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T tlmes 1n development These estlmates were very 51mllar to estlmaces o

A ‘ABSTR'ACT.,,

- \

In this thes1s the ce]l autonomous temperature sen51t1ve lethal

mutatlon Z(l)ts726 ‘was used to 1nduce pattern duplicatlons of the meso-

- .

thorac1c leé of Drosophtla. Two main stud1es were done" on these
: t . /
dupllcatlons (1) a detalled phenotyplc ana1y51s and (11) a clonal

L analy51s of tne 1ntermed1ate stages of development. ' f ' “[:. ey

In the phenotyplc analy51s 893 dupllcatlons were scored In

)

these dupllcatlons the’ morphologlcal markers 1n the medial port:on of

the dlSC were often def1c1ent and rarely dupllcated wh11e the more.

lateral markers were rarely def1c1ent anu often dupllcated Thls ﬁ

i

»)pattern 1& 31m11ar to that seen in experlments 1nvolv1ng the culturlng

R

of leg dlsc fragments The def1c1enc1es assoc1ated with these dupllca-,

y o

tlons oFten affec{ed very few markers These results were compared
w1th the predlctlons of the polar coordlnate noﬁel of French et al (19/6)

Several p0551ble explanatlons for the d1fferéﬂte between the observed

v

51ze‘of the def1c1enc1es aceompanylng these dupllcatlons and the pre—r'

dlCtlonS of the model were con51dered ORI

. ~ N S A . .“j/4> Lo )

Two clonal analySes of the 1ntermedrate stages of development
were done ‘one u51ng the khnute technlque (Garcla Be111do et al 1973)

to 1nduce large clones._ From the non—Minute clones, estumatlons were’

\made of the number of cells present in the dupllcatlons at several

&

.. made- of normal leg dlSCS durlng embryogene51s. The Minute clones were

"'l- r’ h

7'scored for locat1on Those clones 1nduced by late 1rradlat10n were ﬂ"

- compartment%boundary 1n normal legs. The results of these clonal analy—.rt

1. - e " .

| @bund to be restrlcted by a boundary 1dent1cal to the anterlor/postenlor‘f°

>3

o )
B

ses suggests that duplfcatlons are grow1ng by a relteratlon of normal

development ;!1@’ ' .f’ ‘fal?»‘=,h B "




of Drosoph@la development. One hypothe51s based on Llonal analyses,

»

: These results are d15cus§cd in the light of the two lcad1ng views

‘suggests that cells become éequentlally determ1ned throughout develop-

(B

ment "~ The second based on regeneratlon studies suggests that p051t}onm
1nformat10n systems spe01fy each ‘cell locatlon and thus determlne

‘whlch structures it will form The present results. suggest that a com-

prom1se is p0351b1e between these views, that cells 1nterpret thelr

/

p051t10na1 1nformat10n via a series of sequentlal steps, and that regen-

' eratlon occurs when ce&ls ”forget" certain prev1ous dec151ons and relterate

"portlons df the sequence

. : )
x g ’.
< e ' i !
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INTRODUCTION |
- One aspect of development currently'receiving'a great deal ofh
\ attentlon 1s the process whereby pattern 1s establlshed (WOlpert 1969

\1971 Bryant 1971 Schublger 1971 Postlethwalt and Schnelderman 1973 S
‘1974 Lawrence 1970 1973 Russell 1974 Garcla Bellldo 1975
Postlethwalt 1975 Bryant 1975, Wolpert et al 1975 French 1976 a b, "h';'

\,Frehch et al. 1976 Strub 1977 a,b, Russell et al: 1977) : Thrs questlon “_,
] :

Cis. a\central one for multlcellular orgznlsms Not only must each cell
Vol ,\:

i

;be 1nstructed as to how 1t 1s to dlffe entlate but the 1nd1v1dual ceL‘s

\

must also be dlrected to dlfferentlate in proper spat1a1 arrays : The

\ 3]
L proceSS whereby cells select such a 51ng1e spec1f1c pathway of develop-r
x‘:ment has been termed "determ1na@1on" (Hadorn 1965) Operatlonally,

\ e

3 cells are’ assumed to pass the1r state of determlnatlon on. to thelr
“offsprlno : Thus whenever the progeny of a 51ng1e cell can be shown to

'be restrlcted 1n thelr developmental potent'-l (eg s to formlng only

| 28

one of two structures,, the or1g1na1 cell 1s sald to have been deter—»

.LQ'.

‘,mﬁwd

It is belleved that 1n Drosophtla a sequence of determlnatlve events;
’occurs, w1th cells becomlng progre551vely restrlcted throughout develop-n

iki,ment §ome of thls ev1dence comes from the analy51s of genetlc mosalcs b

Aff(see Stern 1968 ,Gehr1ng and Nothlnger 1972 Postlethkalt and Schneld‘

5,1974 and Hall et al 1976 for rev1ew) One type of mosa1c the XX— »
-_ \

fgynandromorph is produced by the 1oss of one X,chromosome from avfrﬁt
‘nucleus 1n a female embryo very early in developmentt(Morgan 19 4,

‘véﬂfSturtevant 1929 Patterson and Stone 1938) }n these gynandromorphs f:'

vh the patches of malq (XO) tlssue are observed to mark all v151b1e structures;f

jln the adult at random, 1nd1cat1ng that the nucleus 1n wh1ch the ellmlna-e{,f;”"p

o Sl
D .o P 2
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~tion occurred was not‘dctermined‘to form any. particularvadult-structurestf

il

Studies of chromosome elimination at the third to fourth nuclear divi- = w77y

) n51on, 1nduced by the mutant mtt (Gelbart 1971 1974) provide a similar

N

result. No restrictions are seen on the structures formed by the X0
patchesii Thus prlor to the blastoderm stage‘ the nuslei appear. to be
'{; not determined to Eorm any particular adult structures |

| ' In addition the determlnative state of preblastodexm nuclei has
been tested directly Illmensee (1968 1970 1972, 1976) and Okada “

i et‘al (1974) removed 1nd1v1dual nuc1e1 from genetically marked embryos
prlor to‘the cellular blastoderm stage and transplanted them 1nto R .
unfertili*ed eggs or embryos at earlier stages of development\\ The-
[descendents of these nuclei coul. d form a11 larval and adult structures b-"”f "Bﬁx

This result also 1nd1cates that prior to céllular bla%toderm nuclei

are not determined

The earliest stage of development~for which éV1dence for determlna—'h;ﬁ*if“z
tion has been found is aﬂ cellular blastoderm;\mhen the‘nuclei in?the r:
‘.cartexwarevf1rst‘1ncorporated 1nto cells; Chan and\Ge~r1ng (1971)

a

observed that at thls stage cells weré restricted 1n the1r j. elopmenta%-

potent1a1 They d1v1ded genet1ca11y marked blastoderm stage embryosv:

1nto anterior and posterior halves Each half was dlssoc1ated 1nto ‘fflrp”ﬁv

o

| W\Q‘Single cells and mixed wrth dlssoc1ated Wlld type whole embryos and
o nf Do \ . ; :
li cultured 1n the abdomen of an adult female._ Under these condltlons the
o ,
cells proliferated After several days 1n culture they were 1nduced

» to underoo metamorph051s by 1n3ect1ng them 1nto a late third 1nstar
- ‘=" J K AN N
E larva.} Cells from the anter1or portlon of the blastoderm produced

: iy
\c. L . \\ LS A 5

head and thorac1c structures whi\e posterior tells produced abdomen andg “d. eu.§;5

thoraclc structures These 1esu1ts 1ndlcate that cells at the blastoderm"

T X N - B - : P
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. ) . . .

stage are nO“longer‘able to form all of the adult Structures,'i;e., they

have becomo dctermlncd for anterlor or pOsterLor structures. The observ-

atlon\that both fragments produced thorac1c structures may be the result
of varlat1ons in the locatlon dt‘the blssectlon from case to case or.

may 1nd1cate that some cells in both portions hadpthe potential to‘formd
thoracic Structures.uf - _‘)' h' o js;”"

‘In a more dlrect examlnaqlon of the determlnatlve state of blasto~

i K '

"‘derm cells Illmensee (1976) transplanted 51ngle, genetlcally marked

blastoderm’ cells 1nto host embryos which- were also at the cellular ‘{
9

i blastoderm stage. He observed that the descendents of these cells fonmed

ﬁ;ataon at t e . blastoderm seage

a

structures characterlstlc of the orlglnal locat1on of the transplanbed

A
» .

cell, 1rrespect1ve of the1r loéatlon in the host. ThlS agrees w1th

‘the results of Chan and Gehrlng 1n suggest1ng that cells at the cellular
: blastoderm stage had become determlned but the results publlshed 50 far

do- not. answer the questlon as to how spec1f1c lS the state of determln-

Eal -

’

o Mor: detalled studles on thlS p01nt have been made u51ng the tech—

»_'pnlque of,mltotlc recomblnatlon to produce somatlc mosalcs (Stern 1936)'

V.MOSaILS can be 1nduced at any t1me durlng development by exp051ng

!

‘.fgvD"usophzZa whlch are heterozygous for marker mutatlons to 1onlz1ng

tpradlat1on (Becker 1957) M1tot1c recomblnatlon can result in two

N o

'_daughter cells homozygous for port10ns of the parental chromosomes

r*“ . : s

---By u51ng pproprlate genetlc markers the progeny of one or both cells can |

be detected as a patch of narked cutlcle in the adult Thus a. state of

._%iﬁétermlnatlon can be’ 1nferred when clones 1nduced at a glven stage
cease t0'1nclude both of the two arbltrarlly chosen morph01001cal markers.‘l’r

The technlqueuhas the dlsadvantage’that clones 1nduced later in- develop-“~ 3

.-

™



ment may be too small to mark both structures, even though the original

ﬂcell hay the potential to form both.

To anrense the cEfectlveness of this t ChﬂquQ at the later stages
of dcvelopment several 1nvest1gators have madg use of a class of mutants
. known as Minutes (Stern 1936, Kdplan 1953, Lindsley and Grell 1968).

These are recessive lethals, some of which show\a dominant cell autono-
- . 1 . . :

‘fmous‘decrease in cell division rates (Stern and T'kunaga 1971). - When:

’somatic cell clones which are Minute+.ére indute in a heterozygous

L]

Minute background the cells of the clone grow faster. than. the dek-
‘ ground cells 2nd produce 1arge clones (Morata and Ripoll 1975). S -

Sevelal investigators have applled tie Mznuta technlque to the study
~l\ . Lol ’

of the state of determlnatlon of cells at about the cel]ular blastoderm

'stage (3~ 4 hours) (Ste1ner 1976 W1e5chaus-and Gehrlng A9/6a) Clones

Py

1nduced at thlS t1me d1d not cross from segment to segment or. from the

: anterlor into the posterlor within a- segment’ They did however mark e A L

v;st&uctures formed by more than one’ 1ma01nal dlSC, eg., Stelner (1976T
Afobsegved clones whlch markeq both the wing and the mesothorac1c leg.

bR .
f‘The observed clonal restrlctlons 1mp1y that at the: time of 1n1t1atlon
R Y

\?u_ofcthese clones the cells had become determlned to form a spec1f1c

~upo tion of a spec1f1c segment but were not yet determlned to form a i
‘spec1f1c 1mag1na1 disc. Clones\lnduced later at 10 hours after egg

.laylng marked pnly structures formed by a. 51ngle 1mag1nal dlsc (Ste1ner - L

/

.1976,,Wleschaus‘and,Gehrlng 197635'Lawrence and,Morata 1977).»»These

- T8501t5°338gest that\thelcells potential to form adult structuieS'is o
'progre551ve1y restrlcted by a sequence of events in early deveIOpment -
R : ~ e

fiThe results of the cell culture and transplantatlon experlments (Chan

.
-

'v:~and Gehrlnc 1971 Illmensee 19/6) suggests #hat these restrlctlons may ‘

‘i."be determlnatlve events



7'1972) respected compartment boundarles prev1ous1y def1ned by clonal

» are'determlnatlve‘events. E A AT LT e o

A scries of "investigators have detected similar clonal restrictions

at later stages in the growth of lmuglnal discs (Beckor 1957, Garcia-

/

Bellido and Merriqm l97l, Garcln~Beltho et al, 1973). The arcas de-
fined by these réstrictions havc been termed "compartments'. In the
wing disc compaftmontalization events occur in a rcgularltempornl 5¢~-
quehcc in which existing compartments are‘progressively subdivided (sec
Garcia-Bellido 1975 for the location of the boundarieS\in the wing,’
Stelner 1976 for the 1egs and Struhl 1977 for the plObOblb)

These results suggest that a cell's developmental pOthtlaI may

be progressxvely restrlcted by a sequence of determinative eventsjstartlng

~at cellular blastoderm and contlnulng throughout larval development

(Garcla Bellido 1975)
5 .

Thlb view of the functional 51gn1f1cance of compartmentalltatlon
is' SUpported by the phenotypes of some of the class of mutation known
as hemeotics (Batesoh 1894, Postlethwait and Schneiderman 1573). 1Q,

homeotic mutants a characteristic.portion of the adult structures are

'replaced'by a set of structures normally'found elsewhere in the fly,

‘ _ B E e R : o
eg., .in bithorar the anterior of the haltere is transformed into anterior
: ON L Co- .

wing (Lewis 1955, 1963, 1964). It was observed that the ‘transformations

. of some of the bithbraﬁvallelestGarcia~Bellido 1975 ‘Morata'and Garcia-

gtBellldO 1976) and of the mutant engratled (Garc;a -Bellido and. Santamarla

analy51s .aThese observatlons suggest,that thé{cells 1n,d1ffereht comr

Lpartments have actlvated dlfferent sets of genes.' Such differential

gene act1v1ty is. etpected 1f the cells in dlfferent compartments have

)

'»selected,dlfferent developmental pathways. Thls supports the hypothesls

L )

, that the events reflected by the formatlon of compartmental boundar1es



D

A quite different hypothesis ns to how Drowophila imaginal disce

cells docide which adult structure they will form has beon proposed

' .

based on the results of disc regeneration experiments, When fragments
v of mature imaginal discs are 1mplantcd into late third instar larvae,
the fragments undergo metamoxphosx; along thh thcxx host, and form
-vesiclcefof adult cuticle in the adult abdomtnal cavity (thrubsx and

\

lr Beadle 1936) If the cells in the fragment do not undergo cell division
* : :

' '

_before metamorphosis, the adult structures produced by the fragment are
dlways a bpecxfxc part of the ddult structure. S:veral investigators
have prepared 'fate -maps' showrng the locations ‘of the _precursor cells
-of specific adult structures by observing the structures formed by de-
fined fragments of imagtncl discs (see review by Gehring and NOthinger
1973, a;so,‘Ouweneel‘et al. 1973, Bryant 1975) . For example, Schubiger

(1968) was able to map the locations of the precursor cells of a set of

AN

markers in the prothoracic leg disc. Even markers consisting of a single

. bristle (Eé; BH™) could be mapped.

TheSe results indicate that late in the third ;erval instar the

1mag1nal dlSCS show a ‘mosaic- determlnatlon 'That is,. individual cells

aré commltted to form spec1f1c adult structures. Tﬁis is consistant
: ‘8
with the hypothe51s of a sequence of determlnatlve events, throughout

i

developmentb However, when fragments ‘were cultured under’ condltlons

e

where cell d1v151ons occurred a dlfferent result was obtained. They

sometlmes formed structures normally produced by cells in a dlfferent
\ . .

portion of the same dlSC (fegeneratlon), they sometimes produced two

=3

k,sets’of’the structures differentiated w1thout‘an 1nterven1ng period of
cell pro11ferat10n (dupllcatlon) or,<rare1y, produced structures
normally formed by a dlfferent 1maginal disc (Hadorn 1965, 1968

Schubigerv1971, Bryant 1971, Strub 1977 a,b).

6
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Hadorn (1965, 1964) studied the behavior of disc fragments culfyroed

for long pediods by vepeated transfers te fresh adult hosts, e wis

Y

priate to the imuginnl disc involved. However, gccasional changes to .

other discs occurrc@, Whth hv tvvmvl "transdetermination®,

N !
Schubiger 1971}\obscrvcd that fragments of the firgl leg disc

did not duplicate| and negenerate at random when cultured for 5-10 days
v :
fthe upper medial

il

prior to metamorph sis.\\Q%ose fragments which contained

]
<uuu?cr of the disc \regenexated while all others duplxu{%&

o

. This has

upper didlal quarter of\the finst 1e5 dlSC cou)aqie cr41;
*l-v;}) AL
1eg<}truoture ‘ ' S

EAll of the cplls in th{ upper edial quarter of the ﬁ;othoracic

-leg disc are in the anterior ompartmcnt However, when cultured, the

descendents of these cells orodu e posterlor structures. This indicafes

\ - . \
that cells are not limited to rege efating*;hose structures in one y Y
compartment._ These results.indicate that, according to the operational

definition of detern3nat1on the committikent to a partlcular compartment

is not a determlnatlve'commlttment. It is\worth not1ﬁ§\fﬁat~£he—antepaq¢%~f"”’~//
posterlor compartmen; boundary 1sxestabllshed rior to the determlnatlon

to_form a specific 1mag1na1 disc.v Nonetheless, cei{i\only rarely pro-

duoé strﬁcturés»formed by a diffefent‘disc when cultured. This implies

that there may be inherent differences in the stablllty of 'the different - .*';
committments made by cells throughout development, and, that the stabilitf

of any one committment is not necessarily correlated with the stage at

! - - °

which it is made.

——- \

 The observations made on regeneration of disc fragments led Bryant

:(1971) to propose that the.ability of an imaginal disc cell to régenerate
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\
N,

N,

“produced by cells with a lower gradient value, but

is controlled by its position in a gradient of 'lv\rlupmnntal dekll}”

He proposed that each coll in the dise can regendeate those structures

i

not those with a

\
tn pivo, the gei
\

higher value, Whenever a dise fragmoent is culturec

-t the cut edge are proposed to regenerate all strudtures produced .

\,
N s
ditfference between the growth leading to a duplidation and a re¥eneration.

by cclfgxrowgr in the gradient. The cells at the cut\edge of the frup-

ment containing the hlyh pnlnt of tho gradient will thus repluce the

missing structures leading to rcgcncrncion. In the reciprocal fragment

the same growth will produce a second copy of those structiyes already

present, giving a duplication, According to this model therd\is no

N\,

Singe the upper medial quarter of the leg disc can regenerate all
N .

N . . ‘ .
the ldgfral structures, this portion was postulated to contain the

N .
high point of the gradient. - " y

\\

Using a different technique for generating the imaginal di§c frag-

ments, Postlethwait and Schneiderman (1973) investigated the regenerative

gradient in the leg, high medial and low lateral.

ability of mespthoracic leg disc cells.” They induced cell death in

the discs by exposing yoLng larvae to 1000 r of X-irradiation. They
observed that in the trochanters and femurs of 30 cases of mesothoracic
leg duplication the medial markers were often deficient,and the latera:
markers often dupliéated. This result'cﬁn also be expiained by a’single
‘Bryant (1975) observed that when the wing disc is bissééted and

the half disc fragments cultured one half regenerates and the other

half duplicates. According to the 51ng1e gradlent model the high point

'S

of the gradlent is located in that portlon of the disc which regenerates:

N

Using a series of cuts he observed that the center of the disc was

—— . i

!
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um&mnlt(;all Fragmonts that regenerated and was not present in any of
\
thu%frugmanrﬂ that duplicated. This impdied that several geadiepts orp
a ﬁiﬁgln cone shaped gradient existed in the wing disc, high in the cen-
ter usﬂ low at each edge. However, when this centar portion was cut
free from the edges and cultured it failed to regencrate and instead
duplicated.  This cannot be explained by the single gradient model,
Likewise ﬁOmé results obtained from grafting experiments in amphi-
bian and cockroach legs cannot be explained by the single gradient
model,  When a distal leg graft is attached to a proximal stump so that
no discontinuity exists then no regeneration occurs, Howcvcr,.whcn
such a graft is made in which either the dorso-ventral or medio-lateral

axes of the graft are reversed with respect to the stump (as occurs in

L e

. A _ \
~grafts of right legs on left stumps) then a series of outgrowths occur

ffbm the stump/graft interscction. These 'supernumerary' growths con-
tain a set of %&} of the leg structures distal to the level of the
graft and are disposed in mirror image symmetry to the original leg

(see Huxley and DeBeer 1934, Rose 1964, 1970, Hay 1966 for review of

e e i e o

the amphibian limb, see Bohn 1965;-1972, Bullidre 1970, and French

-~

—————— —

‘ leqra,b for}%eview qf thé cdckroaéh leg). 1In a series of Trecent
studié§;u$ing\g£g£53_gsﬁfyen‘cockroachVstrains Qith different colored
cuticlétuFrench (1976‘a,b) has reéonfirmed th;tithese,supernumerary
limbs show a mirror image syﬁ&etry (See Bateson 1894) and he~has demon;'
strated that the cells of both the graft and tﬁe host participate ih

‘ ; - N
-~ the formation of the supernumerary limbs. He has also &y

observation! made earlier that when the graft. and stump ag
: : . oy,

- portions of the leg, intercalative growth sometimes occurs which re-

i

stores the complete leg, or generates a mirror-image duplication for a



—

1

e

partion of the T%g, This intercalation always has the effect uf removipg
4 vrnslmu}wdiital discontinuiry, sven at the expense of CORSErVing cop-
stant limb polarity,

A similar type of intercglation occurs in Droasgphéla tmaginal dises,
When two fragments from opposite sides of a wing disc ave mixed to-
gether, cultured and then induced o undergo mqtamurphouiﬁ, strugtures
normally produced by cells in thé center of the disc are found (Haynie
and Bryant 1976), Either fragment when cultured alone duplicates, but
the mixture of the two produces structures not povmilly formed by either

fragment, o . .

Several xn\eatiyatora thL sugges sted that the results of these » ex-
periments can be explained ysing the concept of “positional information
developed by Wolpert (1969l 1971;.‘ Wolpert proposes that calls in a
developing system are informed as to tﬁcir location within the system
by the localized values of global variables that uniquely specify the
location of each cell. Cells are proposed to respond by différentiating
in the propér patterns.‘fThs single gradient cannot be considered a :
modeiﬂéfﬁféritxonal information on logical grounds alope. To uniduely \
specify the position of every*cell 'in the two d1me551qnal sheet of cells
that is an imaginal disc, at least two distinct gradients are required.
One such model haS‘been proposed by French et al. (1976) bascd on the
observed patterns of symmetry in tﬁe supernumerary limbs in .cockroaches
and on the results of the amphibian and'imaginalfdisc regeneration

experiments. Tﬁe authors postulate that two céordinate kystems of
posxtlonal 1nformat10n exxgt in the limb or 1mag1nal dlSC one radial

and the other circular (Figure 1). They propose, that cells confronted ﬂ/j

. 3 - . 1 - -
by a discontinulty 1in circular values always respond by intercalative

e



Figure 1

i

A diagram of the French, Bryant, and Bryant polar coordinate
system showing the radial (A-E) and circular (0-12)
positional information sequences. Redrawn from French,
Bryant, and Bryant (1976).

1
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. ,growth that frlls the gap via the shor}est route. Inlanjexample‘given‘

coin thelr’paper ‘an 1n$erted graft that causes a confrontatlon between -

. cells w1th c1rcu1ar values 4 and 8 1n the cockroach leg 1nduces 1nter— m

';;:15 geuerated at any rad1a1 level all structures dlstal to thls level
;ﬂblan and cockroach legs. At the level of the cut a. complete c1rc1e of

;-”he confrontatlen of these values durlng wound heallng results An the

{71n1t1at10n of dlstal regeneratlon. I the case’ of the supernumerary f: Ce

‘/ - ST
ﬂ~wh1ch produces complete sets of circular values around the p01tts of

’ max1mum dlfference between the stump and the oraft Thc*, these com-- - ! o

T on the 1ocatJon of the confrontatlons between the Qraft and - the stump

i ) e “,, R , v

o .

fA:calatrve growth of the structures*w1th values S 6 and 7 thus removrng

.

;‘the dlscontlnulty v1a the shortest route.~ T : ‘ f,'m(-jj‘7m

e . : . :
".Thev also propose that whenever a complete set of c1rcuLar values S

2. ¥
1 N
e

e

"are regenerated ‘ ThlS accounts for the regenerat1Ve behav1or in. amphl—‘

ﬁlvalues is. present 1n tne cells at the proxrmal and dlstal cut surfaces

tw

%

-t

growths observed in amphlblans and cockroaches the confrontatlona.ﬂ

'of'opp051te C1rcular"values due to’ the mlssallgned axes, at the stump/

5 a
~

egraft 1:tersectlon is proposed to flrst stlmulate 1ntercalary growth - .

@
[

N 3 Vr P
'plete c1rc1es 1n1t1ate the regeneratlon of a complete set of dlstaf//‘ - . o

structures, producrng the supernumerary leg It is. 1mportant to note‘ r;_ e
o L ) ve?( )
‘that the patterns of symmetry in these supernumerary llmbs ‘will depeadwt

e ~
e ry.mﬂm" e g
X

—

{ [

that produce the complete c1rcle As shbwn by French et al (1976)

the model can successfully explaln the. locatlon and symmetrlcs of the
‘supernuﬁerary llmbs resultlng from ail: comblnatlons of graft/host

confrontatlons wh1ch have been tested

o The polar coordlnate model’can account for the observed behavzor

\4,_

I '

3
e

~0f 1mag1nal dlSC fragments cultured tn vtvo. _In the w1ng dlSC, the

e
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'duplicadion of_the_central fragment is prop6Sedft0’be'thehresdlt of . the

(ldistal transfgrmation-rule The center of the w1ng dlSC is propOsed to S

_— IETEU
2

.5 B be equlvalent to the dlStal t1p of the leg Thus when the edges of the

central fragment come together durlng the wound heallng process

~ . rl ‘“éﬁ l‘?') 3
complete set. of c1rcu1ar Values ,generated WhLCh«lnltlateS a regenera
: 2 - .

~
Kl

atlon produc1ng a second copy of the’structures present 1n\the fragmentl':

“The regeneratlon behav1or of w1ng dlSC fragments when mlxed together 15‘\

' \‘f” R L _ o
proposed to be the result of 1ntercalat10n Cells 1n the fragments T

- are conflonted w1th a dlSCOHtlHUlty ﬁhen mlxed and they respond by o
' _ . B S B R S
regeneratlng thoSe structures w1th 1ntermed1ate values. To.account~for_(- s

© : . - -

the observatlon that the upper medlal quarter of the flrst leg dlSC;’

.o

can regenerate all of the leg structurﬁ‘ the - authors propose that the )

0

C1rcular values dre not evenly dlstrlbuted 1n thls 1eg Qi and thatg
; oy . o
half of *hese values ‘are contalned 1n the upper medlal oo of“the

V’;//;/disg//,lhuS’1nte’calat1°n*by the shortest route in a: fragm it wthh

T contarns the upper medlal quarter of the dlSC w1ll always result in- ">L;“zl,x
- : 3 - -
_,regeneratlon and 1n any other fragment w1ll produce a dupllcatlon

-

"*7see,Ereneh—et—al——l976 Floure 8)

SR _The polar coordlnate modéel thus fulfllls the two-xequlrements of

ahsuccessfulfmodelg First, it explalns all.of the observed data w1th

“~‘a‘minimum*of‘aqpriori assumptlons, Secondly,Alt'makes pTEdlctlopS'KhICh”
can be experlmentally tested o | . . -
rTuo views of the process whcreby DrosophtZa cells become speC1f1ed
as to which adult structure they will form have‘been presented above.. ”aij, -ék
- .The clonal restrlctlon data suggests .that cells become progresslvely N

o

4 T

! . . % o / . et : - .

d




and passes dn to 1ts progeny the resultiof any.declsldhs itr makes The‘m‘ .* J: 
/ , PR _ ,
posiglonal 1nformat10n model based on- the results of regeneratlon exper- . .
_ ‘ v"unents postulates that whlch‘adultastructures are formed.by,an 1maé1nali S
PR T Y- : ‘_
: dlSC cell depends on the cell's locatlon in the mature dlSC The
locatlon of each cell is unlquely spec1f1ed“hy‘gldbal sYstems of posltlonal

Q

>'1nformat10n in the d15c Each cell 1nterprets thlS 1nformat10n and

i

responds by dlfferentlatlng a speclflc adult structure dur1ng metamor—

h051 L '..‘ R -'dﬁf-‘ IR N
? % : Ca ' : ) .“l‘ ‘ '\ - :b“

“--i-“ahe p0551b111ty for. the reconolllatlon of these two views is that

p051t10na1 1nformat10n controls the spat1a1 organlzatlon of determlna—

e S

tlve events in the embryo and 1mag1nal dlSCS and. that these-dec151on,

are necessary steps 1n the 1nterpretat10n of p051t10na1 1nformat10n

Thus at several stages of development cells mlght make dec151ons based ;hf

on thelr p051tlon wh1ch serve to restr;ct the developmental potentlal

PO

[
of thelr progeny ;

s B °

; L Ja%The observatlons that cells can regenerate structures they would jfl,;"

‘F v
B 1

fnot=norma11y fgrm can be: reconclled to thls V1ew by postulatlng that RPN

aq the 1n1t1at10n of regenerat1on cells become de determlned 1’e they

SEN LA . .o
e

@”{ o ”forget” the dec151ons made by thelr ancestors, and that durrng the\\\ fﬁ\',h[

process of regenerat1on the cells repeat the sequence of dec151on$ whlc h. .

oA occur 1n normal development but 1n response to a new pattgrnﬂof posl_'v\

t10na1 51gnals “The rules wh1ch govern the establlshment of thlS new I

x

pattern are presumed to be 1nherent in the organlzatlon of the: or1g1na1

S)stem of p051t10nal 1nformat10n Thus regeneratlon or dupllcatlon

ﬂwould‘be a.reateratlon-of normalgdevelopmentg; Thls“hypothe51s m1ght

E

. be tested by analy21ng the 1ntermed1ate stages of growth of pattern ':. '.=’}f:

dupllcatlons and compar1ng them w1th those of’normal development Studles

=~ . Lo L




»

) of the development of normal 1mag1nal dlSCS have provrded 1nformat10n IR
| : TN e s
about two aspects of development whlch are germane to the hypothe51s

'(1) the number of cells present in the dlSC at dlfferent stages and (11)
the formatlon of compartment boundarles o ’1" o

e \Thesetaspects of development have been studled u51ng the technlque

B Up to.npw the appllcat1on of clonal analy51s to

6

l -of clonal analy51s

s of the growth of dupllcatlons of 1mag1na1 d1scs was technlcally

,wa,fstudie
o . /

. VEry o .tcult due to the large amount of effort requ1red to generate

°

a 51gn1f1cant number of cases ‘In a demonstratlon of the utlllty of e K

F

—

r & . "*"‘ﬁ-».-._.‘"_

<elopedra.system in whrch such(studaes can~be made He 1solated ar serles

/

».t‘of temperature sen51t1ve ‘cell autonomous 1ethal mutatlons in: Drosophtla

“prOne of these, Z(l) 3726 (referred to 1n thls the51s as ts726) was a
. / l
29° restrlctlve,122 perm1551ve allele at the suppressor of fbrked

:.[ ) l 65 9) locus When ts726 larvae are subjected to.a sublethal f,hf

B pulse of the restrlctlve temperature, cell death is’ 1nduced in: the
g1maglnal‘d15cs- The resultlng adults have a h1gh frequency of deflclen-_i )
‘f}c1es and dupllcatlons tor structures in: the head and the mesothorac1c

‘fleg (1b1d) ' H15t010g1ca1 observatlons 1nd1cate”that the cell death 15 fi'
.fclustered 1n these dleS (Clark 1976 Clark and Russell 1977) Suggestlng f*li::
,chat these patches of cell death are creatlng tn sttu dlSC fragments N
analocous to those producedvb; surgery .:,f' R S '5>t‘,,

[ . -

In the present the51s the ts726 ystem w111 be used to 1ndpce dup-'
: i 1‘#} o B rA o
11cat10ns of the mesothorac1c leg The work 1s de51gned to 1nvest1gate

b

'atwo maln p01nts - Flrst the predlctlons of the 51ng1e gradlent and polar

'coordlnate models w111 be tested by a careful phenotyplc ana1y51s of a

'large number of mesothoraCJC leg dupllcatlons : Secondly, an, attempt W1ﬂ




1

be made to determlne whether the. 1n1tlat10n and 1ntermed1ate stages

‘v. . N

: of growth df dupllcatlons are’ 51m11ar to those of normally developlng)

legs Thls w111 be done by comparlng the results of somatlc clonal
I SO

e

’ analyses of dupllcatlons w1th the results of 51m11ar analyses ‘done onf

.\ I

.normal legs. Slmllar results would prov1de strong ev1dence for the

hypoth651s that pattern dupllcatlons are formed by a relteratlon of

N we
:

~normal development

C e P
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P D 'MATERIALS AND METHODS .~ N

© .

