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In Drosophila melanogaster the gene erupt (er) causes malforma

'tion of the eye. Another gene, suppressor of erupt (Su-er), effectively 

Qlocks the a,ction of er so that Su-er/Su-~; er/~ individuals develop 

with normal eyes. It was reported (Glass and Plaine 1, and Glass
2

) 

) that X irradiation of embryos homozygous for these two genes causes 
<.~ 

inactivation of the suppres sor so that the gene er manifests its effect. 
I " • ----. 

, '. Inactivation'could be produced even if the egg were b,'radiated imme-

'-, 

.: .... -. 

" .. ' .. ~ . 

. '.: 

--, ,diately ~fter fertilization and before pronuclear fusion, thus indicating a 

-" very early time of gene action of Su-~. Experiments in our laboratory 

, (Hildreth 3) failed to completely corroborate these findings pos sibly due 

to genetic differences in the stocks used; inactivation resulted when 

f8-hour old embryos were irradiated, but did not when embryos one half 

hour old and younger were subjected to the flame treatment. It was 

decided to continue the investigations in order to determine more pre-

cisely at~~ich developmental stage the suppressor effect can first be 

,inactivated 'by X rays. The results of this irivestigation are reported 

below. 

( f' 
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MATERIALS AND METHODS. ~The£lies used were homozygous 

fo'rSu-..:.: bw (brown eyes)j !.! '(scarlet eyes) !:and were from the same 

, stock B 91j 83' use:d:in our previous experiments. The techniques for 

<:~lturingandmatingthe fli'es'c;ollecting and treating the eggs, and 

,classifying the eye phenotype are basically the same as those given in 

,.the earlier report. 3 Eggs to be irradiated were collected over either 10 
, ' 

or 20 -minute periods and control samples were always obtained from 

the same females on the same day as for the treated series. The times 

, at which the flies were mass mated, and the eggs collected and irradiated, 

were recorded. In spme experiments, in order to determine if the 

embryos were homogeneous in age, we examined eggs at hourly inter-
),1. ~.', 

i, ','S' 'vals and the numbers of eggs hatched was recorded. X rays were 

.i.. -;::: 

, . 
I,":' ':;. 

'administered by the same Andrex industrial machine and under the 

same conditions as reported previously, the total dose being 1000rde.,. 

livered at ~bout 105 r/minute. 

RESULTS. - ,Table, 1 shows that X rays administered to em-
• ,J ., ~ 

.. .'. 
" 

" '11 • 

. J':, ~~ • 
. bryos six hours old, or older, have a strong effect in blocking the ac-

tion of Su-er. Whether the gene effect is inactivat,ed when younger 

" embryos are irradiated is questionable. Among embryos five hours 

:old and younger the frequency of the extreme-erupt phenotype is less ., 
~ . .. 

,:. "in the irradiated than in the control group (X 2 = 0.0109, D. F. = 1, 

'"',:~.', ,P = 0.90 to 0.95). Even in the 3 and 3i-hour series in which the fre .. 
','/ 

'.:' quencies among the treated individuals are higher (0.46 and 2.700/0 
~ , ... -

' . . ";,::<:';.,/.::,,:;;i.. respectively) than fo~ their 'controls (0.15 and 1. 91 % respectively). the 

deviations arenon-sigI}ificant, the P values being 0.3 - 0.5 for the fOI;-
,,' . 

, mer and 0.7 - 0.8 for the latter age group. Apparently X rays do not 
.",', ',' ;' 

" •• 't~J'-~ '. 

'c, ,,'.: " 'I' " ' , 
, .' 

, J 

. ' ,. 

I ., 
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inactivat~the ~~ppr~'ssor~ffect in the young,'embryos' to the extent 
I 

that th~ extreme--e~uptphenotype is often p~oduced .. 
, . 

An a~lysis of the total fr~quencies, of erupt-phenotype indi vidu..: 

als fa.ils to disclose conclusive evidence that X ray's even inactivate the 
, , 

suppressor effect to theext~nt that the weak-erupt phenotype is pro

ducedrnore frequently,inthe treated than,in the control groups, Among 

,t~e seven age groups from one to five hours old, four have a higher 

frequency of erupt individuals among the controls, two have a higher 

frequency among the treated individuals, and in the seventh group no 

"', adults eclosed in the treated series. A homo~eneity test of the seven 

"\~control groups yields a X 2 v~lue of more than 110 with six degrees of 

freedom (P value muchless than 0.0001). Obviously the control data 
. , , 

"., are extremelyheteroge'neous'. The total frequency of erupt individuals 

is significantly higher in the group irradiated when three hours old 
, . , 2 l '. ' 

than in the controls (X = 19.67, D. F. = 1, P < 0.0001) and also in the 

"':group irradiated when 3t ,hours old (X
2 = 6.3972, D. F. = 1, P = 0.01 -' 

',", . 

