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THE EFFECTS OF TEMPERATURE AND AGING ON NONDISJUNCTION
IN MALES OF, DROSOPHILA MELANOGASTER* '

i
Chlyoko Tokunaga '
Lawrence Ra.dlatmn Laboratofy
University of-California
‘Berkeley, California 94720

\ , ' March 1974
SUMMARY '

Drosophlla males of the’ constitution .Y/.Y Y were aged for 10
days ‘at 25°C and 10°C and then mated da11y for 13 days at 25°C tovirgin
X_v_v fe_males. The frequencies of exceptional __}_@_.(_W_[_ and ?_(Q offsprxng in -
the 25°C pre-aged gr.oup,' to which the father contributed either (a) both-
a.nX and a Y chromosome or (b) ‘n"eit}.1er of them (''paternal exceptions'’)
were ‘cbmparéd with those in the ‘10°C pr?e4aged groups. Likewisé, the
frequenc1es in the two pre-aged groups were compared with those in

a 25 C not pre- aged group. In the latter a slight increase of paternal

4 exceptmns in later broods represents a chronologma_l aging effect.

'Th'é increase of total frequency of exceptions in the 25°C pre-aged

series over that of the not pre-aged series is interprefea_ as an effect
of pre-a'ging,’ chronological aging, or both. The total frequencies of
paternél exceptions were not significantly dif_»fel/'ient in the 25°C and
._1‘0'°C pre-é.ge_d serives., but a highly significantly greéter number of ex-
Ceftibhs in ﬁhe seventh- and eighth;day brood_s was found iﬁ-thef 'v10°C.
bre’-‘-#ged_seriesithan in the 25°C pre-a‘ged‘éer'ies’.;b In'v all experiments

the frequency of paternal _)g_(_) exceptions was greatly in excess of that

of XXY exceptions. ‘The data on brood patterns suggest that the stéges

most sensitive to the production of paternal exceptions by pre-aging at

: 10°C are those of the primary spermatocytes.



IN TRODUCTION

- InD. nielarggaster,‘ exposure of females before mating to 10°C

ftv)"'i'f'és'ctensive periods leads to an extremely high frequenéyi of meiotic
nohéisjunction in mature eggs retained durmg the exﬁpsure. A second,
wé:ake’r effect on nondisjunction occurs when earlier stages of ooéen- '
esié--including odgbnial""td 16-cjrsfocyte staig»esv at the time of mating--

12 L -
(quunaga ). In the following pages such pre-

are aged before mating
r@ati?xg treatment is called pre-aging, in contrast to the chronological
aging which occurs in flies é.fte_r mating. This study presents the
eifeéts of pre-aging at different temperature on meiotic nondisjunction
in males. Unless specifically noted _6;herw_ise the term ''nondisjunction
in rﬁales" as used hereafter encompasses all events resulting in the
ﬁrddu‘ction_ of paternall exéeptibnal offspri\ng which obtain from their
father eithe_r én X and a Y chromosome or neither. ''Nondisjunction in
feﬁié,}es" signifies the production of maternal exceptiqnal’offs.p'ring

wh_i‘c_‘h obtain-from their mother either two X chromosomes or none.
i

MATERIALS AND METHODS

S - The frequencies of exceptions, of the types XXY females and XO
males, were studied among the progeny of the cross yw/):w g X
_y/_x_ Y . The symbol_L_ stands for a Y chromosome to which a
small section of an X chromosome carrying the normal allele of y has
beén translocated. Among the progeny of this cross, the regular seg-
regants arey?® _and_\y_ d. Paternal exceptions can be identified as
-+ 9 (l(_)i}’_) and y w ¢ (X0O), and maternal exceptions as w ¢ (XXY) and