Drosophlla Stocks and Mutatlons
: The mutatlons, spec1al chromosbmes and stocks of Drosophtla meZano—
Igdeter used are lléted in Table 1% Except when otherW1se stated a

frdetalled descrlptlon of the mutatlons and spec1a1 chromosomes can be

‘found 1n L1ndsley and G1e11 (1968) All stralns used were der1ved from

. *stocks kept 1n thls laboratory w1th the exceptlon of Qp(s Z)mwh a: dup—

llcatlon vcarrylng the w1ld t&pe allele of multlple W1ng halrs[(mwh
"[3 O O])dlstal to y on - the X chromosome ThlS dupllcatlon was klndly\

'supplled by Dr. »J ﬁerrlam
' Culture_Conditioh§“f3d

,cd@smon of 'the"-le‘dium T T TSP R L

Drosophtla were reared in 1/2 plnt glass bottles.cohtalnlng approx—a
:{1matelv '50 ml of culture medlum oT 1n shell v1als contalnlng approx1matel»
,i8 ml of medlum The yeast agar medlum of Nash and Bell (1968) was

-used throughout Thls con51sted of. 10 g ‘yeast, 10 g sucrose, 1 g agar

5

- l ml prop1on1c ac1d and 10 ug chloramphenlcol per 109 ml of dlstllled

.: 3water The chloramphenlcol and proplonrc ac1d are both added to the

- freshly cooked med1um when 1t has cooled to 70 (all temperatures are
:fglven 1n degrees Ce151us) but prlor to pourlng 1nto 1nd1v1dual culture' .
4:”conta1ners In ‘some of the experlments the amount of chloramplen1col

xfi‘was varled from 0 to” lOO ug per 100 ml of dlStllled water In these"

¢ o'

'hrﬁcases the medlum was’ prepared in quantlty and poured 1nto SUO ml flasks _ﬁfi:“‘

"for the addltlon of the chloramphen1col Care~was taken to ensure_
':‘proper m1x1ng\prlor-to_pourlng'the‘medlum into6 iﬁdividUal,cOntainers.-

\

. . o ) B . S . S
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»tﬂi‘ | Table 1 - Mutqtions:fSpeCial Chromosomes, and Stocks of.D. melanbgasier‘ .

] i . ; . . . . E . .
" l,'i . »v . v. .- . { ”\ : ‘ "

Mutatlons ’.,Map‘Position -)  ',Phenotype oo Referencé;”
ey o '
su(f&t°726,"} . 1:65.9° . . ts 1ethal (see text) Russell (1974)
_ - oos1-0,0 0 “adult body and brlstles Lyﬂﬁsley ~and
o S T oy yellow - Gréll (1968).
Lo ‘f C o 1=560T \ ‘bristles forked and o "
36a X IO ' _'l,vgnarled A L ) SO
e ‘.;f,' 0 1-56.7 ~ the most extreme‘f o sl
T T - allele * : R
y ‘ 33,0 . . vermilipn eye color
- 0.0 " cell hairs of wing and- " P
D P S other 'surface areas. :
. - multiple, aristae also. IR
S .. affected. « _‘“ R
gm0 1-21.0 ¢ . bristles ‘'singed, female con
e DR fertile allele Bt :
Cwo 0 1= 1.5 " white eye .color T o
e e 3=70.7 0 adult’ body black, - - A
oo e L Vheterozygote 1ntermed1ate o
S oped . 3-53.6  réd malpighian tubules =~ "
R *35‘v"‘ S . eyes: brown = . R “ S
LMY B-28.9 ~a strong anute ., . Garcia-Bellido.
wit s a st | BESr)

AT}

I L PR 1-
'.f’_hwh . g

—

s

- Chromosomes = "‘ S Descrlptlon L Reference

;}y+Y-, B a dupllcatlon cgrrylng y and d&fgmj, Llndsley and
o BT - on:'the tip of Y o U Grell (1968)
(*:B“ Y -8 dup11cat10E carrylng ou(f) DA oy .
G .7 the tip of Y .
STe@wx ., A reversed acrocentric compound X
a0 . /chromosome which is heterozygous for

Yy

. o
S i

R IRy . In(1)d149 e R T
Qo V' Dp(1:3)se . - the aneup101d segregant from BRI
AR L T(1: 3)scd’ 4/+ x
S TM6 - . Third Multlple 6, a/multlply 1n\erted
R VN - 7 third chromosome . L :
S 5jh__ FM7a . © _First Multiple 7a, a multlply 1nverted J. Merr1am

St | .- X chromosome ' . : # (1969)

LA @

Ll Dp(S 1)mmh " - a duplication of d1staﬁ53R on the tip - J. Merriam -
L . ~ of 'the X chromosome 1sg1ated by - (personal o
' ' SRR ' ,'recomblnatjon of a 3:Y translocatlon' communlcatlon)
R with an XY chromosone : ‘ o



Table 1 ébntinued-

LI

Stbcks ,A

: C(l)Dx/B Y/y v f 726"

L CDX/y Y end 2(1)ts538
 Dp(3: 1) moht y v f‘ 726/FM7a; mwh/mwh

wsn® 226/85Y; moh e/moh e

Y r 726/Y; rwh/mih

Y v f726/Y; Dp(1:3) sc’? Q/’“\ms) 55,

/TM6
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vMuting and Egg Collection

Accurately staged, synchronous cultures of DrooophLZa were obrarned
for experlmental manlpulatlon from timed ebg layings. Parentql females
i :
were collected‘as virgins, mated and the adu1t§ held for 3 days prior to
beginning the egg collections. burlng this holding period the adults
were transferred to fregh medrum darly to prevent egg retention by the
females. Egg collectlons were made by expos1ng the pdrental adults to
fresh medlum.for 4, 6 12 or 24 hours as noted in each ‘experiment. Larval
ages and” treatment tlmes are given in hours after the m1dpo1nt of the egg

[

collection period.

Experimental Techniques

Temperature Treatments

Sub! ethal 29° treafments wete used to induce cutlcular abnormalities

* 13
in the ts726 experlmental subJects The temperature reglmen_for all
r' - >

\

.such experlments was as follows. Eggs were collected at room- temperature

le§§ then 2S°; Immedlately follow1ng the collectlon the eggs were
‘tranaferred to a controlled temperature 1ncubator malntalned at 2°°
'Each egg collectlon batch was 1ncubated at 22 for a predetermlned perlod
For tbe 29 treatment each batch wa; transferred to an adjacent 29° -
lncubator for a predeterm ed number of hours The collectlon batches
were then returned to 22° to complete development The times of 1ncubaf3
w;‘tlon are given 1n each 1nd1v1dual experlment and were controlled to‘
: / : s

w1th1n t15 minutes and the temperatures to w1th1n +l° of:the’stated _’
- Values. | | | |
For convenlence tne temperature condltlons under hh1ch the larvae

"were reared .are 1nd1ca ed b an abbrev1ated notatlon For exam le,'an.
Y ple,

egg collectlon batch 1ncuBateﬁ/at 22° for 72.hour5'from the midpoint of

7



the egg collection and then txanslclrcd to 29° fox 48 houxb would be

.described as having rccelvcd a 72 hour 22 /48 hour 29° treatment.,

Radiation lrcatmcnts

Radjation treatmentsvwerc given to developing larvae eithe}\to in-
. duce somatic recombihation:(Beckcr 1957)‘B§ in studies of the effects,
of radiation on deveiopment. Gamma radiation was used and was given by _—
eprsure to a Eobaltso source which at the time had a do:e rate of 2500
rads per minute (Dr. S. Quah pers. comm.). Individual doses were controlled
by varying the 1ength of .exposure, usihg‘an autematic timer. The larvae
were 1rrad1ated in the or1g1nal egg collectlon containers as the large
numbers of larvae belng treated made the transfer to new containers
1mpract;cal. No correction for the t)pe of contaziner was made, as tests_
of the l/t Plnb bottles 1nd1cate that they absorb less than 1% of tbe
radlatlon (Dr. A. Nou1a1m pers. comm.) . It was assumed that the shell
vials belng of lighter constructlon‘than the bottles would absorb

éven less of the radlatlon

,'Somatic Recombination

Two genetlc systems were. used in the somatic clonal analyses reported

}n this thesis. - Firse, recomblnatlon was lnduced betwaen the X chromosomes

in mw% yv f36a ts726/w sn3 ts726 mwh/hwh e females Such a recombination in
an 1mag1na1 dlscveell,w1llJoften resul't in the twotdaughtéi'célls having

a different genotype (Stern‘1936),. The exatt dtfferéhces ;I

depend'on the location of the recombinatidn event\albng the X-chromesome

ae shohn in'Fibure 2. The descendants of these daughter cells will form

two clones of marked tissue in the adult Accordlng to the m1tot1c :
recomblnatlon map publlshed by Becker (1974) the maJorlty (74%) of these

clones w1ll be tw1n spots (Stern 1936 1968), in Wthh ‘the descendants of -



o e e 4 e e L T ST gy N ) , .
. OF 4 . N . o -~ : R AN o - ) C, vC
~: : .
& ’ mvnmﬁv 19004 30 dew UOTITUTqWOd9X DTI0ITUW POONPUT 9Y3:UO vowmn, “uant’d
B ST sses .ded ur paldadxa sauo(d T30l ay3 yo sfejuadiad ayl -peonpoxad oxe siods arduts yoew (p) .
£
X0 ‘siods utmi A wour (9) siods utmi A QUS Yo (@) saods utma f A ous Yo () xoy3loym wocHW 219p .
afiosouolyd aya SuUO[E UOTIBUTQUODISI 9Y3 30O uO0TITIOT Y] ‘9TBWAF 97/ B UT SOWOSOWOLYD »/5 T
BEELEET| cOAumsﬂgﬁouwu paonpurt- :oﬁumavmu Aq ﬁmuswopa SOUOTD T8 oﬁumsww\wgu mcﬂzo:m smnwmav Vo mw:mﬂm :
._<,,., . ~ w e
\ / , ,
\ ‘
: ,,./ 9 Lo hd . H\E .
: - \ ) Kz
/ ' / . ’ E A
i< 913urs |\ youu - p . | Yo 3
. ! B - W P) v Yeuu
” - 2 . ooy
~— * - y/- - . . ) - . ) ’ B
6 jods uraz N yeww - R 0 o
. \ o : . .
i / | « | ﬂ& .m. . Q 2. p —4 ;
. o \ : ® 92451 A s a
LT Jods uim3 ug &,,SE - A eq : . , . o ..\_ .
£ ./ A N - ‘934837 ; .m.:m, M . R
Vo ﬁ\) S v , ~ . o
Vo , o o
. ’ ., e . . . + . ¢
7L jods utm3 w:m your \-f A e o . . : . ,
ausdzad ) 2d£3 Voo B | . . oo
UOT3IPUTQuUOII X rusm woi3j Sup3Tnsaa mm:VHU o ) ) , S
. / . : , - . ) : g
/, . . ; - . - )
,4 KY ' —— - o




' both trichomes marked with multiple wing hairs and bristles marked with

R

1

ciach daughter ¢ell form a separate, visible spot. One spot will contain ‘

M -

ﬁ@wh an), and the other bristles marked with yellow and forked
B T

N @

1dcscriptidn of the other 26% of the clones is given in Figure

%
3

éinged;

2. It is expected that not all of the single spots will be scorable,

This -is bccuusc‘the mesothoracic leg is not uniformly covered with tri-
chomes and bristles, i.e., a y f spot in an arca of tﬁc leg containingd
no bristles cannot be séored.

Theaéecond'ggnetic system used was a heterozygous Minute systcm'
"(Garcia-Bellido et al. 1973, Morata and Ripoll 1975). Recombiﬁation
was induced in the right arm of the third chromosome of y w tsf26/, T

J4, y+ M(S)iss/mwh females and y w f ts726/Y;

~

yv f 73726;Dp(1:3)sc
. J4 .55 ‘ o U
Dp(1:3)sc”” M(3)i""/mwh males. As shown in Figure 3, such a recombination
in an iraginal disc cell may lead to the production of a éingle spot
clone. OCne of the two daughter cells will Hé*hgmoz§gous‘%inuté and will
die. The descendants'of the surviving cell will form a single spot T vy
;ycbntaining~both trichomes mérked with multiple wing ‘hairs and bristles
marked yith;yellow (mwh y). The cells of this clone, bging wird;;ype.

]

for Minute, will grow at a faster rate than the heterozygous‘hﬁnute\~

.
.

background-cells. Thus the clone produced in “the adult will be large . N
- (ibid).

Scoring of Mesotﬁorapic Leg Abnormalities_;

-

‘ . . -
The.mésothoracic legs from treated ts726 adults wege scored for

the preseﬁce of puticularAébnormali;ies and/or somatic fcell clones. .
‘Eclosing adults w%zs collected for scoring from each egg collection

" batch at daily intervals. The etioséd adults were stored in 70%

©

ethanol. When no more of the adults were likely to eclose,  the uneclosed

~ N
~

. - ‘ | '

e
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pharate adults were witshed Trom the sides of the container in a /% sudiua
chlorkdé solution,  They were ;hwn collected by straining, washed in
“distilled water and stored in 70% ethanol.

A sizable proportion of{the tas26 pharate adults fail to eclose
following 4 29° treatment.  The data from these adults was included in
the rosults in ope of two wiys. Either all of the pharate adults were
dissected from the pups cases and scored along with the eclosed adults,
or, when the large numbers hade this impractical, a sample of the pharate
adults were selected from each treatment batch, dissected and scored,

The adults were first separated according to genotype and were
counted under a Wild M-5 sterco diSSQCting microscope at a magnification

~of 25-50x. Then,sthe ;8726 adults were‘cooked in 1IN NaOH to remove the
inner body parts.' These cooked adults were then scored under the dissect-
1ng microscope. 'Those'adUlts with abnormalities of the mesothoracic leg
wére dissected yith fine iridectomy ;cissors and/or electrolytically
sharpened tuggsten needles.¢FTH%¢two mesothoracic legs from each fly

were mountéd together between glass coverslips in Gurrs water wounting
medium for scoring under a Wild M-20 ;ompound microscope at a magnifica;
‘tion of 200-400x. o - | . .

The numbe; of t372603dglt§ surviving to at lecast the pharate adult
stage was compared with the number of control adults to give an indica-
tion of the effect of the treatments on survival. -The ratio of ts726
adults/control adults is reférrgd to as the gelative survival of t8726
adults, eg., 100% relative survival means as many ts?26 as control
adults reached at least the pharate adult stage. In thbse batches in

which all of the uneclosed pharate adults were not scored the total

number of ts726 adults was estimated using the fraction of the ts726

i
3

&
A
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:'1; where all of the pharate adults were notfscor”ﬁ"thevtrequency of leg

tfaqults 1in the sample_of'pharatéfadults. ’The‘Calculation'was done‘as

?follows Let A represent the nUmber of ts726 pharate a 11t5-17 ; € sample,

B the total number of phara‘ hﬂpfﬁs in.the sample c the total;number
of pharate adult;/;n the batcH D the number of eclosed te7é6 ln that o

’ batch andIE the estlmated total number of ts726 adults 1n the batch 3‘.f:-f TQ
L ‘TheEfféqﬁéncy,ef‘aﬁ§1125t10ﬁ555f'the mesothoraclcrlegfrniébéhtreatear

batches was calculated as a percentage of the total legs. 'Im,those'cases

dupllcatlons 1n the sample of pharate adults scored was used to estlmate :

Sl' e

the total frequency=of dupllcatlons The calculatlon was: done as follows Let.

L / . .
‘F T€ reseht the number of leg dupllcatlons in: the- sample of pharate -

: S0
adults G-the number of dupl1cat10n 1n the eclpsed adults and H the

o A

4

Peggentage of dupllcat1ons in all~of thetmesothorac1c legs of that batch
Then T . 8 |

{ (%‘:) .;2 C+ R?G:}m' J e
o f..; 5E - Loox 109 = He P ’

t,\ > g, n 2

It is 1mportant to note that the relatlve surv1val frequency is a fre—r

- 2

B quency of ts726’adults whlle the dupllcatlon frequency is- a frequency of

H

legsl

vaaginal Disc Transplantation: - "-, o o -”‘“'fﬂt o

In add1t10n ‘to the analy51s of mesothorac1c legs whrch had completed

N

development Ln'sttu a serles of 1ma01nal dlSC fragments were transplanted

,jxand thelr regeneratlon/dupllcatlen pattern stud1ed°after i vtvo cultur- .

e e




'llnstar larvae that had left the culture medlum and were crawllng on the‘

.mented Nlth 100. 1u/m1 of’ pen1c1111n lOO ug/ml of streptomyc1n and lOO

velectrol)tlcally sharpened tungsten needles The dlscs were then

: ;seml c1rcular*fragment ‘from the edge of the dlSC.~ 851ng needles'w1th

"

Disc.Preparation e f o T

’ imaglnal dlscs were 1solated for transplantatlon from mature thlrd o /a‘f

Ll oy

’51des of the contalner These larvae were sexed by gonad 51ze under the

-

» o o R
'dlsseCtlng mltroscope (Demerec 1950) and the male ts 726 larvae were then PR

- ) oy \ . a
dlssected 1n a modlfled 1nsect rlngers (Chan and Gehrlng—w ip]

;-uc/ml of - kanamyc1n (Lee and Gaerhardt 1973) The mesothorac1c leg clsc

,

 were 1dent1f1ed by thELI p051t10n 1n the larva (Demerec 193u) und were

dlssected from the cephallé complex u51ng flne p01nted ;OLCLPJ and

RN P
S . &

.transferred to a glass depre551on sllde 1n ‘a. drbo of resh rlngers

They were then. carefully examlned for damage sustalned durlng dlssectlon
Undamaged dlscs were cut 1nto fragments 1n one of two ways Some»-

¢ —~.

dlbks were cut 1nto halves\byctre551n them agalnst the glass sllde
P\\\\\‘g

s_ .

with a tungsten needle. Others were .cut u51ng a. blunt hollow glass

A

43ﬁneedle In thlS case the needle was used as a punch to remove a small

e

o dlfferent dlameters allowed the removal of dlfferent 51zed fragments

The . halc disc fragments and the larger fragments from the second type;of

;cut were then drawn into a sharpened glass needle for transplantatlon

°

These needles were prepared by draw1ng a flne glass caplllary p1pet

: (Drummond ”Mlcrocaps” 100 ul) eT a' flame .and then sharpenlng the p01nt
wlth carborundum powder or by fracturlng (Ursprun0 1967) A serles of ,
needles were made with t1p dlameters ranglng from . approx1mately 50 150 um.

' Once sharpened these needles were rlnsed in 700 ethanol and were then

o

o
coated w1th 1% 5111cone solutlon (5111c1ad) to keep the dlsc fragments

t

N 'v T . o : ‘r-' Lo i -0l
B - . - J ] Lo e



from sticking DlSC fragments were drawn - 1nto the needle by SUCthﬂ

_'uslng a mouth prette Care was taken to use a needle W1th a dlameter /-

/

1
1

approx1mate1y l/2 that of the fragment - This was. small enough to help
\

to prevent the loss of the fragment by draw1ng 1t too far 1nto the r’ _' e@ .
‘needle and large enough to reduce fragmentatlon durlng 1mplantat10n

Hosts

Two types of hosts were used in - these experlments ‘ The.discffragé

.
o

—~___Jnent§_were elther 1mplanted 1nto mature thlrd 1nstar mwh red e larvae SONRTL TSN ¥4

e

for metamorph051s or were 1mplanted flrst 1nto the abdomen of an adult

mwh red e female for a perlod of growth Cell prollferatlon occurs 1n

the disc fragments under these cond1t10ns but d1fferent1atlon does not o

h occur’ (Bodensteln 1957,mSchne1derman and Gllbert 1959 for reV1ew) The dlSC B
fragments were recovered after the tn vtvo growth perlodand were 1m- , )

planted‘lnto mature larvae for metamorph051s , ,f”f‘ o g E

The nature larvaeuSed as hosts wereocollected washed 1n dlstllled

o
‘,_ .

't: water rlrsed brlefly 1n 70 ethanol and then rlnsed in- 1nsect rlngers

\ .

Next\the larvae were. etherlzed for 1 2 mlnutes and then attached to a -
- t -.‘T ’
glass sl1de w1th double 51ded tape for 1mp1antat10n The dlSC fraoments-f

were 1mplanted by 1n3ect10n u51ng the holl »jgiass needles descrlbed

3

prev1ously After 1mplantat10n the larjfl hosts were waShed free-fromg‘pl e

‘the- tape w1th 1nsect rlngers and placed,ln shell vig s contalnlng

'fresh medium to complete development

]

~The disc fragment undergoes metamorph051s with he host larva and ;;gjﬁ

(Ephrusééjand

- Beadle 1936) These ve51cles were dlssected from the hosts 1 day after -

forms a ve51cle of adult cutlcle ég;the adult abdom‘

- -,

K

‘ ec1051on : 0T from the pharate adult hosts that falled to- eclose The

; Y ,
ves1cles were rlnsed brreff; 1n cold SV NaOH to remove any host tlssue

RSN .




=y-under the compound mlcroscope

A

29 .

 were washed in -70% ethanol and were then cut open with tungsten needles =

0

to aid in scorlng *After thls preparatlon the ves1c1es were mounted

I

i‘-~between g;ass coversllps in Gurr s wate/ mountlng medlum ‘and scored

i
! ¢

:Morpholog1ca1 Mafkers of the Mesothorac1c Leg

S
‘:#’»Q;..c

The morph01001ca1 marker§e%bored in the mesothorac1c legs and in the”

_ve51tles are shown in Table 2. These markers are the same as those _?

reported by Hannah—Alava (1958) or by Sch;hlger (f§68) w1th the follow1ng

'faexceptlons The 1GSt and ZGSt of Schublger were scored as’ 1nd1v1dual
.;rows, 1St7 2St7 15t6 and 28t6 The TST TSc3 TScZ mScl mScZ and
35c2 are newly descrlbed (but see . Postlethwait and Schnelderman 1973)

.

~

el e R e




Table‘Z,

St8 !.‘ 

BH"
St4

1S5t7

. 2st7
1 1St6 -

, 25t6
st1
Sc’5

EB_
Sc'8 -
Sc3

S;s_

©Scl ¢
Se1l o

,gf‘.TST_ 
S T8e2:

.i;TSCS
PAB
AB

Tsp .

mScl

mSc2

3Sc?2
S Un -
Em

P

AP

'°uUnp

1 Afte1 Hannah Alava (1958) Schubigérf(ig68);'$ee’textff
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'Morphdlogical»MarkersScoredlin,the_Me%OthoracibfLegls

R
o
L

Thorax .
Sternal macrochaete

" Thoracic microchaetae ) o R
‘ Sternopleural macrochaete o o T

Coxa ' . . .
8 sensilla’ trlchodea o - _  _“ @

‘fHalry island bristle.

4. sen5111a trlchodea

Trochanter o SRR v
“row of 3-sensilla. tr1ghodea , TR
frow of 4 sensilla trlchodea.‘ : SRR

- row of 3.sen5111a trichodea

/ ‘row ofi3'sensilla trichodea
'51ng1e sensillum trichodeum -

5 campaniform. sensilla

'Edge bristle C A
'8 campaniform sensilla :

3 campaniform sensilla .

'row of 5 senbllla trlchodea,_ :

, Femur

_single campanlform sen51llun T

l11 Lampanlform sensxlla :

T1b1a :

4 large tilchodea like sen51yla'“—\‘“\\\‘///

.2 large campanlform—llke sensilla

'3 large: campanlform—llke sensilla
Pre-apical bristle
Aplcal bristle
-T1b1a1 spurs flanklng AB

A = "\\

Tarsus
Slngle medial metatarsal campanlform senalllum

5- ,Pair of lateral metatarsal campanlform sensillum

‘pair of lateral campanlform sen51lla on 3rd segment ’

" Ungues. N , . RERE

Empodium S T ju Lol

CPulvilli. - s

‘Unguitractor apodeme.

”g;Ungultractor plate

0



RESULTS , R

The\results are presented in three sectlons The flrst deals with

a descrlptlon of ‘the phenotype of the leg dupllcatlons 1nduced u51ng
l \
t5726. bamples of dupllcatlons were compared w1th undupllcated control .

Ulegs and the patterns of abnormallty deflned The second sectlon deals 2

with the effect of chang1ng the 29° treatment condltlons on the frequency

N

‘ of dupllcatlons in- and on the relative survival of ts726 adults, Three

factors were tested the length and t1m1ng of the 29 treatment the .

'effects of combinlng radlatlon treatments and 29 treatments and the
effects of changes in the eulture medlum : The th1rd sectlon deals w1th
.- the cel’ular parameters of the‘lnltlatlon and growth of leg dupllcatlons

1nvest1aated u51ng the technlque of somatlc clonal anal)51s - 1 was'. '[

: |
. partlcularly 1nterested in establlshlng whether or not the- patterns of

celltlar act1v1ty 1n the dupllcate legs were 51m11ar to those of normal

‘legs..

" Morphological Invesfigations of‘the:Duplication'Phenotype

g

The flrst step in the 1nvest1gat10n of the dupllcat1ons 1nduced by
: A

“,ts746 was - a morphologlcal analy51s of the dupllcatlon phenotype‘. It was.
”1mportant to- determlne how ‘the: dupllcated,legs*dlffered from normal and

whether there were any patterns w1th1n the abnormal phenotype that could

. be 1dent1f1ed : Accord1n01y,, a large sample of leg dupllcatlons Wh1Ch -

rs

T

had been collected by Russell (Russell Glrton and Morgan 1977}‘were ,f
: examlned 1n detall . m' i ' - - L h

'Experlmental Procedure e

Russell mated large numbers of c(l)DX' ¥ f/y Y v1rg1n females coll-

N \

iected from a C(l DX y wa sn Z(l)t3538/y Y v1rg1nater stock to

Sy f ts726/B males to generate J v f“ts?Zo/y ¥ experlmental males

e o :v»u_ ' S - S “-'

31
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L

(cailed 726 males) and C(])DX/BSY females (callcd.control‘females) that -
. A ; . ‘ ’. . \ .' I \ . ‘ ‘
served as an internal viability control (Russell et al. 1977). Eggs

- from this mating were collected over 4 hour intervals and were divided

i . (P
into batches for treatment Two batches served 3s controls, one contin-

uously 1ncubated at 27° and the’ other at 29°. The remaining batches

were each given a~48 hour 29° treatment.at One.of several times in
'develdpment/ ‘ o o C o

The resultlng eclosed adults from each batch were collected and

\
\

counted under the dlssectlng mlcroscope and the 726 males w1th abnormal-
T

e
S

ities. were prepared for scorlng undervthe compound mlcroscope as described-
. . ¢ ) . . .

in the materiais'and methods‘yrﬂoweVer all of the uneclosed pharate»
. AN
adults were not scored in the same manner as the eclosed adults ' v.f\‘
Instead ‘the pharate adults were counted under the dlssectlno mlcroscope
and ausample of 50 726 males fronf acﬁ/treatment batch was’ prepared for

|

‘scorlng-understhe compoundvmlcroscope;v'Thls sample was selected w1thout

-

tlons -in each S-. 'ple was used to estlmate the total number of dupllcatlons
i ,

.‘ln each batch as descrlbed in the materlals and methods S -;_ ' AR

K The frequenc1es of 1eg dupllcatlon 1n and relatlve survival of 726

»ﬁt A N <@

males for a sample of the treatment batches are’ glven in Table 3 The

29 control showed no surv1va1 of 726 males, 1nd1cat1ng that ts726 is a

v‘r;'mon—leaky lethaI‘at 299’3 The 22 control showed no dupllcatiOns»and

’;slightly higher sUrvifal than{the COntrolvfemales “indiCating that

ts726 does not anduce dupllcatlons or decrease surv1val a} 22°
[
There was a large varlatlon in both the dupllcatlon and the survrval

>,

frequenc1es dependlng on the tlme at whlch the 29° treatment was glven

'fDupllcatlons were 1nduced by treatments beglnnlno as earlv as- 34 hours

”3creenino for abnormalities; The proportlon of mesothorac1c leg dupllca-l"

DN

4
N
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Table 3  Survival and DEP Frequencies in Relation to Time of 29°'

Lond

‘Treatmentl
‘Time Shifted . Number of Number of Relative2 726 . . DFPs ~
'to. 29 . Control 726 ' Survival Pharate (fscored) (%)3 =
(hr) Females Males of 726 Males-Males : o |
e b %) (%) .
30 1488 g8 - 5 0 0’ 0
34 1691 134 8 7 2 1
38 ‘1596 57 g 21 - 2 3
42 2170 349 : 16 11 28 4 i
50 - 623 .. 488 - 78 26 155 25 " :
58 1096 610 . 56 58 . 114 40 vk
66 1582 - 887 56 59 .. 196 © 47 -
S 74 . 868 - 472 54 35 - 243 ‘38
‘82 - ‘ 1225 . 628 51 44 - 167 34
900 - - 1603 1322 . 82 22 352 .20
98 767 494 .. 64 ... 4 188 30
106 . . 1222 - 466 38 62 . 42 10
o114 1253 458 . 37 72 19 | 9 1
S 122 . 1236 - 344 28 . 95 5. 3 }
130 - 1246 - 881 - - 71 . 100 2 2 i
S 138 o 1572 1431 .- 91 100 . 0 "0 i
146 ¢ 644 . . 825 100 . 100 o - 0 =
154 . 1091 - 887, 81 . 96 0. - 0 i
162 - 1400 1241 - .8 87 .0 0 1
170 - . . 581 696" S 1000 . 34 0 0 - ¥
_ . . [ ; ]
Controls - - ‘ _ S o ’ ;
220 1094, - .. 1384 100 e 0 0 .
29°. - . .80 - 0% .. 0 - - .
Data from Russell, Girton, and Morgan (1977) Table 2
2. Calculated as described in the Materials and Methods (p.26)

3. Calculated for each treatment by averaging the DFP frequencies
among eclosed and pharate adult’726 males, weighted by the number
in eéch.category,;as described in the Materials and Methods (p327)‘

,\\ 5 - e o
| - | co )




and as late as 130 hogfs.' There was a broad peak of duplication frequency

" with the maximum (47%) eccurring following the 29° treatment started.

at' 66 hours. The relative survival of 726 males varied betwgen 51-82%

"

in the treatments showing a high (20%) frequency of duplications.

