab;t.-e F'Q.r" stuq.y,. Because' triploid's possess , ' 

" , 

a complete, extra' haploid se,t of chromosomes, a ~ol~~:>l:·ph~sm, 
, , 

(}', ' ',' , ' 

'(),n any chromosome m'lay. be, usefu,l 'as a J!larker. It is 
, , ". "'~,' . , ' , ' 

,interes'ting to' note tha 1;' in the 3 cases' in ,whiCh :the 
... • I.. • 0-

. '\ 'extr:a' chiomosomes were ~~m.,th,e' m~1;;her" th.e" triploids 
" . . .. 

'~ere du~ to,an error ,in the second m~i~tic division. 
~ - ~ ,~. , 

In " 

.- " ' 
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J of the 4 triploids in which the extra chromosomes were 

paternally der1:ved', it was not possible to distinguish 

petween non-reduction during meiosis II or fertilization 
. . 

by two sperms, The fourth case de~~nitely arose by 

dispermy. 

Origin of D. G Trisomies 

'.' \ 
The fact that a veF-Y small number of autosomal 

trisomies (lout of .12 examined) was info'rma ti ve as to . . -,' 

the origin of the extra chromos9me is,in agreement with 

other .. authors, Informative casffS are: tho~e . i!1' whicl! it 

is possible to trace each, .marke,r 'il!- the abortus to one 

, , parent unequivocably, In order to do this there must be 

differences in' the 'parental markers for the chromosome 
~ 

,under consideration. If ...... b.oth, parents ar.e., homozygous or 

hetero.z.ygou'S for t,he sam'€! ·marker, then it is not possible 

to determine :~hi?h '.par en't donated 'the extra chromoso,me,' ' 

The reas<?n why the 'number of. inf.orma1;ive case~ in autosom,al 

trisomies is so small 1.s beya'use only one chrol)1osome pair

is availabl'e fo~ stu~y', Certain pol~orphic features are 
. _. . 

, mUch more common' than- others. so similar pa.tterns :f9r a 
, , 

c,Duple are more prop.able than dissimilar' ones', For e~ample'-

Muller' et' 8.1:. (197 5) ~ report.e~ iha. t 97.5% of chromosome 14~ .... . . .. 

hav~' no brie;ht:LY .f-~uo'reqc'en~ b3:.nd e1 ther on the short arm 
,:). ..... ':...0.. ~ t 

o~ ,in the cel)tromere ;region. 'There:!Qre.: the ,prQbabili ty . ' '<1", 

of onem~mber of the couple havi~g'suoh a band'is much 

... , 

,'tII , 
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smaller. than 'the pro ba bil i ty tha t ne i the'r wi 11 .ha ve' it. 

~f one ,member of -the couple di~ possess such a less 

frequent characteristic ,then ther~ is a good chance it 

would be useful as a marker. 
'.. 

Robinson and Newton (1977) examined the· chromo-

~omes of Dpwn syndrome'individua!s. 'Th~y defined positi~e 

satel1ttes as those,~hich were brilliantly fluorescent 

and normal satellites were those which conta'ined no 

quinacrine.fluorescence 'or the f+~orescence was no~ 

intense. They 'found that the incidence of positive 

satelli tes on chromosome 21' in Down syndrom~' was ~ignLficantly 
. . 

great~r than controls., They hypotr·esized that this may' 

ind~cate an asa~ciation between t~is polymorphism and the 

tendency to non-di'sjunction. J If this were true, the . , 

probabili ty of a woman produ.citig a Down syndrome. child 
'. 

cO.uld be based ori '~ore :th~n just her ag~ More, da.ta need 

to ,be colleoted by other ~uthors,to verify this is a true 

associ;:ttion a.nd 1!l 'addl ti'Pn the par'e,nt~ of Dow~\ syndrome 
. . 

lndividuais ~Quld be ~xpect~d to have an increa~ed frequency' , 
\ 

of :po~itive sat~llites. over controls. This also'needs' to . . ' , 

JI,. " , • , , 

be examined ~ Robinson and,' Newton (1977)' also found that, 
\ 

~ 21';s wit'h positive sateiliteE! associate l~ss of~~n than·.··: 
. : . '. . .. 

those' wi th normal s'ate11i te's"', Ori~inally it was proI?os~d .. . 
4 that there"~as a,.link between ,satellite association of': 

" 

chromosopie '21 and' non-disJ~~cti~.n {Evans, ~ :1.9'67·> • 
~ ... .', 

This 
, . 

", 

~, . 
- '. "'., , " " . .~ .. 

