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- Footnote

For the purpose of this paper, the term "minimum food" stands
for a food mixture which reduces the ability of females to

ovoposit, A modified version of Burdick's medium (1954) was

~used, It consisted of 20 g agar, 10 g brewer's yeast, 43 g

sugar, 4.3 sodium nitrate, 1.4 g dipotassium phosphate, 0.7 g :
pd.tasvs_ium chloride, 0.014'.g ferrous sulfate, 0.7 g magnésium
sulfate, 0.14 g tegosept 1n 12 ml of 95% ethanol, ahd.:v_"va.t.er
added to make a final Volumé_ of 1000 ml (see Hildreth a;vndv

Ulrichs, 1969).



e

-1- UCRL-19308

INTRODUGC TION

The genetics of nondisjunction of the X chromosome in Drosophil_a
was first studied by Bridges (19 13, 1914, 1916). He determined the
frequencies of nondls_]unctlon under standard condltlons - Recently .

Hildreth and Ulrlchs (1969) encountered variations in the frequency ‘

~of nondisjunction when they subjected females to high (25°C) or. low
(10°C) temperatures during prolonged periods of aging precedlng egg

- deposition, The experiments presented here were de31gned to obtaln

deta1led data on the effects of temperature and aglng on nond1SJunct1on

© of the X chromosomes in females of Drosophila melanogaster, including

- data on successive broods of females treated in various ways,

MATERIALS AND ME THODS

Nond1SJunct1on was studled as evidenced among the F‘1 of the

cross y w @ X ++ (Samarkand w1ld-type) . The y w P females were

collected from stock cultures of the type y weeQ X_y W/ sc Yd'o’

The sc8Y chromosomeris a Y chromosome to wh1ch a small sectlon of .

ot

an X chromosome has been translocated. This section contalns the

dominant normal allele of y resulting in a not-yellow phenotype Any

XXY females in the stock would be recognizable by their not-yellow
phenotype. Thus the use of Y w females as P females in the experl—_-

‘mental cross assured that all P females were XX,

In the main groups of experiments, the Pfemales were newly
eclosed virgins "pretreated” by being placed on ”m1n1mum food”l1 at

25°C for 3 days. After this common pretreatment period the females



-2~ » UCRL-19308

were ''treated" by being placed at 1Q°é or .25°C on minimum food for
0 day (control series '"C-0O"), or 3days or 1, 2, or 3 weeks. During the aging )
“periodvs of from 1 to 3 weeks the fernales_were transferred from 1 to 3 '
times into new vials with minimum food, After the respective ''treat-
ments''-i, e., the temperature and aging periods exclusive ef the 3 |
days of pretreatment--the females were placed on normal food (standard
culture rnediutrn‘—-cc;rn ineal, agar, moiasses yeast) aihd kept at 25°C,.
Each female was given the opportunity to mate with two wild - type ma.les2
-(Samarkand) at least 3 days old, on the first _and again the sixth and
seventh day after treatment. Each ti'eated female was kept in a separate
culture vial and transferred to new vials _daiiy until the fifth day, eund. :
then every second day until the 13th day. In the control C-O series,
daily collections were made during the entire 13vday,s.

‘In the preceding paragraph the term "treatment!' was defined as
vthe period of aglng under minimum food conditions that followed 3 da.ys
- of pretreatment on minimum food at 25° C Therefore the treatment o =
perlods of 0 or 3 days or 1, 2, or 3 Weeks at :10 C or 25°C cor.rzep;nd‘
‘to actual aging periods of 3, 6 10 17, or 24 days, respectively.

The number of eggs dep051ted in the treatment series durlng the
first day after terrnlnatlon of treatment was less than in the succeedmg
‘broods. In order to obtaln suff1c1ent data on f1rst -day broods the exper -

. iment w1th single P females was supplemented by mass rnatlngs usmg
tv'the same exper1rnental procedures as in the main series. except that .

only first-day broods were collected, To avoid overcrowding, a max-

imum of 15 females and 30 males per vial at 10°C and a minimum of 5
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Footnote

In the following pages, the matings of single females with two

males are: somewhat inaLccura.tely called '.'paii' mating, "
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females and 10 males per vial at 25°C was used in each of these treat-
ment series,

In addition to the control series C- -0, in which the females were

: pretreated for 3 days and then placed on normal food, another control |

group, C, was reared which did not undergo pretreatment, This control

is discussed later, as are also two special types of experimental series

involved in the analysis of the first-day broods,

It is of importance for the interpretation of the results to_ know
how many eggs are laid by virgin females during the pretreatment and"

treatment periods, During the pretreatment period 225 females of the

fC -0 control series together laid 95 eggs, a mean of 0,42 egg per female

‘ (Table 1, line 1), For the experirnental series, data are available for

the number of eggs laid jointly over the pretreatment and early treatment

' perlods or for later treatment per1ods alone (Table 1) For each period,

the numbers of eggs laid per female were estlrnated by counting the _
approximate numbers of eggs in several randomly selected vials of the
experimental series, each of which contained 30 fermales., As seen from
the table, the estimated number of eggs depos1ted before matlng.1s about
five per female at the highest and less than one at the lewest among the
various series, In other words, the loss of eggs in all series is very

small, Granting th1s conclus1on the fl1es developing from the flrst

v'broods represent germ cells which were rnature eggs at the end of the

treatment perlod and the flies developlng in later broods represent

-

mcreasmg]y earl1er s‘tages of germscells at the end of treatment,’ In

the” normally developmg ovariole, one can roughly estimate the duration

of the period needed for the development of the various egg stages until
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the time of their dep051t10n as fertilized eggs (King 1957 Koch and- K1ng
 1966). From such estimates, it appears that the first 3 days? broods -

are derived mostly from eggs that were present in the vitellarium as =
Stages 14 to 2 at the end of the treatment period, as Well as from Stage 1
pro-oocytes in the germarlum The fourth- to 51xth -day broods represent
early Stage 1 pro-ococytes and clusters of 16-cell cystocytes the se'venth—
to eight-day broods correspond to cystocyte division stages, Broods of
the period 9—13 days after treatment represent cystoblasts and stem-— '
line oogonia (Fig. 1).

Normal segregation of the X chromosome in the cross y w 2 X ++.0.
leads to wild- -type females and y w males -Nondisjunction in the egg-
“y1elds triple X, not- ~Y» not- -w females yw females (XXY), and ++ males
(XO), The triple X females have a very low v1ab111ty, and hardly any
:develop to 1magos If they occurred at all in our cultures they were not
dlstlngulshed from regular not-y not-w females The yw females and ++

males were scored as products of nondlsJunct1on in the female Nondls- i

-zs“’

Junct1on in the male alone does not usually lead to recognizable excep-.
 tional offsprmg, vbut co1nc1dence of nondisjunction in both parents would
lead to yw XX and ++ XY offsPrlng. No attempt was made to dlstmgmsh

_ between y w XXY and y w XX daughters, but ++ son.svwere te:ted Jor

| fertility: ‘ if fert1le they were XY, 1f sterile XO (presumably) _ Among
‘the total 835 exceptional ++ males, 825 were scored as XO, wh1ch
includes 18 t+ males that died before mating, and 2 ++ males that were
added to the data by estimation (see footnote to Table 4), lf nondls_]unctmn

of the XY pair in males is as frequent as nondisjunction of the X chromo-

somes in females, the expected frequency of ++ XY _males would have been
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.1.5 (based on the data'én rnale-s)_i.:.r«l.stelad..of 'dbl'_emobser:ve‘d 10. Thus, éither
all or some of the 10 fertile males were contaminants or the frequency
of XY nondisjunction is several times as great as of XX nondisjunction,
It seemed conservative to‘regard the 40 males as contaminants and not

to include them in the data.