,A‘Deseription of the NermaIvMeéothoracic Leg Phenotype

Befotevthe abnormal 1eg‘phehotype could ‘be detetmined it was nec-
. essary to'define the‘norhal‘leg"phenetybe.‘ Atcordingly,‘a sample of.
170 of the 22° contrpl legs were scored’under‘the caompound micfoscope:

v

first, each_leg'wasﬂscered'fot the number ef elehentf (sensilla;.bristles,
etc) in each of.ther$2 cuticular markers described in the ﬁaterialsb
~and methods. The reeultihg string:ofvnumhers for‘each-leg was entered
-onto a purched card for computer analysis. The mean number of elements
in and the standard dev1dt10n of each marker were then determlned and
‘.are shown' in Table 4, As 1nd1cated by the small standard dev1at;ons,‘the
'\hﬁﬁbermof elements in the markers was the same,ln most of the legs.
‘jeNext the p051t10n of each marker, the rows of brlstles and the areas -
'of the 1eg contalnlng tt;chomes were. 1nd1cated On a dlagram of the‘adult
leg (Figure 4). Theeoverabl design of this diegram f0110WS'that of

.Steiner,»although the tarSuslwas &Ft represented.in his diagram of the .

/
mesothoraclc leg (Stelner 1976). /

- /

Follow1ng the preparatlon of the diagram of the. adylt leg, a ) .

'fate -map 1nd1cat1ng the locations of the cells in -the 1mag1na1 dlSC
/

- ~which will form each of the 32 mbrphological markers was prepared
h(Flgure S). This fate-map was produeed'by adaptln% the‘fate-map of

' 'thevprothpraeic leg disc published by'Schuhiger‘(1968) to thevmes'\tbthor‘~
1acié>1eg; In,this adaptation,the markers ehetacteristie of the pro-

§

N ‘theraeic leg were eliminated, those fdund]in the same location in bofh




-

Table 4  The Number o Eléments in the Morphologicdl Markers in 22°

Control Legs®™
. ; \ ’ ‘

Markcr2 Number of Elements g
- mean standard deviation -
ST 1 ’ 0.1 .
ThB 6.1 0.4  w!
' sp 2.0 0.2
st 8.1" 0.2
~ BH -~ 1.0 0.1 \
“St4 4.0 0.2
/1St7 . 3.0 0.0
25t7 4.0 0.1
1St6 3.0 0.0
125t6 3.0 0.1
Stl 1.0 0.1
. Sc+5 . 5.0 - 0.1
EB- 1.0 0.2
"S¢T8 3.0 0.0
T "~ 3c3 3.0 0.1
: StS 5.0 0.0
Scl 1. 0.0
Scl1 11, : 0.3
P } . B ’_/
TST ’ 3.9 © 0.4 .
TS¢2 ., 2.0 0.0 .
" TSc3 » 3.0 0.0
PAB 1.0 . 0.2
AB 1.0 ' 0.0
Tsp 5.0 0.7 .
mScl 1.0 0.0
mSc2 2.0 0.0
- 3Sc2 2.0 0.0
" Un . - 2.0 0.1
Em 1.0 0.0
s P 2.0 0.0
) *  Unp 1.0 0.0
b . 1.0 0.0 -

o
a3

L. Datavfrom a sample of 170 22X° controli726 males

2. ‘Spe,hatgrials and ‘methods for marker definitions
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°
3 d
» . i :,:
Figure 4 A standard map .of the adult mesothoracic leg prepared by . i
: observing the legs from 170 22° contrel 725-females. The
marker designations are given in Table Z.
N s —- ¥ o - N
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N - .

'“ate map of the mesothoracic leg imaginal disc prepared by

adaptation of the fate map of the prothoracic leg imaginal
of Schublgex (1968) and revised using the reéesults of an
imaginal disc | ‘transplantation experiment (see text). The
marker designations are given in- Table 2

~m = medial L'= lateral

disc

b
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adult legs were retained unchanged and those charactervistic of the meso-
thoracic leg were positioned acdording to their location in the adult
leg. ;

' . T ‘

A Test of the Mesothoracic Leg Fate-Map

The resulting tate-map was tested and refined by an imaginal disc

s

tfansplanﬁntion experimcnc;. In this experiment a series of- imaginal
disc fragments gencrated by defined cuts were implanted into mature
larval hosts. Such fragments mctamorphose.with phe host and normally
form only those stfuctures~which they would.havc formed in situ

(Ephrussi and Beadle 1936, Schubiger 1968).
¥ j

The same génetic stocks and mating scheme were used as in the pre~
vious experiment. Individual 729 male larvae were selected, for treat-

ment from cultures contindbusly incubated at 22°. These males were

dissected in insect ringers and -their mesothoracic leg discs were re-
moved, as described in the materials and methods. Each disc was cut along
_one of the 4 lines shown in Figure 6 a on a fate-map and 6b on a

photograph of a mesothoracic leg disc. Each'fragment was then -implanted

e

into a mature iarval host from a stock bearing the markers mwh, red and e

-

.ebony: Following metamorphosis of the host the vesicle of adult t%;sﬁé

formed by the disc fragment was recovered and_prépared for scoring as

. a
described in the materials and methods.

“'The frequencies with which séorable‘vesicles were recovered for
each of the disc fragments are given in Table 5. On the average 22.8% -

.of the implantations into mature larval hosts resulted in a scorable
. R .

vesicle of adult cuticle. . 5,

An example of the structures formed in a 2B disc fragﬁent vesicle

is shown in Figure 7a. This figure shqws the trochanter.and upper

.o " X
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Figure 7 '

()

An example of a vesicle reSulfing‘ffom'the imglantatidn’of'a

(a)

\ ,/” _’ !
. P ey
/ . P01
ks .
i »/ bl
i ;- R
. , .
/
' . .
: .// L
.

-

/

D

. 2B disg/fragment“into a mature larval host.

rarkers. present. in the trochdnter

‘affate‘map-shOWIng‘the ﬂocatiQn#dffthe cutf; 

N
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’femur_ofvaj2B-fragment. The Structures-formed are indicatéd ianigure

» 7b on.a fate—mapv Only those strgctures from the lower . half of the dlsc'

!

are presentl_as expected SR

The results from the total serles of 1/2 disc . 1mplants are summar—‘
' '1zed in Flgure 8 » The frequency with' whlch each marker was found in

each sample of ve51cles is 1nd1cated - In thlS flgure the markers were
R t . A /

Y

;scored &5 belng present if any portlon could be scored. ‘The markers,tf

‘present in each 1nd1v1dual ve51c1e are glven in Appendlt A in\general,
”each fTagment forms ‘only- those structures in half of the dlSC as G
Iaexpecte l There are however, 1nstances of. overlap in wh1ch markersa
close. toy the 11ne of the cut’ are found in both fraéments These may =

' be due to 1naccurac1es in the p051t10n of 1nd1v1dua1 cuts and perhaps

_also to the occa51onal blsectlon of the. anlagen of markers w1th multlple S

Vl

unlts The results agree well w1th the results of Schublger (1968)

for those markers 1ncluded in hlS map of the flrst leg dlSC.
The locatlon of eﬂch ofpthe characterlstlcally mesothorac1c malkers

- was detelmlqed b) observ1ng whlch of the two fragments generated by

¥

Y

»

S each cut contalned that marker \For example the ST 15 found 1n frag-_'

ments lA 2A '3A and. 4B. Thls 1n§1cates that the an7agen of the ST s

“in: the lower half of the upper medial quarter of thé dlSC 1.e., that:;

“area common to all four of these fragments Each mesothorac1c marker
Lo ] T,
was 1ocated in thns fashlon and the results used to. reV1se the fate{

v

map- (the rev1sed map has been,shown throughout) No materlal d1fferences
were observed between the locatlon of a marker by its p051t10n 1n the
_ aadult leg, aaﬁ Lts looatlon determlned above

: @

A Descrlptaoamof the Dupllcatlon Phenotype,

&

~ .
3 . - o N e

An example of a leg dupllcatlon 11duced by ts726 15 shown 1n Flgure o

i

/.
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was found in half disc fragments after metamorphosis. -In each

case the marker' wis scored as being Fresent’ if .any 'portion of

“Thesnumber.of casgs it indicated for cach’ -
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The two legs shown are from a single ts726 fly One leg, the right

‘,leg in thlS case, is. morphologlcally nOrmal The other leg is partlally

Ny

def1c1ent and partlally dupllcated‘wl ‘e., some of the markers of the -/

-

'mesothorac1c leg are. not present and the remalning markers are present

tw1ce. ‘The two areas. deficient and dupl1cated are 1nd1cated in Flgure 9B

.

yon a fate -map.. Legs contalnlng such def1c1ency dupllcatlons will be
referred to 1n thls the51s as DFP’ As can be seen from the examples‘
shown in Flgure.UI the dupllcated sets of markers in a- DFP show a

- mirror- 1mage svmmetry - 3 o . .v-;?/{T

The two. portlons of each DFP were separately cla551f1ed on the

> ~

ba51s .of thls dlfference in symmetry Those pOTthDS show1ng 1p51-

v

;lateral‘symmetry, eg. ”left handed“ symmetry 1n a DFP’on the left 31de

.. i
' of the fly, were c1a551f1ed as Ortgtnal portlons Those show1ng con--

:ﬂ;tralatera1~ eg. "rlght handed” symmetry 1n a DFP on the 1eft slde of

‘gthe fly were c13551f1ed as Dupltcate portlons ThlS cla551f1cat10n was i

BRI

'partly based -on data to be presented later and partly on the resuﬂtsb

'a{Thls suggests ‘that dupllcatlon in 1mag1na1 d1scs occurs by eplmorpho 1s
' (Morgan 1901) That 15, that the new growth st1mulated by the woundln";'

‘of the dlSC produces the second set, or dupl1cate structures If so,
. Y =

the flrst set would be formed by’ the cells already present prlor to the hg;,

°.

"5;wqund1ng. If the organ1zat10n of these ”orlglnal” cells were to remaln'

unchanged .thevaould’be expected to form thoseistructures-w1thzﬂ
1p51latera1 symmetry O R RO -

" Q »

‘ In addltlon to the dlfference 1n symmetry, the two pOIthDS\Of the

Tr

'VDFP were usaally dlstlnoulshable on the ba51s of size. _Whenever’thLS'b

AT ff f» I o ‘/._-'
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o
Floure 10 qumpﬂes of marker dupllcatlons found in DIP legs: :
“(a) trochanter with 1:t7, 2st7 and 1st6 dupllcatcd and. 25t6

deficient .
(b) trochanter with al. rows of 2GST duplicated
" (c) “duplication with ¢ - .3 and partially duplicated Fsp
; {(d). duplication with 2 i}t =nd 2 scts of TSB

4

Markers as in text (p.»



/

.present_in the_duplicates is examined later.

47
\ ‘
was the case, the‘duplicate portion was Eoundvto’he smallcr than the.
original. In some cases thls difference was, extreme In the example \
shown“in Figure 11, over half of the markers present 1n the orlglnal
are not preseht rn the dupllcate - This is 1llustrated by the fate map "
shown in Flgurellb, in wh' :h the areas not present in the’ dupllcate L
“are labelled "incomplete!'. - Those duplicates not cOntaining all of the
morpholog1ca1 markers present in- the or1g1na1 are referred to as tncomplete
dupllcates The source ‘of thIs variation in the number of structures

Fi

lnvestigationfdf the DFP Phenotype

Several varlables were con51dered in ‘the 1nvest1gat10n of the DEP

phenotype. The frequen01es with which each- marker was’ def1c1ent and

dupllcated the size and locatlon of the def1c1ent .and dupllcated

regions- ln the DFP's and the p0551b1e correlatlon of marker states,
g v

. ‘ /
w1th1n 1nd1v1dual legs were examlned These varlables were examlned to’

-

) S : o v
determlne whether a pattern of def1c1ency/dup11cat10n exists w1th1n the
DFP’s, and 1flso whether thls pattern is. the same- in DFP's 1nduced by"

129° treatments glven at‘dszerent stages of development
. 7

T R f

The data were trom a sample of 893 DFP's from the 726 males in batches

voshow1ng a hlgh DFP frequency (34 30 hour heat treatment) 1n the experlment

v

descrlbed above Each DFP was. scored under the compound mlcroscopelfor

~ . —

the presence and number of elements in each of the 32 mesothorac1c 1eg
markers ~The dupllcate and original portlons of each DFP were scored
: .

separatelv The markers in each port1on were recorded as a strlng of

dlgltS and entered onto computer cards for analysis. A separate computer

card was used for the data from each portlon of . each DEP.

/
The layout of these computer cards is. shoﬂ@jln Appendlx B. . Each

-



- ‘dew 2187 ® U0 umoys ‘(®) ur uMoys Jgig syr utr (d4a) mmeﬂHmmv puc [eUISTIXO
2Yy31 yiog ut puomwmm puz {ONI) chﬁmﬁho oy3 ut Aruo jussexd ‘(3qg) Sursstu szoqraew oyl (q)
_ ‘ - N : . ‘7 919BL
uT--u9AT3 2X® SUOTIZBUSISOP Iaqxew o2yl - (q) _s1eo1Tdnp oy3 utr 3jusssid 3pu 2xe (Q) uorzxod
TeutdTIo 8yl ur judssaxd sasvrbuw oyi yo owog ‘o3edridup o3o7dwodur ue Fo oyduwexs uy. (®)

48

71 2and1y.

.r



\

Lf‘ ‘ ‘ ’ ' ‘ \\\ 49
card contafﬁcd un.;déntificution numbeT, indlcntiné which trcntmcnt\\ :
batch, Ely‘dnd portion of DFP that set of data came Ffrom. 1@0 numbef\\
of elements in each marker were recorded in a specific column or colum&é.
This organization alldwed compute; sﬁbroutiﬁes to be used to sort and \
tabulate the data.

[N

The first such computer subrqutiﬁe was‘designed.to recode the data.
'Each morphological marker in the normal lég contains a éharacteristic
number‘of eléments, as shown previously (Table 4). Tnps in a DFP

whéther a markér i§ duplieated or deficient can be, determined by compar-
: , - S

ison of the pbserved number of elements with the norma? number‘of'elements
for that ma;kerr For example, an se’s containing two sensilla is partially =
defidient'éﬁileka‘mScl'with two sensilla is duplicated. To facilitate
cohpariséﬁ‘betweén markers thé dataiwere coded ¥o indicate the status

of each marker wifh respect to its normal state. The two cards contain-
ing.the data'ffom each DFP were fetriéved and each marker'Wa; assigned-
a singlé hume;ical,score whicﬁ indic. :ed whether it was deficient,
duplicated orvnormal. \ |

| The recoding‘scheme used is illustrated in Tableé which also shows
the combinations of marker states actually encountered. If no elements
were‘presént a marker was coded as being deficient (1). ifvgléments were
preséht in oniy the original portion of the DFP the mafker‘was-code&~
as being notQQUplicéted (2, 3, 4) as showg in Table 7. If some_elemeﬁts

were present in boss portions of the DFP the marker was coded as being

. duplicated (5). If more than two compl@te'sets of markers were present

o, \
|

the marker was coéed as being triplicatég (6).
This'éoding scheme can properly codé as duplicated those‘cases in

which less than one complete set of elements is present in both portions-'

W
\



Table 6 The Combinations of Marker States Observed in Original
and Duplicate Portions of DFPs and the Codes ! Assigned
to cach Combination

) Number of Elements Present in the Duplicat02

0 <Normal Normal >Normal
NumBer - . 0 1 - - -
of .
: <Normal 2 7 s 5 S //

Elements ;
Present Normal 3 5 5 ' 6
in .the N

>Normal 4 5 6 6
Original

1. . 1=Marker deficient
2=Partial deficiency
3=Normal state
4=Increased number of elements
5=pattern duplication
6=Triplication (not observed in this sample of DFPsj
-=Combination of marker states not found in DFPs !

2. The number of elements was considered normal when within two
. standard deviations of the mean in the 22° control leg sample.
The normal range for each marker is shown in Table 7

k-



Table 7

!1ch Marker

Marker

ST
ThB
Sp

StB
BH
St4

1St7
28t7
1St6
25t6
Stl
Sc 5
- EB
Sc 8
Sc3
.S5t5

'Scl
Sell

TST
TSc?2
- TSc3

. Recode value1

1. Recoded values:
4=Increased number of elements, 6=Triplication (see E{X
— Any marker with two or more .elements present may be
as 5, a pattern dupllcaglon (See text).

1=

PR

Number of Elements Present

The Number of Elements Present in Lhc Rccodlng Classes. for

0 1 2. 3
0 1-4 5-7 8-14 15
0 1 2 3-4 5
0 1-7 8 9-16 17
0 1. 2 3
0 1-3 4, 5-8 9
0 1-2 3 4-6 7
0 1-3 4 5-8 9
0. 1-2 3 4-6 7
0 1-2 3 4-6 7
0 1 2 3
0 1-4 S 6-9 10
0 1 2 3.
0~ 1-7 8 9-16 17
0 1-2 3 4-6- 7
0 1-4 5 6-10 11
0 1 2 Z
0 1-10 11-12 13-23 24
0 - 1-2 3-5 6-10- 11
0 1 2 3-4 5
0 1.2 3 4-6 7
o’ ) 1 2 "3
0 1 2 3
0 1-3 4-6 . 7-12 13
0 1 2 3
0 1 2 3-4 5
0 1 2 3-4 5.
0 1 -2 3-4 S
0 : 1 2 3
0 1 2 3-4 5 -
0 1 2 3
0 1 -2 '3
1. 2. 3 4 6
Deficient; 2-Partial Def1c1ency, 3=Normal;

t).
ssified

)

.
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“

when only part of a marker is removed by the defi chnL) and the remaining
part duplicates. '

The Duplication and Defxcxnnu) Frequencies of Individual Markers

IL wits obsorved during the DEP scoring that rhc markers were not
deficient and duplicated at random. Some mirkers wcr&§hcficient often ,
and duplicated rafely, while others were deficient rarcly and often
duplicated. To clarify tﬁis obscrvation the number of cases in which
each marker was given a score of laéaéficicnt), 2-4 (not duplicated)
or 5 (duplicated) were determined for the 893 DFP's scored. These
numbers are given in Table 8, ordered according to the procedure explained
below.. "

It is obvious that there.is a great deal of variation in the fre-
quency with which each marker is deficient. For example, the ST was
deficient in 93% of the cases while over.half of the markers were
deficient in less than 1% of the cases. The frequency with which each
marker is‘duplicated.does not show‘such a‘wide flpgtuationg"Also,

“

the fluctuation in duplication frequency was not obviously coprelated’

with the fluctuation in deficiency frequency. -

[ ,: . ._‘ (-.

marker's p051t10n in the 1mag1nal disc.

o e kY )’;;

frequencies were plotted on fate-maps (Figures 12 aﬁﬂ %;) As can be seen

i A :
from the figures, the average %fflCILnCY frequenglei Reat : : ,»;_ sy

.

related with marker position. The def1c1ency frequgﬂaleg argwhlgh L -
: \ S 9 3 SUE T SR A
medially and decrease laterally. The average duplf?%;ﬁ%? frequenc1es ;; i




[

Table 8 The Number ot Delicient, Duplicated, and Normeel Cases
for BEach Marker

Mirker  The Number of Cases PDE/(Total) DP/(anul): nr/oe “Rank 2
Corotat? RPN :

ST 872 813 34 250 .93 039 25,91 1
25¢ 0 889 470 285 134 .53 .32 1. 65 2
St 886 421 376 89 .48 , 42 1.12 3
Bl 835 408 404 73 L AG .46 1.01 4
156 BSY 314 362 213 B | ¥, 5
5t5 889 <272 -390 227 L3 A4 .70 6
Scll 883 138 592 153 16 Y .23 7
Sc3 890 124 595 171 .14 N . 8
285¢7 889 123 594 172 14 .67 2 9
St8 877 25 239 613 .029 .27 10 10t
ise7 889 19 776 94 .021 .87 .02 11
TS¢3 876 16 695 165 018 | .79 024 12
TST 875 15 701 159 017 .80 .01 13
EB 837 8 441 438 L0090 .50 . .otg 14
AB 869 10 622 236 .012 .72 016 18
35¢2 732 . 3 239 490 L0041 .33 012 16
Stl 858 6 520 .362 .0068 .59 01 V7
mScl 760 5 513 242 .0066 .68 .0097 13
nSe? 753 4 419 330 - .0053 .56 L0095 19
Scl 831 5§ 530 346 .0057 .60 . .0094 20
. PAB 268 4 433 431 .0046 .50 .0092 21
TSe?2 87580, 4 470 401 L0046 . .54 .0085 22
TSP 868 5 702 161 .0058 .81 .0071 23
Sc'5 887 5 703 179 .0056 .79 .0071 24
Sc8 888 3 653 232 . .0034 . 74 . .0046 25
Un 833 1 365 46%° g .0012 44 o .0027.26
ThB 724 1 390 333 , "~ 0014 .54 .0026 27
AP 836 "1.408 427 .0012 .49 .0025 28
Unp 8% 1 512 323  .0012 .61 .0020 29
Em 835 1 sS14 320 0012 62 .0019 30
p 835 1 53 302 .0012 .64 .0019 31
» Sp 745 1 613 131, .0013 .82 .0016 32

k -
1. 1In this analysis, DF=1 N=2,3,4 Dp=5. No cases of triplication (6)
were observed.

2. The markers were ordered according to the DF/DP ratio, as described
in the text. .
3. Variation in number is cdue to physical damage during preparation.
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Figure 12 The frequenc:.es/mth whlch the 32 mesothorac1c leg marl\ers
_ o were def1c1ent n a sa.mple of - 893 DFPs, shown on a. fate map
. ' (g;wen as pev ntagés) L L '
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The frequenc1es W1th whlch the 32 mesothorac1c markers were/

dupllcated 1n ar sample of 893 DFPs,‘shown on- a fate map
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are not obv1ously correlated w1th marker p051t10n
The ratlo of the number of cases 1n whlch a marker is def1c1enr

to the number in wh1ch it 15 dupllcatwn (DF/DP) was calculated for each

WA

.,‘marker to prov1de a convenlento un1f1ed measure of the varlatlon be—

,tween‘markers. The markers were then ranked by the value of" thls ratio,
\

'

‘as shown  in Table 8 The rank number of each marker was plotted on a fate- .

’f-map (Flgure 14)‘ The markers - 1n the upper med1al quarter of the dlSC had the

‘hlghest DF/DP values and the valueé“descended laterally in a, smooth

‘~igrad1ent The series df contours drawn on’. the fate -map- 1llustrate thlS

2
L]

%

w

Cautlon must be. used in 1nterpret1ng thls result as the method

used to recode the DFP markers may 1nf1uence the ranklng Those markers

.l

F:fcon51st1ng of a 51ng1e element (SCl B, etc) W111 have only a few pre—

cursor cells wh11e th05c contalnlng many elements (Scll Tsp, etc)
'__w111 have.many morelr This means that 1n cases where the marker is close
'to;.or touched by the boundary of the def1c1ency the small markers may
bé more oéten completely def1c1ent than the large markers, whlch Will
'ebe part;allyvdefLC1ent and partlally dupllcated and - hence cla551f1ed
f;as duplicated ‘ ThlS will be espeﬁaally 1mportant when the precursor (h

‘ cells for 51ngle element markers aTe phy51cally close to those of mult-

»1ple element markers » . o R U

leen thlS caveat ‘and 'given the low number of def1c1enc1es observed

for some of the more lateralmarkers llttle confldence-can be placed in

' the rank order of the markers 1n the lower portlon of the table Stlll

[y

e

. anc1e5 ,Only 'wo of the 32 markers do not’ea511y flt w1th1n the serles




14 The DF/DP rank on& TS for each of the 32 mesothorac1c leg
markers shown,on-& fate map. The contour 11nes 1nd1cate the,

shape of‘the gradlent Lo
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‘ S .
The Location and Size of Deficiencies and Duplications in DFP's

T ) v .
i",!v T '

‘ deficient thaf

The prev1ous results indicate that medial markers are more often

LY

others 1n DFP's.  However, the observed gradlent in aver-

age DF/DP fr quenC1es only glves an 1ncomp1ete p1cture of ‘the pattern
~of def1C1ency and dup11catlon found in. 1nd1v1dual DFP's. A question
. ‘/ R .

whlfh.theréfore arlsesils_the followrng: are the 51;es and 1o¢atlons ofﬂ_' e
thehdeficiencles and dubliéations‘inﬁindiv{dUal DFP's resbonsible for'theh
observed'average gradlent pattern - |
To 1nVest1gate thlS, the 893 DFP's were frrst classrfled accordlng _
gto the markers def1C1ent CAlL DFP's w1th the same markers def1C1ent

=)

were grouped together 1nto a deflciency class. A qotal oflllsésuch‘.

\

‘ def1c1ency classes were found in the sample of DFP' \The markers de—

r\‘

flclent 1n each class, and the number of DFP's in each class are glven -

H

in Appendmx C. A representatlve sample of the def1c1enc1es was selected -

B
Q)

maplls shown 1n Flgure 15
. ““\} PR N ’ .. .
Several observatlons can be made from these results.; First, the

and the area def1c1ent in each was traced on a fate—map The-resultlng

£

{

def1C1enc1es generally affect contlguous sets of markers, i.e,,'the

1 -

markers def1c1ent in each case. could usually be separated from the
e .

dupllcated and;nbrmal markers on a fate—map by a 51ngle 11ne Secondly,

the markers def1c1ent were always those med1al to thls 11ne. Th1rd1y,

the def1c1enc1es were usually at least partlally OVerlapplng, eg s whllepv'

the\borders of the def1c1enC1es varled greatly, 831 of the 834 def1c1en-~{r “

iy

01es were all def1c1ent for ST 449 were all def1c1ent for ST and 25t6‘

)

B 43 ;for ST 28t6 and St4 and 343 for ST 28t6 St4 and BH™ - These are

*1respectivelx. Thus the observed pattern of marker def1c1encles appears

'th;'flrst second th1rd and fourth most commonly def1c1ent markers=*ff

o



/
~Figure 15 < A diagram showing the boundaries of ‘the area deficient in a
. representative sample of 170 DFPs, traced on a fate map. The =
area medial to the line was deficient in each case. The
sample: was chosen by taking examples from esach of the 115 . =
unique deficiency classes (Appetdix C) according to the . - 1
following scheme: - : : ' ,\\ i

1-10 DFPs in the defitiency class = 1 exa@plé

.11-20 DFPs in the deficiency class = 2 examples
: 21-30 ‘DFPs 'in the deficiency éldss = 3-examples
g §1f40.DFPs in thé deficiency class = 4'example§<
41-50 DFPs. in the deficiency class = 5 examples ~

1 or more.DFPs in the deficiency_clas§3=v6vekamp1e§

. . s ey
. . . . i e B
| ‘ i
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to be ‘the result of the deficiencies all being variants of a singlel
- category. They all affect medial, contiguous,ipartially'overlapping ///

‘sets of markers, '

Fourthly, the number of markers def1c1ent in the DFP's is varlable//
ranging from a 51ng1e marker (ST) to 20 of the 32 markers scored (see/
(

Appendlx.C) Most of the def1CLenC1es were small for example 303
DFP's were only m1551ng the ST. At the extreme end of thls range of
deficiency size we may ‘include another class of DFP's'in which no markers“
were deficienth In view of the Varlatlon in def1é1enc# slze it seems
: loglcal to classify these on the basis of their dupllcatlons a10ne.ﬂ S -
,Flnally, no 1nd1cat1on of a dlfference 1n deflclency size between ‘

DFP's resultlnc from an early as opposed to a later 29 treatment was
observed The more frequent def1c1ency classes contalned caees from
all treatment batches reinforcing the conclu51on that. all of the
‘deficiencies are variantS»of a single category.

| bThe pattern of dupllcatlon in the DFP's is not as clear as that of
'the’deflclenc1es. The dupl1cat10ns vary from complete to only a/few
markers dupllcated A sample of cases with dlfferent duplicate complete—;::
vvness.was selected and the areas def1c1ent normal and duplrcated 1n
each are shown in F1gure 16, drawn on fate -maps. As can be seen, o P e
structures are not dupllcated at random,‘bat often appear to form a/°:
‘complete C1rcle of markers in the dlSC In more complete dupllcates

thlS 01rc1e 15 larger until in nearly complete dupllcates only oneor:

tho markers in the dupllcate are in a dlfferent _state from the or1g1nal

Ll

One p0551ble explanatlon for th1s varlatlon 1n completeness is. that
1 :
the 726 males are puparlatlng before the dupllcate has. completed develop—

,’ment -since the 29° tre;abtnt cause a deVelOpmental delay of varlable,
) ) _ e o PR ST 5




Figure 16

. :2\ .v_ ‘. 5

Féte~map‘diagrams showing the areas deficient (DF), not

duplicated (INC) and duplicated (DP)" in: four arbitrarily

chosen DFPs. o

o1
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durat¥on (Russell 1974). This was tested by mrasuring the strength of
the correlation between the duration of devélopment of the 29° treated

N ) '
726 - males and the. degree of incompletenesslof the duplicates. The

duration of development was measured as the total number‘of days getween

egg laying andveciosion. Incompleteness was méasured as the ratio of

the n&mber of markers'in‘the DEP ‘with a recoded value of 2, 3; or 4

(i.e., not def1c1ent and not dupllcated) to the total number of markers N
present in the orlglnal. This ratio will vary between 0 and 1. 'if i

the 726 males with the latest eclosion date have more complete duplications
this.correlation is eipected tobbe negative. The eorrelation eoeffic—
ient, r,'is -0.22. This is negative and 51gn1f1cant (P<.05) however,
r?, the amount .of the varlatlon in the 1ntomp1eteness that can be
explained by the correlation is only .0%. Thus only a minor fraction
of the-variattpn in the completeﬁess‘oA\theQduplicates can be attribeteq
to individual diffefences in deveiopment-time. This may be on account |
of the-fact'thet many discs are unde:guihg regeneration.simultanebusly
~following the 29° treatment. This Wiillﬁeakee aﬁy,telatiénship that'
might exist Between.the cempleteneeg of thellegvéeplieationaand buparia-
tion. . | “

Investlgatlon of the Def1c1en_X/Dup11cat10n Relatlonshtg_ in Individual
DFP'

_no such simple, average pattern could be found for dupllcatlons To
51 attempt to 3lar1fy this- 51tuat1on 1nd1V1dua1 DFP's were examlned for

1ﬁg markers

5

ev1dence of a correlatlon between the sta}es of nelohbgg
. &t

A model has been proposed by Bryant (1971) that:m@ﬁﬁbe used to

explaln th;s behavior. He sugoests that 1nd1V1dual iﬁaglnal dlSC cells >

&
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have a fixcd position in a gradient of Qchlopmuntnl capacity and tnut
cells ave capable of regenetating only those structurds with valucs‘
lower in this gradient than their own. Thus a duplication would %esult
from,the removal of the hiéh point of the gradient followed.by growth
of some of the remaining cells at the "cut edge" of the fragment. This
growth onId produce anéthe; copy of all of the strictures lower in the

gradicnt’than the cells at the cut edge, leading to a duplication. The

L)

similar phenotype of duplicdtions induced by ts726 and by culturing disc
fragmentsfimplies that the t§726'discs in which a patch of cell death

is indnced;are similar to disc fragments produced by surgery.