., , :. 
" '. " .. ~ 

p< 
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cou~d also be relat~d_ to ,the positive satellites just 

mentioned. However, Taysi (1975), examined the incidenc e 

49 

of satellite association in parents of Down syndrome, 

individuals and controls. He found that for both groups 
.t 

chromosome' 2l was more"frequently j,nvolved in associati0ns 

than other acrocentric~. There was no difference between 

the groups indicating that satellite association does not 

seem to be related to,~on-disjunc~iop directly. Therefore, 

if the presence of positive satellites on chromosome 2l~ 

affects its behaviour in such a way a~ to increase its 

rate of non-disjunction, then it must act through a 
'-

differen~ mechanism than by satellite association. 

It is-generally agreed that the extra chromosome 
~ 

in the maternal age-dependent categopy of D and G " 
, 

tr~somies are inherited. fr9m the mother. It is the matennal 

age-i~dependent trisomies in ~hich paternal non-disjunction 

must occur (Mikkelsen·et ~l., 1976). Indeed: non

disjunction during ~permatogenesis leading to D and G 

trisomies, especially.21, is much-mor~ common than , . , 

0riginall~ thought.· Langenb~~1976) revieweq the studies 
',,1' " ,', 

on the ?riginof '~he extra chromosome in tris0my 21. In. 
\ 

)1% of informative f.amilies the'~on-disjunctio; occurr~ 
~ - .".- '" ... 

in, the ~ther. He also concluded that'non-disjunction . , ' ., 
durin~ meipsis I was much, more common than in meio~.is II. 

. , 
, 
~ 
{ 

I , 
t 
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The only trisom~ whi~h was informative in this 

study was a trisomy 22 in which the extra chrom,q'some was 

definitely from the mother. ~owever, it was not' possible' 

to distinguish between non":'disjun,ction during meiosis I 

and meiosis II. The materhal age at the time. of this 

abortion was 39 years. 

Causes of Triploidy and ·Trisomy , 

Aging of gametes has ~een proposed as the major 

cause of chromos~me anomalies which are found in such 
. ' 

great number~ in spontaneous ~bortions. This aging do~s 

not have to coincide with chronological agin~ of one or 
\ 

both parents. Aging of oocytes may be of two types: 
I ' 

intrafolliculp,r, in which the ovum is ret.ained wi thin:. 

the follicle lon~er than the -normal' time; and intratubal 

(post-ovulatory overripeness) in'which ovulation occu~s at 
r. ."' . 

the 'normal time' b'ut· -th.ere is _ a delay before fer;tiliza tlon • 
" ' 

Aging of sperm may occur within either the male or t~e . . 

,female reproductive tract. Human sexual behaviour is such 
4¢ , 

that it offers no p~otection against aging of ga~etes. 

: '. Sexual"activity ·is pot restricted to a narrow time period 

around" ovulation as it is. in animals that have a specific 

es~rou~ ;period; ~~Ch as dogs. Other animals',. for example 

rabbi'ts, have col tus-induc·ed OVu.la tion., Both of these . ~ . . . 

mechani-sms ensure that ova will n,o'11 ~e aged .before. 

fertilization and that ~peJ;m' wi~l not be aged before th'ey 

\ ' 
, 



, conta9t'the ova. In humans because sexual activity may 

occur at any time duri~g the monthly oycle there is the 

potential. for both types of gametes .to be aged befor~ 

f'ert'iliza tion. 
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A number of studies have been carried out, mainly 

in animals'and occasionally in man, to examine the specific 

eff~cts of aging' of gametes an zygotic development. Fugo 

and Butcher (1966) delayed Gvulation in rats for 48 hours. 

They·. found that polyspermy. was thr:ee times .more frequent 

with delayed ovulat~on than with controls. They also, 
• 

studied the chromosomes of the zygotes which .resulted fr?m 

delayed ovulation. They fo~nd a wide range of c~romosome ' 

anomalies similar to those found· in humans, Mikamo (1968) . . 
studied the .effect.s of intrafol1icular overripeness on 

the development of Xenopus emoryos. Frogs w~re prevented 

from' ovulating "for extended periods and then ovulation 

was induced. Abnormal movement of undivided te'trads or 

dyads to spind+~ poles was oOserv~d. Shaver and Carr (1967) 

found ·that 'trip1oidy was the most common anomaly when, 

there was a delay of 4 - 5 hours between actual ovula.tion 

and fertilization,in the rabbit. Vickers (1969) also 

caused a de.~ay. between ovulation and fertilization :i:n 

mic~, for 7 - 13 hour.s! and found·a: nine-.fold increase in 

triploid "'embrYQs compared, with controls .. 
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In a st~dy involving humans", Guerr.ero and Ito jas 

