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DEVELOPMENTAL EFFECTS OF X RAYS ON EMBRYOS
C - OF DROSOPHILA MELANOGASTER -

v Ph111p E. Hlldreth
Lawrence Rad1at1on Laboratory and Department of Zoology

University of California
Berkeley, Cal_1forn1a

August 8, 1967

In Dresophila melanogaster the gene erupt (er) causes malforma-

'-‘tion of the eye. I 'An'othe'r gene, éuppressor of erupt (Su-er), effectively

blocks the action. of er so that Su- er/Su-er; er/er individuals develop

-“W_?I.th normal_ eyes. It was reported (Glass and Plalrrei, and Glassz)

& that X irradiation ef embryos homozygous for these two genes causes

o inac_:‘tivatior;.of the‘ 'sgppressor so that the gene gr_manifests its effect.

E Inactiratien‘could be produced even if the egg were irradiated imme-

' diately a,fte'r fertilizatrion and before pronuclear fusion, thus indicating a
B :‘j‘_,yer.y early time _of gene _act.ion of Su-er. Experiments in our lbaborator'y"‘ -
= (Hi.ldreth3)_failved to eompletely corroborate these 'findinge possibly due

X to genetié differeneeve: in the s‘tocks used; inactivation resulted when
1_"1>8-hour old embryos Qere irradieted, but did not when embryos one half
':f : hour oid and younger were subjeeted to the same treatment. It was

' decided to continue the investigations in order to deterrrrine more pre- . :
o cieely at 'W}rieh developmental stage the suppressor effect can first pe‘
‘_".I'in‘a"c'tvivated by X raye. ' The results of this investigation are reported

S pelow.
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'- for Su -er bw (brown eyes) st (scarlet eyes). er and were from the same

| stock B 91 83 used 1n our prev1ous experlments The techmques for

_". culturmg and matlng the flles, collectmg and treatmg the eggs, and
g A-:class1fy1ngzthe eye phenotype are basxcally the same as those given in .
,.the earher report 3 Eggs to be.irradiated were collected over either 10.

or 20 m1nute perlods and control samples were always obtamed from

" at Wthh the flles were mass mated, and the eggs collected and irradiated,
were recorded. ,In some exp‘errments, in order to determlne 1fl the
"-'»f_embryos were homogeneous 1n age we examlned eggs at hourly 1nter— .‘
“vals and the numbers of eggs hatched was recorded. X rays were .
“,admlnlstered by the same Andrex mdustmal machine and under the
i s.arne co‘nditions.as repo'r'ted previously, ‘the t_otal dose being 1000r .de_.'v
11vered at about 105 r/mmute |

RESULTS —_ 'I‘able 1 shows that X rays adm1n1stered to em-
. bryos six hours. old, or ‘older, have a strong effect in blockmg the ac- .
‘ tlon o.fv S_u_—ei .Whether the gene effect is inactivated when younger
J'.*ﬂ.emb‘ryos'are.-i.rra'diated is questlonable_. Among .embryos five hours.
rl}lold and younger the frequency ol the extreme -erupt phenotype is less

i m the. 1rrad1ated than in.the control group (x2 = 0.0109, D. F. =1,

o quenc1es among the treated individuals are higher (0.46 and 2 70%
£ 7" respectively) .than for their controls (0.15 and 1.91% respectively), the
deviations are -non-s‘ignificant, the P values being 0.3 - 0.5 for the for- -

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

MATERIALS AND METHODS —-The fhes used were homozygous . .

"'the same females on the same day as for the treated series. The tlmes .

= 0. 90 to 0. 95) Even in the 3 and 33-hour series in which the fre- - -
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- ,'_'_":than in the controls (X2,=-19 67, D. F

A group 1rrad1ated when 32 hours old (x 2.