Y 9 (XO). -
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5 :r'r.;'a"le.s‘ and 15 _fe'rr‘xales).
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 Three groups of 50 parent males, 5 to 6 hours old, were mated

iﬁdividually at 25°C to thre'e i.—da‘y-dldx\_:_.r females, either immediately -

o‘ir”a_ft'er p_re-j’aging for 10 days on standard food at 25°C.and 10°C. On

ve'é.leh of a total of 13 days; the males were _transferred to new culture

ﬁ’a_Jlé__‘Conta’.ining 3 vjir‘gi‘in _1;da;y-'-'o'1d_z_\y females. The progeny t'rbm the
fetﬁ#;.es of each day'e rnating were collected over a period of 11 days;
on each of the first 6 days, and finally on the eighth day, the insemi-
n“ated._ females were transferred to fresh vials. The sum of the off-
sp‘ring of the females mated on one day constituted that day's brood.
o bThe three series of cultures from 25°C not i)re-aged and froru
25°C and 10 C pre- aged males constitute the three main expenments.
In add1t1on, the 10°C pre -aged treatment series was. repeated twice.
In_these repeat expenments mass matmgs mstead of single matmgs
ui_ere performed after.'thepre'-aging treatment. In one series, 240 |

tr"'eated': males were initially mated each day to virgin females for the

" successive collection of the first- to the fourth-day broods (15 males

ehd“45 females per culture bottle) For the fifth-day brood 150 of the

_ma.les Wthh were the fathers of the broods durmg the first 4 days

were selected at random and used for the collectmn of brood numbers
5 to 10 (three males and nine females per v1a1) In another series,

,o_nl_y_ -the fifth- to ninth-day broods produced by 335 treated males were

":collfvleetecll (15 rria,_les and 45 females per culture bottle, one vial with

v

-

- The _deta- were analyzed by xz_ tests usingA Yates' correction

‘.\'air’hen, with one degree of freedom allowed for an.expected class was

less than five.



RESULTS

A Frequenc1es of XXY and XO exce&mns in the main experlments
(Table I)

1. Paternal exceptions _

' Hétéfogeneity tests for the 13 broods of each of the three exi)ef—
imental series show that the exceptions are not distributed at random
(;v\}er the different brbods. In each se.ries the P value for homogeneity
. 1s less than 0.001 (df = 1‘2). The heter‘ogen_eity‘ follows specific pat-

terns. In the not pre-aged seriés, later broods tend to show higher

fré'quencies of exceptions than the earlier ones (Fig. 1a). This maybe

seen also when the successive 13 broods are divided into four groups

consisting of the first- to third-, fourth- to sixth-, biseventh- to ninth-,

and tenth- to 13th-day broods. The exceptions in the first group have
é“frequency of 0.05%, in the second, 0.09%, in the third, 0.10%, and
1n the last, 0',1 8%. The higher frequenéies of exceptions in the later

' »gfdﬁps are statistically 'significérit' in all compé;risoné except that

‘bétween the seconci and the third groupé (P =0.7). |

| Comparisons of the total data between the three éeries indicate
.th'at'i the’fréquéncy of excéptions is sigﬁificantly higher in the 25°C and
the 10°C pre- aged series than in the not pre- aged series (P <0. 001)

.whereas the two pre -aged series show no slgmhcant dlfference '

| .between each other (P = 0.6). |

| In the main experunents the twb hlghest .frequenmes of excep-

' fioné occurred on the seventh and eighth days in the 10°C pre-aged
"svelv'ri‘es:  0.54 and 1,1;1%.respectivelyv(Fig. 1a). The third highest per-
| c>evn'tage, 0.34, occurred on the eighth day in the 25°C pre-aged series.

Sih;e the broods of each series are heterogeneous, the effect of pre-

aging on the frequehcy of exceptions that was demonstrated in com-
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parlsons of the total numbers of exceptmns was also studled in com-

.par1sons brood by brood A s1gn1f1cant effect of pre- aging at 10°C

cornpared with pre-agmg at 25°C on the frequency of exceptmns is
foun_d .excluswely in the seventh- and eighth-day broods. All other
b_i-o’odé, where the 'XZ test is applicable, did not deviate significantly

between the two series. Clearly, the differences between the seventh-

‘ 'a‘ncyll"e'ighth;-day broods of the two series are due to the effects of low

teﬁiperatdre during a low-tempefatﬁre-sensitiv,e period of spermato-
ge_neeis which results 7 to 8 days later in increased production‘ef
eXCeﬁtions.