B
. -y

If thlS is the situation in the ts726 systenm, then the ; local grad-:

.

1ent levels of nelghborlng margers mlght be reflected in the def1c1ency/

dupllcatlon pattern of each DFP. For each palr of nelohborlng markers

M o

the hlgher marker should be det1c1ent and the lower duplléated but
never the reVerse. The existence of only one type of defltlencﬁ/

dupllcatlon pattern can thus be taken as an 1nd1cat10n of the polarity

relatlonshlp oetween two nelghborlng markers, with the def1c1ent marker
belng hlgher in *he gradlent than the dupllcated one. -

The data from the 893 DFP's were analyzed for such polarlty re-

.lationships. For each marker a set of ”nearest neighbors' was “chosen.
- These represented the closest surrounding set of markers on the fate-

‘map. A computer‘subroutine was then used to scan each marker and ‘its

¢
{
f

neighbor set in each DFP for cases in which the chosen marker was

3

~duplicated and only one of the marker$s in its neighbor set was deficient.

5

Such a case was taken as a valid indication of a pairwise polarity

relationship. DFP's in which two or more of the neighboring markers

were deficient were eliminated, as the polarity relationships are not

'
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clear in such cases. TFor cach marker the numbcr of cases indicating
a polarity relationship with each of its neighbors was counted.

The results of this analysis are given in Table 9. Marﬁcr compar-

‘ ? | o

isons which yiclded no valid cases are not shown. To tcs;lwhethcf var-
‘iation in the neighbor set used had an effect on the Tesulting relation-
ships the analysis was run several times with smaller, less restrictive {,
neighbor sets for each marker. The relationships shown in Table 9 were
not materially affected by changing the neighbor set. The individual
relation;hips indicated by the original test are shown in Figure 17,
< drawn on a fate-map. A double headed arrow is used to indigéfe those
cases where some ambiguity exists as to the relationship. For example,
in the BH :St5 comparison 6 cases inaicate-BH— is higher than St5 end
3 cases indicate the opnosite. However most comparieons yielded an
unambiguous polarity as is shown. The owverall pattern of relatlonshlps

indicates that polarlty is constant throughout the disc, as if a 51mp1e

‘gradient exists with ST belng at or near the high, p01nt and with values

N .

descending laterally. NQ internal inconsistancies exist in.this pattern,
i.e., paths formed by any comb1nat1on of the arrows do not form closed

-

circles. ’ ' . ,
This result agrees nicely with the expectatlons of the gradient
vnodel * According to thls model each DFP is the result of regeneration
in response to cellideath removing the high point of a single gradient
in the disc. lf this Were‘the case, the gradient high point’would be
' located at or near the medial edge of the disc, very close to- the
marker ST. ‘

The'single gradient model has recently been superceded by a hodel .

_involving two positional coordinates, an angular and a radial value

~(French et al. 1976) . This model can account for all'of\the results



65

Table 9 The Pdlarity, Relationships Indicated between Markers by the
Nearest Neighbor Analysis

v
Markers Cases Markers Cases’ Markers Cases’
A B A>B B>A A B A>B B>A A B AR B>A
ST > ThB 503:0 BH > Sc8 191:0  2St6> Scll 21:0
ST > St4 286:0 BH > Sc11 So7:1 Sc1> TSc?2 4:1 -
ST >.St8" 247:0 St5 > Sc3 ) 7:0 Sc1l: PAB 1:0
ST> 15t7 = 259:0  Scll > StS 1:0. 25¢7> 2ct 79:0
ST > 25t 7 250:0 ~ St5>TST 108:0 mSci > TST 1:0
ST > 1St6°  266:0 2St6 > St§5 24:C | AR > TSe? . 1:0
ST > 25t6 221:1 Sc3>Sc 8 -5:0 3¢?2 > mSc? .1-0
EB > Sp '4:0  .Scll>Sc3 1:0  75c¢3>mScl 3:1
Sc5> Sp ©1:0 Stl1>Sc 5 1:0 DAB > 3Sc2 1:0
ThB > EB 1:0 Sclz2S5t1 4:1 AB= 15cl 1:1
St4>.5t8 1:0 St1> TSc2 1:0 AB > Un 3:0
St4> 28:0 1St7 > St1 66:0 AR > Ap 3:0
3td > St5 16:0 EB - Sc5 1:1 2St6 > AB 110:0
St4>.Sc3 34:0 Scl2 EB 2:1 0 25t6> Tsp 122:0 .
St4> Sc1l 16:0 EB=TSc2 131 mSc1> Em 1210
St4> 1St6 .. . 1:0°. - EB=PAB 131 psei1sp 3:0
25t6> St4 3:1  Scl>5¢s 4:C pSci> Lnp 3:0
St8> Stl ~.7:0 1St7>5d5 - 78:0 35¢2> Enm 1:0
St8> 1St7 1:0 Sc8> Scl 1:0 35025 p 1:0
St8> 25t7 1:0 Scll> TST ©9:0 25t6> 1St7 6:0
25t6> St8 3:0 Sc11>TSc3 73:0 25t6> 2St7 6:0
BH > St5 6:3  Scll>aAB 1:0 25165 1St6 3:0
BH > Sc3 '17:0 Sc1ll> Tsp 1:0 '
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1

A fate map diagram showing the local polarity relationships
indicated by thz nearest neighbor analysis. A double headed
arrow indicates an ambiguous result in which the tests gave
‘conflicting results. Only those cases in which every example
indicated the same polarity relationship between markers are
"shown with a.single headed arrow.

~

Figure i
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ol yapltnnod by the nxxynn;l single hlldtﬁn[ model and for additiongst JLara

%

wl(h which the earlier wodel canpot cope, tu‘huuta&n, this mylel can
! ’;’

be used to make several predictions regarding the generation ot a dupli
| A 5

9. :

. ~ . “v" v ’
cation, One of pnrtxculn% interest to wl:;uxnnuu.wurk congerns the
: A
muther of positional values of the ley dise which must be removed to

inittate a dupliggtion. <The model predicts that halt of the angular

W

vitlues of the dise must be removed for duplication to occur.  The results
‘ 3,
.

of recent work (Schnhlgcr 1q 1, Strub 1977 a,b) indicate tﬁu upper medial

quarter of the first leg disc can regenerate all of the leg structures,

t‘l['hir; has been taken to‘mcnn¢that half of the positional valuces must be

’
contained in the upper medial 1/4 or less of the first leg disc.

The data presented above bears on this conclusion. In many of the

oA

te?2o xnduacd DFP's only a small portxon of the disc is deficient.
For Cdeplﬁ “in JOJ of thc 893 DFP's only a single marker, the ST was
K .L. ‘5 * N
dcthlont dnd impean additional 56 DFP's no mavker was defictent. These

,.,‘

uata 1mply that” the first and second leg might have a different organ-

ié cxon;of posxtlonal coordinates, that 1/2 of the angular coordinate -

values ;n the leg are compressed 1ﬁro only a vcry small portion of the,
. e

"'unper med 3l quarter of the dlSC or that xhe modcl is 1ncorrcct

a4
&

.;° However, theru is‘an important dlfterenge in the techniques used

G

¢ I3 { .

To.generate the dupl1cat10ns presented above and those on which the model

1sa%aseq The model 1s. based on the results of surgical fragmentation
Q -e n\ ~;"

expévxments ln whlch cells are removed and the rcgeneratlve ability of

ghq;remainﬁng fragpent is observed. In the ts8726 system patches of

. N Y
S . L
Se B A kY

,cells were *simply killed and their remains left in sttn (Clark and -

s

‘QRﬁsséll 1977) . IhisAdifference,,q clean cut vs..a patch of dead cells

»

may be 1mportant in wound heallng and 1n the interaction of the surviv-

ing cells of the disc, and thus in the initiation of a dupllcatlon

5

a1
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/‘ 10 test thrs drfference an experlment was de51gned in Wthh meso-
~‘ o e :

o' . o C e

fthorac1c leg dlscs W1th small surglcally created def1c1enc1es coverlng

o D L . , o SR :y'~f
/ 1hc,samc area as‘the small ts726 1nduced def:crenC1es were cultured R

' . '
. {
\ .

» tn vtvo. The same genetlc system and general procedure was used as 1q
an - '

the dlsc transplantatlon experlment de51gned to test the fate map *Q*hi

- . o ) T
e P

;_-.;d; - Fragments were<mdde b;\remov1ng a small portlon of the upper medial i:”“ e

gr; quarter of the leg dlSC°W1th a/hollow blunt needle as descrlbed 1n the c

ST AP f materlals and methods.' The reglon of the dlSC removed by these cuts ‘is:

o shown 1PF1gure lwon a photograph of an’ 1mag1nal dlSC A series of the f.7»5\

e fragments were 1mplanted 1nto mature larval hosts to metamorphose, as
befor A second serles was f1rst 1mp1anted 1nto the abdomens of adult

. te'nales. fo,rws daVS of in vwo culturmg prm\r to bemg m;)l.ant-ﬁi mto ;
o d rature 1arva1 host for’metamorp4051s; .If the small,\medlal &L’ are'
'fagi'a:" v;centrcal in eftect to the small Tedwal aet1c1enc1es 1nduce1 by us72ﬁ

,ate

L

- 1¥h th=n these tragments should dupll

S : L _— : .
"hc numo°: and frequency w1t' whlch scorable VP%lC]em are recovered

are 01ve1 1n Table 10 The contro?

A/

serles shows a success rate o 20400, /lf-

1¥-*ﬂﬁ£":iolml‘ar to that of the fate map t st. The zn vtvo culture serles shows ' ':
LTt T e e N ‘ | o
PUERE TR a 1ower'success rate as mlght be expected for the more compllcated“ T IER

‘1»;»/' R g e 1v'j .;' K
procedure.: The numbers of elements present 1n each of the recovered o
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of the .deficiency varieslfron case.-to case; bnt it is usually smaller
"than the entire.upper meddal Quarter of the disc. Secondly, no. instances
f‘of pattern dupllcataen were observed in the fragments cultured for 5
vbdays. The markers present were only ptesent once and usually w1th the
‘normal number of elements. F;nally, in 6 out of 8 cases the ST was
’ present.; An example of such‘a dase;is shown in Fignre Ig,along with a
control vesicle.”:Althodgh it is impossible of course' to‘be certain
of whlch structures .were actually removed from these dlSCS by the .cut,

'xthe fact that all 6 of the controls were m1551ng the ST 1mp11es that at

. l

‘ least a maJorlty of the cultured fragments were also missing the- ST

/

Thus, these 6 cases are ev1dence for theé;;generatlon of the ST

by

o As mentloned above the prellmlnary nature of these results makes A

. g ; SR . ¢
,M concruswns tentatlve The few cases whlchwresulted from in vivo
e

“1 RO -/

: culturlng do SUOgest that dlSCS w1th small deflclenc1es createdﬂ?y Sug--
\ - AN

¥
chally remov:nU cells in the ST reglon do regenerate This 1% 1n‘tontrast

E to-the *esults from the t8726 svstem, ugg@sting that perhaps there may be

.~,
a dlrference rn the response of ‘an- 1maglna1 dasc to dbf1c1enc1es lnduced ‘ :
L g R I A
. bv these.two technlques One p0551b1e explanatlon for thls\dlfference Tl :

i
e

'mlght be that dead cells lnterfere w1th the wound heallng process in-a
:fmanner which prevents regeneratlon and 1nduces dupllcatlon. '
: T o ¢
One 1mportant fact wh1ch ‘has not been determlned is the exact | :;: rf}.%!?
size of a surglcally 1nduced def1c1ency“requ1red to 1nduce a dupllcatlon . ';“
iAn attempt was made to 1nduce dupllcatlons by culturlng 1/2 dlsc frag—’l'
.ments (the Laferal fracments, IB) Only one ve51c1e was recovered n

: thls a aupllcatlon of the tarsus had occurred Thls is: obv1ously an - . T

f;area where fu1ther work must be done before any déflnltlve conc1u51ons

e
-

can' be made. - “;' . . ﬁ_«'f"v,”.-.» R ARG

B

S e L
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Flgure 19 Photographs of the ve51c1es resultlng from fragments generated
: " by the Guts ‘shown in Figure 18..
5 '. (a) when” 1mplanted 1nto a mature larval host ,
s (b} when cultured” in vivo for 5. days prior to. 1mplant1ng 1nto
ST a matureslarval host. The ST ds present : The marker : o
d651gnat10ns are glven in Table 2 fw o S

ve D

e
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&

on DFP Frequency ;”a : ‘ .\'

This section of the results deals With the_treatment conditions

required for .the inductionvof DFP'S usiné the ¢3726, system Very. few '

D}P's .were induced in an early éxperlmént set .up' to

of the- DFP's 1nduced by ts/da and a number of tests wereﬂdone to deter-
mine the ‘cause of thls low DFP frequency The effects of var)lng the
29° tredtment condltlonb, of comblnrng 79 treatments with’ radlatlpn

, =

treatments and of changes in the composrtlon of the/culture medlum were

Experimental Procedure = -
. | f +

The'eXperiments reported- in this section*were”all dohe using the

.

i

1

same oenetlc stocks and matlng scheme rIQ each experiment a. number of

»Dp(d l)mbh 5 mwh d u F ts726/FM7a,mwh/mwn virgin females were.mated to
3

w.sn’ ‘ 72€/BbY mwh e/mwh e males to genéraé& mwh Yy v f ts726/

mwn+ g‘v f ts726 moh e/mwh expenamental females (cal‘ed 726 femaleg) and

= o _
an 1nternal v1ab111ty control’. -~ .- .

s
i

The'Initial'Clonal Analysis Experimentm

) ’ o
hd =~

In the 1n1t1a1 experlnent eggs from the mating were collected

W snd rszZ&/FW?a,muh e/hwh females - (called FM/ femalq;é .that served as

,over 12 hour 1ntervals and were d1V1ded into 10 batches gﬁr treatment

Thlee batches served as controls one cont1nuou>ly 1ncubated at 22°

. one continuously incubated‘at 29° and the thlrd glven a 66 hour 22 /-

A

'batch werc collected counted and the 726-female§1‘

B

483hour 29° treatment“ The remainlng 7 batches were glven 66 hour 22 °/

48 hour 7J° treatments and were Arradlated at one of qeveral times in
o SR O o '

development. : , s _ P R ; f

K

il

v

re'scored'for DFP's

Pvclonal analys1s w

RIS

«
Y

Cgeen ot

The 726 and bM/ females both eclosed and pharate adults, from each »



_under the dissecting‘mlcroscope as described in the materiuls'and mothods.
The rﬂsultlng DFP and surV1va1 flequcnolcs for cach atch are- shown in
Table 12. Mo 726 females survlved in the 29° control and 100% 726

female relative survival with no DFP's occurred in the 229 control,. as
expected.' The 29° treated unirrudiated control shows peasopable (24.6%)

. . v

. s e
VOFP'dnd relatlve su1vxval (37.3%) trequencxes.-rﬁese are somewhat diffevrent
prom the, preV1ous expexlment but some dlrferenoeb are to be expecfcd

cop51der1ng that dlfferent genetlc stooks ‘were used »

’J\ . ,
WO - hlghly unexpected results occurred in. the 29° treated and 1rﬁi

‘adlated batcheS“ Fnrst the batches 1rradlated between 54 dnd 210 hours
‘»;iag@\ & . o .
show \te:rw

AT,

latlwe surv1val of 726 females Secondly, the bateh 1rrad14ted at 356 =

63

wI(O.SeS.S%) DFP frequenC1es and‘very~high (95.3-100%) re-

Wl
& ﬂ:“;‘g

,u dr o [
Nem u i, <TAP]

'hoors shows just the reverse, a high- (ST y DFPdfrequeﬁcy ard a ]%w

o S v .

(14.; %)ﬁsu1v1v§i Thebe resu%&e are qu1te différent from the resuxta
of the morphologlcal expevﬁment glven prev1ous;y (Table 3).

Thlee cltferences betieen the condltlons of this e\perlment and ‘the
jdrev1ous te726 experlment were con51dered as p0551b1e causes of one or
'ooth of’these unusual results. First, d1fferent genetic stocks were |
uSed; It is p0551b1e that a genetic modifier of t3/26 was present in

’tbeae stocks which increased or otherw1se changed the 20° treatment

a4

, requlred to 1nduce-DFP's. Thlsvcould account for the flrst‘result.
L !

>

Seconaly, thls experlment is" the flrst in which comblned radlatlon and

”9° treatments were usedy Irradlatlon is known to Kill Drosopkzla 1md011a1

/

¢

isc cells (Haynie and Bryant 1976) and has been used to induce’duplica-

tions when given to voung larvae (Postlethwait and Schneiderman 1973,-.
- Ky

, '  o Postlethwait 1975). Thds 1t is pOSslble that tne second unusual result was

R N

caused by the'irradlatlon of young»?26'remales. Thlrdly, 1t.Waslleafned,

i



Table 12 The Results of the Initial Clonal Analysis Experiment

Larval Number of  Number of Rc’lativc2 DFPs 3
Age at i M7 726 Survival Number’/ Percent
[rradiation” Females Females =~ °  of
) (hr) ‘ 726 Females
(%)
36 482 70 14.5 80 57.1
, ‘ 54 358 443 > 100 ‘ 47 5.3
y 114 - 1357 . 1433 > 100 12 0.4
' ‘ 138 1776 1764 99.3 21 0.6
162 1096 1135 > 100 ‘ 9 0.4
- 186 1153 1343 -+ > 100 . 6 0.2
210 599 662 >100 10 0.8
Unirradiated L -
Controls ‘ . : ~ W
CoeQee 663, 749 >100 |
Dl DO agee 2 0 0 - o .
G egas®t T Tase w9 w13 s oz

Gi@%ﬁiép hours fromuége midpoint of the egg collection -
Calgalated as the nufber of 726 females/ the number of FM7 females
. P&rcent of total legs R ‘ -

. 1Ind;§étes a 66 hour 22° /48 hour 29° treatment

kY

P SRR NN
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after the toct, that some of the medium used in the initial expeciment did

net contain chloramphenicol (Dr. D.'Nash pers, comm.), Since £3723 was

orviginally isolated on, and up to that time always cultured on medium con-
taining chloramphenicol this difference might also have been important.
~Expeviments were designed to test each of these possibilities.

/ “

The Response of the t5726 Stocks to Varying 29° Treatment Conditions

. This experiment was designed to determine the DFP and survival Ere-~
&§Quencies of 726 females resulting from different 29° treatments. If
there is a modifier or some other factor affecting t5726 in these stocks
then only low trequencies of DFP's should teshlt trom a 66 hout 22°/

48 hour 29° treatment, but, higher frequencies might result from a

29° treatment of‘longer than 48 hours or from a 29° treatment given at

somé other timebin development. Accordingly, 8 batches of eggs were

collected on medlumﬁconta1n1ng 100 ug/ml cbloramphen1~01 dnd were glven

di tferent 22°/29° treatnents Two batches served as controls, one contin- "

»

v

JOUSlY 1noubated at 22° and the other continuously incubated at 290.

¥

17

Three batches were given'29 treatments of varying length and the renalnlng

<

)
batche% were given 48 hour 29° tredtments at dlfferent,txmes in developmen

The DFP and relative survival frequencies for the 726 females in -
each batch are shown in Table 1%. No 726 females survived in the 29 |
oontrol and 100% relatlve survival w1th no DFP's occurred in the 22°
control, as expected. Increa51ng the length of the 29° treatment caueed
a decreabe 1n the DFP frequency but had no apprec1ab£e effect/gn surv1va1
The longest (66 hours) .29° treatment gave a lower t17\lo)wDFP frequency

than the 66 hour 22°/48 hour 29° treatment (17 lo) v The tlmlngfof the

29° treatment did have an effect on both the DFP and the relatlve sur-

v1val frequenc1es The later treatment (90 hour 27 /48 hour 79 ) had the



Table 13

L8

The DFP Frequency in anJ the Rolative Survival of 72¢ Females
After Different 29° Treatmonts

Hours Hours Numbers of Nﬁmbers of Relative G DFPs
at 22° at 29° ’ FM7 726 Survival
' Females Females of 726 Females # % !
' (%)
72 66 192 ' 8 19.8 13 17.1
72 60 - 240 . 50 20.8 29 29.0
72 54 212 : 40 ' 18.9 ' 24 30.0
90 48 333 7 2.1 2 14.3
78 48 o, 133 71 53.4 33 23.2
66 48 46 14 30.4 9 %&%l
. Controls : s
L - Constant/ __220 0 0 - -
Aanstant et 1213 ‘ ‘ 2;2 100 .

&

1. Before exposure to the 29° treatment

4
o . : - ] 2

&‘%}.’ . oo A . .
N
\\
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B pek,
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“batches for ‘treatment. Three bgtchee served as controls, one was con-

the thlrd was glven«a 66 hour 77°/48 hour 29° treatment w1th6ub_

lowest (L4,3%) DEFP frequency and Lho lowest (2,1% rulmclvu suryivnl
frequency,  Relative survival was higher (53.2%) and DEP Ercqucney inger-
mediate (23.2%) following the 70 houf 22°/48 hour 296‘tr0ﬂtmcnt.‘

These results indicate that there is notbn narrow range of 29°
conditions for the production.of DFP's using these stocks. Alse, the

»

66 hour 22°/48 hour 29° treatment results in a rcneonubly high frequency
of DFP's and a less than 100% relative survival of 726 females. The e
results agree well with the results of the unirradiated control batch
in the initial expcriment and indicate that the response of these stocks
to 29° treatments has not been altered in such a manner as would explain

either of the unuSual'results.

The Effects of Radiation Treatments on DFP Frequency and Survival

As noted previously, radlatlon treatments of young larvae have been

used to induce duplications in Drosophila (Postlethwait and Schneiderman
|

1973, Postlethwait 1975) The frequencies produced in these experﬂments
- |
were low but it is nonetheless possible that the radiation treatment

1
|

given at 36 hours was respon51b1e for the hlgh DFP frequency in th0136
P

|
hour batch, It .is also- p0551b1e that radlatlon later in development

‘supresses DFP production, i.e. that the late irradiation was respon51ble

for the low DFP frequenc1es in the 48 -216 hour ba&ches . To test these

00531b111t1es two experlments were done to determlne the effects of-

,a-d 2

' varying the dose and timing of radlatlon treatments, “ both in‘combinétion

with 29° treatments and on 22° controis. V : - -
_ : : SR
In the flrst experlment eg%> were collected and divided into 19

° \ . .
tlnuousl/ 1ncubated at 22° > one. wa< contlnuously 1ncubated at 29 and

\\\ W

J
-
, . vy , 1w , , . -‘g“ R L
D Ty IR o %
. L T e PR - P : ) .
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Cirradiated batches consisted of 6-10 bottles, ecach with about 125 cpps,

f
' v ' ' }uf

4
tion. Eight of the batches wereo given the same 29° treatment and waro

also irrvadiated with different doses. Four were irradiated prior to

- By
.

and four tfollowing the 29° treatment to assess the effects of early vi,
g

late irradiation. The ftinal 8 batches were continuously incubated at
22° and were irradiated with the same doses at the same times as the

29° treated batches. The number of egus In ecach bdﬁLh varied,  The 22?w

total of 800-1200 eggs. The rest consisted of the same, or were 2 tp @&

e
sy,

times as large. This was done in an attempt to obtain a reasonableﬂggmber

of Lndxvxduals from the treatments with low survival. e

The‘DFP'and relative survival frequencies for the 726 females in
each of these batches are shown 'in Table 14. The three controls responded
-
as before, with no 726 females at 29°, equal numbers of FM7 and 726

females aad no DFP's at 22° and a reasonable DFP frequency and lower

- '/It 3 K - - 3 - -
relative survival following the 29° treatment without irradiation.

Three observations can be made from the results from the irradiated ’

batches. First, early 1rrad1at10n decreases the relative survxval of,

w?

’aﬁd induces some DFP's in 726.females at 22°. However, theleffect is~’

T

small at low (1000-2000 rads) doses, Considering the size pf the dose

L

given inm the initial experiment (1500 rads), radiation alone cannot be

responsible for the low DFP frequencies in the initial experiment.

“

Secondly;‘irradiatioﬁ'at 36 hours followed by a 29° treatment produces

1

a marked increase in DFP frequency and a reduction in the relative sur-

&
.

vival'frequency. The DFP frequency t0110u1ng a combined treatment with

¥M1000 or 2000 rads ‘was greater ‘than the sum of the DFP frequenc1es from

L

ﬁ.‘;ﬂe radlaénon treatment ang the 29L treatment alqne Thls suggests “that "~

,a.
; - i
v ¥ .

—‘% 3
" vz%n 1nteract10n occurs betwegn the effects of these two treatments. The

: B : .- i . \ o
- L JEANEN . . . - i
¢ R - " 3 !
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Table 14 The Efféecty of Early and Late Radiation Preatments on DEP
aud‘Survivul'Fruquunniuﬂ§i£ 200 Femalos
g o

&

i
29 0 Tiwe . Radiation Number  Number  Relative DF Ps
Treatment of Dose of ¥M7  of 760 Survival tn 706 Females
(Hrs at 22°/. Irr. (Rad+) Females PFemales  of 706
Hrs at 29°) o (Hr) C Females . ¢ 3
(%)
.
72/438 - 0 426 - 288 67.0 171 29.7
72/48 ' 36 1000 184 ©85 46,2 90 52,9
72748 36 . 2000 70 5 6.0 6 060.0
72/48 .36 3000 3 0 .0 - -
72748 6 4000 0 0 0 - -
72/48 168 1000 033 304 48.0 207 34.0
72/48 168 2000 296 116 39.2 56 24.1
- 72/48 168 3000 467 233 2 49.9 100 21.5
. 72/48 168 4000 207 85 41.1 7 15.9
22¢ Constant - 0 290 289 100 0 0
" 30 1000 289 303 - 190 5 0.8
" 36 2000 ~203 101 49.8 .38 18.3
" 36 5000 71 5 T.0 8 80.0
M R1¢) 4000 0 0 - - -
22° Constant 168 1000 178 185 100 0o o0
" 168 2000 222 248 100 0 0
‘ " 168 3000 53 65 100 0. 0
) " 168 4000 -9 6 66.7 ; 0 0
29° Constant - 0 662 0 o/ - -
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lfmagnltudes of\thE\BFE\ggd\surv1val frequenc1es for the comblned treat— ‘ A‘% N

D S e

{'g‘,ments are such as to suggest thatﬁthas effect may be the cause of the'

\\ N
T

| _h1gh DFP. frequency and low surv1val in the 36 hourxrrradlated batch 1nH ”»A;k1u'w
.%”v”n}”hsllthe 1n1tralvexner1ment. Thlrdly,‘no marked effect of lateilrradlatlon:;ﬁ/;h

- h ' dwas observed although h gher doses of radlatlon decreaseJ the number,fh

IR , T R /-
o *'of FM7 and 726 females No DFP's were 1nduced by late 1rrad1at10n at/f']dﬂ- |

N K . l‘ . Pa

- oy

o .
<o

:h7\‘if}j;2zqé by even the hlghesA dose glven
- Thus/thé\comblnatlon of a 29° treatment w1th a”radlatlonbtreatment -7§}17}

*i:shows 1o, effect uhlch mlght explaln the low DFP frequenc1es and h1gh =

:fnaurv1va1‘o£ the 1rrad1ated and 29 treated batches 1n the 1n1t1al experll”?duh

/_/

}“g,_fj”;'/fment i However the effect of early 1rrad1at10n followed b) a 29 treat—'f
aiment may have been the cause of the

hlgh DFﬁ\frequencv and {ow surv1val f,f, i
Sl L S T e
“U[1n the 36 hour 1frad1ated batth 7-‘_”‘ﬂ,§Vf” 1-,ﬂj - /iif’“‘rV fhf°7w-v“ ';'
i o - R NIRRT / Ll I B Dl _' : Y A
¥ et

-

+hls p9551b111ty was further 1nvestigated by an experlment whlch “;J_

ijwas deslgned to measure more carefully the effect on DFP frequency of o
:u_;rradlatlon at several tlmes in development S _:fm Ll i

: . S Sy
‘\\

A sample of eggs was\collected on normal medlum and d1v1ded 1nto 11

1

. SR o : 5 ) B .
”'flncubated at 22 s one contlnuously 1ncubated at“29° and e glven a 72

W ; ! ] \ L a, PR _
”fdhour 22°/48 hour 29 treatment..'Fou\\of the batches\qere)glven a 72 hour

.v_\\

i

B ément ‘fTh flnal 4 batches were c01t1nuously 1ncubated at 22 and were~”'>A

0 @

hfff:h“ No 726 females surv1ved 1n the 29 control batch’ and no DbP'
'*were produced in the 72’ control as expected The 29 treatedﬁ'unlrradegg

B e ERL R = ¢
S "i?hlated control showed 2 reasonable, FP frequency, and the’fﬁ//ge and 48

v

L ”ihour 1rrad1ated 27° contlnuous batches showed a small DFP frequéncy
) e . 1‘;
(Table 13) The earlv ix adlated "9° treated batches show a

S
PEEE
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4 Table 15 Effect of comblned 29 treatment and 1rrad1atlon‘5n Lo
S DFP frequencxes (% ) ‘in 726 females RN l,‘ffu

LT R e B interactign CProb.
Lo s -_u‘iw» L treated \\\?eg\ed componentY : B2 }v;‘:,km>~. T
» Not\lrradlated 0.0' "29. 7 \\\ .J , e;"'v/t t,”- . fff ' Ce
Irradlated at. 2.4 579 '#4".‘62*\.,_5 /.05>P, 0250 .