•.• .( ~:' - t 

-'t" 

.:~ .' .• "f~. • " 
'/ " "J' • " J 

, ;' ~$ ," '.. • .,,' 

. 0.02). The total frequency of erupt individuals from embryos irradiated 
, 

when five hours old or less is also significantly higher than for the 
, '. 2 ' ' ' 

controls (X .= ,14.30, D. F~ = 1, P :: 0.0001 - 0.0002). Because of the 

heterogeneity of ' the data, one should be aware" that the deviation ob-

.served may have arisen from caus~sother than the X-ray treatment. 

When embryos six hours or more old were irradiated, the frequency of 

the extreme-erupt phenotype was increased so greatly over that among 

'the controls that,a statistical analysis of these data would be superfluous. 

The fact that 50% of the adults a:rising from eggs treated six :hours 
, , 

, after oviposition show the extreme -erupt phenotype may be misleading 

, ,;. 
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unless 6n~'realizesthat only two. indiyiduals from the 3574 eggs 

treated survived to adulthood. However, th~re c~n belittle doubt ofthe effec-

tiveness of X raYl3in causing inactivation of the gene effect when admin

istered to e~bryosolder than six hours. 

In Table 2 are presented the average numbers of eggs laid per 

hour per female, and the.maximum age possible for an embryo when 

. irradiated, if an egg was fertilized immediately after the males were 

. placed with the females and was retained until the last collection for 

that day. Where two egg-laying rates are given, experiments were con-

ducted on two or more days and the high and low rates are indicated. 

. '. If the developmental ages of eggs collected over a ten-minute 

period do not vary by more than ten minutes, then .it would be expected 

that all eggs would hatch within a few minutes of each other. The assump-

tion is that the genetic backgrounds and externa,l environmental conditions 

are identicq,lfor all eggs tested. The stocks were not made isogenic, so 

undoubtedly the genetic background varied. In two .experiments eggs 

were collected over ten-minute periods and observed at hourly intervals 

from 19 to 27 hours after oviposition and then again the next day. No 

eggs hatched before 19 hours and a few hatched more than 27 hours after 

oviposition. The results are presented graphically in Fig. 1. The wide 

range in time ()~er which the eggs hatched could reflect the different' 

developmenta,lrates among eggs .. that were homogeneous in age when 

collected or¢ould have resulted from eggs being in different developmen-

tal stages when oviposited. 

Eggs were collected from flies that were mass-mated, without 

as surance that every female had copulated or was inselninated; there-

fore there were unfertilized eggs among the samples. In Table 3 are 
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reco'rded the numbers of eggs and the numbers that su~vived to adult-

hood. Theadju~t~d% survi~alis equated to ,the % survival in the con-

troIs for each' developmental age group. 

(No;'- of, aCl,!lts eclosed from treatedeggs)(i00) 

(

No,' 0(> c_o.ntrol adul.ts eclosed '(N" f d ) 
0, 0 treate eggs 

.' , No. of, control eggs 

, Thus the adjusted % is higher than the actual %. With the exception of 
. . . . .' 

: that for the is-hour embryos the eclosion freq~ency was higher for the 
( 

cOntr'C;l ~han for the treated group. The killing ef£e,ct of X rays is ex-

,treme ,during certain development~l stages but slight during other 

,stages. Other interesting aspects of sensitivity to X rays are observed 

_ when one plots hatching of the eggs and survival from the time of hatch

,ing to ecl~sionof the adults. The results are presented in Fig. 2. 

.,' .' 

, The information on mortality during embryonic and later stages, ". 

giveninFig. 2, is presented as an adjunct' to the, main purpose of the 

report. What is shown is first the probability that an egg will hatch 

~> after being irradiated at a specific developmental stage, and second the 

probability that the emerged larva will survive to adulthood. Irradiation' 

causes the greatest depression in hatching frequency when administered 

to one ;'hour old embryos. An interesting aspect is that the larvae that 

survived then had a very high chance of becoming adults. A similar 

" situation hasbeen described for indiviciuals that have genes causing 

:,>_:,~etha1ity, yet occasionally even though they have the genetically lethal 

!'.' constitution, some ,individuals survive to adulthood. These individuals 

that have overcome the crisis in development have been called "escapers" 
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, ' 

there is a high' probability that the eggs will.hatch, yet a low probability 
:, ' 

.-

'. ), 

that the larvae will become adults. When embryos older than nine hours 
',' 

" I, • 

, " f\~:"_ are irradiated,the probability for both'-hatching and eclosion are high. 