1

in regard to bristle length, and--often--abnormal chitinization and pig-

There were 10 ++ F, males which had an XOA bobbed phenbtype
mentation of the abdomen. They had low viability and died without pro-
ducing offspring. Most likely these males carried a mutant bobbed

“allele in their X chromosome, and their X sperm was of péternal 'origin
and had fertilized a nondisjunctional O egg. The bobbed exéeption_s were

bsc‘o_rgd as XO males, and included in the above total of 825 X0 males.

Statisti‘cal analys'es were béseci on the Chi—_s>qu;)_.re test, using Yé.tesy.
s corfection, when, given one degree of ffeédom, an expectéd class was less
than five. The level of significance used is at the 1% probability unless
ﬁoted otherwise. On account of the usually low frequency of nondisjunc-
tion, it was at times necessary to pool the data of some broods. The
- analysis of the data on nbndisjunction is based on the female and fnale

offspring jointly unless otherwise noted.

. RESULTS
The main body of data on the fréquenéies of nondisjunction in the
two control series and the eight éxperimental series is given in Tables

2 through 4. Numbers without parentheses include data on F1 females
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and males jointly. They constitute the material to be analyzed in the
folloWing pages. - In addition, certain analyses are restricted to data on
F1 males only. These data are listed in Tables 2—4 within parentheses.

A. The effect on frequency of nondlsjunctmn of aging P females at
hlgh temperature (25°C).

Each of the four experimental series shows a trend toward higher

frequency of nondisjunction w1th 1ncreased aging treatment (Table 3, last

‘line).

A comparison of the totals of the four experimental groups with

that of the control C-O shows an increase of nondisjunction in each exper-

| imental group, the differences being significant at the 0.2% or still lower
level (Table 5, line 1). |

These overall effects can be analy’zed in terms‘ of the nine
'.brood collections, which c‘o‘r_r.espon"d to stages from mature e‘ggs to
stem-line oogonia. at the e.nd of the treatment period,

In each expefimental eeries, the freéuency' of nondisjunction is
hlgher in the later than in the earlier broods (Table 3, Fig. 2). The
border 11ne for thls phenomenon seems to be represented by the fifth-day
brood, There are three apparent exceptions to this age effect. These
'. are the first-day broods of the 1-, 2-, and 3-week treatment series,
‘whlch give higher nondlsJunctlon frequenc1es than the next three broods,
Statistical analysis shows, however, that the relatlvely‘ high frequencies
in the first-—day broods of these séries are not significantly different from
the sum of the second- to fou‘rth-day brootis of the same series (Iable 6,

line 4), and the first-day brood of the control C~O does not differ signif-

icantly from the sum of the first-day broods of the three experimentall

<
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series (XZ = 0.30, d.f. =1, P = 0.5-0.7).

On the other hand, the pooled data of the 1-, 2-, and 3-Qeek‘
series show a significant difference in frequency of nondls_]unctlon between
the sum of the first broods and the sum of the second- to fourth -day
broods (P = 0,01). A similar comparlson involving pooled data frorn
the 3-day and 1-, 2-, and 3-week series are s1gn1flcant at the 7——8 %
level only, and a comparison 1nvolv1ng pooled data of the control C-O
and the four experimental series yields s‘ignifi"cance- at the 5-7 9% leve_l.

As is shown later, the second- fo fourth—day b‘roods in each
experimental series at 25°C do not"show any effect of aging, In contrast
to this the preceding analysis indicating that the first-day brood aged at
25°C shows a tendency to inci'eaSed frequency of nondisjunction with
increased period of aging, fro;h 1 th 2 or 3 weeks, This tendency, if
real, is of minor nature, and more data are required to estahliéh its
‘reality, |
- The differences between the early and late broods were analyzed
further by subdividing the broods into two éubgroups, comparing the
first- to fourth—day broods with the fifth to the last (5—-13th day) broods.
Chi-square tests between the two subgroups show no diffverence in the
control C-O (P = 0.3-0.,5), a difference sighificant at the 3% level in the
3-day treated series, and differences significant below the 0.1% 1_eve1
within the 1-, 2-, and 3-week treated groups (Table 6, line 1) When
the two subgroups were composed of the first- to fifth-day and the sixth -
to last-day broods, very similar results were obtamed (line 2). 9n§ 3
m’a‘y:.conclude that the:he is a significant difference between the early and

late broods of all four experimental series but not in the control C-0.
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Further tests relate to the question whether there are differences
between the early and late subgroups of the control VS experimental series.
No 51gn1f1cant d1fferences were found between the first- to fourth- day
broods (Table 5, line 2), whereas the fifth- to last- -day broods dlffered at
less than 0.1% probability ( Table 5 line 3). Homogeneity tests for the ‘
early subgroups showed nonsignificant differences (x = 2.40, d. f, -'4
P= 0.5—0.7), whereas tests of the late subgroups showed h1gh1y s1gn1f-
icant nonhomogeneity (X = 200.7, d.f. =4, P< 0.001),

Additional comparisons between different early brOods‘ within the
control and experimental seri'es‘s'howed no aging effect dnring the first-
to fourth-day brood period, On account of the small numbers of nondls—
junction individuals in these broods it was necessary to group the four |
broods in sets of two: flrst plus second- day broods vs thlrd plus fourth-
day broods. All comparisons of the two groups show statistical homoge—
neity ( Table 6, 11ne 3). In add1t10n comparisons between the sums of the

second- to fourth day broods for the control C -O and for the four exper-
imental series also show homogenelty (Table 5, line 6), in contrast to the
" h1gh1y s1gn1flcant d1fferences between the frequenc1es of nondls_]unctlon

in the fifth- to th1rteenth day broods of the control C-0O and the varlous
aged series (line 3).

In order to analyze the aging effect on nondlsJunctlon between the
.1nd1v1dua1 f1fth to thirteenth-day broods,each brood of the various exper-
imental series was compared with the correspondlng group of the’ co'ntrol
C-O series. Since the two 10—441th- and 12—13th-day broods represented
somewhat small samples ‘the data were comblned and the 10——13th ~day |
broods were treated as a 31ngle group. The only srgnificant difference

between the control C~-O and the 3-day-treated series was that between
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the 6—7th-day broods ( Table 5, lines 7-10, column 3). Between the 1-week-treated _

series and the control there was a s1gn1f1cant difference not only relat1ng

- to the 6—~7th-day broods but also relatlng to the 8—9th- day and '10—13th—

day broods; the only not significant d1fference related to the 5th- day brood |
{column4). Compar1sons between the control C-O and the longer-treated
2- and 3- weeks series showed significant differences for all brood groups
(last two columns). It thus appears that the 6-——7th ~day brood is most
sen31t1ve to the aging effect at 25°C under minimum food condition, The
8—13th-day broods are next in sensitivity, with the 5th-day brood being
least sensitive,

In summary, agirlg at 25°C increases the freduency of nondis -
junction in the later broods. = The 6——7th-day brood is the most sensitive |

to aging, the 8—13th-day broods are next, and the least sens1t1ve 5th- day

“brood also can be affected by longer periods of aging., In the earlier broods

_ there is no effect of aging except for the first brood in pooled data of the

1-, 2-, and 3-week treatment series, whlch give significantly hlgher

frequencies of nond1SJunct1on in first- ~day than in the 2 — 4th -day broods,

(P =0.01).

B. The effect of aging P females at low temperature (10° C)

1. Comparlsons with C-O controls

Table 4 and Figure 3 prov1de the data for the vamous serles of
P females aged at 10°C, On the Whole the pattern of effects of aglng
in 1ncrea51ng the frequency of nondlsjunct1on is similar at 10°C and 25°C,
There is, however, a striking dlfference between the effects of the two

temperature treatments on nond1SJunct10n in the f1rst broods_,_



. broods.