‘ 24.hrs R S s R S :
e I1rad1ated at fff7'110 ... 5650 3u5L /o 210>P>105 ¢
!.*;»@4_7_? 36 ‘hrs - | R g

Irradlated at S0.4 : 1 i
48 hrs ’ A e

Irradlated at‘..fﬂiOfO ﬁﬂmff28§ y ’457e0{gﬂ SO 1,00 0 Y L

5 (Blshop, Flenberg and. Holland ’,;y
dlatlon w1th the unlrradlated ;jf‘;f~~‘j.

~1 Determ1ned from 2xLx2 X analyse
o '75) conparlno }n turn each x%ra
'*'control SR \\_ /U R S
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greater than addltlve anrease 1n the DFP frequency for 1rrad1at10n ngen
+ /

., at 24 hours, but thlS effect decreased W1th 1ncrea51ng tlme of 1rrad1at10n. S

The*slgnlflcance of thls interactlon between the effects of the

early 1rrad1at10n and the 29° treatment was tested for each of the 4

at ' Lot

.1rrad1at10n tlmes. Thls was done by arranglng the data’ for each 1rrad—
htlatlon in-a 2x2x2 contlngency X2 table (BlShOp et al 1975) w1th 1rrad— _" ;ﬂ:
1ated/not 1rrad1ated 29 treated/22. constant and DFP/normal as the ,,ff'

. three varlables The 27° control and 79° treated unlrradlated control
R ‘ o

fdata were used in each table._

In Ta@le 15 the, X for the lnteract:on/compenent and the probablllty P\

of 1ts dev1at10n from 0 b{/chance alone are glven At 24 hours the “31; ST
- ) o V- . Ve
ﬁu'jlnferactlon 1s 51gn1£€cant (P 0 Oa) and at’ 36 hours it is marglnally

\ . . . S e

srgnrficant/af\ 0. 06) However, at 48 hours and 168 hdurs the 1nter—

A N - B ’ N : : a : - : . ' A
. ‘action is not slgnlfrcant S o o _..f : .
G - - SR

The comblned treatment DFP frequenc1es shown here agree well w1th
ttnat observed(ln the ;6 hour 1rrad1ated batch in the 1n1t1a1 experlment

i ,:\_‘j(57 10) Taken toge her wrth\the prevlous results, thls experlment

/ * Y - R -

. :prov1des conv1nc1ng ev1dence that the secoyd of the unusual results f

' was due to Ln 1nteractlon between the effeofs of the radlatlon glven and

'fthe 29° treétment. Aﬂ important p01nt to bh con51dered is’ the t1me at
. b R % : 5 . R
”j-fwhlch these DFP's are belng 1nduced. Slnce the 1rrad1at10n alone pro— A

B / a

;v«duces few DFP's, 1t 1s llkely that the maJorlty are belng 1nduced at

)
.,Lthe t1me of the 29°‘treatment,,1 e., the radlatlon 15 somehow 1ncrea51ng «jl"‘

0 RN - et e L JA 2
'51t1v1ty of 1mag1na1 dlSC cells to the effects of thel79° treat— S :

N

-,ment. L

These results d not however,,provnde any explana 1on for the flrst !

R T A




, ‘:Effects of Chloramphen1col in the Culture Medlum

f‘and reared on medlum contalnlng dlfferlng amounts of chloramphen1col

‘
- , LT ; P o “‘““*b' B

periment e

v

It was dlscovered after the 1n1t1a1 experlment that some of the -

'medla used had not been supplemented w1th chloramphenlcol as was rout»:e f}j“'”
':,inely the case (see materlals and methods) Thls change was 1nvest1gated ‘
.as:a possible expltnat1on for the f1rst1bnusual re§ult Flrst the -
v.effects on the DFP and surv1va1 frequenc1es of Caryrnﬁ the amount of

chloramphen1col were tested Twelve batches of eggs were collected #‘”- J’_/”f

. A j/ ot
One batch on chloramphen1col free medlum was contlnuously 1ncubated at

L 29 as a control Four batches were glven a 66 hour 22° /48\hour/29 f?
Jtreatment and the ema1n1ng 7 were contlnuously 1ncubated a t’ 2 j”,. S

\
o

The frequency of DFP's in and relatlve survrval of the 726\§emales,

.T in each batch is’ shown in Table 16-‘No 26 females surV1ved in the 29

o contlnuous control 1nd1cat1ng that t0726 is. st111 a 1ethal at 79 on ,‘.f
'-chloramphenlcol free medlum The 22 contlnuous batches had no DFP‘

- and IOOo relatlve surv1va1 1nd1cat1ng that at 22 eVen at very hlgh

'“llevels (up to 10 tlmes that of norma}\medlum), chloramphen1col alone ”f”ftf:",

>‘>Jdoes not 1nduce DFP‘s.\ The 29 treated batches, however, had dlfferent

- DFP. and survrval frequenc1es, dependlng on the amount of chloramphenlcol
{

in the medlum The batch on chloramphen1col free medlum had a: 1ow (5 90)/

'jDFP frequency and 1000 relatlve surv1va1 The batch on SO ug/ml (1/2

"lt the normal amount) medlum had an 1nterm drat"(lz 56} DFP frequency and ’

»

95 %6 relatlve surv1val._ And the batch on normal medlum had th ual

(25 5 5) DFP frequency and lower (71 06) relatlve surv1va1 Increasxng ;
-"":" .

the chloramphenncoh/to tw1ce the normal amount d1d not further 1ncrease y‘

L3

Se e -

 of 726 females'in,the §4¢2l0.hour‘irradiated groupe’ln‘the inltialnex-‘”'

B o)

P



Table 16 The ‘DFP. Frequencxes and Relatlye Survxval of 746 Females on

Medxum Contaanng leferlng Amounts of Chloramphenlcol

t»_[' Treatm°nt Amount of R thber-of NUﬁBer of  Relative j‘“ﬁDFPs“ ‘
o (Hrs at. °°/ Chloramphenlcol A FM7 .0 786+ . Survival: . in 726 Females
: \Hrs at L9°) 1n;the medlum -~ 'Females - Females ;‘ of 726 - - % -
R, ‘ (ug/ml) AN ¢ }‘ ”.)-3_;a,,;f" Females' R
o ' ‘66/48 N o B 104 1120 >1oo . '.12 -5,
'66/48‘;=.1;' so - 67 . .64 . 95.5 - .-il6 12,
Lo 66748 0 o+ 1000 - w690 . 49 71,00 0 25, 25,
':_66/48~ o (v.zoo Cpooc 60t oo 07000021 26,

T n

P

Uil

-.22° Constant ;o YT"’, 93 e ie1094 T > 100 0
S LB L 193 s 20 T > 100 0
oM 1000 225, 7248 . >100° 0
w0 20000 0 2950 e 306 >100 .- 0/
v 400 260770 70,2820 0 >1000 ¢ I
ARy
0

S Twos 5000 o 1760 1226 . >100
T ooee 10000 33 - o340 0 >7100
20° Comstant- ~ 00 76 T U0 .0e e

v

54



'-,ﬁ”surv1va1 of 726 females rema*ns at nearly 1 0% up'

As 'a co clujeve test. of this e rifect a second experlment was dedlgned

‘whlch generated a dose response curve for chloramphen1col. Fourteen

\

bof chloramohe 1col TWO batches ser ed as controls; one. contlnuously )
lously incubated at 29°, both on

; The remalnlng 1” batches were
A :

f,‘amounts.of chloramphenlcol is 111ustrat

)

in FlgureZO.; No 726 females E

t~surv1ved 1n th6129 control and 1006 re‘a ive - surv1va1 w1th no DFP's

o OCcurred 1n the7227 control as exPected.J The DFP.andfsurv1val fre-

d f1n1te dependence on the level

"~'QUencies in-th%'remalnlng batches show a
‘efof chloramphenlcol i- the medlum At SO 70 ug/ml the DFP frequency beglns
ﬁ,to rise, reachlng 25 5% at 100 ug/nﬁ the n rmtl dose The relatlve

‘ | mdose of 70 ug/ml

100 wg/nl. /\
N

'z*;Agaln, 1ncreas1ng the dose to tW1ce that of the normal medlum did not .

“At doses hlgher than thls it decllnes reach'ng

'»apprec1ably effect the DFP or relatlve surV1va1 frequenc1es

The results of the;e two experlments conv1nc1ng1y 1nd1cate that the"

IR

'V_7f1rst unusual resﬁlt of the 1n1t1a1 experlment the low DFP frequendles

&

ifi_ln and. the hlgh relatlve surV1va1 of 726 female% were due to the 1ack

N

slnfof chloremphenlcol in- the medlum As a f1na1 test hDFP»and.surylval

.

: .‘ ’ - , ‘. -" .
"‘.ffrequenc1es produced by comblned 29 and'*rradlatlo treatmegti/on

iflchloramphenlcol free medlum were examlned to determlne hhe?hsr the‘pre- ’

"v1ously noted 1nteract10n 1s also dependent on. the medlum c033951t10n T
. . i1 . Q N i

L.
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/ Table 17 The Chloramphenicol Dose Response Curve .

‘/" wio ‘ \ »
| ' e . ’ .
.. 290 "Amount of Number of Number of Relative’
Treatment Chloramphenicol FM7 726 Survival
(Hrs at 22°/ in the medium Females’ Females of 726
Hrs at 29°)  (ug/ml) L . Females
IR i \ GO I
72748 0 244 224 . 91.8
72/48 10 148 151 . 100 |
72748 20 - 213 - 206 96.7
72748 . 30 111 113 100
. 72/48 - 40 188 - . 180 95.7
. 72748 50« 45 .. 42 93.3
" 72/48 60 . 136 128 94.1
72/48 * 70 100 96 96.0
72/48 . 80 114 97 85.1
72/48 .{ 90 . 140 - 105 - 75.0
72/48 - .100 135" . 96 . 71.1
72/48 200" . 161" 114 71.4
22° constant- . 0 169 174 . 100 |
129° constant o - 418 . /r o .0 /*
AN
, 4

Incidence of

, DFPs in
726 Females
* (%)

\

8 1.8

7 2.3

9, 2.2

8 3.6 °
13 3.6
.8 . 9.5
18 7.0
14 7.3
25 12.9~
38 18:1
49 25,5
59 26.3

0
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celative
survival

Chloremphenicol (l/,‘/OOudI\)

‘dose response curve for chlorampheni

Figure 20 The
FP frequency increases and the relative survival frequency

(23

4

col in the medium..

decreases with increasing amounts of chloramphenicol.
s/ . .
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[n this test 8 batches of'cggﬁ\nuﬁécoll;ctod. either on nommal
modium or on medium without chloramphenitol, Three batches served as
. controls, one was continuously incubdted at 22° and one was cohtinuously
incubated at 29° on medium containing no chloramphenicol. The third
cont:nl Was given a 66 hour 22°/48 hour 29° treatment on normal medium.
‘Three additional batches werfggiven Gé hour 22°/48 hour 29° treatments

b

on nedium containing no chlorumphenicol. two of which were irradiated
with 1500 rads., The remaining two bateheb were continuously incubated
at °2° On chloramphenlcol free medlum and were also 1rradLated

The DFP and survival frcqueneies of the‘726 females in each batch
are giVen in Table 18. The 22° and 29° controls are as expected. The
29° ereated control shows an apprec1ab1e DFP frequency (77 0%) and a
lower relaﬁiﬁe survival (61. 50) The 29° treeted and early irradiated
batch shows“afDFP frequency ofu48.8%, which is\much higher than'the sum
of the two individual treatments (6.8%) . Thus the synerglstle 1nter- '
action 5.111 occurs and prodnces a flnal DFP frequencyoof the same mag-
:nltude on.chloé§mphen1col free medium.

< -

Summary of the Results

¢

.

Two 1nterest1ng phenomena have been discovered 1n';hese experlments
First, the induction of 51gn1f1cant numbers of DFP's in- and the decrease
in relative surylval of 726.females by a 48 hour 29° treatment have o
been shown to be dependent on the presence of chloramphen1col in the
culture medium, at nearly the normal dosage (100 ug/ml1). Secongly, a

; 2 :
_synergistic interaction occurs between the effects Of a 48fheur 29°
treatment and a radiation-treatment given early in development (24;48‘,

houré)'which leads to an increase in the DFP frequency in and a decrease

in relative"survivnl\of 726 females. S Y
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Table 18 The Effects of Varying thé:Amount of Chloramphenicol in the é
. Medium on the Radiation - 39“ Treatment Interaction 5
" %
,w . i
290 Amount of Radiation Number Number Relative DFPs :
Treatment Chioramphenicol 1 of of Survival' in 726 females :
(Hrs at 22°/ in the Dose Time™ FM7 . 726 of the
Hrs at 29°)  Medium (rads) Females Females 726 '
{ug/ml) ﬂ Fega]es
, ,. (%) OIS
66,43 100 . 0 - 403 248‘ 61.5 134 27.0 :
66/48 0 0o - 270" 260 96.3 25 4.8 |
66/48 0 1500 36 66 41 62.1 40 48.8 ) {
66/48 0 1500 162 246 . 209 85.0 13 3.1 %
22° constant 0 0 - 276 269 - 97.2 0 0 -4
22° consgant 0 1500. 36 181 198 100 8 2.0 :
22° constant 0 1500 162 123 117 90.2 0 0
29° constant 0 0o - 794 - 0. 0 - - !
, . ) g

1. Given in hours after the midpoint“pf the egg collection period

»



92

) 5
in the initial experiments the most likely explanation for the

reasonably high (24,6%) DFP and lower relative survival frequencises of
the 29° treated, unirradiated control batch is that some of thé mad ium
used did contain chloramphenicol and that this batch was collected and
reared on thiﬁbmedium. Caution must be used in comparing relative |

§ubvi::l freqqfnciég between experiments as survival is undoubtedly

affcctcd by many uncontrolied factors. For example, in the 299 treated
cuntroiomcn;ioned above, the relative survival was 37.3% where as in the
later experiments survival on normal mcdi@m was usually around 70;.

An increase in the experience of the experimenter may play a large factor

‘x!

in this difference between experiments.

N\

N
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Sowatie Clonal Analyses

.,

The third section of the vesults deals with clunal analysis of UIP's,

Two analyses were done in which the frequency of clonal induction, the

size of induced cloges and the locations of clones were used to doterine
the nunber of veils present in and the pattexns of growth of samples of
DER's and morphelogically narmal leg» from the ;&mé flies,  These vesults
are compared With those from a serles of 22% contro) lega. [ was part-
fcularly interested in determining whother the intermediaste developmont
of duplicate portions GY‘D?P'ﬁ {4 similar to that of nnrmull; develop-

'

ing legs.

Fxperimentai Procedure

I

A large number of muh*'y v £ ta?lgse ung L8 726 jmh /i a»fémuieﬁ

(726 females) and w ané ta726/EM? jenob/rroh ¢ (M7 females) were collected
from ;hc mating described above. These fe%ﬂlcs were collected as egys
from 24 hour layings and were divtdcd into 1Y batches for tr¢4tm¢ntl

The eggs were collected and reared in 1/2 pint bottles on mediuwn con-
taining 100 ug/ml of chloramphenicol. Three batches served as controls,
one continuously incubated at 22f, one continuously incubated at 29° and
one given a 72 hour 22°/48 hour 29° treatment without irradiation.. A
further 8 batches were given 72 hour 22°/48 hour 29° treatments and

-

were irradiated with 1500 rads at different times in development. to

induce somatic recombination. €The remaining 8 batches were continuously

‘“incﬁﬁated at 22° and were irradiated at the same times with the same

dose as the 29° treated groups. ° C -

Eclosing 726 and FM7 femalds from each batch were collected,

counted and the 726 females scored for DFP's under the dissecting micro-

scope as described in the materials and-methods. The eclosed 726 females

*
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with DIP's and samples of the 106 feaales lncubated at 277 contipuausly,

both irradiated and control, were then prepayed for scaring under the

compound microscope as deseribed,  The uneclosed pharate adults were

counited gad o sample of 150 fpom each batch was dissected from the pupal

cases and scored under the Jdissecting mivrascope. The 776 female survival
and DFP frequencies were calvulated using these samples, as dessribed
in the patorials and methods,

the DFP atd Survival Freguencices

The DEP and survival frequencics far the 726 females £rom each
i

bateh are given in Table 19, No V2o females survived in the 29% con-

H

trol, and the 2% control shows 100% relative survival and no OF¥'s,
v . ’ .
as expected. The J9° trelted contral shows a reasonable DFP frequency

(21,5%) and a lowered survival (63.5%). The DFP frequency is higher thun fow
this {39.9%) and the survival lower (4?.") in the batch irradiated at
24 hours. This 13 likely due to the interaction between the effoects

3
of the irradiat}én and the 29° treatments noted in the previous section,
This is supported by the chservation that the batches incubated at 22°
continuously and irrvadiated at 24 and 48 hours had a small number of
DEP's (1.0% apd 0.7% respectively). None of the other 227 continuous
irradiated batches had uny DFP's and the 726 survival relative to the
*

FM7 controls was 100% or gréatcr in all of these batches.

Scoring of Clones

éomatic recombination induced by a radiation treatment {Becker 1957)
or occurring spontaneously inAthe X chrpmosomes of imaginal disc¢c cells
of a 726 female will often produce twin spots or single clones, depending
on;&hc location of the recombination event along the X chromosoae, as

dqﬁcribed in the materials-and methods (Figure 1). Samples of the meso-
L

I
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thorac1c 1egs from the 7&@ females contlnuously 1ncubaﬁed at 27° (re- -
) : N , ) ; caf
‘ferred to as 22 control 1egs) of c?e morphologlcally normal legs from

A
Y

- b

the 29 t1eated 726 Fenales w1th a 1ng1e DFP freferred to as 29

treated control legs) and of the DFP’S were scored under the compound B SRR
o -

. g . >

e ‘
mlcroscope for the presence of’such clones The 29° treate legs served
/ S :

‘' as, an 1nte1nal control fdr the effects of the 29° treatment/
S

“'maglndl

'jﬁ dnsc cells The clone frequency was recorded for eachrleg type in each e
Ml.?’

L batch as the mean Pumber of clones per leg

.

Af,r ) Each clone 1d the DFP‘s .was f1rst scored for locatlon Those
iones marklng structures 1n the dupllcate portlon of the DFP only were - -

ﬂ classlfled as D clones Those marklng only structures in’ the or1g1na1

Bl A
portlon of the DFP were c1a551f1ed as O clones Those marklng structures o
A :

4"

e

1n both portlons were c1a551f1ed as OD clones Each clone was then scored

T

tor the number of marked elements (trlchomes and brlstles) present

nSubtractiohjoffSpontaneouSFCIOnes*fT{‘jgf fi';_fﬁayfgl’ v;gz*'g\&;{ﬁ\‘.“ '1';#3:,
; The followlné analy51s depends on measurlng the dlfference betweenvp;fi,ﬁ i

Lo

f;;g;,t .the clones 1nduced by each radlatlon treatment however in e

some tlones w111 occur spontaneously‘

Bellldo and Merrlam\19/l have-:hown that most Spontaneous clones occur

",QT_ tend to decrease the mean clone 51ze 1n‘those batches drradlated early,

the data set.y-‘h'h

Samples of unlrradlated 22

con rol levs-

were scoréd for clones occurred




W1th loWJtrequenc1es(rab1e 20) and were variable in size, w1th the
‘ maJorlty belngrsmall (eg. ; of lQ)clones in unllradlated 22° control legs
‘ o .

- 14'had 1 5 mwh trlchomes, 3 had 5 10, 1 had 54 and 1 had 150) Accord-

1ng1y, the spontaneous clones for each leg type were d1v1ded 1nto size

"classes with ‘the class 1ntervals chosen so- as to reflect the number SRR VL o

7, of cell d1v1slons follow1n0 1nduct1on of the clones A frequency dlstr1-_:ﬁ
“b./ﬁ. butlon for each slze class w1th1n each leg type was then plotted
/oo Flnall), the expected number of spontaneous clones .in each size class

for eadh sample of 1rrad1ated legs was calculated and these numbers

S were subtracted trom the correspondlng numbers of clones observed in o

/

each 51ze class after 1rrad1at10n 4 The frequency dlstrlbutlons for the

spontaneous clones,,subd1v1ded accordlng to s1zefare%g1ven 1n Appendlx D
The Frequenc1es of Induced Clones o s Rl
‘s, S ) """t L T e ) o

The frequencles of clones 1n each 1rrad1at10n treatmentpbatchﬂafter ;.iQ‘ S

Q

subtractlon of the spontaneous dlstrlbutlon are glven in Table 21 for

,vo

the 2 control and 79° treated legs and 1n Table 22 for DFP' dffq»e

e : ' Y S

; ‘atrlltatc comparrson hetveen the clone FredhePCLes fhe clone freque.

at each 1rrad1at10n t1me was plottedlfor the legs 1n each treatment class

ot

L The results of earller“clonal analyses (Bryant and Schnelderman 1969

Garcla Bellldo and Merrlam 1971) 1nd1cate that in normal 1mag1na1 dlSCS-“
SRR "the clone frequency 1ncreases exponentlally w1th the tlme of treatment.:f“tﬂffv['
‘=fh1%,; Assunlng thlS also to be the case here the plone frequenc1es were

plotted dn sem1 logar1thm1c paper as shown 1n Flgure 21 for the controls

' and??n'Flgure 22 for DFP’ . The llnes in these flgures were fltted to

: ‘the data pOlnts as\descrlbed below ivv;j}éd:ﬁ?' e

K L. . . o

I

The 22 control leg clone frequency data show a good f1t to a: llnear :
Ji '

o %

‘7’1:1ncrease w1th t1me of 1rradlat ne when plotted on sem1 logarlthm1c paper

A ; 'v!.
S ou i




. '\_"

Clone
Type

22° Control
2°° Treated
~contr01

. O Clones‘
D Clones

o Glomes

\umber
of Legs

250 o

185

231

S,

: T e

Number of

of Clones"

\.

' \\v. 1

T oWt

» .

e e

PO

TN

{~FreQuenCy"‘.
~of Clones

A

[

Table 20 The Frequency of Spontaneous{CIOnes in 22° Control Leg:_wﬁ
I 29° Treated Control Legs and in DFPS\‘fV‘ S
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Table 22 The Frequency of Indu”ed Clones in DFP Legs bhrklng
© . Original Structures Only (0), Both Original and
‘ Dupllcate Structures, (OD) and Duplicate Structures Only (D)

. . Ry
B . Glone . Larval. age at’ Number Number - \‘.Frequency v T
, o Type ' Irradiation =~ of L of W Tof L ;_:m SR

h ﬂ t"' ‘;(hr) - \ . Legs o \Clones ' . Clones S ar

S0 o 24 - " 64 S 9 ‘ 14
e 4 T 60 L 16 L2600
x. 120 . o 136 a H' . 41 - . .30“:‘  T ‘>; , ‘ﬂflﬁ

144 e 95 39 RS ¥ SRR SR

Cles. 7 s v a0

Soe192 37 60 . 1.62

Ik 216 - IR ].1 =111 ’ ‘ 10.09 -

Hp/”

.04
.03
.01
R ) N
.01

0,°

: : S AR : N
oD 24 142
Co el . a8, - oo b  153

Vg . 177
Lo '120 S ; 154
s oo Thov144 00159

O MUY

D 24 o 1420 0t er o~
o : ;:_248' ;”1€ - ,153‘v' o 13 ey 08f J~' el :: ;r
4 19 2l s
168, - o 98 T 23 24
192 .. 38 .26 Y B
206 - A2 487 7025

. ‘}a@"‘ N _ ) .




Figure 2 1
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as expected if the glone froquency is inereasing exponentially! [Linear

regression was therveforo used to it a Fine to these data points. -

First the clone frequendies were trans formed to logarithms, apd then o

linear regrossion line was fitted to the data points by the least squires
method (Snedecor and Cochran 1967), \1hc reprc"uton coefficlient for

this' line is given in Table 23. As a test of thc aaﬁumptxon that the
transformed clone Ercquencies show a linear relationship with the tlme
of 1rrud14tlon, the proportmon of tho variation about the mean explained
by the regression, r2, wa; aleulatod For thls line, r 597.7% in-

Ct .

N v
dicating that the residual variance is very small, and thus that the

‘assumption is'validated.

£

.. The clone frequencies in'the,29° treated control legs do not show
a linear increase with-the time of irradiatidn when plotted on semi-
logarithmic paper. As mlght be expected the frequenCLcs are not sig-

g
nificantly different from the 22° control clone frequencies at 24 and 48

hours (i.e., before the 29° “treatment) but they begln to deviate from

:COHtrOL frequenc1es by 96 hours The data suggest that the 29 treated

& ‘;&
control leg clone frequenc1es do not increase 51gn1f1cant1y between 96

and 144 hours. Thls is the. perlod during and immediately following the

.29° t}eatmeﬁt, After 144 hours, however, the log of clone frequency

1

appears to increase linearly with larval age at irradiation, at a rate

similar to that in the 22° controls. Inspectlon of the data therefore
suogeots that the elone frequenC1es are affected by the 29° treatmeént,
but that the effett does not last more than 24 hours beyond the return
to 22°, ﬁ ";A . . S , 3(

In an attempt to cdﬁ%lrm these conc1u51ons separate regression 11nes

‘were\tltted to the 96- 144 and 168- 216 hour points (regression coefficients

103
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Table 23 Regression Coefficients tor Clone Frequoncy and Clone Size
in 22° Control Legs, 29° Treated Control Legs, and DEPs

Type bt Line . Typa’%f Clone Hours Regression Cocefficient
Clone frequency 22° Control 24-216 0.0355
" 29° Treated 96-144 0.0398
" 29° Treated 168-216 +0.0527
‘ -0 96-144 - 0.0264
" 0 ©.168-216 : 0.0518"
o | D , 96- 144 0.0101 -
" . D 168-216 0.0710 :
" 0D 24-144 -0.0246 4
Clone size 22° Control 24-210 -0.0342
" 29° Treated 96-144 -0.0237
" 29° Treated 168-216 -0.0453 .
" : ' 0 96-144 -0.0230 ;
" 0 168-216 - -0.0518 :
" D 36-144 -0.0113 - i
" D 168-216 ~0.0623 . .



109
in Table 23), Twa tests ware dJone on these Lines,  Fiest, the |ines were
tested for similarity tol lowing the procedure outlined in Saedecor and
Cochran (1907, ¢h, L4, pp. 432-436),  Nao differences were fauu& in \
the vesidual variances (P.25), however, the rograision coefficients
weee significantly difforent (P=.028y. Secondly, the 160-216 hour line
wis tested against the 22° control leg clone frequency regression 1ine,
Neither the visidual Variance (P>,25) nor the F%greﬂniun coefficients
(P-.10) were significantly different. These results support the con-
clusion that thcclonethwquency in 29° treated control legs incrghscs
ot the normal rate from 168 to 216 hours. Thus the imaginal disg cells
appea é‘to recover their orLgxnal rate of cell division between 2;vund v
48 hours after the end of the 29° treatment .

Clone frequency has been used a5 an indicator of the relative
numbers of cells present in the imaginal dxﬁc (Garcia-Bellido and Merriam
1971). The lack of increase in clone frequency bethccn 96 and 144 hours
can thus be taken to indicate that the total number of cells present
in the 29° treated leg disc does not increase significantly during this
period. The possible reasons for this are further investigated below.

The frequencies of the three types of clones in DFP's, 0, D and

+

CD, were also plotted on semi- logarithmic paper (Figure 22) . The re- ‘ -

bres<1on lines for the two types of morphologlcally normal legs are

1nd1cated on thlS figure for comparison. One observation that can readily
be made is that the 0 clone'frequencies are very similar to the 29°

"treated leg clone frequencies. Consideration of the 95% confidence

St ks e b g 4 ol M s

intervals suggests that there is no significant difference between the i
frequencies of these two types of clones at any irradiation time. Re-

gression lines were fitted to the 0 clone frequencies between 96 and

L.




144 hours and betwesn 168 and 216 hours (Tahle J25).  As might he expected
the regression caefficients of these lines ware not sipgniticantly Jiff-
erant {rowm the 9% tyeated leg clone Lines (Px.50, P00 t'mlmc",thvc!y)‘
The D ¢lone frequency is substantially lower than the O clone
frequency at every irradiation time atter 24 hours, _In fact, the D
¢lone frequency shows no significant increase between 20 und 144 hours,
Regression lines were fitted td the 24144 hour and the 1682216 hour
sets of points (Table J23). These lines were comparéd with the 96-144
hour and 108-216 hour O clone frequency lines rvﬁpcgtivcl§. The 1ines
were not significantly different in slope (P>.50, P>.50) but were sign-
ificantly different in elevation (P<.01, P<.05) ‘
In contrast to all other clone frcquenciqa, the 0D cloﬁc frequcncy'
Jeclines with increasing age at irradiation between 24 and 144 hoﬁyﬁ.
No 0D clones were observed in batches irradiated latrer than 144 hours.
A regression line was fitted to the QD clone frequencies {Table 23).
No ceafidence intcryals are shown for the OD points as there were only
4 Ob clones in the 96-144 hour treatment batches. ‘
These observations can be related to the original hypothesis of

.

epimorphosis in the classification of the portions of the DFP’'s.
. ’

According to this hypothesis, the original portion is expectea to re-
semblc a 29° treated leg, thlc the duplicate is expected to have fewer
cells, and ance a lower clone frequency, both of which occur. In
addition, observation on the 0, D and 0D frequencies can be related to
the question of the fiming of duplicate initiation and gggwth. First,
the lack of OD clones in the batches irradiated later than“144 hours
implies that tﬁg two‘portions of the DFP are separate entities after

144 hour¥. Caution must be used in" interpreting these data as the

106
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natural Jdecreease ‘in size of ﬁluuﬁs ipduced 4t later ieradiation Cimes
will mahe the scorving of 0D clones diffivule. However, it seems yeaszon-
able to vonclude that no significant rdéruizlug of original cﬂ)lu Entu
the duplicate aceurs afrer 144 haurs,

9

the inflection point ia the duplicate clone frequency curve aftor
L4 hours indicates that the duplicates begin to increase in cell number
at about the same time as the uﬂdﬁpliﬁAtfd legs and the original portions
resume normal growth, The previous observation on the 0D clones supports
the egnglugion that this increase i< not due to recruitment of cells |
trom the ariginal portion, huf rather 13 the result of coll divisions
within the duplicate. The inﬂignifichcc 6f the difference between

4 L

the regression coefficients for the O and D clone frequency lines

between 168 and 216 hours implies that duplicates grow at about the !

.

normal rate.