'Those individuals from 0 to 2. hours old and from 4 to ,8 hours old are 
" ! , " 

very sensitivetoX, radiation,yet those individuals' from 2i to 3t hours 

. old are much ·les s sensitive. It was not intended to investigate aspects 

?f mortality, and therefore critical analyses of precise stages and 

causes of death were not made. It is. intended to continue research on 
", 

, -'::, if" . '.~ '< ~ ~.' 
( 

, :ili.e mortality effects of X rays administered during the 'various stages 

of development, but with vigorous stocks that are better suited for the 
.. 

':. '.' 

DISCUSSION. -. The.inactivating influence of X rays on the . 
('.'" !, 

Su-er system becomes clearly apparent only wh,en embryos six hours -- . ' 

,':" .. :':' .. -. old, and older, are irradiated. In fact, one cannot be certain that the 

~ " 

. ~ . .,; 

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

":r- ::~: ):~.~,::i ;~;,:~:~_ ;~', .'~ '-, 
": ': - .)' 

"t ,., •• , "'j-' 

.,. inactivating effect occurs in six-hour embry_os. We know that the eggs 

-;-,'-_I:~ere laid six hours prior to being irradiated but we can not be sure 

what th~ true developmental age was when treated. The way to be 

" . 

certain of the true age is to do. a histologicC\.1 study of the embryo but 

. then, of course,' there would be no adults to classify. In the earlier 

cytological analysis, 3 slightly more than 920/0 of the eggs, collected 

over ten-minute periods and ,immediately fixed, were in' stages develop:-

mentally restricted to about 30 minutes (anaphase I of meiosis to second' 
.. ,;. 

cleavage). Among .the, 10 remaining eggs, six were in 3rd, two .in 4th, , 

'and two in 7th or 8th cle~vage stages; th~ latter two would be, develop-'-·' 
,/ 

mentally, approximately 78 to 93 minutes old. If·the eggs from which 

, , . 
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. '.'~ 

t 
t 
f 
I 

J 



! 

I 
t 

! ' I, 

I 
! 
I ,; ... , 
! ,.1 

I' 

! 
i 
I ' ... 

" ,". 

:- :".' 

• .~'. i i .~. ':., . ,; l 

.~ " -7 - UCRL ... 17720 , 
'. ; . . !:~. 

the dataforFig.,,1~er~ 'gathered w~re as ,homogeneous in age, then as 

, development proceeds asyrichrony mustresult. An alternative is that 

the eggssa~pled here were: not a~homogeneotis.in age as those studied 

cytologically. 'The egg ... laying rates ,from one experiment to another 

varied from about 1 to 3 eggs per female, per hour. That this is not a 

rap~d rate is evidenc,ed by the fact that under the same conditions, . . . ~. " 

wildtype stocks' generally lay at least 6 to 8, and frequently, 10 to 12, 

eggs per femal~ perh;our. " It would not be prudent to equate a slow rate 

,of egg laying with retention of eggs after fertilization; it is possible 

that eggs are produced slowly but then are laid soon after fertilization. 

" The cytological evidencet~nds to support thislatter view. At any rate, 

~e must be aware' that ~e'spiteall :theprecautionstaken to ensure 

"homogeneity in ,the ages of the embryos, \ there will probably be a degr~e 

of heterogeneity tha~ must be'considered in the final analysis. ,Thus, it 

, -, 
,\is possible, and perhaps, even likely as evidenced from the cytological 

',and time-of-:-hatching data that the 0.060/0 and 0.33% survivors classified 

',in the 6 ,and 7 hour groups respectively (see Tables 1 and 3) are 

'" developmentally older than,is indicated.' If true, then the effective 

period for inactivation ()f the, Su~er ,gehe effect would be when the embryo 

' .. is 8, 9, or perhaps 10 or more h()ursold. " The cells from which the 

,eyes develop originate in the, frontal sacs, which are ectodermal evagin-

'ations from the dorsal wall of the pharyngeal cavity. According to 

Rabinowitz S. and Po~lson; 6 st:om«?daeal invagination beg'ins at s.i hours 
. -' . 