-3 .. UCRL-17720

,mactwate the suppressor effect in the young embryos to the extent
that the extreme -erupt phenotype is often produced
An analys1s of the total frequencxes of erupt phenotype individu- -

: "als fa,lls to d1sclose concluswe ev1dence that X rays even inactivate the |

: suppressor effect tothe extent that the weak-erupt phenotype is pro-

duced more frequently in the treated than in the control groups, Among
' '.v'v‘“'the seven age groups from one to f1ve hours old four have a hlgher
‘L 'frequelncy of erupt 1nd1v1duals among the_ controls, two have a hlgher
"-frequency among'the --treate'd individuals, and in the seventh group no
adults eclolsed in the treated series. A homogeneity'tes't of thevseven |
:'. \(control gr“'oups_ yields a 'x 2,valuev'of more than 110 with six degrees of
,_.i'freedom‘ (P value much,le_ss than,.0.000l). | Qbyious-ly the control data
are extremely'heteroge'neou.s‘ The total frequency of erupt individuals

:f'l“_,;‘ is s1gn1f1cant1y higher in the’ group 1rrad1ated when three hours old

1, P <o. 0001) and also in the

6.3972, D. F. =1 P=OO1-

f5".»n0.02). The total frequency of erupt individuals from embryos irradiated '
" when five hou_rs oldvor less is also s1gn1f1cantly higher than for the

" controls (x = 14, 30, D. F. =1, P = 0.0001 - 0.0002). Because of the
'-:V‘vn:f"heterogenelty of" the data, one should be : aware.that the dev1at10n ob-

- j,served mayv.have_'ansen from causes other than the X-ray treatment.

S ‘llt/’hen em'h'ryos six hou‘rs or more olrdeer‘e irradiated, the frequency of . 3.
: _the extreme_-erupt phenotype was increased so greatly over that among ivf'“v" :
. the c,ontrols tha_t.a statistical an_alys‘is of these data would be superfluous.
The fact that 50%__0f the adults aribsing’ from‘ eggs tre'ated six hours |

;}a,fter oviposition show the extreme-erupt phenotype may be misleading ,.:
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unless one reahzes that only two 1nd1v1duals from the 3574 eggs

' -treated survlved to adulthood However, there canbe 11tt]e doubt ofthe effec—
tl.venessvof Xray81n catlvsmg 1nact1va_t10n of the gene effect when admin- =
. istered to‘er‘nbr&c‘s‘;'clder than six hoxlrs.‘ |

In-Tahle 2 are .pre'sented,‘the av'era;e numbers of eggs laid per

h'otlr periferrlale,' and the maximum age’ pcesible for-an.embryo when

t1rrad1ated, 1f an. egg was fertilized 1mmed1ately after the males were
Aplaced w1th the females and was retained until the last collection for
'that day. Where two egg -lay1ng rates are glven., experlrnents were con- '
- ducted on two or :rnore days and the‘high ahd low rates are indicated. -

-4 If thedevelopmentalages‘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 assur_npv-

: -tion_i.s that the genetic backgrounds and external environmental conditiohs'
are identi‘cal»for all eggs tested. The stocks were not made isogenic; so
| v-undoubtedly.the genetic background \'/aried.. In two.experiments eggs

B ::Welre collected ovevr 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. Thé results are presented graphically in Fig. 1. The wide

. _range in time over which the eggs hatched could reflect the different

developmental rates among eggs.that were homogeneous in age when .

* collected or ¢could have resulted from eggs being in different developmen-_,:‘

“ital stages wheh oviposited.
Eggs were collected from flies that were mass-mated, without
-assurance that every female had copulated or was inseminated; there-

~ fore there were unfertilized eggs among the samples. In Table 3 are
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recorded the numbers of eggs and the numbers tha.t surv1ved to adult-
hood The ad_]usted % survwal is equated to the % survwal in the con-
trols for each developmental age group

| (No"{' "o'f';‘adults eclosed from tr_eated'eggs)'(100') \

No. of control adults eclosed

‘ v_'(l\lo, of treated eggs) .
- No. of control eggs - :