Taken together thesec results suggest that the duplicate is initiated

by a small number of cells at or before 144 hours which begin o grow
shortly thereafter. If th%s is so, then the D clone frequency at 144

hours should reflect the number of cells present in the newly ini%iag}d
duplica:é.. At 144 hours the D clone frequéﬁcy is 13%. This is éomg
parable to the O clone frequency ana the 22° icg clone frequency a;y24
hours (14% and IS%Qrespectively), suggesting th;t the number of'cells in
the dupliéate at initiation is comparable to the ;meér in normal legs

*
.

early in development. E
Clone Size ‘ : ‘ E

. . . 3 - e
Only those clones marking trichomes (rwh sn® or roh) were used iné

N -

the calculation of clone size. This is becausec. there are only about 450
4 . B . .

bristles on the mesothoracic leg surface so that a clone marking only

W



biristies has a minumufs niizc af 17450 uf the leg (Bryant and SchReiderdan
Lad) . This, coupled with the unevei Jistritution of hristles on the
leg surtace will stvongly affect the accuracy uf any cdlcuiaii;nﬁ_ufy
Yhdvmcin size of bristie clopes. The much greater nushey of trichoses,
audvihaiv WOTE 8y e dé:frihutzan uti the lep surfdce greatly yeducps ~
this prroblem, althgugﬁ iT dors not completely oliminate 1T, There are
areas of the Jeg that da not contain either trichomes or bristles and
hefive cauld not be scored for clones {(Figure 3%,

Tthe cls‘mé; km';sfn*igiﬁé;liy scored fr;w}'?;?m mpsber of frichomes and
bristles mxrkaq. This numbotr wis qﬂnvﬁrtégjlntq a fravtjon, ar rvelative
measure of the cloune size 30 that esgimates of the nuaber of cells
Cpresent at the time of irradiation could be made,  To make this conver-
ston, the nusher of mavhed elements in each ¢loune wasn divided by the
total asurnber Of trichomes and bristles in the leg. Accordingly, samples
of the 22° legs, the 297 treated legs and the BHP's were scored for the
numhers of trichomes and bristles present. The sasples contained
only legs or DFP's with a clone. The nnmh;rk of legs scored and the
mean numbers of elements present axe %hogg in Table <4 . A; was noted
previously, the duplicate portions of t@é DFP's were on the average
much smaller and more variable in si:ze {hnn the originals, the 22°
contrél or the 29° treated legs.

To eliminate error caused by thisuvariation, the number of tri-
chomes and bristles marked by e&cﬁ D or QD clone was divided by the
total number of trichomes and bristles in the duplicate, or DFP
respectively in which the clone occurred. This could be done as each

duplicate with a clone was included in the sample scored for trichomes

and bristles. Averaging the relative sizes for all of the clones in

¢

-
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! radlatlon,treatment batch gave the mean’relative-clone size for that o !
,batch L o SRR *‘A -

A

’ The mean relatlve clone~51ae for a clones and for the clonesFin

\

.
\

’2 control legs and °9 treated control legs was calculated by d1v1d-

%

flng each clone by the mean number of trlchomes and brlstles 1n the _f:"

’*sample of legs“scored ’ Approx1mat1ng eath of theﬂl
sample mean w1ll not 1nduce a great deal of error glven the smaller‘\
S . o ‘)‘
y»standard dev1at10n 1n the sample, and 1t ellmlnates the: nece551ty of
. ~ . - 3‘1 "':‘ B '@91 : R

’scorlng a. 1arge number of these lalge/legs f01 trlchomes and br1stles

The mean relatlve g%zes of the clones 1n each 1rrad1a%%on batch

*-\ -l

7ﬂ‘are glven in. lable 75 lo faC111tate comparlson the mean clone 51zes

4

: jﬁgwere plotted on semi- logarlthmlc plgts, thc 22 control and the 29 _
. R - . »ﬁ'v' i
;%’wj treated leg clone sxzes are shown 1n Flgure 73 and thos f clones 1n ‘
e JE PR _ L g

;rDFP'“ in Flgur .24 ‘

Lt
A 51ngle regressnon llne was Frtted to the 92° control clone 517e_

@

,>point5~ As w1th the clone frequency, tne pornts showed a reasonablyl‘v_‘_:

ﬂ’fhgood flt to thls 11ne (r —96 7 ) Inflectlon ot *he °9 treated leg
P ) R . Ly - . v e )
clone 517e data p01nts agaln reveals clear ev1dence that the curve 1s;’~'li R

hzg}broken 1nto three dlstlnct segments, yA 48’ 96 144 and 168 216 hours

‘33No change 1n clone 51ze occurs between 24 48 hours whlle the 96 114

'h‘n; nd 168 216 hour perlods show dlfierent rates of decrease Regre551on ) ? 'it_a /

' lanes were fltted ‘to data in the latter two perloos Tests 1nd1cate.f

'g’f that the slopes of these two lines are di fferent (P< 05) and that there -

7 l (

A‘?1s .no dlfference between the slope of the 168 216 hour 11ne and that
';of the 22 leg clone 51"es (P> 20) The regr6551on coeff1c1ents are
‘7~1g1ven in Table 23,

One observation that can be made from theSc data 1s that the mean;n

je,l"‘ ;'f ”;:: f“fiul e
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s

*Tab;e 25 ' Mean Relative Clone Sizes in. 22° Coqtro] Lecs; 2g¢ Treated
: : Control Legs and DFPs, Expressed as a Percentige of  "
»;Total Leg b1ze R R . v

Larval agef'-22°fControl; 29° Treated® . 101->--.504“’\~f0035
- l.at = _Leg Clones ~  Control. 37 Clones Clones  Clones -
~, Irradiation’ e Leg Clones IR SRR e g

IR

pr R % s 2z \ 3731392 00 -

R : _:,‘457_;;?)i .1;46v‘_- i. ->2{222 ii e  3}6¢¥: fisﬁé4; "“§5;§i  1 _ N :
o fﬂ96  i;‘H | ; !4311 k'i‘a 1496‘f.‘j '> l;s?> ¥ 1é188  jé03:. : _

S llzb_ 13 » sz 79 1055 03

. ERRETIEIN S R
e 'rl‘n'Fihe number of mwh trlchomes + sn’ brlstles in. each clone &
~1/n T 1
ori=l The mean number of trlchomes + the mean number of brlstles
B B the leg ' ’ - : w

2 Calculated as ‘:flﬁ','_A 'L. _ “ fﬂ:;{i}j:i ‘ ;'?"fﬁl KAty    “}
 / . "nfr;wh trlchomes + n brlstles in . eqch L% clone : v '
I/n T : ;

=l Total trlchomes + brlstles 1n that dupllcatef»i o

,.6‘

~.‘3} Calculated as';Q;ﬁf,‘_' 4 1» ,-'l z?g;: [H iifi*filf},fﬂf;gf' i

a RN . e

x100
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Mean Cions Size
s
s
]

AR

e

j;. 3 ; o 1»_{>‘ , ;q~1-;y1! ,‘X?,v Do

Za The mean relatlve sizes of clones 1n ’2° contro1 l——~———' ’
- and 29° treated control ol-.-.9 legs Calculated as the

;number of " elements in ‘a. clone d1V1ded by—the wumber in the.

-+ corresponding leg. See Table 25 for the exact formulae used~5g5 
5';@95/ confldence 1ntervals are shown fbr each p01nt B I

N
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relatlve 5120 of 29 treated controbvleg clones decreases 51gn1f1cantly

between 96 and 144 hours Comparlson with the clone frequency curve for

the bame perlod suggests that the rate at. Wthh the clone frequency

A-lncreases is much less: than the rate at whlch the clone size: decreases

i

f
In no1mal 1mag1na1 dlﬁCb the decrease in relatlve clone 51ze durlng

development is matched by the increase in clone frequency (GarC1a—'

u) . ) «

- Bellldo and Merrlam 1971) The observatlons on the 29 treated control

leg clone 51zes suggest that the portlon of adult structures formed

S .

by the descendants of a 51ngle cell detllnes durlng the 29 treatment

as it dGEb durlng normal development where as the clone frequency data ‘

N

: 1nd1cates the overall number of cells s not 1ncreas1ng .One reasonable‘.ﬁ

SN

hypothe51s as to how thls occurs would be that the cell d1V151on rates [T é

Hof the 1mag1nal dlSC cells at 29° are nearly matched by the rate of ,-f. a e g
~ <1nduct1on of cell death | . -} # ~r13; “4:§V: ,f - \vi‘ f.:‘ _va_v‘ - .?
'h The’mean relatlve‘O\clone sizes: arevstr1k1ngly 51mllar to the 29 ’ »:; VI=--e
o _ Loy L B o
- treated leg clone 51zes, ‘as mlgh"be erpected glven the 51m11ar1ty of
the clone frequenc1es Two llnear regre$51on l1neikwere fltted to the‘;:‘j;'«,u‘i

0 clone 51ze p01nt§ one to the 96 144 and the other to the 168 216

RS

N S i R
Lo R S R S N ey

" hour p01nts.l F tests demonstrate that nelther the slope (P> 40 P> 50)

'1" nor the elevatlon (P> 60 P> SO) of these 11nes 1s dlfferent from ‘the

> K e

correspondlno llnes for the 29° treated:c’ntrol leg clones. :[u,;:uél-

PRI

The mean relatlve D clone'51ze 15 greater than the)O clone 51ze
a4
: 2 ;
at every 1rrad1at1on t1me._ As with the clone frequenc1es the D clone

o

srzeb do not 51gn1f1cantly change from 74 to 144 hours, and decrease ’<jfi""' ‘:'vg

]'.‘ . o _.g\ - el . ‘ ‘ o e

rapldly thereafter Accordlngl), two llnear regre551on llnes wereu }.

I “

5 \ L.
fltted to these p01nts, one to the 24 144 hour p01nts, the other to the

168 216 hour polnts . F tests 1nd1cate that the slopes of these 11nes Yoo

2 & - R EEEREEIREE

DR t_.“-* o e
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are dltfercnt (P« 01) ‘and thaT the slopes of these, lines are hot dlffereht

from those of the correspondlng l1ncs for(the 0 clones (P>. 10, P>. 50

respectlvely), although the elevatlons of the 11nes are dlfferent

b (P< Ol P<, 05) The 11ne fltted to’ the OD clone size p01nt5 is not L .

»

a regre551on llne* but was 51mply drawn to 1nd1cate the trend of the
v
"OD clones. These clones were small and,  as 1nd1cated earﬁler
‘ . L B Ve _ ' o
;\ after 48 hours. . s IR Nt o

\

infrequent'

‘»

~
T

, \ R

o : lhe observatlons on the 29° treated leg, the 0 and the D clone .

51zes prov1de furthe;\suppoffﬂfor %he hypothe51s that dupllcatlon is o s

v
- .

occurrlng by ep1morphosxs Accordlng*to thlS hypothe51s the 29° B r#
e k . - .
‘ treated leg and O clones should be 51m11ar in- 51ze whlle the relative‘* ’

‘is ‘observed.

"\

51ue of D clones shOuld be: larger than elther ThlS 1is what

i

Estlmates of the number of cells present 1n each leg oF DFP“porQ’ - (/\~

tron were made u51ng the clone slze data Flrst the numuer of;cells”' . .

DL

present\at each 1rrad1at10n t1me was- estlmated at 1/2 of the inVerSe'
/
’ \of the mean relatlve clone size" (Becker 1957, Bryant and Schnelderman

- 1969 barc1a Bellldo and Merrlam 1971) In/the DFP's, only O and D

.clones were hsed to estlmate the number of cells in orlglnal and dupllab

Py . N \
v - < \

e G

cate pqrtlons respectlvely ‘ The oD clones were not used as*only a‘part

of each OD clone marks each portlon of the DFP :3-¢ BT T SR B T R
. N i S o
L The OD clones and‘the\D clones were used 1n a second calculatlon

-, e A

ey to estlmate the number of cells Wthh become commltted to form the

I3 : )
dupllcate was marked by\the clone The 1nverse,of the smallest relatlve

oy ¥y STy el e

clone 51ze 1n each treatment was therefore calculated If the assump—\ : L 1ii‘
. a0 N i ; .

~, '\

~7t1on is correct thlS w1ll estlmate the numberiﬁf 1n1t1a1\ce ls Thls
- ,'B' v,.ﬁ‘ \_‘l

‘_;15 analogous to the smallest patch 51ze anal)s1s done on gynandromorphs

7(Stern 1963 see also Wleschaus*and behrlng 1976b) There have been




|

\

i
b

criticisms of thls tcchnique (ibid)." Since the estimate is based on

one extreme .of the popuratlon of clones, fluctuat1ons in the local

‘, growth rates with. the dlSC will tend to make this .an OVCTbStlmdte.

\ -
N,

Howe»er the estimatlon was done to allow comparison between thetdupllcate

\

N\
portxons of DFP's and estimates of 1n1tlal cell numbcr in, nornal legs

&

at blastoderm done u51ng thls method ' (see Madhavan and Schnelderman

1977 Eor rev1ew)
The resultlng estlmates of cell number are given in Table 25

The estlmatea for the 27° legs and the, 29° treated legs are illustrated
- ,
in anure 25. The estlmates of cell number in the or1g1na1 and dup-

l1cate portlons of the DFP are 1llustrated in Flgure 25, In addition

the smal est clone estlmates for the 1n1t1al cell number are shown in

«

) Flaure 46 for the 24 - 144 hour lrradlatlon batches

- . i
, ro s ‘

Severa' observatlons can be drawn from these cell number estlmates.

©

First, the number estlmated to be in the 22° control legs at 74 hours
\ -,

1 e
S

e

1s similar .to other estlmates of the number of cells 1n normal legs at
gl

thls stage in development (Madhavan and Schnelderman 1977 for rev1ewl

Secondly the. number <in 29° treated control legs is somewhat hlgher than .

tﬁls a* 24 hours‘f Tth may be due to the cell deatH decreas1ng the size’

-

of the clones 1nduced at 24 hours If as- 1nd1cated prev1ously (Clark

e

1976), cell death is- 1nduced by ts726 in contlguous patches,\small

: clones w111 most often be e1ther completely removed oTr unaffected by

"~ the death whlle 1a1ge clones w111 more often be- part1ally removed

s Thlrdly, the number of cells estlmated to be in the dupllcate at.

"~ 144 hours (6 7) is con51derab1y smaller than in: the orlglnal at that o

time’ (96 1), supportlng the hypothe51s of eplmorph051s. Fourthly, the
e N :

t‘?

S

v :
: ' (\ B L ‘\ N } . B - ) ‘ N . .
A \ E . K ;

-

-estlmates of LEll number in the dupllcate at- 1n1t1at10n are very 51mllar L
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Figure 25 The number Of cells irf the 22° control l—~. ‘and 29°

treated- control legs o~ — o , estimated at each .
1rrad1at10n /tlme as half the mverse of the mean clone size.
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Figure 26

11y
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The number of cells in the original #— — —&  and duplicate

O————o .portions of DFPs estimated as half the inverse of
the mean clone size. Also, the number of cells estimated to

initiate the duplicate, estimated as the inverse of the = . . -

smallest relative clone size in each.irradiation batch @-+—--9,

is shown for the 24-12C hour batches. The cell number curves for

the 22° control --.--:.- and the 29° treated control —.—.-—

- legs from Figure 24 are shown for comparison.

>
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AN
to the estimates of ¢ell pumber in normal leps at blastoderm, The

smallest clone estimate remains constant at about 21 cells until 120

hours,  This 1s close to th¢ estimates of 20 cells for norvmal legs

Tderived from oanalyses gynl gromuzphx (Madhavan and Schneiderman 1977
‘*{

for review)., The cbttm;tp of 6.7 cells from the mean clone size at
114 hours is similar to estimates made on normal legs (7-10 cells)
using the same calculation on normal leg clones induced in embryos
(ibid). In addition, the rise in the smallest clone size estimate at

120 hours indicates that the smallest clone induced at this time was

not induced prior to the initiation of the duplicate. Since one cell

&
i
k1
3

1

division is required to scgregate the initial marked cell of a clone,

this means that in at least some duplicates cells are committed to

oY

form the duplicate within one cell division after the return to 22°

o

The rise in the cell number estimate calculated from the mean clone
sire at 168 hours indicates that growth begins in most if not all -of

the duplicates within 48 hours after the return to 22°,

Estimation of the Amount of Cell Death in 29° Treated Legs

The clone frequency and clone size data-presented above for the

22° control legs and the 29° treated legs can be used to make an .esti-

.
-

mate of the amount of cell death induced by ts726 in the 29° treated
"legs. The difference in clone frequency‘Between these two leg types ~
at 144 hours is presumably due to the difference in the number of cells

present. This difference is most likely the combined result of cell

death and a reduced rate of cell division of the ?urviving cells at 29°

These components can be separated by considering ?he corresponding- data

] L
for clone size, In normally developing legs the rate of increase in P

clone frequency is matched by the rate of decrease in clone size



o

(h;;gxu pellido and Meeviam: Iﬁ?l} “Tha ¢ell cycle time can thus be

gstimated from the slopes 0? ‘either Qf these gurves, as demonstrated
‘ »
by the 27° control legs in the present study (19.6 hours from clone

frequency and 20.0 hours from clone size).
3 .

The clone frequency and clons size curves from the 29° treated legs

do not show thigﬁrcc4pf0€ﬁl relationship between 72 and 144 hours,

The clone size decreases much faster than the clone frequency increases.
The two calculations based on the slobcs of these curves do 'not agree
(30 vs. 230 hours), and; hence cannot be taken as estimates of the cell
cycle time. This situation is what might be expected if cell death

and a reduced rate of cell division in surviving cells are both occurr-
ing at 29°. [frthe cell death were highly localized, as is indicated
by histological evidence (Clark and Russeil 1977), then cells in the
surviving regions of the disc would continue to undergo somatic recom-
bination and to produce clones. Thus the clone frequency could reflect
the net effect of cell death and cell division on the size of the sur-
viving cell population. If these two eﬁfects are nearly equal, the
frequency of ciones induced by X-rays would fail to increase over time,
This is actaally the caee during the 29° treatment in the results
described above.

The rate of change of clone size, on the othex hand, woula depend
largely upon the rate of cell division at 29°. Clenes induced early in
a populatlon of celis undergo1ng both cell death and cell division would
be larger on the average ‘than clones 1nduced later. This is because a
locallzed pattern of cell death would usually lead e1t;er to el imination
of a clone completely or leave its size unaffected This will in fact

' depend on the relative sizes of the cell deaph patch, the clone and the

N
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S

imaginal Jdisc, If the clones are very large, 1,a., occupy a subatantial
*
portion of the dise, then an appreciable number of the clones may

%

partially overlap the gell death pateh,  1f cases occur in which part

of the marked cells are killed and the remainder are not called an to
regenevate, then the mean clone size will bhe lowerad,

This large clone effect may be important for clones induced at
24 or 48 hours, but not for clones induced during the 197 treatment,

These should be too small to be partially affected by the cell-death

patch with an appreciable frequency. Thus the difference between the

“rates of change of clone frequency and clone size between 72 and 144

hours will estimate the rate of cell death.

Since clone sizg decreases with time, i.e., has a negative slope,
the sum of the slopes aof the clone size curve and the clone frequency
curve should represent the rate of decrease in cell number due to cell
death. As shown in Table 23, these stopes are -0.027 and +0.0045 tor
the 29° treated control leg clones, giving a sum of -0.018. As the
clone size and clone frequency lines were fittea to the ldgarithms of
the data points, this represents the exponential rate of cell decrease. -

Using'the formula n.=n_ exp(rt), where n. represents the final number

t

of cells, no the original number of cells, r the rate of increase
or decrease and t the time interval, the number of dead cells present

in the 29° treated control leg can be estimated.

First, the number of cells which will survive the 29° treatment is

calculated. The nuymber of cells presentﬂan tﬂe 22° control leg at 72
hours ¢an be estimated from the clone size curve as approximately 70

cells. The same number cdw-be assumed to exiSt'in the 29° treated leg

at this time (i.e., before the 29° treatment). Substituting into the

b T
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ae
.

a L . . . Al ! . . . . .
[N \ . L e . . t -’)
e L e . X . . I e

equatibn glves an’ estlmate of 70 exp ( 0. 018x72 hours) 19 surv1vang
'~cells. If these cells d1v1ded throughout the °9° treatment at the rate :

j,‘h”-”'estxmated from the clone 51ze curve we expect< 19 exp (0 023x7Z hours)-
) o ! K . \

98 11ve cells at 144 hours and 70 19 51 dead cells in the 29 treated ’ j‘-'*id

, .

t'cpntrol leg dlSC ThlS cantbe compared w1th the number of l1ve cells‘

/expecqed had there been no cell death 70 exp (0 023x72 hours) 362 Co e

cells at 14& hours :’5.[5 ]gtf

o The ratlo ofcsecondary lysosomes to cells reportedaby Clark from
e ‘ Toa e B SR o o -
e ‘\ hlS study of 29° treated ts726 eye antennal dlSCS was 18° (Clalk and

Russell 1977) Thls 1s less than the ratlo of dead toallve cells cal—»;.

i f‘? culated above (51/98 52 Three explanatlons for thlS dlfference are [
R I3 SR

‘~s" flrst that each lysosome mlght represent more than one dead ce11
RS Secondly, the d&fference may be due to the fact that only one tlme-“

p01nt was sampled 1n the hlstologrc 1 study whlle the clonal analy51s f

. i i
estrmates are for the amount of cell death>over the entlre perlod between T

g

2rand 144 hours.} Thlrdly, there may be an 1nherent dlfference in ' u‘ﬂfhfﬂ;f:-

the amount of cell death wh1ch occurred in these second leg dlSCS in

5.

R

thls ts726 stock follow1ng thls 79 treatment and in the eye antennal

PR

dlscsqstudled by Clark :i

Investlgatlon of the Varlatlon 1n DuplﬁcateJCompleteness a“'biii fﬁf' o »f‘f‘%*
, . = . T o
K The prev1ous analyses of the somatlc cell clones in the duplzcatei

portlons of DFP's 1mp11c1t1y assumed a unlform.populatlon of dupl1cates

3

' -at each 1rrad1at10n t1me However 1t has been noted prev10u51y that

'*f'lthere is con51derab1e varlatlon in the completeness of the dupllcates‘£“
e after metamorph051s _ The stage in development of the dupllcates at o D
‘ ';.hwhlch thls varlatlon arlses 1s‘thus an’ 1mportant factor in’ the 1nter- '

\:f"pretatrongof~the:clone-data; 'Foraexample; 1t'wouldrbe:1mportant“to,,

s
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knOWﬂwhetherwthe varlatlon in dupllcate,51ze found after'metamorphosls

o -

wreflects Varlatlon in the 51ze of the cell populatlonq 1n1t1ally

commltted td form the dupllcate afterwthe heat treatment The clone ,‘,"‘ S

~data and the data on the 1nc0mpleteness of dupllcates was. therefore
A Ry P ; e .
exanlned for correlatlons that mlght 1nd1cate when thlS varaatlon arlses

Three hypotheses were con51dercd i Flrst the t1me of 1P1t1atron
- of dupllcate growth.mlght vary,'w1th each,dupllcate 1n1t1at1ngwgrowth' R

v s s ; ; :
-.uat‘a random,tlme:after'the 29°ﬁtreatment. Those dupllcates whlch 1n1t1ated 2

b‘growth early would be more complete than those 1n1t1ated later Second-

I T -

v ly, the tlme of termlnatlon\of dupllcate growth may va1y Each dupllcate o
; e

”', . .
Y] . ASN

: 'may;begln'to grow at. about the ' same tlme but mlght stop grow1ng at’ /j»
‘random times thereafter Those whlch contlnue to grow the longest R
. . '.‘r,.‘, S e - - N ‘ ’
would be the most complete Thlrdly, the varlatlon may be the resul‘ S

of»differeneesdin the number of cells that 1n1t1ate the dupllcatesf’

L~ X ¥ Ao

' ‘Ifbcell~diVisions Occur at the same rate 1n all of the grow1ng dupllcates,

7

those 1n1t1ated with the 1argest number of cells would be the most'

Q‘completer ‘"..-“ ' ‘: fg "”* }”,”zw_

The flrst two hxpotheses were tested by exam1n1ng two correlatlons
r\' Y ,
Flrst betwcen the number of trlchomes and brlstles 1n dupllcates w1th

clones and the t1me of 1rrad1at10n, and second between the number of

trlchomes and brlstles in the dupllcates w1th clones and the number of

trlchomes and brlstles malked by these clones The number‘of»trlchomes

and br;Stles in a duplicate wds used‘as a quantitative measure of com- - .

pletenesa of[the duplicate; According to the first'hyﬁbthééis‘firradia—;l"
‘tion shortly after the end of the 29° treatment should 1nduce D clonés‘fffl“f

“in only those dupllcates Wthh had beoun to orow early,zl e thoSe

wh;ch w1ll be the most complete A later 1rradlat10n however,‘w1ll
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also 1nduce D clones in- 1ncomplete dupllcates Thus the mean number
of trlchomes and brlstles in dupllrates w1th clones should be lower o/

,‘ in later 1rrad1at10n batches Thus under thlS hypothe51s a negatlvei‘*sfnf

1

‘correlatlon between the t1me of lrradlatlon and the trlchomes and brlstles \‘7\f/

'in the dupllcates w1th'clones is . predlcted » R

A second predlctlon from thlS hypothe51s was tested by examlnlng o

the second correlatlon At any one t1me after the 29 treatment thlS '

: hypothesrs predlcts that all of the dupllcates w1ll contlnue to grow

'for about the same amount of tlme., Thus all’ qf the D clones { "

1nduced 1n these dupllcates w111 go through about the same number of cell

1, -

k~d1v151ons and w111 mark about the same number o:;fplchomes and brlstles,'

3

M 1nd°pendent of the completeness of the dupllcat ThlS corresponds SN St

- o T Vv . . 1

' fto a predlctlon of no. cdrrelatlon between the number of trlchomes and

® .\

‘\\fbrlstles marked and the total\number of trlchomes and brlstles in’ the '

,4“'dupllcates 1n each 1rrad1at10n treatment

PR

The second hypothesxs that the varlatlon arases through dlffer——'3 ;~T.’?‘f
\\ B i s 6 . :., ) . . .
ences fn erWth termlnatlon predlcts dlfferent results from these

(_A \A\ . o

"correlations Flrst radlatlon glven shortly after the end of the 29°

' treatmen+ should 1ndULe D clones 1n all dupllcates w1th a 51m11ar : ’f5‘7

frequency, as the) should all tontaln abeut/the same number of cells T

L
K

'However a 1ater 1rrad1at10n w1ll only 1nduce D clones in. those dupllcates

-

that are st111 grow1ng These w111 be the more complete dupllcates

P PU RO PR

: Thus a p051t1ve correlatlon between the number of trlchomes and brlstles

~in the dupllcates and the t1me of 1rrad1at10n is predlcted

N it
LIENE

Secondly, accordlng to. thls hypothesas “at aﬁy*one t1me after the

Vel e

L 29 treatment the amount of t1me each dup11cate has left to grow &111

',hvary : Thus clones induced in those dupllcates w1th a lonoer ‘time to . 5o,

y o

L A R S T T LT S
S . E L B L Lo LT - . ‘ o .- . e . . PR SO . y - i S
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grow w1ll 8o through more cell d1v151ons and mark more trlchomes*and

A

brlstles Thus the more complete dupllcates w111 have larger clones - S
~ This leads to a pred1ct1on of a° p051t1ve correlatlon between the number

of tr1chomes and brlstles in. the dupllcate and the\number in the clones
v P om ‘ ,

_-w1th1n an 1rrad1at10n batch, ' '”;“ ‘c . ZVV .%"»;i . "?\

The th1rd hypothesls Qﬁs tested by exam1n1ng the correlatlon between

'the size- of the dupllcates and the relatlve clone 51zes w1th1n 1rradla-

P \

g-“tlon treatment batthes Each clone 1s 1n1t1ated}by l cell and assum1ng
\ .

~. T -.v . ’t.

L-cmarked cells lelde at the same rate as: unmarked‘cells the\relative'

?cione s1ze or fractlon of the dupllcate marked wlll not change through—

P Ve

-\‘out development ThlS fractlon can thus sbem as an’ 1nd1cator of the

"Fnumber ot cells present at the t1me of 1rrad1at10n Accordlng ta thls ,{.
c hypothesls, those dupllcates w1th the most cells at 1n1t1at10n w1ll )

.have the most cells at 1rradlat10n and w111 thus have the smallest

A _relatlve clone slze. These w111 also be the most complete dupllcates

tThJS glves a predlctlon of a negatlve correlatlon between the relatlve “

Aclone Slze and the dupllcate size, w1th1n a rad1atlon treatment batch

e Sy

The results of the correlatlon analyses are g1ven in Table

‘L'Both the correlatlon of ; the dupllcate 51ze w1th the 1rrad1at10n tame L
: ,\m,:_,'; L

' and w1th the number of trlchomes and br1st1es 1n a clone are p051t1ve f» }ﬁ arj“” fﬁ-

.\, l

and 51gn1f1cant ' Thls 1s in agr@ement w1th the pred1ct10ns of the second
‘ hypothe51s In add;tlon the correlatlon between the dupllcate 51ze and

'the relatlve clbne 51ze is. nelther con51stantly negatlve nor 51gn1f1cant

""whlch argues agalnst the thlrd hypothe51s
‘: A. varlety of other models could probably be 1nvented to account for o

the observed data partlcularly 1n V1ew of the fact that the models MIV _i S _'f‘g

N

tested above are not.mutally exclu51ve : However the»hypotheSis_that_fa” :
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: Table 27 Coeff1c1ents of correlation (r) between the number of.dupllcate 1eg 0
. elements . (A) and the”’ time ‘of irradiation (B)," the number of marked - .
, elements. in a clone (C) and th'e relatlve clone~51ze (D) among. j ’ Sl
-~ dupllcated legs with glones. = v . © T S o r%
SR . , e S , i

p : , B
-2 S S S . R . §

T

Pearson Correlatlon . Prob.
: Coeff1c1ent ST

ot T . :
© Tap (from 120 216 hr ce T :1‘+_0;65f o o
b 1rradlat10n treatments) ) T e o S
f : u, « e o ST 5
“ (from the’ 120 hrﬁ < w068 i 0.03 0
»1rrad1at10n) . L - LT SRR

-1, (from the 144 hr . - 40,72 . . 0.01
"Tac o L 07 o 0.0
g'lrradlatlpn) ST A P TN

, r, . (from the 120 hrﬁ-~y‘<, S w07 L 0557 e
AD:; S e e R - R SO Sk
o _1rradTatlon) ' o SR : o : . : S
'ty (from the 144 hr .« -~ -0.24 ©.  _ 0.31 : , 3
TAD : L ST R L
~»-.>1rrad1at10n) SRR e SRR I DU T Tk
,1 Leye1'bf‘significaﬁEe of the deviation of rwfrdﬁ‘zero.LVI‘~\e:'\f’i BT e



. 1nd1cates that the two portlons of the DFP become separate at about

o~

- the dupllcates are all 1n1t1ated at about the same . time after a 29

i t

treatment with approx1mately the same number of cells and. that the ob~-

served varlatrbn in final dupllcate completeness arlses through differ- :

erices in the time’ of termlnatlon of dupl1cate growth is favored by the f"h, {"‘
\ N - .

results Thls model also seems most plau51ble in v1ew of what we know T

of'the blologv of the ts726 system - B R o ‘f, IS

v 'Clonal Restrlctlons in the Formatlon of DFP's
P :
The d.. sappearance of OD clones at l44 hours in the prev1ous results

\ . i

thls t1me HoweVer, the OD clones are small and scarce after 48 hours '“W‘ -

J -

so thls separatlon way 51mply reflect ‘the technlcal llmltatlons of the o

3“41YS15~ Thus the questlon ‘as to. whether the orlgéhal,and dupllcate ~":_ ”;:“ f»

X v .
\ \ S \

are serarate has not vet been fully answered \Secondly there is the quesJ
N e

. tlon of the compartmentallzatlon of the dupllcate It haS’beenfshown that

aftel a‘certaln t1me clones w1ll not grow across certaln boundarles 1n

the Mtnute technlque (Garc1a Bellldo et al 1973).» In thls technlque

Mtnuta background Slnce heterozygous Mtnute cells grow more slowly

,p, - \“

normally developlng 1mag1na1 dlSCS (Garc1a Bellldo et al 1973 Garc1a- ‘;/f
.
Bellldo 1975) In the mesothoracic leg SUch a boundary has been shown td
r f o

lelde the anterlor from the posterlor (Stelner 1976) A natural,questlon

‘to ask 1s whether thls boundary also ex1sts in dupllcates _G| SO N ' \d
. : N ) yohE \? L . . 7

~

These two questlons were 1nvest1gated by a/Elonal analy51s u51ng pe rVu”; 'y~‘5?

e

marked clones Wthh are also Mtnute are 1nduced 1n a heterozygous

. - . . .