-10- .~ UCRL-19308

Comparisons between the 25°C control C-O and thé various low-
temperature series show significant incre'a;ses_ in nondisjunction of fhe g
sums of all broods in all four treated series (Table 7, line 1). The o -
same is true for the sum of all broods except the first (line 2), aﬁd for
the sums of the ,5-—13tf’1-day broods (line 4). For sums of the 2—4th-
day broods, only the 3-week treated series differs sig'nificaﬁtly fr'orh'b'-
ﬂt}.1e corlltrol C-0 (line 3).

Broodwise comparisons between treated and control C-O series .
show no significant diffex;ence.s for 2nd~-, 3rd~, and 4th—da;;3r broods 'and
the 3-day and 1-week treated Sth—day brood.s (Table 7, lines 5—31.2.)0
The exceptioﬁ is the 3rd-day brood of.the 3-week treatment series,

- discussed later. After treatments of 2 and 3 weeks but not for éhortérl
. periods the 5th-day broods Have significantly higher nondisjun;:ﬁion-_
rates than the control C-O (line 9). The same holds true for most of
the corriparisd_hs for 6—7th-, 8—9th-, and 10~13th-day broods (lines

S 10-12), v‘ﬁth only borderline signific;a.nce-reachéd by the 3-day treated
series for the last two brood groups. The l‘ack' of effect of treétment ..
- on the early broods and the strong effects on the 6 —7th-day broods
corresﬁond to the findings from high—temperature tr.eatménts; wheréas
there is a contrast b\etween the two temperatﬁre“effects for‘thé; later |

The greatest differehce'c_onc.ervns the first-day broods.  In c;;ri;” -
- trast to the 25°C series, ‘for whi.c_h there was no significant_différence
B Between first-day treated and control C-O bréod_s,_ all 10 °C treated

series--3 days, 1, 2, or 3 weeks--produce first-day broods w1th very
' highly il:lcreésed frequ‘ep'c“iss‘ _:(_)f nondisjunction (Table 4',_ line 1; Table

7, line 5). The ﬁrst-day;broods'are analyzed below in detail.
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2. Comparisons with high-temperature aged series

In the preceding section the frequency of nondisjunction in low-
temperature-aged females was compared with the,t in high-temperature
control C-O, The treated series thus is different from the controls in
two attributes, temperature and age. ‘In'or'der to separate the influences
of these factors, the results of the varlous low- temperature -aged series
were compared w1th those of the hlgh temperature series of equally
aged females. (It is likely that the general physiological effects of aging
at the two temperatures are not identical, However; no adjustment for

such differences have been made, On the whole this did not seem

necessary., )

Comparisons between the totals of all 13th—dé.y broods at high

and low temperatures show no significant difference in the 3-deiy aged

series but highly significant differences in the 1- and 2-week series,

and a difference at the 5—6% level for the 3-week series (Table 8, line 1),

These significant differences are primarily due to the exceedingly high

' frequency of nondisjunction in the first- day broods of the low-temperature

A ]

series, ThlS is shown by eom}ﬁarlsons between the first-day brood of
low-temperature-treated series and the sum of all others (Table 6,

line 7), and be.tween the first-day brood and the sum of the 2-4th—day
broods (line 6), Similerly, the first-day brood of all low-temperature
series differs significantly from those of the corresponding high_
temperature series ( Table 8, line 4). These differences ie the,.'first—day
broods between the high- and low -tempefature eeries’ show that it is the
temperature and not the aging treatment that is fesponeible forvthe

observed differences,
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In order to test for differences between the high and low-
temperature series 1ndependently of-the first-day broods the sum
~of the 2—-—13th day broods was used for comparlson (Table 8, line 2)
Three of the four compar1sons yielded non s1gn1f1cant d1fferences and
the fourth, relating to the 2-week.treatment was significant‘at about
the 2% level, Thus there seems to be only a minor temperature effect
t 1f any, for the sum of 2— 13th -day broods,
| Further analys1s showed some minor temperature effects on .
‘certaln broods of specific aglng series, One of these concerns the thlrd- '
day brood which does not show a tempera.ture effect in any but the ’
3- week aging series (Table 8 line 6). Th1s is similar to the situatlon
in which the sum of the 2—4th - day broods are compared with the control
=O (Table 7, llne 3). Three of the latter comparisons show no signif'-v
icant dlfferences; but the fourth, Vinvol'vving the 3-week series, does reach
' significanvc-e.. Specifically, the difference between the 2—-4th-day broods
- of the high- and low-tempereture 3-week series .may be assigned to the
3rd-day brood but only at a 3% level of s1gn1f1cance {(Table 8, line 6).

’I‘able 8 1ncludes also data on the later broods of the low - and
high-—temperature series, The significant d1fference found earher for '
‘the 2— 13th -day broods of the 2- week treated serles seems to be dependent
ona dlfference in the 6—7th- day broods, Two of the four compansons
yleld non31gn1f1cant differences but the two comparlsons remalnmg, those
.for the 1- and 2-week treated series, are significant at about the 2%

level (line 9),



~13- _ UCRL-19308

In summary, low-temperature treatment profoundly. increases
the frequency of nondisjunction in the first- -day brood, Later broods
are mostly not,or in two cases only slightly affected One of these, the
3rd-day brood, is affected only by the longest treatment period (3 weeks),
the other, the 6—7th~day brood shows. .an effect after 1- and 2-week

treatment,

C. The effect of aging P females as shown by their male offspring
The foregoing analyses were based on the total offspring-' of

treated and control P females, It seemed des1rable to repeat the ana1y51s

using the male offspring only, This restrlction to the male sex has two

advantages. For one, it has long been known that the frequencie's of

female and male nondisJunctional exceptions are unequal the male ex-
ceptions being much more frequent than the female exceptions, This
preponderance of male exceptions has been attrlbuted to a process in
which the two X chromosomes do not d1s301n normally, nor move together
in typical nondisjunctional fashion, Instead, it is assumed that a s1ngle

X chromosome gets included in either the egg or first polar nucleus
.whereas the other X chromosome lags on the meiotic splndle and does

not get included in either nucleus, Fusmn of sperm and X - bearlng egg
nucleus results in regular female and male offspring, but fusion'of

sperm w1th a no-X-bearing egg nucleus results in 1nv1ab1e oy and excep- '
t10nal male F (Morgan Bridges, and Sturtevant 1925), This is borne
out by these experiments, including control C-0O and eight series of high-
and low-temperature treatment, which yielded 318 female_ and 667 male

exceptions, It is noteworthy that the hypothesis of lagging of an X
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chromosome does not seem to apply to all broods of the C- O and hlgh- '
and low- -temperature series, The first-day broods of the low-tempera-
ture series seem to show a rather substantial tenden 2y toward equahty
of the sex ratio of exceptions seen in the last column of Table 4, 'line 1,
Here the ratio is 58 9 172 g0, P =0.1-0.2 for deviation from equahty,-
The clarification of this interesting problem will depend on future study, |
A second advantage of using the data on males only consists in
the greater certalnty that exceptions are of nondisjunctional or1g1n and
.not due to contamlnatlon These two possibilities cannot be d1st1ngu1shed :
among female eXceptions, but male excéptio‘ns if actually due to con-. ‘ |
tamination, can be distinguished from nondlsJunctlonal X0 exceptlons by
thelr fertlhty. As stated in the Material and Methods section, only 10
fertile exceptional males were found, They either were contaminants or
orlglnated as'the results of 31mu1taneous nond1s3unct10n in both parents
They were excluded frorn the analyses, but. th1s exclus1on does not
affect the data to any noticeable degree There is, of course, one
important disadvantage to the restriction of the a.nalyses to data based
on males only, Th1s is the reduction of the number of 1nd1v1duals avail-
able for analysis, | ‘ : S |
The same types of analy,sis Were pe(rformed on the male data as
 those shown in Tables 5 through 8 for the total data, The results were
sunlla.r and almost exactly the same conclusmns can be derived.” Only
rnlnor d1fferences that might affect the 1nterpretat10ns were encountered '
Those are listed as footnotes in Tables 5 through 8. Most of the differences
can be understood as due to insufficient sample 31zes especially v_in the

cases that are borderline as to effectiveness of treatment, Among them
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- the following deserve special mention,