(i975) examined spontaneous abortion and its relation 

to the time .of fertilization. WQmen were following their 

basal body temperature as an indicati'on 0'£ ovulation' arid 
, , 

reported when coitus had occurred. They found that when 

sperms were aged before fertilization or when there. wa:s a 
" ' 

delay between,ovulation and fertilization there was an 

increased risk of spontaneous abortion. The lowest rate .of 

such abortions ocpurred' in a narrow ,time period around " 

ovulation. If spontaneous abortions' can be used as an 
. . 

inqicator of chromo.some anomalie's (since 50% of spontaneou€? . 
abortions have s~ch an anoma~y) then aging of either' the 

.-
ovum, or the spel;'m may cause an .increased risk of, chrom'o-

some abnormalities in humans. 

Sperm may,be aged in the male reprQdu9tive tract 

as' well as in the femaler In humans this results from 
, . 

'periods of sexual inactivity. Little is known'about, this 

... 

type of aging of sperm in humans. Martin-Deleon et' al • .(197) 

exam~ned the effects of sperm aged in the male repr~ductive 
, ~ 

, , 

tract i~ rabbits. They' found- tha t when sl?erm wer~ aged 
- . 

for 1 - J week$ a'nu~ber'of abnormalities were fo~nd.in 
, -

the zygotes, the most common of which was a'utosQmal . '. '.. ~ 

'trisomy. Fechheime~ a~dqBeatty (1974) pres~nted evidence 
, ' .. . 

that, 'at least in raboits,'diploid sperm lar,e· unlikely to 
, . 

give rise to tr~plQid zy'gotes~ Semen cont~ining 0.4, 1~5' 

" 

" 
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and 2.9% diploid sperm was used for artific~al insemination. . 
They found no increase in the incidence of triploidy with 

greater coricen~~~:t~ons of diploid s'per~. (. 

The findings discussed thus far, if applicable 

to humans, offer explanations for the results obtained 

with triploid abortuses., In,:3 of the 4 triploids in which 

the ext'ra chromosomes were derj, ved from the fa tller: it was' 
j ,.. • \ 

'no,t""possible to distinguish between failure of meiosis II' 

and dispermy. From the animal data, 'dispermy is 'a more' 

probable mechanism than fertilization with a diploid, ' 

sperm. In order'for dispermy to occur there must be a 

~reakdowh of the earrier which inhibits entry of mpre, than 

,one sperm. Normally after 'one sperm penetrates the zona, 
.I 

: ' 

pellucida there are changes in this layer s~ch that it 
\. 

becomes impermeable to'additionai' sp~rm (Aust~n, 1970). 

The work of Fugo and Butch'er (i966) showed that,: in mice, , 

aging ?f an ovum, causes changes in the ~ona pellucida 

such'that more than'onS\sperm can penetr~te the ovum. In 

all 3 triploids in which the extra chromosomes were. 
, . . . . 

maternal, the conceptus arose by failure to extrud~ the 
, . 

seconq. pola,r body. There is evidence th,at 'delaying' 

fertilization, 'in' addi tion to i:~creasing the rate ,of'; , . 

dispermy, also causes retentio~ of the seQond po+ar body 
, > 

• • II ~ 

changes' in :the mei~tic ,sp'indle wfth pos~-0vulator.Y' a~ing 

o j . ' 

'" 

/. 

.. I 

'J 
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of the ovum which are probably responsible for the failure 
I 

to extrude the second polar body. Since the incidence of 

triploidy does not increase with advapced maternal age, " 
, y 

the aging of the ovum which 'is responsiqle for the 

production of a triploid ,zygote is probabl,Y post-ovul~tory 

overripeness. This is supported by the ~inding that 
" 

mel-otic errors in the mbther occurred during meiosis II. 

Laurit~en (1976) reported two triploids in which the error 

occurred in meiosis I in the mother. Therefore,. pre

ovulato~y aging must be involved iR some cases. 

Intrafollicular ov~rripeness is one of the possible 

'mechanisms fo~ the production of D and G trisomies, 

especially those which exhibit maternal age dependence. 

This type of aging may affect either'meiotic division as 

shown by Mikamo (1968). There are a number of oth,er 

possible etiological factors to account for those trisomies 

which are not related to late maternal'age and those in 
, ' 

which the extra chromosome is from the father. ' One which 

has been well-established is maternal irradiation;, 

Uchida et al. (1968) found ,that women who underwent 
, " abdominal radiation prior to ,their pregnancy were more 

" 

, likely to produce" trisomic offspring" than ,controls. The 

effect was ~~re pr~nounGed in the late r.epr9duct~ve.years 
, , . 