©

than normal the clones grow veﬁﬁglarge (Morata and R1poll 1975)
. " :
The large 51ze of the clones 1ncreases the prec151on w1th whlch com-

partment bdundarles can be deflned In the present ana1y51s the large

N

clones were used ‘to” answer three quest1ons vFlrst at what t1me does




g

fglven a 102 hour 92°/48 hour 29 treatment and were” ;rradlated at

129

i \ s L . .
5 ! f e

p ) - | ‘ . . v ‘

the, duplrcate becomes separate from the orlglna1°‘ Secondly, is'there a’

i

dcompartment boundary formed in the dupllcate? Thlrdly, 1f a boundary

forms in the dupllcate where and when does 1t fonn9"

A number of y w-f ts726/EM7a,thﬂnwh V1rg1n females were mated ‘to

Y. v f ts726/Y Dp(l 3)ScJ4 y+ M(3)L /EMB males to generate yw f ts726/

Y v!f ts726,y MVmwh females (called 726 Mtnute females) and y W f ts?26/

Mymwh males (called 726 Mznute males) Eggs from this matﬂng were

collected over 6 or 12 hour 1ntervals and were d1v1ded 1nto 11 batches

3o l N

for treatment~ Two served as controls, one contlnuously 1ncubated at
¥ 8 - -

.‘t N,

.22 °\and the other at 29 One batch was contlnuously 1ncubated at 22°

Sy

and 1rrad1ated at 48 hours w1th 1500 rads The remalnlng groups were

one of several t1mes 1n development after the end of the 29° treatment

e 726 Mtnute females and/males were glven an - 1ncreased length of ‘time

at prlor to the 29° treatment (102 VS . 72 hours for the 726 females)

“”t: compensate for the1r slowen rate of development (Stetn 1936, Stelner

e,

S
A

~

<'The;bFP' /and a sample of the mdrphologlcally normal legs from the‘f;g

22° 1rradlated 726 Minute females and males were prepared for scor1ng

P

“ under the compound mlcroscope as descrlbed 1n the materlals and- methods.

,,_«

o

“V‘as de,crlbed in the materlals ‘and methods (Floure 2 ) ’ The cells of

‘f‘

“"such_' clone w1ll also be w1ld type for Mtnute and w111 grow at a faster )

| //‘" BT
4‘ ’ P : ,. ’ E
. Y . e .

S0
c



¢t 7 . l ) ‘ l ' l
o ' | : ‘ o ’j', ‘| L ‘
rate than the background\cells,tproducing a large clone (GarCLa -Bellido
. ' ) N | '
‘et al. 1973). oo |

|
!

. . . ’ ' , ¢ . o
In addition to these large clones a sample of the twinspot clonhes

' from’ the previous experlment were scored 11 the determination of the .

compartment boundary in the dupllcates facilitate comparlson be-

‘ tween the two erperlments the times of 1rrad1at10n were translated from

hours after the ‘midpoint of the)egg collection 1nto hours after‘the end

K

[ N

of the 29° treatment

The frequencw/of DFP's 1nduced 1n,\ard the relative surv1val of
x {
.heterozygous Mtnute females‘and males,are glven in Table 78

s B

i

The Minutes show a lomer DEP frequency than non-Minutes. ‘This effect

. ’ | .
\appears to be related 0 the Mtnute phenotype in some way, as the non-

tnube 51bs of. these flles show a DFP fr quency in the usual range (23 0°

s,

~

]1n tne batch 1rrad1ated at 0 hours) afte the 29 "treatment. B

o Determlnatlon of the Dupllcate Portlon of the DFP

\A sample of the DFP's’ from these 7 6 Minute females and males was fh

: . ,
- screened for the presence of mwh y Mznu e clones The clones were

. §
\ i

flrst c13551f1ed as belng O D or OD c ones The numbers of each of

ethese types/of clone in each 1rrad1at'on batch are glven in Table 29.
. - /

: Clones were: scored as being ODlonly i
-tlssue could be ﬁound whlch extended from the dupllcate 1nto the orlglnal

"jDFP's Wthh had two separate patches of marked tissue, one in the:

‘a contlguous pateh of marked -

or1g1na1 and a separate patch in- th dupllcate, were scored as hav1ng

P

two’ separate c]ones

The frequency of clones is h‘gher in thgse DFP's ;han ln the non-u

| qx:‘:

Mtnute DFP's examlned prev1ously Comparlson of the expected frequency

of recombination as given rn sta dard 1nduced m1tot1c recomblnatlon

130
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maps (Becker 1974) suggests that this difference cannot be accounted

for by the differences in rccombination frequency between the X and

i

in the right arm of the third chromosome. A likely explanation for this

differcnce is the well known increase in somatic recombination frequegncy
| | ‘;

associated with the Minute phenotype (Stern 1936, Morata and Ripoll

1973).

To answer the question as to when the duplicate becomes separate

b . . .‘;*ﬁh

from the original the number of OD clones present in each irradiation
batch was examlned (Table 29). Some 0D clones apnear'in batches irr-
adlated/as late as 74 36 hours after the end of the 29° treatment o ‘
however, there is the p0451b111ty that these ane not true OD clones but

cases in which two or more clones have occurred Wthh meet at the boundary

7t

of the Oqand D-pbrtions ofvthe DFP. The Minute clones in these DFP's were

© very large so that an 0 and a’ D clone that. both marked structUres near
4 / .
the dupllcate/orlglnal border mlght well be mlstaken for an 0D clone. This
possibility was examined by comparing the number of observed ODnclones to’

-

the number expected by the chance occurrence of two clones. This expected -

number'wes calculated as-follows. K o
The probability ofe two or more oloneb occurring in one DFP which :
A .

mlght resemble an OD clone can be calcuybted by multlplylng the pro- ’

bablllty of one or more cLones occurrlng in the original by the pro--
. 7 ,
bability of one or more occurring in the duplicate. As these Minuteﬁ

- clones. areﬁfry large, it is often impossible to tell whether a large
: - r
_patch of marked tissue:is one or two clones. Thus, the probability.
e N - " N
,of one or more clones is»estimated as'1 minus the observed frequency

3
i

ES ' . 3
of originals or dupllcates with no clones The calculation was done

~as follows. 1In a given eradlatlonlbatch let o represent the number

&

TR FE S R
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Table 29

Developmgntal
Stage &t

The Frequencies of 0, D, and.0D Clones Observe
Number of OD-Clones Expected in 726 Minute DFPs

#

[rradiatien

(hr after’

t

29" treatment)

0
12
24

36
48

60
72

1. Calculated as deszri

’

81
150
86
58
22
25
19

. DFPs

in and the

’

the text (p. 1243.'ﬁ»

‘Clones
0 . D Putative Expected !

# freq #  freq oD # (0 + D) oD

35. .43 14 17 11 (8), 6.0
.78 , .52 32 .21 10 (10) ¢ '16.4

52 .60 27 .31 4 (10) 16.0

39 .67 ¢ i .36 1 ©(12) 14.0
" 29 1.32 16 13 .0 '

48 1.98 2 . +92 0

49 2.58 24 1.26 0 ;

1
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of orjginal portions of DFP's in which no clones were observed, let d ‘ :
be the number of duplicates in which no clones werc observed and let ﬁ’?
be the total number of Qﬂpﬁs scored. Then the probabilities of one or

more clones occurring in each portion of a DFP are:
0 d
- (=) and 1 - (=
@ )

for the original and duplicatc'portionsﬁtespectivcly. Multiplying these
together gives the probability of one DFP having one or morc clones in
both the original and duplicate portions (I repfesent this probability

as ég).

— u- OG-

'Muitiplying do by“the number of DFP's in that irradiation batch gives

— ! v

the expected number of such cases. T

This number will, of course, be a maximum estimate as not all of _

\ . T el

the cases in which one or more clones occur in each portion of the DFP

T wWill rESemble an OD clone. To do so both the O clone(s) and D cione(s)

L - . T Y o

must mark structures at the border of ‘the original and duplicate portions.
Those DFP's in which two distinct clones could be scored, one in the
driginal and one in the duplicate (called 0 + D) .are shown separately

" “from those in which one contiguous patch of marked tissue extended from

f\\\\\\\\\\tﬁe<e;igénal'to the duplicate. No attempt was made to remove p0551b1e

spontaneous clones from the data sets. It was assumed that these

clones would be small and unllkely to be confu§ed w1th OD clones. Klso

all treatment batches would have an equal frequency of spontaneous clones,

so if spontaneou§ clones are occurrlng ‘which resemble OD clones, all

\

treatment batches woulé have them 1.e.3 there would be a constant "back-

ground"efrequency of ODpclones: Inspection of the data indicates‘this

" is not the 'case.




The uxpcctcd\numbcr of 0D clones for the 0-36 hour batches are shown
in Table 29, At 0 and 12 hours after the 29° treatment substantially
more than the expected numbers of OD plus O + D clones are observed.
However, at 24 and 36 hours the expected number is greater or equal
to.thuiobscrved number, and by 48 hours no OD clones wereobserved,

This lack of OD clones at 48 hours cannot be attributed to a decrease

in the size of the clones.\ An cxample of a 48 hour D clone is shown in
Figure 27. This clone marks a Iarge area of thls nearly complcte dupli-
cate, including the area along the original/duplicate border.

It is impossible, of conrse, to say whether any given clone is an
Od)or is two separate clones, however, these results suggest that no,
or very few true OD clones are induced by irradiation given at 24 or
more hours after the end“of the 29° treatment. This-result agrees well
with the earlier, non-Minute c10nal analysis and suggest that the, original
and duplicate portions of the DFP do become separate within 24 hours

after the end of the 29 treatment

‘Locatlon of the Anter1or/Poster10r Compartment Boundary in Normal.Legs

- Before the,duplicate portlons of the DFP's could be scored for the

presence of-the anter1or/poster10r compartment boundary it was necessary

““4\1\\\eterm1ne the location ‘of this boundary in normal legs.. To do this.

the clSHES\Jn a sample of the 22° control legs from the irradiated 726

Minute femaﬂes and males were scored for clone locatlon. The boundar1es
. .

of the marked trlchomes and brlstles of each clone were- traced on - stand-

ard dlagrams of thewmesothorqc1C‘1eg. A sample of the clone bOundarles

o £ TT—

are shown in Figure 28a traced on a. 'single diagram. Ly
: wt

In general the clones respect a boundary that agrees’ w1th thats

published by Steiner (1976).. The tarsus, wh1ch was not shown on Steiner! s

D
Ll

Y

e

B R




Figure 27

16

7

e E S

- » : ©
A photograph of a 1:1"%ge D clone induced in a ;o3 HinyEe
male by irradiationsat 36 hours after the end of the 297
treatment. The clone appears to respect the bhorder betwesn -
the original and the duplicate portions of the DFP .,
Y = yellow bristle, + = non-vellow bristle, mwh = trichonme
marked By multiple wing hairs -

7]
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“Figure/ 28a

o anterior/posterior boindary similar to-that shown by Steiner ~ - .
7 (1976) with eone exception noted im ‘the text. oo o 2

.~ A =-anterior clones, P = posterior clongs: : - . ;. =

b

» drawn on the standard’leg map..: -

Two diagrams ‘showing . the borders of clonmes in. 22% control:', . . . .
legs. induced at 48 hours after the end of -the midpoint.of . . - "
the .egg collection period. The clones appear- to-respect an ...

o,

TﬁefaitériOr/bQSteriof"béﬂndarivihdi;étedfﬁjﬂqhéséiélén%§'5i§§ Hf;f”

STAES A
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T T T TU I AP ! A
© »maps, was asymmetr1call) d1v1ded by the boundary, w1th 5 brlstle TOWS

! a : : \
" in the anterlor and 3 in the posterlor compartment (Flgure 27b) e.‘

r 1mportant exceptlon was noted Stelner s map 1nd1cates that the two

B /ﬁrows of brlstles in the/trochanter are in separate compartments one

1n the anterlor and One 1n the posterlor However, in the present’
study clones were found whlch appeared to mark both.of'these,rOWS.'5Two

i

.‘examplesrare,shown 1n,F1gure 29. In 28a a portlon of an: anterlor clone.

1

‘Whth appears to respect the boundarv 1n the coxa and femur 1s shown

?

'marklng the posterlor ToW of brtstles,v In 29b a portlon of a posterlor

hd

clone whlch also appears to respect the boundary elsewhere 1s shown
. SO .

marklng thlS same row of brlstles , f{ '3;' Lo
To 1nvest1gate thlS 51tuat10n further the number oﬁ clones that

u.appeared to respect the/compartment boundary and marked these trochanter

a* S . i

brlstles was counted (Table 30) Three observatlons can be made from

ﬂr

»,these datau‘ Flrst whlle anterlor tlones can mark poster1or brlstles,

“.the reverse does not occur. Thus 1t 1s the ”posterlor”"row of brlstles

PRI

.ely half{(45’) of the anterlor clones that approach thas area

'.clone the chances ‘are roughly 3:2 that 1t

,\k

[
4 A

s

‘chanter by chance/ ;Thls rs.not,llkely for,two'reasons Flrst the

\ . : - T s

AR

‘i7t"”t has a spec1al status w1th respect to compartments. Second ’ f},.

posterlor brlstles Thlrdly, when these posterlor .

138
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Flgure 29 Photograph of two clopg< in 22‘
: the Tow of trocnarcgr brwstles

; . compartment of, S;é;per S map.
. ) (a).A clone NhLéﬁ;lq ctherwise an AR cloqe

control leos whlch‘both mark
hown as’ belng ln the posterlor

‘Cb) A clone whith®s otherwise a PR clone.” -7 - -~ .
W ) ye;low bristle -. + = non Veliow brlstlc» mwhf;'triChomes
e marked by hbltlple wlna haqu - P EAEUN o L
. oo e ¢ ' ’ ’ N e
L "fy'ﬁ. ‘g Lo ' 3

s . PR - B oo
L . - :
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Table 30 The Number of Clones in each Compartment of 22° Control-
. 'Legs which Respect the Boundary and Mark the Posterlof
Row of Brlstles in the Trochanter1 ' ‘

!

: e . \ ('
Number of - Number3off » Number of Number of
‘AR Clones “AR :Clones "{PR- Clbnes PR .Clones
Marklng . Marking Magg;ng - ‘Marking. - .
the . only the. the.y -w**j\- "only the .
Posterior .  Anterior Anterlor-'iq Posterior 1
- Bristles ' - Bristles’ Bristles. 'BriﬁtleSw ,
; K g 8 ,:1‘ L.
13 16 0 21
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"’were 184 cases of " ant rior compartments w1th no clones and 213 case T

greatly in Siie. Thl$ is not reasonable if both clones were supposedly

ie i

_1nduced by the same 1rrad1at10n If the PR is consxdered to be a small

tspontaneous-clone 1t is not llkely that S0 many sbéntaneous clones (13

t?1n 260 legs) would. all be poster1or all be at the boundary, all be

[y

ffound in 1egs w1th another AR clone and all mark. the same area" of the

trochanter IR _

Secondly, statlstlcal calculatlons can be made to determlne the

.”number of expected legs in wh1ch two or more 1ndependent clones occurred

i

11

in dlfferent compartments The 13 cases con51dered in Table 30 were ﬁ:}/,/r

not the only cases in wh1ch a leg was found w1th both posterlor ‘and

anterlor compartments marked ‘ In 12, other legs large areas of both

\

'compartments were marked In 7 of these cases, however, the marked

R : y
|7

: tlssue was not contlguous and could be d1v1ded 1nto an anterlor and a ,

.‘posterlor clone. Follow1ng the same method as .was outllned above for

'con51dered to be two clones whlle the 13 cases ngen in Table 30 were -

consrdered.as—s1ngle anterlor clones Wlth these assumptlons th
of posterlor compartments w1th no clones 1n the 260 legs scored

glves , j":o Co ﬁ3' TS o

clones Thls is sllghtly more than the 12 cases observed but is cer- S

-

. he OD clones, the data was used to estlmate the expected number of legs

WA one or~more anterlor and one or more posterlor clones. In thls<

N

\\ﬁ

CE
1

Substltutlng these numbers 1nto the equatlon descr1bed prev1ously

v o el BT

S 184 213, &
-.{l 260)}{1 (zeo)r 260 = 13.8

s ,a-‘l

Thus about 14. legs are expected to have both anterlor and posterlor

R i

N

ta1nly not” large enough to explaln 1n addltlon the 13 cases of anterlor

- A

e
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)

o

©larise at‘some‘tlme d

/
\/

a )/‘-was‘score

grams show1ng the’ locatlon of D clones’ from the 48-72 hour 1rrad1ated

'results indlcate that there

. Wthh 1s the same as that

. trichomes and

- ) ' ' Coe b ‘ ! 142
! ' < : ) i .

clones wh1ch mark posterlor brlstles 1n the trochanter

Determination of the Anterlor/Posterlor Compartment Boundary in DUpllcate
Portlons of DFP' ‘ L " o : :

Follow1ng determlnatlon of the locatlon of the compartment boundary
in the 72 control legs samples of Dfand OD clones were sconed for

,.,._—4

ev1dence'of a 51m11ar boundary in dupllcates Tlrst the outllne of

t . .
each clone was traced,on a standard leg dlagram A Sample of the dia- +

-

)
A 3

batches/ln the MLnuté experlment were 9omb1ned and are shown 1n Flgure 30

) ‘ff>
The clones do not cross a 11ne which appears to be 1dent1cal tp the s

: anterlorAposterlor boundary de 1ned in the 22° control legs These

i/s’ a compartment boundary in the dupllcates
i .y / , ~ it .
een in normal legs PR .L' L ' *', I

A questlon wh1ch na_urally ‘arises is: Does the boundary deflned

by the clones 1nduced y" late 1rrad1at10n always ex1st, or does it

e ,
ing the development of,the duplicate?‘ To answer

o

C / ".\' s
this, the. clones i' each 1rrad1at10n batch were cla551f1ed accordlng
‘Nlth respect to. thlS boundary -Tﬂe c10nes,mark1ng

]

1stles 1n both compartments were de51gnated AP clones.

their behavior

@

Only those c' es in whlch al contlguous patch of marked trlchomes and

P

brlbtleb was found whlch extended from the anter1or to the pooteraor :

S .

as anaAP clone. .Those clones whlch 1nterse¢ted'the boundary\f

]

ed A or P cldhes, for anterlor or poster;or respectlvely S ,: ;ﬂ
In addltlon samples of the tw1n spots from the prevroue, non-’

Mznute clonal analy51dxwere scored and c1a551f1ed in the same way t;
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D

Flgure 30 Two' dlagrams show}ho thé outllnes of alil D clones 1nduced hy -~
. radiation given 48 hours or more after ths ‘end of the 29°

- treatment. The clones' appear to respect z boundary 1dent1ca1
to-that in the 22° control legs.

_’A‘= anterior clones, P = posterlor clones

oo : R . :



‘be noted that the two spots of a twin were scored as one clone, eg.

" Minute and Mtnute experlments. o - R

"boundary - is-established.

t

L [ i
]

i

»
\

if one of the spots crossed the boundary the clone was scored as Belng ‘

an AP clone. - ‘ ' _— R
. ) . i v \, \ )
wFollowing‘this classification the number of each type of clone in
. ] | \ ‘ _

each irradiation batch was counted. 'First, in the non-Minute exper-

> .

_iment, clones from batches irradiated prior to the end of the 29° \
 treatment 19 out of 75 clones were found to be AP clones and no AR or

PR clones were found. An example of such an AP‘clone*is'shown.in

s

‘Figure 31. This clone marks almost the entire duplicate._ This suggests

that the boundary is formed at some time durlng the development of the

. Rl g
y

dupllcateu To determlne when this occurs the kinds of clones initiated

=~.

at and after the end of the’297 treatment were examined 1n,both‘the,non;

[ &

-

The numbers of clones of each type (AP AR, PR ‘A and P) in samples

taken from theﬂnon-Mtnute.experlment are-gavenuln Table 31 At 0 hours

3\

_(at the end of the 29° treatment) only AP A and P clones were: found

i

At 74 and 48 hours however, AR and PR clones were. also fOund Clones

\

1nduced at. 72 hours were ‘too small to: reliably classlfy . These resuits

suggest that the compartment boundary is ﬁormed between 24 and 48

~
,-‘v : SN

hours after the end of the 29° treatment IR e

Three 1nterest1ng clones wére found in the 24-48 hour Batches whlch

i

were tw1n spots ‘with one spot in each compartment. In each of these’

,_44
cases the mwh sn'3 spot could be seen to respect the boundary These

'clones 1nd1cate that the boundary is, establlshed w1th1n the space of

i

a 51n01e cell d1v151on in an| 1nd1v1dual dupllcate. There does,

B l
’ 1

} however, appear to be some varlat;on between dupllcatesfas,to when this

2 ’ o, : . . !

[f:;f .
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Ilgure 31 A photograph of a very larée Ob' cloné induced
: female by irradiation prior to the end of the

posterior of the duplicate.
y. = yellow, forked bristles +

in

290
This clone marks structures in both the anterior and

arz8 ~

treatment.

X = yild type'bristles

o

wT
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Developmental”
-Stage at . DFP
Irradiation . #
0 232
24. 260
48
72

-

*

**x

2. See text for a description of the clone tvpes

1406

. Table 31 The Subdivision. of D Clones into A, P, AP, AR and PR Types in

726 Females eradlated at or after the end of the 29O T1eatm;nt2

246
72

Clones’

13
15 ,
26 -
71

B o%
31
40
63
51

" 36

.Clone Types

A P AP

15 10 .6

22 91

34 19 1
15 0

1. Given as hours after the end of the 29° trq&fmen

0o, 0
*
2 .2
- % %
S 4
0 10

Includes 1 leg with uy ‘posterior and mwh sn- AR clonem

Inyludes 2 legs with yf anterior and Mok sn3 PR clor s
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A question which arises here 14, how mﬁny cells form the obscrved

antcxlor and posterior compartments of the duplicate? Estimates of the
total cell number in the duplicate have been made (6,7 and 21) and the clone
frequency data can be used to divide these into ‘anterior andlpostcrior

. -

portions. TQ‘QO'this the percentage of the clones marking only the

anterior compartment in the duplicate was calculated for each irradiation
{

‘f,,b&iiﬁ\{Table}SZ). For compérison, the same frequencies for the clones

e

in the 22° control légs, the 29° trea;od control legs and the oféginal
portions of the bFPs are also’given in Table 32. The frequency in all
of the legs is about 66%, and no obvious trend is noted from botch to
batch. Thus the relatlve proportion of anterior. cells appears to remain

the same throuchout the development of the duplicate, and it appears to

rd

be similir to that of normal legs. Multiplication ofnfhe total number

~ \ . . o

of cells in the duplicate by the fraction of anterior clones gives

esiimates of 4.5 and 14 cells in the anterior compartment at the time of
initiation of the duplicate, using the m un clone size an. s allest clone.

. . _ | |
size estimates, feSpectively. ‘By subtraction, 2.2 and 7 cells are

estimated to be in the posterior compartment at the same time.

The data from the non-Minute experiment were not extensive enough
to precisely define the time:of appearance of the compartment boundary

in duplicates. As a' further investigation of this point samples of the -

clones in duplicates from 726 Minute females and males were examined.

The frequency of the clones in these samples‘and- the number in each Y -
e / . . © . ‘

- v A

. classification’ are given'in‘Table.SS.' No AR or PR clones were observed
in the Q.or“lZ hour batches, and no AP clones weré,observed in the 48-72

~ .

hour batches. A portion of two examples, AP and a PR clone are shown ‘ﬁ\/”f}

in Figure 32,



. -

~

Table 32 The Percentage of Clones in 726 Female DFPs which Mark
Only the Anterior Compartment in 726 Females L

Age at . Percentage of Clones
Irradiation 22° Control  29° Treated Original . Duplicate
« -~ Control Portions Portions
24 v 67.6 61.9 70.6 - " 68.8
48 | 55.6 77.8 76.5 64.3
96 69 .0 62.5. 67.9 64.2°
120 64.6 75.0 58.8 63.6
144 o 66.7 70.0 65.9 60.9
168 ‘ 72.2 66.7 72.3 59.1
192 61.0 69.8 65.C " 73.9
216 ' 58.2 67.3 65.2 62,1
Overall ) : ' .
ayerage : 69.3 70.7 66.9 66.3

148
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Table 33 The Subdivision of D Clones into A, P, AP AR and PR prgﬁ
} in 726 M%nute Adults irradiated at or Afcar the end of &
the 29° Treatment

Developmental
?i:igiitionl - DFP Ciones Clone Typesd' .
_ ¥ Fo% AP AP ) AR PR
0 81 24 30 10 4 10 0 0
12 150 42 28 23 7 12 0 0
24 86 26 30 15 7 3 o 1
36 . . s&c 21 36 12 3 2 1 3
a8 - 22 6 73 9 4 0 2 1
60 .25, 23 92 .14 4 O 2 3
72 ' 19 24126 13 .6 0 4 1
- ,

..

1 \\Gilén as hours after the end of the 29” treatment .

—
S

—

2. See text?far\g description of the clone types (p.142)
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i
P
.

2 Photographs of two D clones in 726 Minute females which mark

(B) A PR clone which respects the boundary

P .the femur.
The area marked

v /(A), An AP clone which crosses the boundary.
R : " by the clones is outlined. -
', . ] / y‘g ycllowﬁbristle + = wild type bristle mwh = trichomes
/  marked by multiple wing hairs

i
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PR N . .o . : o o : : . .
s quuestion'which arises»at this point‘isi 'Are the~AP clones'ob-a
‘ g oo : co
: /eerved actually two 1ndependent clones one ‘an AR and the other a PR, ﬁhf'

S

wh1ch happen to occur 1n the same dupllcate7 ThiS»is’not'likely_as :

rd o . 1

E these batches contaln several AP clones and no AR or PR clones It‘ ;f-'j'.'”f'
o ; Rl e

1s hlghly unllkely that all AR and PR clones in. these batches occurred

o, / is

1n matched palrs In addltlon to thlS con51derat1on however statlstlcal
calculatlons were done on the data from each 1rradlat10n batch to deter—
";“-'r”f m1ne the expected number of AP c10nes produced by chance alone , The

e calculatlons were the same as thosecdescrlbed prev1ously 1n the 1nvest1~ :

a

"A' . " -

1('f‘ai7;' gatlon of the OD clones 1n,DFP' In each calculatlon all AP clones‘ Ta

N

A

i were aSSumed to be tWO clones one AR and one PR ‘ The probab111ty of
,Vj two‘or more Lndependent ciones occurrlng 1n one dup11cate was calculat/d/iﬂy

¢

/

as before, but an add1t10na1 factor was added Unllke the large ‘Q./(-

. . [

“clones 1nduced 1n the 22 control legs many of the - clones 1n th ;dupll—lf

cates fall to approach the compartment boundary ' Thls is due'

i % ,.»w

decrease 1n clone 51ze that occurs w1th later 1rrad1atlon

"i ..\ Ca

btfh_slngle AP.clone Thus the probab111ty that both of t '§

,-'\

Y . @

for the O 36 hour batches are shown 1n Tablev34 Very few apparent AP

clonés are expected by chance Thls coni;rms that the observed AP hfh’,//;V“‘: [F.»

& - i [ . LT s

' clones really are 51ngle clones whlch do not: respect the compartment el Cod
: o : ¢ - ) ’
'boundary Thus these results Suggest that the anterlor/posterlor com---

v
AR L

*QEartment boundar} 1s establlshed/An dupllcates w1th}n 48 hours after the?

\d

‘Vrend of the 29° treatment It ;s worth notlno that the orlgrnal/

f'?*ff”;dupllcate dastlnctlon is estaollshed earller by 74 hours at

' 'or Just before the dupl1cétes begln to grow (at 48 hours as 1nd14ated‘byi‘f*”' B

/ B

~othe lncrease 1n clone f/equency)
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v T . . g

- o Table 34 The Expected Vumber of Cases in Whlch Two or. More Independent
o SRR o Clones Mlght Vwmlc -an AP Clonel ) i , .

\.:

E Developmental I RIS N U T PP

.~ oStage at - 0 T LT * Number of .- . ¢
o Irradiation . oo .. % AP Clones B
o -(hr) . T T a p - AR PR . Observed Cap

0 81 el 67 1000 100 10 1,20 |
SR o1z 0 7158 11S 131 0 12 12 . 12 : L9317
a2 786 60 75 . 3 g SR B R 1
- T 36 58. ° 43 .50 R I T N S .26

vﬁﬁFaJﬁTﬁpl}bxi' <

0.
-
. r—'A
.._

N

t, where b-of Anterlor compartments W1th no. clone R
’ ‘ ;Of Posterlor compartments w1th no clone etf{4v?n_;lyk,
T of dupllcates scored in that batch v
‘;iof Anterxor clones that respect the. boundary )
, ';ibof P05ter10r c10nes that respect the boundary;b EE
.ff,iap°= The ex:ected number of dupllcates in which an AR/and a ce?’ﬂlh’
fag@;,;, PR clo e. mloht m1m1c an AP clone ' : o T

it
'\



: and 1n a. 51zable fractlon of cases
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~ DISCUSSION .

\

‘

- The 1mp11cat10ns of the ts726 DFP Dhenotype in relatlon to current models
: of pattern formatlon L

: Y,

One: of the maln purp05es of the research reported in- th1s the51s

PLEN

‘ffwas to 1nvest1gate\the phenotype of ts726 1nduced DFP's,’anJuto relate ‘ ‘ \

'fthe flndlngs to current models of pattern formatlon. Two observattons

7

v can be made from the reoults of this ana1y51s Flrst the Structures in d
.the medlal portlon of the. dlSC are often def1c1ent and‘are rarely dupll-

Y

’ficated whlle lateral structures are rarely deflclent and are often
'dupl1cated Thls 15 analogous to the pattern of def1c19ncy and dupllcatlon‘"

.observed 1n cultured leg dlSC fragments (Schublger 1971, Strub 1977 a,b).