1. The effect of low temperature on the first-day female and

male brood of each experlmental series was found again in the males-

only data except in the case of the 3- day treatment, as shown in Table 7,

line 5, and Table 8, line 4, This seems to indicate that.the 3-day 'trea.t_
rnent period is close to the borderline of the lehgth of effective low-
temperature treatment, The absence of a first- day brood effect among
the male offspring of the 3-day series and also the earlier discussed
patterns of the effect on both sexes according to the lehgth of treatment

are important for the interpretation of the influence of temperature,

. They show that the effect of low temperature on the first-day brood is

not simply caused by the shock of changing the P females first from 25°C
to 10°C and then from 10°C to 25°C, |

2, When the i-week low- temperature series is compared w1th
control C-O, the 2—4th-day brood dlffers from the first-day brood at a
0,06—0.08 probability level in the joint female and male data, whereas

the males-only data show a 0.02-0.03 probability ( Table 7, line 3, column

>'4), The 4th-day brood alone shows a 30-40% probability in the joint

female and male data, whereas the males-only data yield the difference

at the 4-59% level (line 8, column 4), Since none of the high—temperature-

series northe 3-day and 2- week low-temperature treatment ser1es show

any s1gn1f1cant d1fference between the 2—4th - day broods and the C-0O series,

’_thlS is 1nterest1ng to note.

3. A low- temperature treatment of 3 weeks produced an'increase
in nondisjunction in the th1rd ~day brood over that at high temperature

with a probability of 3% (Table 8, line 6, last column). The male data

e T e
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give a similar result, with a 2% probability. Actually, the frequency of
nondlSJunctlon in this low- temperature group happens to be determined
solely by the frequency of exceptional males (20), there belng no excep-
tional females The effect is not drastic, but it suggests that the very
long period of 3~week low- temperature treatment exerts an 1nf1uence

toward increase in the frequency of nondisjunction,

D. Analysis of the firstéday broods

The first—day brood in each of the low-temperature-treated
serles shows a greatly 1ncreased nondisjunction frequency in comparlson
with the control C-0O and the hlgh temperature series, For the 3 -day
. ;low-temperature serles,. the frequency of nondisjunction for females and
males jointly in the first brood is nearly 0.6%; and for the 1-, 2-, and
3-week treated series it is 5 14, 8. 11 and 5, 55% respectlvely. . These
frequencies are from 10 to 140 times those of the first-day broods of
the control C-O and from 17 to. 65 times those of the. correSpondmg hlgh—
temperature -treated series, The follow1ng analys1s is 1ntended to
determine the stageinoogenesis that‘_rs responsible for the unusually
high frequencies of nondisjunction.

Each of the first-day broods came from eggs collected within 24
. hours after the treated fema,l_esnwfere given the OPE»»:O%tunitZ to;mfgte; .
_:'During this period only few eggs were laid. This accounts for the rather |
’_r.small number vof offspring obtained in each case in comparison .:.with ‘
subsequent egg collections The actual sizes of flrst ~day- brood s1bsh1ps
from pair- -mated parents, centrol C-0, or treated with hlgh or low
temperatures are given in Table 9 together with the frequenc1es of non-

disjunctional exceptions among them. As seen from the table, the

)
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majority of treated females produced only one or two offspring durihg
the first day of egg collection, The highest number was 25, from 3-day
treatedvfemales. The highest number of siblings among which nondis -
junctional flies appeared was 10 (two cases from two P females), from
3-day treatment, low temperé.ture All other nond1s3unct1bonal exceptlons
came from'sibshvil'js of 8 or less, These facts strongly suggest that the
nondisjunctional offspri'ng of the first-day broods came from the first 410
fertilized and viable eggs deposited by a treated P female after the first
matlng, |

Under normal conditions the number of functional ovarioles in

- Drosophila melanogaster has been estimated as between 10 and 30 per

.ovary (King 195 7, Koch and King 1966). If the most mature oocyte at the
distal end of each ovariofe is inserrxinate'd and develops suc’cessfullﬁr |
before the rest of the oocytes, omne can expect 20 tov 60 offspring‘ per
_fernale from eggs that were mature at the time of the first mating, The
fact that the first- -day brood from the low- -temperature-treated female shows
bthe striking effect on nondls_]unctlon frequency only among sibships of
less than 10 leads to the conclusion that the effect is on the mature eggsv
This is also true when the number of 10 mature eggs is increased by 5,
the latter being the h1ghe st estlmated number depos1ted durlng the whole
treatment period ( Table 1).

This conclusion is supported by the outcome of a spec1al experl-
vment in which newly eclosed females, instead of being pretreated at
25°C for 3 days, were placed immediately on minimum food at 10 C for
'3 days and then transferred to normal food at 25°C and given the oppor-

tunity to mate, (All subsequent handling, 1nclud1ng brood collectlons
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) were the same as for the control C-O.) In the newljr eclosed females the mos‘t
advanced eggs are in Stage 7. Under normal conditions it takes'at least
5 hours to proceed from the beginning of Stage 8 to Stage 14, It then takes

‘an estimated 9.58 hours in Stage 14 to reach full maturity (King 195 7).
Thus at least 15 hours are required by newly eclosed females to produce
mature eggs ready to be fertilized, If the first- day-brood effect of low-

-temperature -treated P females on nondisjunction is exerted on mature

"eggs, no increase of nondlsjunction over other than lOW—temperature-
treated flies was to be expected from the not-pretreated P'females | The
first- -day brood collection from 420 P females (120 pa1r mated, 300 mass

-lmated) yielded only a single normal segregant male The second—day

: vbrood cons1sted of a total of 9 493, 1nc1ud1ng four nond1SJunct1onal males.

(0.04%). Based on males only, four out of 4741 were nondls‘]unctlonal
(0.08%). This second—day brood, obviously, is not derived from treated

: mature eggs but from earlier stages which do not show a low-tempera-;
“ture effect although they had been exposed to 10°C for 3 days, A ‘X‘

test applied to the sum of th“e':firs-t t(go.bgqods from" nonpretreated 3-dajr ‘

low-temperature —treated females compared with the first-day brood of

~ the control C-O showed complete ‘homogeneity (X O P= 1 the same

;result w1th males only) but'a comparlson of the flrst two broods from

. nonpretreated 3~day low-temperature ~treated females w1th the f1rst :slay

‘brood of the pretreated 3-day low- temperatufe exposed series y1elded

"7_s'1gn1f1cant differences (X-Z =29, P< 0.004; males only y 2= 6.08,

P = 0.04-0.02), | | i

- The data presented in Table 9 show a tendency to decreased 51ze

of sibship w1th increased period of aglng in both high and low-tempera-v

-tures. This phenomenon may be due to the;presence" o‘f disintegrated or
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unfertilized mature eggs as e result of the treatment, a situation reported
by Patterson et al. (41932) in their studies of the joint effect of aging and
of ‘X-radiation on the frequency of nondisjunction, It would mean that the
longer the treatment period the more abnormal eggs will be produced
An alternat1ve hypothes1s is that the treated females require some time
to recover from the treatment that this recovery delays egg lay1ng, and
' that the recovery period is positively correlated with length’ of treatment,
If the second hypothe51s 1s-valid, one would expect an increased
f_re‘quency in nondisjunction in the second brood from at least the low-~
_temperature females treated for the longest time. As shown earlier, no
such effect is found in the second—day broods of a.'ny‘treated series, A |
similar consequence of the second h;.rpothesis relates to the first fertile
brood collection made on the’ second day after. mating of those females
 who did not produce viable offspring durlng the first day If the second
'hypothes1s is correct, one would expect an increased frequency of non-
'd1s3unct1on in these selected second-~ -day broods, This, however is not
the case, ‘as shown in Table 1‘0., A direct check on the second hypothes1s
would be obtained by counting of eggs deposited during the first- da:y
period that had not developed to adults, Such data are not avalla.ble for
these experunents but closely related data are ava1lable for the 2-week
low—temperature ~-treatment serles Here, those vials 1ntended for flrst-
day brood egg collections wh1ch falled to produce any viable offSprlng
were checked for the presence of eggs laid, - From 165 pair matlngs,
a total of 17 vials did not pProduce offspring but contained a max1murn
estimated number of 10 €eggs per female, In 11 of the 47 vials, second-

day brood collections produced a total of 236 offspring, none of which
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were the results of nondisjunction, These f1nd1ngs support the f1rst
~hypothesis by showmg that there are eggs among the first- -day brood
collection that fail to develop and that there is no low- temperature effect
on the second -day collection even if this is the first fertile brood