It is interesting that the te'mperature-sensitive period for pro-
di_i:é:tion of patefhal exceptions coincides with a temperature-sensitive
ﬁeri‘o""d for male fertility. It is known that the» size of the daily broo/d'
frorn individual males is variable, usually dechnmg in the. la.ter

6, 11y
broods(Ha.nnah -Alava and Puro®, Slizynski ). In the data presented

_here, the general tendency toward a reduction of the brood size is ob-

viou's" in the later br()ods of the not pre-aged and the 25°C pre-aged
series. In 'the 10°C pfe-aged series, the sizes of some specific broods,
espeeially thoee from the fifth tﬂl the eighth day, are pa‘rticularly, re;
d‘u"eed However, here the brood size starts to increase again fromthe

mnth day on (Table I) - Such temporarily reduced fertility has been

__known before from stud1es of X-rayed males, where it served to iden-

'tlfy spec1f1c deveIOpm_enta_l s_tages of spermatogenesis which were un-

. o : _ 5, L TR R 4 :
usually sensitive to X-‘rays(Hannah Alava vAuerbach, . Frlesen and

In the 10°C pre aged case the pattern of low fertility

is 1nduced by low temperature



2. Maternal excteptions
' Since the P females of each brood listed in Table I were all

treated alike, maternal.excej‘)tions are expected to be of similar fre-
qixénéy in all broods of all series studied. Analysis of the frequency ‘
éf ‘»m'a.ter-nal exceptions in the totat’l.data between the three series indi-
cétes' that they are indeed homogeneous (P = 0.7, df = 2). Inthe 25°C
nt)t pfe-aged and pre-aged series, the distribution of maternal excep-
ti;)txsivoirer each of the 13 days' broods also show that they are, as ex-
Ié‘ected, ho‘mogeneou's (df = 42; P = 0.6 in the not Vprev-aged, 0.7 in the
pfe;éged series). However, contrary to expectation, the 10°C pre-
aged series show a highly heterogeneous brood distribution.

The detailed record shows that all 410 maternal exceptions in this

series (6 XXY and 4 XO among a total of 1843 progeny) occurred in the.’

‘sg‘vAenth-‘day brood of a single male and its three females. This brood
édﬁ'sisted of 186 individuals’. It ivs.not likely that the low-temperature"
pféaéing tt'eatment of the male parent was respbnsiblé for the high
fr'eciﬁéncy of mat\efnal exceptions, ‘éince none of the other 49 equally
treated rna.les and none of the more than 450 similarly treated rnales
in later expenments led. to a h1gh frequency of maternal exceptions.

It is therefore likely that one of the three mates of the male was re-

sponsible for the unusual ﬁnciing.

B Frequencxes of XXY and XO exceptlons in additional experiments

(Table II)
The 10°C preaging experiments wéré r'.epeated twice and.the' re-
' éul_té are given in Table II. The data on 't"he”frequencies of paternal
ez_’:t_:'eption.s in the repeat experiments confirmed the existence vof the
}»O\&-temperat:ure. effects found in the main experirﬁehts. ‘As seen in

' Fig. 1b, the seventh- and eighth-day broods of the two repeat 10°C
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pre-aged series show the highest frequencie'é" of exceptions among the
broods studied, as had been originally found in the main series (Fig.
1.a’)._'_,v When ‘the sum of the répeat data for the seventh- ,aﬁd eight-day

10°C:1.)re-aged broods are compared with the seventh- and eighth-—cfay

‘data Of the 25°C not pr"e—aged and pre-aged series, highly significant

dlfferences in the frequency of exceptmns are revealed (P <.0.001 in
each of the two compansons) T}us conﬁrms the earlier conclusmn
thgtz ‘1t:= is the low temperature during pre-aging which is re sponsil.)l_e
f‘orlrthe -incr.eased frequeﬁcy of exceptions. The rest of the broods
Cb;ﬁpéred either do not differ from t’he.two 25°C main series (in the
first- to fifth- and in the ninth- day broods) or show a significant in-
créase over the 25°C not pre-aged series, but were not s1gn1f1cant1y
d1f£erent from the 25°C pre-aged series (sixth- and tenth-day broods).

| It will be noticed that the low-temperature effect is much greater

in the repeat experiments than in the main one. The causes of the

:v'fc__tfr'i'atvions' of this effect are not yet known. .