, , 

,.' after oviposition and evagination of the frontal sac:s occurs at about 10i ' 
, ' 

hours. From the evidence presented herein, it would appear that X 

irradiation causes inactivation of the suppr,essor effect only if 

" j'''' 
-, 

'. " 

. \',' 
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_,"l'~' ;0)",",. : ;,,' r ' f •. ' 

, ~ ", .. : ......... ".:' \: . ' .. " .' , .' . . ... ' / 

admi~ist~r~d"~iter' stomoda~a.i invagi~tion begin's and possibly 'only if 
10'" 

, . ~: -, 
administered ,during 'or after 'the time of frontal-sac formation. 

SUMMARY. - In Dros~phi1a melanogaster th~ effect of the gene 

er (erupt eyes) 'is supp~es~ed by the gene Su-~ (suppres~or of erupt); 

thus, s~-~/Su_er; er/~individuals hav~ normal eyes . X irradiation 

causes inactivationof the suppressor effect. Emhryos from one to ' 

fifteen hou~sold were i~radiated with,1000r' or X rays to determine the 

earliest stage during which inactivation would result. Embryos six 

, ,hours old are the y'oungestin which inactivation by X rays resulted in 

a significant increase in the expre ssion of the extreme -erupt pheno-
'I , 

,type. Whether X rays cause inactivation,in embryos younger than six 

,< 

,t" .' 

,hours is questionable. It is, suggested that inactivation results, probablY~' 

,',# • 
" ~ ~ 

if the embryos are in or beyond the stage of stomodaeal invagination when 

irradiated. ,Data on the frequencies of hatching and ec1osion, after 

irradiation of the above embryonic stages, are presented. 

'. ;·'0 

The author is grateful to Dr. Curt Stern for his comments and , ' 

'."~"~~~!/";:::: ::::::~~nd. Mr s:· Cole. Ulrich s for her help in . conducting. the 
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,:,FIGURE LEGENDS 

"·In:oneexperiment 
J .,(.~ . 

Hours ,fio~m eg'glayingto hatching. 
\.' ",'.' .: . ".:,'.. ~,' 

, .. 

::,,;,(;.;~-~;-r~ 'atotCj.l of 142 eggs hatched from females laying at.the 

, rate' ~f;'1,:3/~/hr~' In,tJ:1e second (-------), 110 eggs hatched 

'. ,:.~. 

Fig. ,2.-; 'The'"idfects of. irradiation,on, the survival rate of eggs of 
", 

'"Y'diffe~ent ages. ;" 
'A. r .,) 
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i ,-. Table .1. '.' Influen.ce'of X Rays in Blocking the Action ~f Su~ When 
. '~ .' ", . : ". .' ~c 

EggsWerc:: Irradiated at Specified Hours 'after Oviposition. 

*' .... .... 
. The minimum number of adults scored.was 133 (2.5-hr control) and 

the maximum was 655 (3 .. hr control). ' 

t Eggs collected ove~ ten-minute p~riods; therefore age is 1 hr:l: 5 min. 

" '.' 

All other collections over 20-minute periods and ages are:l: 10 min. 
.. ",', ' , ., 

,."" 

Eggs Adults . .:.,' 
. " . " '; ,'''' Age when Erupt Phenotype ,,,-; 

, .;, ., X':'rayed (hr) Number Eclosed Total'% Control Extreme % Control " 

.':,/ 
" 1 i,. it ' ~': 3014 .'\ 15 0 0 0 0 0.97 

2 4669 149 2 1.34 2 .• 06 0 0 0.40 
2t 1564 203 27 13.30 15.79 2 0.99 .1.50 
3 6110 1940 97 5.00 .1.07 9 0.46 0.15 . 1 

2099 185 35 18.92 10.83 5 2.70 1.91 3a 
4 '. 2.156 2 0 0 0.36 0 0 0 

':. -,~:, 5 2398 ' 0 2.80 0.80 
. '. "" ; I' " 

. ' Total . '22010 2494 161 6.46 16 0.64 
'Control 

.' 
0.67 . ".', 4133 2253 90 '3.99 15 

., 6 3574 2 1 50.00 14.14 ,( 1 50.00 1.01 
7 3021 10 10 100 6.77 9 90.00 1.99 

' .. 8 
.. ;,:. .... 

2608 117 104 88.89 10.75 87 74.36 1.08 
9 1135 377 359 95.23 12.00 262 69.50 1.43 

10 430 146 121 82.88 1.93 87 59.59 0.55 
. ,is -519 

~. . " 314 299 95.22 5.89 265 84.39 1.31 

-Total ;'. :0(--; _11287 966 894 92.55 711 73.60 
Control \.<,:" 2811 1235 115 9.31 17 1.38 

-, .- . -
"~, ' •• < 

~ " r~ 

.\ 

.' ,:: 

,':,'" ' 
,. , .. ,·'t ... ' 

.' ~. . . :';, .... : .,' ; 

'. : ,",;: 

" ".; 

,'. :' 
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Table 2. Egg':La)ring' Rates and Maximum Ages of Eggs Possible If 
Fertilized IrnIl'l.e.9.iatelyafter Ma:les and Fe,rn~les W.ere Placed Together 
"'.'" 'and the'Egg.s :Were','Retai'11.eduntil Tbne. of,LastCoUection. 