If, as _suggested, ‘the effect of low-temperature treatment is on
mature eggs, one must conclude that the second-day broods are not |
derived from mature eggs present at the end of the low- temperature
,treatment Otherw1se these broods should show high nondls_]unctlon
rates, The same reasoning applies to each of the main exper1mental
- series in which the first- -day brood collections but-not the second included.
.mature €ggs present at the end of the temperature treatment In these
considerations, it is 1mp11ed that the low temperature effect extends
ovevr at least 24 hours after removal of the females from treatment,
since production of the second-day brood begms only 24 hours after
removal, If it extended over a shorter perlod one would not expect.an
1ncreased nondisJunction frequency in the second -day brood

 This p01nt was tested by a special experiment. It consisted of
the fgﬁllowi_ng procedures. The 1ow temperature experlments of 1 and

e A

2 weeks! treatment tlme were repeated in mass matings and at the end
of treatment the P females were transferred to minimum food ata 25°C-~
.for 24 hours, They were then placed on normal food and mated and
f1rst -day broods were collected, These broods did show increa‘s_ed
nondisjunction frequencies. During the 24 Iiours at 25°C before mating,
a total of 550 P females which were treated for 1 week at 10°C dep051ted

12 eggs (=0, 02 egg per female), and a total of 1350 P females treated

for 2 weeks at 10°C deposited 164 eggs (= 0.12 egg per female), In the
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1-week-treated series nondisjunction occurred in 3,27% (62 exceptions
out of 1892 flies; male data only: 29/ 927) and for the 2-week- treated
series, in 6,66% (135 out of 2 027 flies; male data only: 67/1 024).
Compared with the 1-week low- temperature series (Table 4, line 1),
which gave 5,13% of nondlSJunctron, the 3.27 percentage is significantly
different, while the 6.66 percentage is not significantly different from

- 8.11% of the 2-week 1ow-temperature series (line i), However, the two
‘percentages, 3.27 and 6.66, are so much higher .than all but first-day
“brood frequencies that there is no doubt that the low-temperature effect
'persi_sts more than 24 hours, | :

In order to obtain information on the state of the ovaries, egg
 counts in the ovarioles of the P females were made 1mmed1ately after
the 2-week high- and low- temperature treatment - The ovaries were
: dis sected out, fixed, 'stained by the Feulgen method, and mounted on a

slide, and the number of Stage 14 eggs was determined under the
| microscope (following the metl:tod used by King, .B:rlrnett,v :and Staley
1957). Some of the P tema'les had an egg in the eterus that was ex-
cluded from the count, o
In each series, 25 P females (50 ovaries) were studied. The
females with low-temperature treatment showed an average ofv7;36:!: 0.47
.(standard error), and a ,range of 4 to 12 eggs at Stage 'i4 per
female (1 to 7 per ovary). The females with higvh—-ternperature treatment
- showed an average of 67.56+2,69, and a. range of 37 to 88 eggs - |
per female (14 to 53 per ovary).
These data compared with the number of F, from the P fe‘males

1

treated in the above manner and shown in Table 9, columns 4 indicate
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the following. In the low-temperature series, the highest number of F1
per female was 10 (average 1.4) and the highest number of mature eggs
per female was 12 (average 7.3), whereas in the high-temperature series,
17 (average 2.6) and 88 (average 67.5) were the cemparable numbers,
respectively, There were thus more mature eggs present in the ovaries
than corresponding numbers of F'1 individuals of the first-day brood.
It had been suggested earlier that the difference was due to non-
fertilization or disintegration of eggs.. While counting the mature eggs,however, .
severe disintegration was not observed. Only occasional accumulation
of a small amount of black pigment in the egg, and in very rare cases
abnormal appearance of the cytoplasm, was noticed, In the low-tem-
‘perature treated ovary, where few mature eggs were observed, 10 or
‘more ovarioles were present in most of the cases. Most of them con-
| tained only earlier stages of the ova. It seems llkely that the oocyte
‘ rather than having disintegrated, did not notlceably develop., This
Vassumptlon is well supported by the study of ovaries at the end of the
3 days pretreatment on minimum food at 25°C. From the 25 females
(50 ovaries), the average of 6.0+ 0,52,. and a range of 3 to 12 eggs
~at Stage 14 per female (0 to 7 per ova'ry), was observed, Dui‘ing the
.following 2-week low-temperature treatment these Stage 14 eggs
are retained in the ovary and consequently show an extremely high
nondisjunction frequency at meiosis, In the hlgh temperature series,
.the presence of the large number of eggs is apparently due to the

- presence of retained eggs. This will be discussed later.

E. Analysis of control series
The foreg01ng results of the effect of ag1ng on nondlSJunctlon
frequency in the experimental series involved P females who had been
kept on minimum food, In each series, agmg effects were apparent in "
the later halves of the broods, which include eggs that during treatment

had been in the Whole range of oogon1a1 to cystocyte stages (Flg. ‘1)
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- This section deals with tests made with females cultured under normal

‘conditions,

Newly eclosed females were placed at 25°C with males (at least
3 days old) on normal food, Daily egg collections were made from the
day of eclosion until the 16th day. During this period P males wéré pres-

ent from the first to the fourth day and again during the ninth and tenth

days. In this control "C" series, 120 pair matings were used, supple- ,

mented for the first 4 days by mass matings involving 300 females.
The frequencies of nondisjunction varied greatly, probably largely

due to the very small percéntages (Table 2). More data will be fequired

for a fully valid analysis, It is, however, already possible to dréw certain

conclusions if one groups broods in a manner used in earlier discussions

If one divides the C series into four successive groups the follow1ng facts

-appear, The first group, cons1st1ng of broods 1—4, shows 0 029% non-

disjunction (15/50 153) the second group, consmtmg of broods 5-8, shows

0.071% (43/18 214); the third group, con31st1ng of broods 9—-12, shows

0.075% (43/17 209); and the last group, consisting of broods 13—16, shows

20.101% ( 1"1/10 839). A XZ test shows the four group to be heterogeneous:

XZ =12.33, d.f. =3, P = 0,007, suggesting that the later broods tend to< ~

have an increased frequency’ of nondisjunction. There is also h'éterogeneity

- when the broods are divided into 2 groups only, 1-8 vs 9—16: xaf 7.39,

d.f. =14, P =0.007,

As seen earliér, the_: first- to Ifourth-day broods of the various
experimental series at high-temperature treatment as well as the control