DISCUSSION

Compar1son of the total frequency of paternal exceptmns in the
25°C not pre- aged senes w1th that in the 25°C pre-aged series showed
_hat t_he frequency in the latter series was significantly increased. An
intéfjprétation of this"fi’nding dependé on fhe fate of the spef‘m produced
durmg thé pre-aging period. According to YL{i’ninrg7, ‘such sperm is nof

jret.ained during the pre-aging period but is lost or absorbed. If one

_‘accepts this view and assumes further that pre-aging does not change

thi_t_‘a;cou'rse of spermatogenesis, it follows that the increased frequency

of paternai exceptions in the pre-éged series Wasdue to the increased

i éhrbholbgical agé' of the pre-éged males. On the other hand, Mossige9
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found that mature sperm is retained in p'rer-a.vged'males at least for a
few days. In this case, an effect of pre-aging on spermatogenesis
wou'ldi result in an increase of exceptions independent of the effect o'f"
c:hr:o_n.ologi?::al age. Pve'rhaps the increase of éxceptions in the 25°C
p‘ire_“—aged series is due to a combinaf_:ionAof the éffeg:ts of increased
chijdrioiogicai age and the pre-aging prb¢ess. In the future, data on
the offspring of not pre-aged males in broods beyond the 13 days
studied in this paper might contribute to an'uhd'e"rstanding of the effect
of chronological age.

| The three 10°C pre-aged series all yielded their high freqt;encieé
of paternal exceptions in the seventh- and eighth-day broods. In the
same_' broods the lowest fertility of the 10°C pre-aged males was ob-
served. " Apparently the £empérature-sensitive stages for the induction
of faternal exceptions as well as for low fertility’éorre'spo'nd to the
seventh- and eighth-day broods. According to the timetable of sper-
matogenesis by Chandley and Batémanz, ' which' is based on their
radioactive tracer studies, the seventh:-; and eighth-day broods were
de.,__r'i‘ved from sperm which was at the primary spermatocyte stage at
the end of the 10°C pre-aging .period. This estimate presupposes that
the rate of spermatogenesis returns to normal soon after the end ‘Of '
exposure to 10°C. It also presupposes that the treatments ﬁsed for
est1matmg timing of spermatogenm stages do not alter the rate of
}s_permatogenesis. The evidence presented by Chandley and Bateman
}i"n_di_cates that the latter assumption may not be fully valid. vThey .

" found that spermatogenesis proéeeds fnore rapidly after X-ray irra-
'di‘ation than after exposure to~radioactive tracers. "Other factors are
_ also known which make if difficult to relate precisely the broad pattern

(Hannah-Alava 5)
of offsprmg to the temporal pattern of spermatogenesus/ It may be
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added that the per1od of temperature sensxt1v1tv of 2 meiotic drive geno-
type also involves the pnmary spermatocyte stage(Erwkson and Hanks3)
Here however the sen81t1v1ty pers1sts through the me10t1c d1v1s1ons
Pre- agmg at 10°C has different effects in oogenes1s and sperma.—
togenes1s In females, the temperature-.-senmtlve stage for exceptlons
1nv01ves mature eggs ‘retained. by the females durmg pre aging, where-
as ‘m males the sensitive stage involves the primary spermatocytes.
Quantltatwely the results also dlffer In females, up to 20% of sex
chromosome exceptions were produced whereas in males the hlghest
frequency observed was less than 2%. Moreover, 10°C pre-aged fe-
ma.es produced a considerable number of autosomal exceptmns con-
(Tokunaga13)’ whereas neither
10°C nor 25°C pre-aged males produced any autosomal exceptions. Fi-
na'_llyj, at -the_temperature-sensitwe stage the ratio of XXY to XO ex-
ceptions from 10°C »pr‘e-faged females was close to unity, whereas the

same ratio in all series of males was greatly shifted toward an excess

of_)_{__Q exceptions. .The equality in frequencies of XXY and _}__(_(_) maternal
. ,ex;ce,ptions is compatible with their origin as a result of nondisjunction

~in its narrower sense, whereas the excess of XO paternal exceptions

suggests the part1c1pat10n of such me1ot1c abnorma11t1es as chromo-
(Morgan, Brxdges and Sturtevant8 Peacockio)
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Table I. Frequencies of XXY and XO exceptions among the progeny ofyw/yw 9 X 1/{&{ d. The table

lists the total offapring of each of three groups of 50 P males separately subjected to the following treatments:

(a) 25°C not pre-aged; (b) 25°C pre-aged; and (c) 10°C pre-aged. All exceptional males were tested for
fertility and proved to be sterile.