,',,' 

Age of eggs at 
, irradiation 

Hours Minutes 

':,1-, 
.f' ~ "p , , ,. -. 

"t ,1 

1:1:5 

2± 10 
"i " . 
22±~0 

3 ±10 

3i:l: 10 
"\ 4± 10 .. ',' 

5± 10 

·6± 10 ~'. j 

Eggs/~/hr 

j.1.1 

:1.1 

~ 1.5 

,0.9 

-L5 
... 2.'9 

1.8 

2.6 

1.9 .1.5 

.2.2 2.4 

'1.1 -,1.9 

,1.3 2.2 

2.0 2.8 
.,,: 

1.5,-2.8 

"y. 

Maximum age 
if retained 

Hours 

8 

9 

9 

Minutes 

23 

32 

46 

15 

46 

45 

"",J: 

~ . 

7 ±10 , 

8±10 

9:1:10 1. 5: 2 .• 8 

11 

9 

9 

14 

12 

14 

14 

14 

,,16 

,21 

15 

40 

45, 

30 

20 

16 

23 

, .. 
'I. 

.. , 
j ' . 

~. 

.. ,.' 

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

· ":' .' 

~ 
, ' 

,10 ± 10 

,15'± 10 

" 

. ' J. 

, .. 
". 

" 

.( . 

" 

:, 
" 

..... . '-' 

, 
I 

1.2 

1.4 

.... : ' 

':', 

. " '_. 

, . 
. , .. ~ " . 

. : 
'" 

,. 
.~ . ,~ , 

.- ~ .~ .. 

1 .. · .. · 

'.: 

','<', 

. ... : 

,,-. 

.... : ... \. 

,', 

'~.' .';.~., '.<~~" "{;<";.':. 
" ~:, 

· )! '>~ ·l.r~: 
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'.: ':' ',tabl~}.~.~SurVival Frequencies from Egg:toAdult. 
, ;" . :,",'. ". 

Eggs ., ",:,::+';~,' Adults Ec10sed 
---~~--, -c~-.... - '''F O

' 

Age.w hen , ::> ">.< ;,~::,;:) 
irradiated, Total" Total 

,5imin* 

, 30min* 

1 hr 

'2 hr 
,. , "I, 

21 hr 

:" 3 hr 

3i hr 

4 hr 

3134 

1334 .• 

133' 

6 : 
3014'" ,is 

4669, ' 1.'49 

"" 1564,':203 

'6110 1940 

" '2099 185\ 

2156' 2 
.,' .. 

:. 5 hr 

6 hr 

.., ' 

,·,··'f·· . '2398 

3574 
. J.:, 

o 
2 

7 hr ,":' 3021, '10 

8hr 2608117, 
. 1,.·.· 

" 9 hr 1135 '·,377 

430 " 146 

519 : .. 314 

:"'18 hr*" ". 1163 " 641 

: .. ' 10 hr 

',is hr 

% in 
% Control 

4.24 55.70 

0.45 'I 55.70 

0.50 65.64 

3.19 .- 43.09 
C:: 12•98 38.33 

~31.75'1 51.62 

8.81 46.59 

0.09 68.29 

0 52.85 

0.06 40.74 

0.33 39.84 

4.49 47.35., 

,33.22 47.23 

, 33.95 42.49 

60.50" 51.17 

55.12 55.70 

. Adjusted % 

7.62 

0.81 

0.76 

7.40 t 

33.89 

61.51 

,18.92 

0.14 

0 

0.14 , 
L'~:' . 

0:83 • ~ > : 
.... '-' 

.; 
" ' 9.47 . \ 

.' ~" ,...;'''-~ ':~'>' .: ~ . •. :r" 

,70.34 

79.78 

,118.04 

98.92 

"i . 

c, 

* . , Data from Hlldreth, 1965.: Eggs collected over 10~11 minute periods. '. 

1 for explanation of other collection periods. ,,".' , .... ::::::::====================================== 
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This report was prepared as an account of Government 
sponsored worko Neither the United States, nor the Com
m1SS1on, nor any person acting on behalf of the Commission: 

Ao Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

8. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this reporto 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractoro 