- '-‘j'Thus the ad_]usted % is h1gher than the actual %. W1th the exceptmn of
that for the 15- hour embryos the. eclos1on frequency was hlgher for the
,:control.than for the treated group. Thevk1111ng effect of X rays is ex- o
\ltreme durmg certam developmental stages but. slxght durmg other
'x.-:'_‘stages. Other 1nterest1ng aspects of sen51t1v1ty to X rays are observed : o
__.bwhen one plots hatchmg of the eggs and surv1va1 from the time of hatch- |
' .1ng to eclo’szon,of the adult_s. The results are presented in Fig, 2. |
:"d.: The information on mortality during embryonic and later Stages,
glvenlln F1g 2, _ 1s presented as an adJunct to the main purpose of the |
; report What is’ showu is f1rst the probability that an egg will hatch

' ,vafter bemg 1rrad1ated at a specific developmental stage and second the
’-;probablhty that the emerged larva will survive to adulthood Ir_radxatlona"
-‘Vi.’:.,causes the greatest depressmn in hatchmg frequency when adm1mstered
v ':l":to one- hour old embryos. An 1nterest1ng aspect is that the larvae that .‘

i 'survlved then had a very high chance of becoming adults ,A similar

sltuatlon'hasg-been described for 1nd1v1_duals that have genes causing

lethallty, ‘yet”occaslonally,even though'the'y-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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by Hadorn4 .When"‘embryos seven and elghtvhours old are 1rrad1ated

;,iv_vvthere is. a...h1gh probab111ty that the eggs w111 hatch yet a low probabxhty

-that the larvae w111 become adults. When-embryos older than nine hours == "

'v Kare 1rrad1ated the probablhty for both hatchmg and eclosion are hlgh
iThose 1nd1v1dua1s from 0to 2 hours old and from 4 to 8 hours old are

R f‘very sen51t1veto X rad1at1on, yet those individuals’ from 2% to 33 hours
’;iold are much less sens1t1ve. It was not intended to 1nvest1gate aspects o
| "of mortahty, and therefore cr1t1ca1 analyses of p1'ec1se stages and
f‘,i..bcauses of death were not-made. It 1s-1ntended to continue research on -

5 _:;.,}‘:the mortahty et'fects of X rays admlmstered dur1ng the ‘various stages
_‘of development but w1th vigorous stocks that are better suited for the

";purpose._ '

DISCUSSION —- The.‘inactivating_infl_uen_ce o;t Xi rays on the
"‘"37:1‘Si.-v-_e_r -system ,beco_m‘es clearly apparent only when emhry'os six hours .
“old, and older,.v'are -irradiated. In fact, one cannot be certain that the'- o
o :1nact1vat1ng effect occurs in six-hour embryos.r We know that the eggs
:.f":v_were 1a1d six hour.s prior to bemg irradiated but we can not be sure
‘-zfjwhat the true developmental age was when treated., The way to be

" -icerta1n of the true age is to do a h1stologlcal study of the embryo but
:.chen, of course, “there would be no adults to cla551fy. In the earher :

: '_cytologlcal analys1s, 3 sl1ghtly more than 92% of the eggs, collected
.:._over ten- mlnute perlods and 1mmed1ately fixed, were in'stages develop- -
mentally restncted to. about 30 mmutes (anaphase I of meiosis to second
cleavage) Among the-vio remammg.eggs,. six were in 3rd, two in 4th, 3
iand two in 7th or 8th cleavage stages the latter two would be, develop-v" .i'

i

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

-
[
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"'f‘:’:hours. From the ev1dence presented herem, 1t would appear that X-

UCRL-17720.