C-O were very similar desplte their dlfferences in aging treatment. In

vthe control C series, the corresponding broods are those of the first to

the fifth days as judged by the very small number of eggs laid on the first
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day. This small number is accounted for by the procedure which rled.to'
egg collection immediately after eclos1on whereas a minimum of 15 -
hours is required to develop eggs ready for insemination and deposrtlon
, For the same reason the 13thvday of the experimental and C -0 series . :
is represented by the 44th day of the C serles If one tests for homo-'_
geneity between the 1—5th -day vs the 6th—14th -days grouped broods, one
finds a 51gn1f1cant 1ncrease -of nond1s3unct10n frequency in the latter
groups: XZ 17. 17 d. f. =1, P< O.,_OOi If a test is made usmg the P
female's age as a d1v1d1ng criterion instead of the brood number one
must consider that the females of the C-O series went through 3‘ days'!
pretreatment, so that the first- to fourth-days broods' of the'C—b controls '
come from females corresponding to the fourth to seventh ‘daysl age of |
the not—pretreated C controls, Wlth these ages used as d1v1d1ng markers
'—a test of the 4—7th -day vs the 8—16th ~day broods of the C series a.lso
shows a significant difference: ¥ = 6.29, d £ =1, P=0.01-0.02. In
the CcC-0 serles, on the contrary, a comparlson between the 1—4th day |
’vs 5—13th-day grouped broods does not yield a 81gn1f1cant d1fference
(Table 6, line 1),. Such differences do appear, however, when the C-0
‘broods are grouped in smaller'units, e.g., 1—4th-, 5-9th-, and 10—13th-
‘day broods or 1-3rd-, 4—5th- 6—7th-, 8-9th-," and '10——13th day broods
for the comparisons 1nvolv1ng three groups, XZ 7.70, d.f, ='2,"

=0, 02—0 03; for the comparisons 1nvolv1ng five groups, XZ 12 72,
dd f, 4 P = 0.01—0 02. Similarly, When the early 1—4th ~day broods of
the C-0O series are compared with the last (10—13th day) broods the
latter is higher in nondisjunction frequency than the former at a 2-—4%

significance level, Corresponding comparlsons in the C series give
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. highly significant differences: 1—4th-day group vs 14—414th-day group,
2
X

6.93, d.f. = 4, P = 0.009; 1_—5th-day group vs 13—16th-day group,

2
X

12.32, d.f. =1, P < 0.001,

These data permit the conclusion of that both C -O controls with
3 days' aging pretreatment and the C conitrols without sueh pret}eatment
show a tendency -to increase the nondisjunction frequency in the later part
of the life of the P females during the 13 or 16 days, respectively, of
" their egg laying, | Whether the relative difference between the tWo control
~ series in the intensity of the aglng effect is caused by the dlffe*ence in

,vpretreatment of the two control series (3 days Vs none) or is due to

~ statistical variability remains unknown.,

F. Absence of an effect of mating on nondisjunction frequency

In each experimental series, effeets on nondisjunction were
apparent in 6—7th-day broods, ‘and, at low temperature, such anv effect
was seen in the first-day brooci. It happened that the first aud 6-f7th days
were those on which the females were given the opportunity to mate,

This association between increased frequency of nondisjunction and mating
suggested the possibility of ‘a causal relation. This poseib‘iiityy ean be
ruled out, First, in the C-0O controls, neifher the fifst— nor the 6—7th-
day broods show any significant increase of nondisjunetion ovef the
‘remainder. Second, in the C co:vntrrols, for which males were vavailable fer
the first 4 days and 9—10th day alse no significant increase in noridis- |
junction occurred., Third, in the experimental series none of the first-
day broods of the 25°C experiments show a significant increase in

nondisjunction. For the 5th-day broods a trend toward an increase of
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nond1s3unct10n is observed which is not statistically 51gn1f1cent for the
1- week treatment series (or less), but which reaches significance for
the longer treatment series. The fact that it is also significant in all
- experimental series for the 6—7th-day brood is apparently independent

of the mé,ting event,

DISCUSSIONS,

Evidenc’e for an association.betvveen\ maternal age and nondis -
junction of chromosomes in humans has .long been known, particularly
‘for chromosome 21 (see Penrose and Smith 1966) and the sex chromosome
T(Lenz, Nowakowski, Prader, and Schirren 195‘9). In Drosophila_., no
proof for such an association has been furnished (see Kersall 1963)
‘except when aging is combined with X-ray tredtment {Patterson,
: Brewster, and Winchester 1932, Uchida 1962). The latter comhination‘
is also effective in humans (Uehida, Holunga and Lawler 1968) |

This paper reports on agmg effects at 25° C on both early and
late stages of oogenesis in Drosophila, from oogonia to early cystocytes; .
'These effects become evident as nondisJunctienal events in meiosis,
The most sensitive stages are represented by the 6—7th-day broods i It
is estimated that these broods correspond to the period of cystocyte
d1v131on and early cystocyte 16 -cell clusters present during aging (Fig, | 1).

It is at the end of this period, ‘about 6 hours after completion of- |
the 16-cell cluster stage, ‘that the synaptonemal complex first appears
,(Koch Smith, and King 1967).  This complex in general is not regarded

as either responsible for, or necessarily a consequence of ‘pairing,
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though chrovmosome conjugation must precede its formation ( Moses 19609).
Yet it is suggestive that the high sensitivity for aging effects of the
ovarian stages ‘which correspond to the 6~7th-day brood is in some way
related to the beginning of fprmation of the synaptonemal complex, or
to the preceding chromosome pairing, which might léad to faulty sjrnap'sis
later expressed as nondisjunction in the rnatul;e egg. This interpretétion
follows the reasoning of Smith and King (1968), who studied the gene |
c(3)G in Drosophila; which faiis to permit formation of the synaptonemal
complex and results in abnormal disjunction, These authors éuggested B
that "a major function of each synatonemal complex is to insure proper
meiotic disjunction of the component chromosomes in a bivalent;,. whether
or not crossing over has occurred between théem, " VF

The aging effect in the experiments réported herein is _I'not ex -
clusively brought about by Wéy of the synaptonemal complex. This follows
. from the fact that for the longer> periods of aging treatment thé earlier
cystoblast cells and the stem-line obgonia are also affected, although °
these stages precede formation of the synaptonemal com'pl‘ex, In additibn,
' no aging effect was observed among the -first- to at least the fourth—day
broods which correspond to the mature egg Stage 14 and late cystocyte
stages present at the end of the treatment period. The synaptonemal
complex is‘ still in formation during part of this period, The absence
of an aging effect in spite of thé presence of the complex shéws tha’c aging
and the later stages of the formation of the complex ére not interconnected,

The aging effect.on nondisjunction occurred not only in the exper-
imental series with storage on minimum food, but also in untreated

control females. Inthe C control, where daily egg collections under
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normal conditions were carried out for 16 dafs, .thveré was a clear trend
toward incre.asing frequency of nondisjunctic_in in the later broods, Withih
this control series as within the experixznental se.ries' the effeéts of aging -
on different ovarian stages are compared: ear']_,ier broods'reﬂéct the
pro—oécyt'es and'ﬁonsecutive stages up to mature eggs, later broods
oogonia, cystoblasts, and cystocyte stages, | |
: Obvibusly, these different sequences are not fully comparable,

when the effeét of the m_other's age on‘nondisjunctio.n frequency is con-
sidered. It will be desirable to extend study of the age effect in normal =
deveiopment by comparing the frequency of nondisjun'ct‘ion in female‘s
| whose age differences include the whole cycle from oogbnia through
mature eggs. = At maximum efficienc{y this cycle takes at least 9 days
(Fig. 1). Cdmparisons should theréfogre be made ei-’cher between an
early 10-day-broods period and a later 10-day period ér by disregarding
the first 10-day period and comparing broods within the second or between
later periods, | |

The drastic low-temperature effec‘t found in the first-day broo“d‘
‘in the experimental series requireé a minimum duration of the treatm‘ent
period. It is not the resqlt of the temperature shock experiencéd upon
-the initial_cha;nge_ frpm 25°C to 10°C and the ferminal change back to 25°C,
" The vdrastic low -temperature effect is restricted to mature eggs,l' and the
effect is maintained at least 24 hours Vafter cessation of the 'low—'.tempera‘- : "
bture'e treatmenﬁ. ‘
| The slight effect of low temperature on the 6—7th-;day broods as

seen in the 1- and 2-week-treated series, when compared with fhe effect

of the high-temperature series on the same broods, suggests that the
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'aging effect was enhanced byv its combi_nation with low terﬁperature.