. Exceptions
Experimental - . Broods Paternal - Mater.nal
series (days) Totals" + (XXY) yw (XO) % w (XXY) 'y (XO) %
25°C 1 17960 2 i 0.02 1 10 0.06
not pre-aged 2 21222 4 8 0.06 4 10 0.07
-3 18318 3 9 0.07 3 5 0.04
4 20835 7 16 0.11- 6 3 0.04
5 21861 1 18 0.09 4 11 0.07
6 24803 2 15 0.08 4 7 0.05
7 16869 5* 12 0.10 2 7 0.05
8 13944 2 11 0.09 5 1 0.04
9 12195 3 9 0.10 7 6 0.11
10 9936 2 9 0.14 2 5 0.07
11 10259 11 17 0.27 1 2 0.03
12 : 9739 5 17 0.23 2 5 0.07
\ 13 9990 2 9 0.1 1 4 0.05
. Totals 204931 49 151 0.40 42 76 0.06.
25°C 1 21632 4 19 0.11 4 9 0.06
pre-aged 2 24560 4 10 0.06 - 4 8 0.05
3 20827 13 21 0.16 5 10 0.07
4 19578 6 20 0.13 4 10 0.07
5 14571 7 18 0.17 o] 9 0.06
6 12103 4 13 0.14 0 5 0.04
7 - 11857 6 19 0.21 3 8 0.09
8 8754 14 13 0.31 1 2 0.03
9 8610 4 11 0.17 1 5 0.07
10 9469 - 4 8 0.13 2 3 0.05
11 10214 2 12 0.14 2 4 0.06
12 10801 4 9 0.12 3 6 0.08
13 10456 1 7 0.08 2 4 0.03
Totals 188432 73 180 0.14 1 80 0.06
10°C 1 18615 5 12 0.09 6 4 0.05
pre-aged 2 8317 3 4 0.08 1 3 - 0.05
3 10547 5 15 0.19 1 0 0.01
" 4 7315 4 7 0.15 3 2 - 0.07
5 1297 0 o 0.00 0 1 0.08
.6 2936 0 5 0.17 .0 0 © 0.00
7 1843 1 9 0.54 ) 4 0.54
8 1486 S 12 1.14 0 0 0.00 -
T 9 4339 2 2 0.09 2 2 0.09
10 12702 9 17 0.20 1 6 0.06
11 12235 5 12 0.13 1 5 -~ 0.05
12 9680 1 9 0.10 0 7 0.07
13 7808 3 3 0.08 . 5 4 0.12
Totals 99120 43 . 107 0.15 26 38 0.06

*One individual was a triploid intersex of XXY constitution,

.

=S

.-.6,.,__, -




L0°0 € (A 82°0 9t . & - 96£L 07
. (g0'0) 000 (2) O (0) 0 (83°0) 000 (8) 0 () 0  (+609) 806 6
 (50°0) 000 (1) 0 1) o (08 ST - (29) b () 0 . (zg6) L8 g
(€0°0) 000  (F) 0 (0) 0 0%) LrF (bE) 8 © s  (8z¢) 988 L
| (zo'o) 00’0 (¥) O (0) o (92°0) 000 (%) 0 (€) 0 . (8099) ¥9 9
: (Lo*0) 800  (€) ¥ - (0) o (L0°0) 80°0 © (€)% 8*9 ~ (rsER) €rer G-
v €0'0 ; 0 €0°0 o P esLe b
€0°0 € 0 600 9 2 . 96L8 €
190°0 € € 500 ¥ 82 o9 2
300 0 9 800 LV ¥ sshie v
% ©X%  (XXX)W % CX)"E (AXXF  stesol (skep)
— — - - - : spooag-
oo, [BUISIRIN L _ Teulsjed v
- suoljdaoxy

- ejep Tejudwliadxa Jo sd1198 Om3} OYL

*sasayjuared yjmm pue uﬂoﬁHB p23s1] L193esedos s1e

~*satass pade~-aad D,0F jo BIep Teuswrradxs voﬁmvmom ‘II °19'L



‘Frequency of exceptions {(x10"3) (o)

~

w b

[

-14 -

b

| e —— |0°C pre-oqged

——
——— v \//

L cemcacaes 25%°C not pre-aged -
QG ——-—25°C pre-aged
10°C pre-oged

Broods {days)

XBL 712-184

Fig. 1. Frequencies of paternal ex-
ceptions, '
a. Main experiments.
b. Repeat experiments,
(See text for details.)
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.