: the data for F1g 1 were gathered were as homogeneous in age, then as

X

- :development proceeds asynchrony must result. An alternatwe is that
the eggs sampled here were not as. homogeneous in age as those studied

cytologwally The egg laymg rates from one exper1ment to another

‘vaned from about ‘l to 3 eggs per- female per hour. That this is not a

rap1d rate is ev1denced by the. fact that under the same 'conditiOns,

) w1ldtype stocks generally lay at least 6 to 8 and frequently 10 to 12

. v_of egg laymg w1th retentxon of eggs after fert111zat1on, it is possxble _
' -that eggs are produced slowly but then are la1d soon after fert1hzat10n. o
-_;'The cytologmal evxdence tends to support thlS latter view. At any rate,

" i"?..'we must be aware that desp1te all the precautwns taken to ensure

- .‘?f'1s poss1b1e, and perhaps, even hkely as ev1denced from the cytologlcal
‘v_‘!-;-‘:and time- of hatchlng data that the 0. 06% and 0 33% survivors c1a581f1ed
A;.::".,m the 6 and 7 hour groups respectwely (see Tables 1 and 3) are.

. developmentally older than 1s 1nd1cated If true, then the effective

is 8, 9, or perhaps 10 or more hours old The cells from which the

: :at1ons from the dorsal wall of the pharyngeal cav1ty Accordmg to
A:’;'Rabmow1tz5 and Poulson, 6 stomodaeal 1nvag1nat1on begms at 5% hours

after ov1pos1t1on and evagmatmn of the frontal sacs occurs at about 103+ -

;;,irradiat;on»’causes ‘1nac_‘t1v.,at1o_n of the ,s‘uppresvso_r effect only if

— RETEN st o Vs R S et B R [ T TIE TV PR, - . et

P eggs per female per hour. It would not be prudent to equate a slow rate =

homogene1ty in the ages of the embryos, ‘there w1ll probably be a degree S

S of heterogenelty that must be considered in the f1na1 analys1s.. Thus, it S

~period for 1nact1vat1on of the Su- er gene effect would be when the embryo- o |

. eyes develop or1g1nate in the frontal.sacs wh1ch'are' ectodermal evagin-

5 yrnt v ¥
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: .admuustered after stomodaeal 1nvag1nat10n begms and posmbly only 1f

S SR
3T o

adm1n1stered durmg or after the t1me of fronta.l sac formatzon.

SUMMARY - In Drosoph11a melanogaster the effect of the gene

'er (erupt eyes) is’ suppressed by the gene Su-er (suppressor of erupt)

5 thus, Su er/Su er er/er 1nd1v1dua1s have normal eyes. X irra.diation_ }

causes,.inaet;va-t1on_ of the suppressor effect. Embryos from one to -

fifteen hours_old were irradiated with.1000r or X rays to determine the ' L
earliest stage dur_ing which inactivation would result. _)Erribr'yos six”

Uheurs old are the y‘oungest'in which inactivation by X rays resulted in e

CLoa 31gn1f1cant 1ncrease in the expressmn of the extreme erupt pheno-

-

7 . S T

"’:,hour's‘is'quesfio'nahle. It is suggested that inactivation results, probably, o

"'.!-firradiation.of the above embryonic stages, are presented.

’

The author is grateful to Dr. Curt Stern for his comments and
v"suggestmns and Mrs.‘ Cole Ulrichs for: her help in. conductmg the

"."'experiments'.

type., WhethergX rays cause inactivation,in embryos younger than six” a0

if the embryos are in or beyond the stage of stomodaeal invag_ination"wheﬁ.‘v;i:. .

,.irradiated.  Data on the frequencies of hatching and eclosion, after - - .

R Y
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~ o .'»rTable 1 Inﬂuence of X Rays m Blockmg the Act1on of_Su -er When

o _ Eggs Were Irrad1ated at Spec1f1ed Hours after Ov1pos1t1on

o The minimum‘number of adults scored wa'sg133 (2..5-hr control) and
the max1mum was 655 (3~hr control)
1.Eggs collected over ten-mlnute permds therefore age is 1 hr5 mm. o

" All other collectmns over 20-minute perxods and ages are*10 min,

E"ggs- o ~ Adults

h Age when . . Erupt Phenotype '
- X- rayed (hr) Number Eclosed Total % Control Extreme % Control

0  0.97
0  0.40
0.99 1.50
.46 0.15
2.70 . 1.91

0o -0
- 0.80° .