This increq‘sed effect was, however, not found in the data on males only,
nor in the 3-week low—temperatu‘re treated series. Only more data

can show whether the effect is truly presgnt.

Another effect on nondisjunction demands further work, It is
the effect in the 3-week low—tendperature series on the" 3rd-day brood.

_ This brood, in normal development, corresponds to the Stage 1 pro-
oocyte at the end of the ge‘rmariufn to the early pro—ooc&te in the vitel-
larium, The unique 3-week effect may have been i_ﬁvolved in the pioneer-
' ing experiments of Hildreth and Ulrichs (1969), in which the low-tem-
peratﬁre freatment was also 3 weeks. Their data, whiéh were not
dii‘ectly divvided into broods,. coveféd offspring'corresponding to thé
first-, second-,and in part the third-day brood. Thus the effect on _
nondisjunctioﬁ observed by them must have beeni caused mainly by thé
effect on the first-day brood énd, to a minor degree, on the third-day
Brood (there seems to be no effect on second-day broods),

Studies on amphibians and nonhuman m_animéls have led to various
assumptions regarding the cause of nondisjunction, .One of theée assump-
tions suggests pos.tovulatory overripeness of normally mature primary ‘

- oocytes ( Witschi and La.guens 1963, Butcher and Fugo 1967, Mikamo
1968). Based on stﬁdies on'XenOpus, Mikamo hypothesizes tha.fé non-
disjunction is due to degeneration of spindle fibers induc_ed‘ By intrafollic-
ular overripeness of the egg (1968).

In humans, it has usuall‘y been assumed that agiﬁg effects the
eggs prior to ovulation, but German (1968) has suggested that at least

part of the aging effect is exerted after ovulation,
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In D. melanogaster, the eggs involved in producing the first-day

brood in the present experimental series of high- and low-temperature
treatment correspond to eggs exnesed to overripeness as in the studies
just cited. The weak effects of aging apparent in later broods are -based
on influences exerted on younger egg stages. . These_aging effects cor-
respond to.those in the ma_,jority‘o‘f human cases of nondisjunction of
chromosome 21 induced in immature egg stages |

The high- temperature series d1d not show a clear cut effect on
- nondlsJunctlon in the first-day brood although a tendency toward in-
creasing nondisjunction with increasing length of aging existed. More
data are needed to substantiate the possible effect ef overr-ipen'esvs Ain-
dependent of'ten-iperature in Drostxphila‘,- but vthe effect, if .anvy, will be
very minor in comparis on with the effect by the combmatlon of aglng
and low temperature. It is a poss1b111ty that the cause of the high non-
disjunction frequency in the latter case is the consequence of t_he ab-.
normal spindle formatlon at the melotlc d1v1smns Besitie the Xenopus
case, abnot‘malltles of the 5p1nd1e involved in nondls_]unctmn have been
' bserved in eggs from homozygotes for the " claret" nondlsJunctlon |

gene in Dros0ph11a snnulans (Wald 1936). Inanalog yto the 51tuat10n in

D. 51mu1ans Dav1s (1 969) suggested that nondls_}unctlon in ahomozygote for

the ''claret nond1s_]unct10na1” gene 1nD melanooaster is also due to ab—

' bnormal splndle formation. No cytologlcal observatlons we re made in thls
case. | |
| : Oneof the interes‘"ting findings o:E the present study is that the, .‘
responses of the female germ cells in varlous developmental stages

to different factors such as aglng and tcmperature ultlmately result in
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the same phenomenon: increased frequency of nondisjunction at meiosis,
The suspected relations between aging and the mechanism of chromosome
pairing, and between low temperature and meiotic spindle formation,
reqnire future studies, It ig hoped that the drastic low-temperature
effect on the first;day brood will become a usevful tool for ola.rifica.tion '

~ of the nature of the process of nondisjunction,

SUMMARY

Females of Drosophila melanogaster were subjected during a

prematmg treatment on minimum food to var1ous perlods of aglng from
3 days up to 3 weeks at 25 C and 10°C, The effects of these treatments
were measured as increases of the frequency of nondlsJunctlon of the
X chromosomes, |

No aging effect at 25°C was found among the flrst to at least
fourth -day broods, which' represent germ cells from mature eggs to a
late cystocyte stage in the treatedvfernales, although there was a possi-
bility of the presence of a minor effect on the first-day brood when aging‘
was longer than one week. The e_ffects were found in later broods cor-~
responding to cystocytes up to stem—lrne oogonia at the end of treatment,
The most sensitive stage is that of the 6—7th-day broods, vas shown by
aging series of 6 days (including 3 k'days' pretreatment period) and longer.
A relationship is suggested between the aging .e'ffec’t on nondisjunction
and the early stages of formation of the synaptonemal complex,

An age effect in the P females on nondisjunction is also ar)pa.rent

in flies raised under contintiously normal conditions, In a study of 16

e e e ®
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Successive daily broods, the later broods had 1ncreased frequencies of

nondlsjunctlon as compared to earlier broods,

at low temperature (10° C). The frequency of nond1s3unct10n is as h1gh
as 140 times that found in controls and’ experlmental series not involving
low temperature, Even low- temperature treatment of only 3 days!
duratlon is at the border line of effectiveness. It is not the temperature

shock involved, but a certaln minimal length of eXposure to low tem—

The effect is almost exclus1vely based on influences on the mature eggs,
and extends over at least 24 hours after removal from treatment. It is
suggested that the low-temperature treatment may interfere w1th spmdle
formation and thus lead to nond1SJunct10n A weak low- -temperature

“effect has also been observed in the 6—7th-day broods of the 1- and 2-week-
treated series as well as a weak effect on the third- -day brood of 3-week

treated females,
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Legend for Figures."

Figure 1. Schematic r.epre's.entation of the e's.tifnat'ed timing of égg
development in an ovariole 6pe1‘ating at maximum efficiency o
(after the studigs of King 1957, Koéh and King 1966, an_d'Kvovc.h,
Smith and King 1967).  The intér_vals ori‘ the time scale.are _ncv)t,
proportioﬁal to one ahothér. Also, the dimensions of th_e dif- |
ferent stage.s are not p’rOportional_'t_o one ahothér. (For instanée,
the maximum lengths 1n p for the chémber gtages 1, 2, :4, 6, and
14 are 15, 20, 40, 65, and 450, respectively. )

Figure 2. Thé frequencies of nondisjunction in each brood of thv'vev control

| C-0O series and the treatment series at 25°C,

3D, 1W, 2W,and 3W: 3-day, '1-,. 2-, 61' 3-week periods of Va.ging.

Figure 3, The ffequencies of nohdisjunction in-each ‘brovod of tﬁe

Y

treatment series at 10°C,
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Table 2, Nondls_]unctlon data:. controi series, C-O and C.