. \ ' 

of the ,warne,n. .Uchida and Freeman (1977)' found e?Cperi- " 

menta~ evidence in mice of a·sl~ilar phenom~non. ~hey f 

" 

~ " 
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foUnd that the sensi ti vi ty. of' mice to radia ti.on increa~ed 

vii th age. Kochupillai et al. (1976) studied a population 

in Kerala, South India which has a high level of' back

ground radiation. They found that the incidence of Down 

syndrome was'signifioantly greater than ~h a nearby control 

population which had a much lower level of backgroun~ 

radiation. The popplations were similar in other respects 

so it was considered that radiation'was the ?uly important 

variable. It thus appears well-documented that radiation 

whether used therapeuticallY'Qr at high levels in the 

environment is capable of genetic damage, especially 

increasing the rate of non-disjunction. 

Another factor which'may affect the'rate of non

disjunction is the pres~nce of' thyroid antibodies. 

Fialkow et al, (1965), found t,hat the frequency of thyroid 

autoantibodies was greater in the mothers of' ,Down syndrome 

t'han control mothers. These antibodies could e1 ther be 

'~caus~ of the non-disjunction or be the result, of 

,carr~ a' fetus containing the 'non-disjunction chromo-
~ ., • Q 

S,omes. At' ~ this iss~e h~s not yet been resolved., 
----. . ' . 

Dallaire and Leboeu~~ presented evidence ~hat the 
• • ..... ~ * .~. ~ _ •• 

~ ,". .~ 

autoimmune process in .the' mothers. qf Down syndrome children ~ 
, , 

was multi-o:r:gan spe.oific :and hypothesiz.ed tha-ty'iJarian 

·antibodies could lead to .the disruption' of n<;>tmfi melot+c 

ev~nts. 

, 

I 
1 
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Epidemiological studies have shown the peak 

conception rates of Down offspring to occur in the months 

of May and November (Har1ap, 19(4). Janerich and Jacobson 

(1977) proposed an endocrinological theo'ry -to account 

for the seasonal fluctuation in the, incidence of conception 

of Down syndrome. This-is ,just a theory with no data to 

support it. 

In some families there'may be more than one 

incidence of Down syndrome which is not related to late. 

maternal age 'and the chromosomes of the parents are 

normal. One mechanism for the production of repeated 

trisomies is gonadal mosaicism. 

One other factor which may be causative in the 

production of trisomi~s is drugs. Some evidence suggests 

that cer)afn drugs such as analgesics, antipyretics and 

antibiotics may cause an increase in non-disjunction if 

taken around the time of conception (Private communication 

to Dr. I.A. UGhida, from Dr. M. Yam~moto). The effect' 

of drugs in causing non-disjunction is not well-doc~mented 

at this time. 

The relative i'mportance and the interactions 

between tnese various'factorp in the production of tr~somies' 

is not knowri. Ther~ are prQbably addi~ional agent~ whiah 
.... '" ',also are' oausati,ve. The relationship of 'non-disjunction 
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to late maternal age is the one !actor which has been well 

studied but any of the 'other factors may also be related to 

age, such as radiation. 

At present, a very small proportion of autosomal 

trisomies and approximately 50% of triploid spontaneous 

abortions are informative as to the origin of the extra 

chromosomes when quinacrine fluorescence polymorphisms 

are employed. Table 2 outlines 'which chromosome markers 

were found useful, for determining the parental origin of 

~he ~xtra chromosomes. There was no chromosomal marker 

which was found to be consistently of value. In most 

informative triploids there was only one definite marker. 

In J of the 4 informative diandric triploids it was not 

possible to dist~nguish between failure of a meiotic 

division and dispermy. Ideally to accomplish this, a 

polymorphism on each chromosome would be needed. In the 

future as more and more banding techniques are attempted 

sucht a'dye or combination of stains may be found. Perh~ps 

" it will be possible to predict on the basis of an 

individual's (or couple's) chromosomes, the probability 

of spontaneous abortion or'of a specific chromosomal 

defec't. 

" 

.. 

" 

.. 
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Table 2: Illustrates which chromosome polymorphi~m was 

usefu~ in determining the origin of the informa

ti ve triploids. 

Triploid 

1: XXX 

2 XXX 

J xxx 
4 xxx 

5 XXy 

6 xx 
7 XXy 

Number Chromosome,Marker Used 

22-bright satellites 

15-bright satellites 

I)-bright satellites 

3-bright band on long arm 

~-rluqrescent.centromeri& band 

14-bright atellites 

22-bright satellites 

.. ' 

-
" 

<-

;.. 
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