-+

_3014 s 45 0 0 :

4669 149 - 2 1.34  2.06
4564 . 203 - 27 13.30° 15,79
.. 6110 . 1940 .. 97 ~ 5,00  1.07
©...2099 - 185 . 35 18,92 10.83

“2456 .. 2 - 0 0 . 0.36
FOETI S 2398 0 - - 2.80 °
. Total 22010 2494 161 - 6.46
- "Control = = 44133 . 2253 . 90 -3,99
f.06 o 35740 2 . 4 50,00 14.44 7 . 1 50.00 1.01
ST i 3024 0 400 0 40 100 6,77 9 90.00 1.99
.8 M0 2608 . 447 104 88.89 10.75 - - 87 74,36 1.08

9. 1435 - 377 ©.359 95.23 12,00 262 69.50  1.43
540 -, . 430 . 146 121 82.88 1.93 .~ 87 59.59 0.55

45 . 549 344 - 299 95.22 . 5.89 265 84.39 1.31

. Total - % 41287 966 894 92,55 744 73.60
-7 Control . ;2811 ~ 1235 115 9.31 . | 17 1.38

N

tofre
P OO NO O
o
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o

R OWN N -

>~
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‘Table Z Egg ‘Laying- Rates and Max1mum Ages of Eggs Possible If o
Fertlhzed Immediately after Males and Females Were Placed Together . ..
-7 "and the Eggs ‘Were Retainéd until Time of Last ‘Collection,

y

,Azgvé'.‘_Of eggs at L .'Maxirhum age
‘irradiation o Eggs/g/hr - if retained.

~Hours Minutes = . - Hours Minutes

- i
s e

&5 44 .45 8 23
2410 ¢ Soata-29 -0 9 0 32
Tekxdo LY M-8 9 a6
©340 T 0.9-2.6 AL 45 o
“3tx10 P 4549 9 L 46 oL
Coaxg0’ 0 T22.240 90 4 o
CoBx10 L7 M4 -9 T 15
C6E£40 ., 4.3 -2.2 40

C740 .0 2,0-2.8 7 44 a5 oo
8x40 . T4,5-2.8 Fo44.7 . 30

9E40 - 4,522,800 C 20
A0£40 0 42 =T 6 T 46

AN

\ . P . e .. wion
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Sui‘Vi:\ré;l !Fr'equenc':'ie"s_ -ff_ond" Egg »;fo ‘Adult.

Eggs o 'Adults Eclosed

. Age when. L % in
. 1rrad1ated Total Total % Control - Ad_]usted % o

.Asgmm*_“’fﬁ_313‘4_ ,.‘-133" 4.24 - 5570 . 7.62
© 30min* 4334 6 .0.45 5570 .- 084
4hr  3044" 45 0,50 - 65.64  0.76
Co2hr o0 4669 449 0 3.190 43,09 7.40 G
C2bmr 15640203 12,98 38.33 . 33.89.
S0 3hr . 6410 1940 31,75 51,62 . 64,51
©3bhr - 2099 485 8.81 . 46.59 . 48,92
 4nr 24560 20 0,09 6829 . 044
o 5hr 52398 0 0 52.85 0 .. .o
C6hMr 3574 2.0 0.06 4074 044 . o
Y 7hro v3024.0 10 . 0.33 39.8¢4 . 0.83 -
Y 8hr o T 2608 ,5.;11.7_. 449 4735 0 9.47
Y 9hr L 4435377 33,22 47.23 7034
T 40hr 0 430 146 -33.95 42,49 79.78 . -
w45 Rr . 54970314 60.507. 54,47 . 448,04 . -
CETaBnr* 1163 T 641 5542 55,70 . 98.92

-'Data from Hildreth, 1965.: Eggs collected over 10- 14 minute per1ods.

. See Table - 1 for explanation of other collection penods.
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