Nd: Nondisjunctional exceptions. Numbers without parentheses: both
sexes jointly; numbers in parentheses: males only, -

Control series

C-0 ‘ C
Broods _ v . '
(days) . Nd/Total % Nd - Nd/Total % Nd
1 | 2/ 3404 0,058 o/ 21 0.
_ ( 2/ 1686) (0.118) ( o/ 17) -(0.)
2 6/ 14672 0.040 4/ 12236 - 0.032 .
( 2/ 7393) (0.027) ( 3/ 6259) - (0.047)
3 9/ 21581 - 0.041 6/ 18135 - 0,033
| ( 8/ 10705) (0.074) ( 6/ 9069) -(0.066)
4 8/ 24 104 0.033 ' 5/ 19 755 0.025 |
( 4/ 11 892) (0.033) ( 5/ 9918) --‘(0.05_0)
5 8/ 26104 0.030 -1/ 6001 10.016
- ( 7/ 12967) (0.053) ( o/ 2905) (0. )
6 4/ 22527 0.017 6/ 4783 - 0.125
: ( 2/ 11186) (0.047) . ( 5/ 2350) (0.212)
7 8/ 24706 0.036 2/ 4239 0,047
: ( 7/ 10752) (0.065) ( 1/ 2069) (0.048)
8 : -9/ 19631 0.045 4/ 3191 ~ 0,125
' ( 7/ 9732) (0.071) ( 3/ 1519) (0.197)
9 14/ 20668 0.067 8/ 5364 - 0.149
( 10/ 10335) (0.096) ( 7/ 2680) (0. 261)’
100 7 13/ 147237 0.075 3/ 6060 0 0.049
o ( 9/ 8410) (0.107) - ( 1/ 2998) - (0.033)
11 10/ 13872 0.072 0/ 3299 - 0.
' o 7/ 692'7) _(0.101) 0/ 1623) 0.)
12 _8/.,10213 0,078 2/ 2486 0,080
S ®57"7 4985) (0.100) ( 2/ 1220) 0.163)
13 2/ 6311 0.031 6/ 3089 10,194
( 1/ 3068) (0.032) ( 1/ 1486) (0.067)
14 2/ 3126 . 0.063
. ( 1/ 1456) {0.068)
15 3/ 2539 0,118
o , , ( 1/ 1234) (0.081)
16 . S 0/ 2085 0.
| : ( 0/ 1015) (0.)
Totals 101/222039 - 0.045 52/ 96415 0.083

~( 71/110038) - (0.064) (36/ 47823)  (0.075)
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Table 5. Probabilities from XZ tests for homogenevity' between the control
C-O series and the treatiment series at 25°C,

Experimental series

Compared
. broods C-Ovs C-~0O vs C-0 vs C-0 vs
Line (days) 3 days 1 week 2 weeks 3 weeks
1 1-13 0,002 <0.001 <0.001 <0.001
2 1- 4 0.5 0.4-0.5  0,7-0.8  0.4-0.5
3 5-13 <0.001 <0.001 <0.001 <0,004
4 1-5 ' 0.1-0.2 0.1-0.2 0.06-0.07"  0.3-0.4
5 6-13 0,002 <0.004 ©  <0.001 <0,001
6 2- 4 0.4 0.5-0,7 0.9-0.95  0.2-0.3
7 5 0,08-0.09 0.2-0.3 0.009-0.01 <0,001
8 6- 7 <0.001 <0,001  <0.001 <0,001
9 = 8-9 10,4-0.2 <0.000  <0.001 <0.001
10 40-13 0.5-0.6  <0,001 <0.001 <0.001

% ’
male data only: 0,02
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Table 7, Probabilities from XZ tests for homogeneity between the control
C-O and the treatment series at 10°C,

Experimental Series

Compared

A broods C-O vs C-O vs C-Ovs C-O vs
Line (days) 3 days 1 week 2 weeks 3 weeks

1 1-13 0.001 0.001 0.001 0.001

2 2-13 0.001 0.001 0.001 0.001

3 2- 4 0.4-0.5 0.06-0.08"  0.5-0.6 0.01

4 5-43 0.001 - 0,001 0.001 0,001

5 1 0.0017 0.004 0.001 0.001

6 2 0.5-0.6 0.7-0.8 1.0 0.5-0.7

7 3 0.8-0.9 0.3-0.4 0.3-0.4 0.03-0,04

8 4 0.8-0.9 0.3-0.4% 098 0.8-0,9

9 - 5 0.2-0.3 0.1-0.2  0.002° 0.002
10 6-7 0.004 0.004 0.001 0.001
11 8-9 0.04-0.05"" 0.004 0.001 0.001
12 10-13 | 0,01-0.02"" 0.004 0.001 0,001

3*

male data only: 0,02-0.03
Tmale data only: 0.1-0,2

rna_,l‘e‘data only: 0.04-0,05
male-data only: 0,08-0.09
male dé.ta only: 0.09-0,1

[ 22 T 1 Y

¥k

" inale data only: 0.3



Table 8.

~44-

UCRL-19308

Probabilities from XZ. tests for hombgeneity between the high-

and low-temperature treatment series for the same period of treatment, -

Experimental series

*

Compared
broods _
Line (days) 3 days 1 week 2 weeks 3 weeks
1 1-13 0.1-0.2 0,001 0.001 0.05-0.06
2 2-13 0.4-0.5 0.1-0.2 0.01-0.02  0.1-0.2
3 2- 4 0.98 0.3-0.4 0.5-0.7 0.004
4 1 0.001" 0.001 0.001 0.001
5 - 2 0.8-0.9 1.0 1.0 0:1-0.2
6 3 1.0 0.5-0.7 0.2-0.3 0.02-0,03"
7 4 1.0 1 0.7-0.8 1,0 0.95
8 5 0.95 1.0 1 0.6-0.7 0.8-0.9
9 6-7 0.3-0.5 0 0.02-0.03%  0,01-0.02%  0.8-0.9
10 8-9 0.7-0.8 0.5-0.6 0.2-0.3 0.4-0.5
11 10-13 0.2-0.3. 0.6-0.7" 1.0 0.6-0.7
~male data only: 0,08-0.1
Tmale data only: 0,04-0.02
Imale data-only: 0.2-0.3
§ 0.2-0.3

male data only:

cws
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Table 9,

Analysis of the first-da
Number of P

experimental series,

-45 -

females classified accordi

(see first column),

UCRL-19308

v b.ro'ods from pair matings in the control C-0O and in each
g to the number of their offspring

Control

Treatment series

Cc-0 3 days 1 week 2 weeks 3 weeks
Number of .
F,per Pg 25°C 25°C 10°C 25°C  10°C 25°C 10°C.  25°C 10°C
0 39 6 6 36 36 53 79 152 194
1 25 4 9 27 27 (1) 30 38 (3) 55 34 (2)
2 34 3 19 31(1)  34(1) .19 36 {2) 16 11 (4)
3 57(1) 10 9 28(1)  23(7) 8 22(5)° 7 .
4 54 10 15 11 15 (2)T 8 (1) 11 4 1
5 50 13 25 (1) 43 16 (4)% 7 5 (1) 3 2
6 48 15 14(3) 4- 8(2) 11 3 (2)§ 1 1
7 28 10 17 7 6(2) 3 1
8 25 14 12 (3) 7 2(4) 3 1
9 22 15 10 4 1 3
10 1.0 13 7(2) 1 2 1
11 7 9 5 1
12 15 7 3 2 1
13 11 7 1 2 2
14 1 4 2"
15 4 1 1
16 8 2 1
17 1 1
18 3
19 1
20 1
21 2
22 2
25 1
e e e
Total P @ 440 152 154 174 165 153 196 239 246
Total F 2351 1243 850 523 443 398 278 155 85
Average ) ) :
F, per e 5.3 8.1 5.5 3.0 2.5 2.6 1.4 0.6 0.3
Total . o
exceptions 1 0 9 2 20 1. 13 0 6
% exceptions 0,042 0, 1.058  0.382  4.842 0.251 4.676 o0, 7.058 =

Number of nondisjunctional exceptions is given in parentheses,

different mother except in the following four cases:
¥two out of the listed five from one mother,

ttwo from one mother, .
fthree out of the listed four from one mother, and
§two from one mother,

Each exceptional fly came from a



. Table 10, Analys1s of the second-
not produce any viable off

46-

"'UCRL-19308 -

n
.

~day brood from those females Wthh d1d
spring in the flrst day "brood, '

'. Fertile
P females

.' vF1

Exc eptions

. % exceptions .

Treatment series

3 days - 1 week 2 weeks

C-0O 3 we_eka :
25°C 25°C 10°C  25°C 10°C  25°C  410°G 25°C 10°C
30 5 3 .25 28 40 - 50 113 157
807 269_:- 165 598 598 1206 1584 2077 :€276?
0 0 0 0 0 1 1,0 2
o 0o 0o o 0 0.08 0,09 0 fp.q7 
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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