\

‘Second the def1c1enc1es in the DFP/E often 1nc1ude only a few markers,
(56/893) do not 1nc1ude any a@kall
"Thls is. dlfferent from the dlSC fragment results in whlch dlSCS w1th a
small surglcally 1nduced def1c1ency 1nlthe upper medlal quarter of‘the ».“_li‘
;v?dlsc doﬂnot dupllcate.‘ | R g |

/,w

These o observatlons can be related to the. polar coordlnate model

LA

'7"of French et al (1976) whlch was de51gned\¢o account for the results e

Fcis

fof fragmentatlon experlments dfne bn the\flrst leg dlsc. ThlS model
( L7~
- , \

o proposes that thefpattern of deflClehcy/dupllcat1on seen 1n the DFP's is

consequense of?there belng a- hlkher c0ncentrat1on of clpgelar p051t10na1 .
o . e . \
)\, . ’.4 ~ .
values in the~upper medlal quarter of the dlsc.‘ Whenever a patch of cell SR G

i - . ". . “ K - \L - @, L. .
death’removes enough of the cells 1n thlS reg1on to e11m1nate half of
g S

’ ﬂ}“these Values, t e confrontat1on of surV1V1ng cells at the edges of the

‘death patch wo ld 1n1t1ate a dupllcat;on : The secpnd observatlon Is” at "

//’

:jodds w1th the',odel The obserVed s. .'51ze of the def1C1enc1es assoc-ﬁ v
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l,compressed 1nto a. very small portlon of’ the upper medlal quarter of the. .

\ .

disc. These values must be SO c0mpressed that even a patch of ts?26

o o N

1nduced cell death that does not affect a 51ngle :marker can remove over

haif of the values‘ e .‘ : ‘AL\ - v o . , e K

V3 ‘ ) - s 5
There are several alternatlve explanatlons‘for thlS aspect of the
. ! 1!

DFP phenotype ~ First, 1t is p0551b1e that cell death is occa51ona11y

l -

produced in long,_thln patches in the mesothorac1c 1eg dlscs, such that

much of the edge of the upper medla\ quarter is removed wlthout affectlng
,o 5
many of the morpholog1ca1 markers (see Postlethwalt 1978) ' Thls ‘is not

P con51dered 11kely as earller hlstologlcal studles of 29 treated ts726

, 1mag1na1 dlscs reveal no such patterns of cell death (Clark 1976 Clark

and Russell 1977) The hlgh frequency of small def1c1enc1e5 (359/893

X2

aff«éf .one or no. markers) 1mp11es that such patches should.have been

v

found in even a small sample of 1eg dlSCS

’ Another alternat1Ve is that the organlzat1on of the clrcular values §
4 . ‘C‘? 0 .

?Ain the mesothorac1c leg. dlSC is dlfferent from thatvln the«prothorac1c

t_

: & :
eo dlSC and that the values are. not more concentrated in the upper

med1a1 quarter of" the dlSC. In the present study large reglons of the

i

upper 1eg segments had very few morpholog1ca1 markers As ShOWn 1n

! -

Flgure/s a large portlon of the thorax and femur are unmarked 1n the lower
med1al quarter of- the dlSC (eg., between ST and St4) . S1nce St4 is

/very often def1c1ent 1t is p0551b1e that the patches of cell death are

NS

remov1ng enough c1rcu1ar markers in the lower medlal quarter to 1nduce

a dupl;catlon ; Thls is supported bv the observat1on that 1n two DFP'

‘ the St4 15 def1c1ent and the ST 1s not There 1s flrm ev1dence for the

9"

’concentratlon of c1rcu1ar values 1n the prothorac1emlegf1nto the upper_

‘medial quarter of the dlSC but no- such ev1denc3 g%s'heen publlshed for e

E - “\I B
1the mesOthoracic 1eg~d1$c. However, 1n a recent commun1cat1on, Schub1ger

T .

=

R ot T ] T g e
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e ~N
(unpubllshed) suggests that the c1rcu1a1 values in the mesothoraclc leg

1

B N R T te v
Co dlSC are unlﬁor%&y dlstrlbuted around the disc c1rcumfcrenCc, supporrlng‘

{ . o R

this altern t&ve erplanatlon ' R ' :, * o
/

A thlrd alFernat1ve explanatloh 15 that ' the effects of remov1ng cells

|

by a. c1e47 cut and by a patch of cell death are not the same It 15 g

- ¥
t

p0551b1eythat a patch of dead cells mtght 1nterfere with the wound heallng
protess ne@fssary for 1nterca1at10n In 2 pre11m1nary test of thlS"

p0551b111ty\a serles of discs with >ma11 surglcal def1c1enc1es for the

L ‘ ‘ ¢ ! ! ! o

,‘\ : areas most often def1c1ent were cultured in atvo for 5 days No cases
. : a

&
of dupllcatlon were observed Thls result 1< compatlble w1th etther ;

S thlS or the preVlous explanatlon and only further work w111 allow tne
: ’ i \ . B r % i .
- C - S G AN
meno D two to be dlstlngulshed S R Z . : T R \x
| One f1na1 p0551b111ty 15 that fbllow1ng the lndUCtJOH of cell’ death
“\\—) . ,/.')

AT the 1mag1na1 dlsc@flrst régeﬁerares and then dupllcates Thls wou‘d

1nply that the observed,def1c1encykms not a va11d 1nd.cator of thevsize
. \\?

2

. of the patch of cell death Thls is not’ compatlb]e w;th the polar '

‘coordlnate model A?cordlng to the model regeneraﬁlon and dupllcatlo

i
'

f‘v‘

’are mutually exc1u51ve events / If a major{\r of the cxrculﬂx va]ue - are -

[ L \ . ‘F‘

removed 1nterca1at10@ must. produce onlv a dupllcatlon Nofmechani m -

a ) . -\~

ex1sts fbr regeneratlon 1n such a fragment. Thls p0551b111ty 1s not con- ;

s1dered 11ke1y, due to the observatlons made in the clonal nal sis of"‘

\_' or shortly atter the‘end of the 29 treatment. Thls would e due to tne

=J.T'h:s is not observed,r~The number f OD cloneq 15
STRITA g e K & ; ’

" very low 1n batches 1rrad1ated durlng or ehortly after tne 9§U'treatment{



Of the alternative explanathns presented above, the p0551b111ty

“that the organization of the positional values is dlfferent in ‘the meso-

thorac1c and prothorac1c legs is favored here ThlS explains the obsexw-

“‘"atlon, and the high frequenc1es of def1c1ency of markers 25t6 and St4,

l

sboth/of whlch are in the lower medial quarter of the dlSL ths explana-
tion is also. reasonable in view: of the organlzatlon ‘of the- Loordlnate

‘ ¥

- systems proposed by French et al for the amphlblan and the cockroach

lllmbf L Ef' o | o .‘;l
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The Determlnatlve Events in the/ Development of Dupllcates
‘4

R In the 1nt1oduct10n 1t wasmproposed that in Drosophtla,cells become

sequentlally determlned to form speclflc adult structures. At each step

|
i 4

in thlS process cells are proposed to decide between alternatlve develop~

P

mental pathways on the basis of their p051t10na1 1nformat10n. In order

_1* to erplaln the processes of%%egeneratlon and dupllcatton it was also

~ *

VAR RISV &Y

M Ty & 3

jf?‘ proposed that these processes are reiterations of normal development
\ ’ L2 . \
T der ken by cells wh1ch have "forgotten" certaln of the sequentlal

decisions made by the1r ancestors. The second maln purpose of the pre-

j ‘sent work was to test thlS hypothe51s by 1nvest1gat1ng the 1ntermed1ate

/ i

stages of development of dupllcatlons us1ng the . technlque of clonal <
analy51s. Two aspects of development were chosen for study Flrst
the number of cells present in duplicates at several stages was estlmated

and second the locations. of clones 1nduced in dupllcates at dlfferent

!

imes after the 29 treatment were examlned for ev1dence of the ex1stence

of an anterlor/posterlor compartment boundary “The Mznute technlque T

// L

‘was used in thls second ana1y51s

oy

i N

\\vThe questlon of the number of cells in the dupllcate has‘been pre--~
. v1ouslv 1nvest1gated 1n cultured dlSC fragments using a radloactlve cell
marker (Wlldermuth 1908 a b) and clonal ana1y51s (Ulrlch 1971 |
Postlethwalt et al 1871, Nothlnaer 1976) However, the rlmitatlons of
the transplantat1on technlque for the generatlon of large numbers of

v d
,casef and the- restrlctlon of these 1nvest1gat1ons to marklng cells at,

!

only one t1me p01nt prevented any detalled conclu51ons.‘ The large num—”

: (j. bers of cases and multlple 1rradlat10n tlmes in the present study allow o\

A
2 moxe deta11ed comparlson of nornal and dupllcate growth

PR
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The numher of cells present ‘In the gsgllcate was’ est1mated in two h"

©

; ways. The flrst of these uses half of the 1nverse of the mean . relatlve_hﬁﬁ-:"V'




AN . . .\x

clone size as an estlmatc of the number of cells present at the time of
\

- -

“irradiation (Becker 1957; Bryant and Schnelférman 1969 Garcia- Bellldo

and Merriam 1971; Wleschaus and Gehrlng 197ba) Thls method assumes

o

. that the ratlo of marked to unmarked cells at t!e time of segregatlon
of the clone is malntalned throughout development The inverse of this

ratio is- thus an. estlmate of the number of cells. present at the time of
i

segregation»of the first marked cell, and half of this estimates the

w

number at the time of 1rradlat10n
U51ng thlS method estlmates of the number of cells in the normal

leg in the embryo have been made (Bryant and Schnelderman 1969; Wleschaus

»

and Gehringv1976). These estlmates range from 7- 10 cells, based on

: g-‘ clones. marklng leg brlstles " In the current experlment, the earliest

xrradiatlon time was 24 hours after the mldp01nt of the egg 1ay1ng perlod

and the estimate of the number of cells”‘n the control legs at this tlme

was dbOUL 15. ThlS is hlgher than the estlmates of cell number in the =

o

embryo, which is leely due to the fact that most of the subjectf'were

beyond the embryo stage at the time of 1rrad1at10n ' Applylng thlS method

S

/

the end of the 29° treatment i.e., Just prlor to- the tlme at whlch the

£

e ‘dupllcates begln to grow gives an estimate of 6.7 cells Thls number
1s Very close - to the number nstlmated for normal legs in the embryo

A second method has- been used to determlne the number of cells

>

whlch become commltted to form: an 1maghna1 disc: In thlS method mosaics

are generated before the dlSC is 1n1t1ated (usually gynandromorphs are

=
I - ]

used] and the smallest mosalc patch observed 15 assumed to 1nd1cate the

case An whlch only one. of the 1n1t1at1ng cells was of a dlfferent geno-‘”

x

type (see‘W1eschaus -and Ge hrlng l9/6b and Madhavan and Schnelderman 1977

,:for revlew) The ratlo of uhmarked to’ marked tlssue in the smallest

158

Y

to dupllcafe clones 1n1t1ated by. thé 1rrad1at10n given 24 hours after _\'

N,



the leg this. rate, expressed as the number of hours requlred for a

clone is assumed to represent. the number of cells present at initiation.
- ‘ ) | .
Being based on only one clone’ in each treatment batch this éstlmate

cannot be con51dcred to be very accurate. Variations in . the local
growth rate w1th1n the imaginal disc will tend to reduce thc smallest
clone size and hence gave an overestimate of the cell number.

In previous studies in which gynandromorphs were used the number of

cells which initiate the leg disc was found to be about 20 (Madhavan and

Schnelderman 1977 for review of these studles) To make a comparable ~

o

estlmate of the nmber of cells initiating the duplicate in ‘the present

/study the smallest clone from each irradiation, batch was examlned The

e;tlmates were remarkably constant in all batches 1rrad1ated before the
\

-end.of the 29° treatment, averaging 21 cells. Thus this second-estimate

of the number of cells in the duplicate at initiation is very tlose to

estimates of the number of cells initiating the normal leg. These two

»

comparisons lend support to the hypotheSis that the duplicate leg

- develops by a relteratlon of normal de»elopmental processes.

P

The rate of growth in 1mag1nal ‘discs h7s been estlmated from the

rates. of change of the frequency and size of clonés: lﬂﬁuced throughout‘

e

development (Becker 1957 Bryant and Schnelderman 1569 ; Garc1a Bellldo

o

and Merriam 1971) In. these studies the 1ogar1thms of clone frequency

1ncreaaed and those of the clone size decreased llnearly with tlme of

“development, 1nd1cat1ng that the 1mag1na1 dlSCS were an exponentlally

growing pOpulationfof cells. The slopes of the 11nes fltted to these )

logarithms were used to estimate the rate of growth of the dlSCs. In

doubling of the clone frequenC) or halving of the clone size, (was about<@§$

15 hours at 25 (Bryant and Schnelderman 1969). The same calculatlons

: ; 2 s : 450 . ‘ ' o Eos
on the control iegs grown at 22 in the present study gave estrmateexofb5

\ . ' | @u
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19.6 and 20.0 hours (fron tha frequency and size curves respectively), a

reasonable agreement with the previoud estimato. . L
s I

¢ ' . ‘
In the 299 treated control legs and the DbP's the slopes of these
Curves are not copstant.. During and for about 24 hours after thc 29°
treatment thv clone frequency does not chanpo VCry much in the 29° con-

‘trol lcgs _Since cell death Lb known-to occur duxxng this period, this

.

1mplles that thc rate of r851dua1 cell d1v1910n at 29° is approximately

equal to the rate of celil death

\

The rates of growth appeaf to return to normal in the 29° treated

control legs and in'the original portions of DFP's about 24 hours after

i

the return to 22°. The §Iopes*0f\the clone frequency and clone size

e +

curves are not significantly dlfferent from those of the 22° control

i

legs after this p01nt. This 1mp11es that the cells havesrecovered from

A\)

the treatment and have resuned normal growth The slopes of the lines
| B ‘

fitted mpﬁthe‘dupllcate portions df’DFP's during this perioa were not
C . o

significantly different from tifse of the original portions of the

DFP's. This impliésth;;vgnce gréwth has’ begun in_thezduplicatés it

proceeds at about the normai ratel .Thus:the éélculation; of rate of

g:owth also sﬁpport‘the hypothesis that the duplicates are deVeloping

vigAa reiteratioh of normal development.

One addifional event which is known to occur in normal development
is’the‘establishﬁent>of a cémpartment boundary"séﬁafating the célls
form£ng the aﬁterior and po;Eerior structurés. In the mesothoracic leg
firm ‘evidence ex1sts for only a 51hg1e anterlor/posterlor compartment
boundarv {(Steiner- 1976) This boundary appears to arlse at or shortly
after the cellular blas;bderm st#ée{

If compartmnntallvatlon events refl ect determlnatlon events occurring

in group> of c;lls throughout development and, if pattern duplications

»

e R




>

/

Ctruly reitervate normal development, an anterior/posterior-houndary should

appedr in the dupbicate portions of DFP's. If, on the other hand, these

boundaries are simply an indication of passive segregations of cells

then no boundary or a boundary in a different location might be expected
in the dupl;catcs. Such a result would argue against chpartmentslbcing
important in determination as it would indicate that therc are mechanisms
for grbwing a leg without compartmentuiization. Alternuti?cly, the |
appearance of a compartmeﬁt boundary in the same location'aé in normal

legs would provide evidence for both the developmental significance of

compartmentalization and for the hypothesis of duplication as a reitera-

co

" tion of normd) development. o

As a first step in the analysis of the ts726 induced leg duplications
for compdrtment boundaries,'the location of the boundary in 22° control
legs was determined. The results. confirmed the findings of Steiner

(1576) with one notable exception. One row of bristles in the trochanter

~appeared to be marked by clones from both compartments. These bristles

//ﬁereiplaced in" the posterior compartment by Steiner, but a large number

/ of anterior clones marked them.. These clones were too numerous to be’
/ ' .

\

cases of two independent clones. : o

-

Several possible reasons can be considered for the behavior, of

~ these clones. First, Steiner's map might be incorrect, and this row

of bristles might be actually in the anterior compartment. This is not

 tenable as many posterior clones which respect the boundary elsewhere

4 ’ N . . . )
also merk these bristles. Also, anterior clones which mark the boundary

‘elsewhere do not mark this row of bristles uniformly. Some ‘fiark only

.1 bristle, some another, and some several bristles. There is no pattern

/

which suggests a uniform boundary near or among the bristles.

101
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Scecondly, there might actually be no boundary in the trochanter.
This is not tenable as the large anterior clones do not mark more than

these few bristles and as posterior clones do not mark anterior structures.

Were there no rcstrict%ons, these clones ‘should mark large portiJns of
both compartments in t&e trochanter. Also, these autgrior clones do
appcur’to respect ;bc other antcriorlposterior compartment boundary in
the trochanter. This boundary can be precisely located in the patch of
trichomes close to the‘cdge bristle. |
Thirdly, the compartment boundary might vary in location Er?p‘leg
to‘leg in this region of the trochanter such that these bristles are
sometimes anterior and sometimes posterior. This can explaiﬁ the data,
but if it is true, then an important quéstion is‘raised;as to the function
of compartments in development. It suggests that eitger both compart-
Qen;s might have the cépacity to form thesé bri Liés, or that perhaps the
compartﬁcnts are,passive divisions of cells whiéﬂ receive furthe?minstruc—
tions as to what structures to form from some other system of information.
The fourth possibility is that the irvadiation used to induce the
clone is‘inducing enough celi death to 0§césion§lly ailow a marked cell
to regenerate across the compdrtment boundary. The work of Schubiger

(1971) has demonstrated that anterior cells can regenerate posterior

v
»

.

structures, but th#t the reverse'does not occur. This possibility would"
explain thg 1imitéd extentEOf the anterior clones' penetration into the
posterior compartment and the failure of posterior clones td“inQade the
anterior compartment. The reason wgy this invasion should‘only occur in
the trochanter. is, deever, not clear.

0f these péssibilities the fourth,:that the i;radiatiqn_used to
induce the mitotic recombination is inducing enough cell'dea;h to cause 

regeneration across the compartment boundary is favored here.; It is ' known
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chat 1500 r causes anxidgﬁnhibrccll death in the imugihul niﬁq (50?éﬁ%ﬂ“;
according to Haynio uuderynnﬁ 1976) . ° By‘ruﬁdum chance this death migﬁ§hf?
occasionally produce a 5muli "hole" in the diﬂé thut‘rcmovés c;llsinr Lhé, 'Q”ki
compartment boundary. Sinﬁc anterior cells can regenerate posterinrk‘\gf
structures, but not the reverse, this could explain why anterior clones
occasionally mark a small portion of the posterior structures. E

Following the investigation of the compartment boundary in normal
legs, clones induced in dupiicates were examined. Three observations
were made from the results. First, clones induced by a lute irradiation
were restricted by a boundary. ‘Sccondly, this boundary appeared to be
in exactly the same location as the aﬁterior/posterior boundary described
_in the ﬁormal legs. Thirdly, analysis of clones induced at different
times indicated that this boundarywappears in the duplicape between 24
and 48 hours after the end of the 29° treatment.

These obserfations provide s%rong evidence for the.hypothcsis ﬁhat
compartmentalization events are important in the‘development of imaginal
disés‘and for the gorwth of duplicates being a reitgration of normal
developmen{. fﬁe appearance of an apparently normal compartment boundary
in the eérly stages of duplicate development under conditions that are.
likely to be very_differentgfrOm those in the embryo implies that the
establishmenfrof this boundary is an inherent part of the mechanism for’” .
generating 1eg structures.

Thus both aspects ofvdugliéate growth examined by clonal analysis
are very similar to the gfowth of normal legs. ’This-supports the hypo-
thesis_tﬁat cells becomg determined by a series of sequential’steps
‘under the control of ppsitional'ihforﬁa;ion and that duplicétion occurs .

‘by a reiteration of some of these steps. The observations made on dupli-

cative growth also suggéstvthat the decisions are not forgotten at random
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at the n:gahx&ign af u dupllication.  The anterior/posterior compartment
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M

~boundary is edtablished prior to the committment to form a spaqiﬁlﬁ dise,

.

yut the declsion to form a disc is remembored in culture while the com-
) : . . - 4. o
b partmentalization’is not. This suggeﬁﬁ}wthut the seqéntial determinative
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*

‘ats hive differént stabilities,

0nc‘p0ﬁﬁihlo réaﬁun for this difference might be that thu&é decisions
which must be reitgru:ed during redeneration have a low stability, Thi;
is supported 5y the current obscrvation;. The decision to form a part g

cular part of the disc must be reiterated during regeneration and has a

low stability “while the decision to form a particular ibaginal disc must

s
! be remembered and has a high stability. It thus seems reasonable to
conclude that the stability of the detemminative decisions is directed
towards ensuring that regeneration produces a correct copy of the missing
structures. AR .
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- APPENDIX B

1. Organlzatlon of the morphologlcal marker dafa\on\computer cards
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.g-‘f{~”l*!;66‘fftf_;t ';:status of claw organsa ag:t:thh.ﬁsk:'g;':rh“;‘bv

'Vs\68‘3ﬁ'“'fh%ﬂ{jscorlng procedulez

‘w*“ 70 75 effh”_’p'number of legs w1th these 1dent1ca1 data PP;,;¥%f

- s_{ven as'day on wH1ch ec1051on occu%red 99*pharate adult fﬂ-ﬂj&.‘;§¥fh~

cde Or1g1na1 portlon 2= Dupllcate portlon 3 29° treated control fffttw "
© 4=22% comtrol . _/_/,h i _f F

7ﬁind1cates whether the two portlons of the DFP are separate
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*Qleen as. the number of elements present f;i;;g;h‘j' TR
Not scorable .2,?*, f ! I R Petan et e
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3. Recoding program run on raw data

, € INITIAL RECODE. PROGMAN - T R ;

VARIABLE ‘LIST lD EXP HOUR, lCLSN ?S, Pl 70 Pllpsl N BJI
INPUT AEDIUNM oLs

N OF CASES 893 ‘ 2‘* : /
INPUT FORMAT \PIXCD(I‘O 9, l‘ rl.e, lX 3 .,ll l' ...lX,Pl.ﬂ,]X.
P M1,A2,18,A0,A2,A),1X,1A1, )
- A2,1X,A2,A1, 1%, 631,1X,3AL, : o
= T X, 8ALL /Y, y e

. 28X,2A1,A2,1%/A1,A2, A1, 1K, 7AL,
{ S A2,ix,A2,A1, 1%, 6A1,1x;13, 3A1, 3x, 9A ) )
RECODE ,rz) s3y(re=tially (co-av:R'r)/ '
. - P3,83,P5,55,P14,814,P1%3,518(  ~=ntnal) (cowrn)/
P1,81,P2,52,P4,54,P5,85,P6 10 P13,56 10 $13,P16 10 P32,
516 TO 522,824 10 rn 524 10 s:u('---'--l) {CONVERT)

COMPUTE - S PI2e4
CONPUTE L TEL) o It R i
CONPUTE P4 . " .
CONPUTE PISepi=d o
C1F s {PY LT 4)PI2sP? _
ir ©(PY LT 0)R1I=0 o Cl
1r ‘ (P8 LT ¢)P3i=pP8 T
' o (P8 LT npss-o . ) . s
COMPUTE | 5324 :
CORPUTE - T 83InST-4 — e g e
COHPUTE. . . 834e4 AR . SRS R .
COMPUTE |  835a58-4 . . R
1r (S7 LT 4)831s87 . , U
e .. ASTLT 4)833m0 - .
Ir.-. (S8 LT 4)534-58 P
1r . (S LT 4)SIS=Q . e :
SIS e APTEQ el P3YE=l 3 ‘
- (P8 £Q -1)P38Sm~1 . ¢ - . -
I < U {S7 £Q -1)535=-1 DTSR T S o
' LR {38 EQ ~1)535~<1 PRI
P1,81(1%2) (3;TRRU HICHEST<4)/ ;

‘ N $2,52(3%2) (5 THRY HIGHESTaS)/ : )
Soe oo p3,83() THRU .14wl)- (15 THRY 26%2) (27 -raau B cm:s-r-n/
. ?4,54(2,3%)) (4=2). (5 THRU RZCHEST=4)/

»5,58(2 THRU 7%1).(8=2) (3 TERL nxcn:srsn/ - /\

© . % ¥6,$6(12) {2 THRU HIGHESTe4)
‘RECODE “P7,57(2,3,4,5,6%1) (T=2) (8 THRU nxcu:sr-n/
o | P8,58(2,3,4,5%1) (6=2) (7 TARU RICHLST=4)/ -
"'P9,S9,P13,513(2,3,4=1) (5=2) ‘(6 THRU u:cuss-r-n//
Lo ) ni »S)4{2 THAU 7=1) (822) (9 THRY HIGHEST=4}/
- P15.515(2THRG '13#1) (11,12#2) (13 THRU uxcu:sr-u/
’ ‘ P17,517(2=1)(3,422) (5 THRU EIGHEST=4)

LRECOOE | . P23,$23(2 THRU 137=1)° (138 TERU 173=2) 0 ./

- (174 THRU ‘HICHEST=4)/
Tl P22,822(2,3=1) {4,5,6%2) (1 THRU nxcucsr-u/
- Lt ; rn.six PL2,512,P16,516,P20,52¢,P21,521; " .
el o ; L. 924,824,P28,523,P33,530,F)1,531(1=2) (2TRRU Bxcassr-u
.. RECODE - . P18,518,P2%,525, ?2u.526 927.327 P23, 329 P35,838
o (3 TERY axcnasr-u/ g
e $32,832,P34,534(2,3=1) .(4»2) (5 'rnnu PICHEST=4)/ |
»18,510,P19,519, P33, 333(2-1) (3-2) Ji3 mHRU umm:s'x-u
ALL (~1=9)
P1,STERNAL BRISTLE/P2, s"'tn.o:x.t.ul. anxsrz.
- : . 'b: NO. OB\ TEORACIC BRISTLES/ DA
R : P4,GROUP OF 4 SENSILLA TRICHGDEA/

C . P6,MAIRY ISLANG PFI3TLEZ . . . .
-, ... * P6,CROUP OF 7 SENSILLA TRICH\.DEA/ .
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. Y0 P1I,GROUP OF -5 SENSLLLA cur»uronuu/ .
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: : ' P1S,CROUP QF 11 SENSILLA CAMZANIFORMIA/
P16,GROUP OF 1 SENSTILLA -CAMPAN FORM] .
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=0 w0 T P18, GROUPACP 2SENSTILLA € .'«n-uronnu/ N
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4, Recoding program run’ on reccd!ed data

K A} . ‘ o ‘ :
1 . B
. 3 . ' ‘ : ) ‘L | ] Lt , -
e N '." N *, ’
. N T . ;

\ ol ,
R e
S : | T -
o DIMENSION IP(35) 15(35};, IRC(35) IM(S) S
. 5 READ(5,108,END=09) IH,IP,IS BEREE R

100 FORMAT (I16,1X,213;1X,I2, 1x 1,1x,7611) .
.~ po 18 I=1,35 ' -, T o
. ISUM= IP(I)+IS(D) //{.} AT
TpROD=IR(I)*IS(D) - .- . L _

CIRC(I)=@
IF (ISUM .LT. 1) IRC(I)=l
IF (ISUM .EQ. 1) "IRC(I)=2/ -
 IF ((IPROD EQ. @)  .AND.:( sum EQ. 2)) IRC(I) =3
“IF. ((IPROD..EQ. 1) ..OR. (IP on .EQ. 2)) IRC(I)‘
‘\IF (ISUM" .EQ. 4) IRC(I)* :
IF ((ISUM .GT. 4): -AND. (ISUM .LT.. 9)) LRC(I)—

.1¢ CONTINUE
. WRITE(6,118)" IM,IRC -
118 FORMAT(I6,1X,2I3,1X, 12, 1X, 11 1%, 3511)
+ 'goTo S5 |
. 99.8TOP o %..
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.5, Orgéniia{{dn~ofirecoded.DFP lég;datal ] : - e E
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19 1 = DFP leg
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S A YR 7 S
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R
48 T Em
o j: 51 = 11":°Ap,'
L sz o Istr

R T .
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~ APPENDIX B-No. 5 (cent'd),

. 4 *
t
. ’ N :
' s 53 & - 2st7. *
54 . .. 1st6 , “
[ ‘ oo .
Coss . 2st6 o {

A . .
1. Recoded according to sgheme described in Text

2. Added to the data set after it was entered. into the computer.

y
°



186

9

6. Examples of the recoded data

15462

45582
4612
45632

285 G0
285 90
285%¢d
285 9¢

1
5
1
2

Jt

N (ES " R . B
4mmmmmmmmﬁﬁﬁd@mwmmmwwmmuwwwmmmwmmmm

J
1,
1

165556555 $3335535363365623366636563
1656765333%233333333333333333336533
13515166533333566363365333333336666
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7. Nearest neighbor analysis program aln on recoded data

PRIMARY CHARACTER (PRI) MUST BE A DUELICATION
SECONDARY CHARACTER (SEC) MUST BE A FULL DEFICIENCY
1/0 $=READ REQUEST; g=READ DATA BASE; 7=0UTPUT
- INTEGER PRI,SEC,TER,CHAR(893,33),FREO(BB,BB),RON(33),
+~ A SEL(33,12),VAR(33)
DATA FREQ/1089*8/,ROW/33*E/
DATA VAR/'ST v,'sp ', 'THE ', ' .
A 'SC3','ST1 \'| I'US‘CSO' ] ,
A 'TSC2','TSC3', 'PAD v,rap ', TSP ', 'TAB v YMSC1', 'MSC2Y,
A '3sC2','UN ','ENM tL'P ', v, AR ', LsTT V28T,
A '1sT6','2ST6'/ .
_WRITE (7,20€) : Lo
READ(5,188) NS,NDATA,((5&L(1,J),Jn1,12),1=1,N5)
READ(G,llO)((CHAR(I,J),J=1,33),I=1,NDATA)
DO 52 LOOP=1,NDATA .
DO 40 K=1,NS .
PRI=SEL(K,2) :
‘IF (CHAR(LOOP,PRI).LT.S) GO TO 49
NSEC=SEL(K,1)
O 16 I=1,NSEC
SEC=SEL(K,I+2)
IF (CHNR(LOOP,SEC).NE.l) GO TO 18
IF (I.EQ.NSEC) GC TO 25
L=I+1 ) .
pO 2¢ J=L,NSEC - o
TER=SEL (K ,J+2) ‘
IF (CHAR(LOCP,TEF).LT.B) GC TO 490 L
28 CONTINUE . , . y
25 FREQ(PPI,SEC)=FLEO(PRI,SEC)+1
ROW ( PRI) =ROW (PRT) +1
GO TO 49 , A
16 CONTINUE ‘ '
4¢ CONTINUE : .
' 5@ CONTINUE . ‘
po 3¢ I=1,NS
NSEC=SEL(I,1)
PRI=SEL(I,2)
3¢ WRITE(7,210) VAR (PRI) ,ROW(PRI), ] p
1 (FREQ(PR;,SEL(I,J+2)),VAR(sgL(I,J+2)),J=1,NSBC)

, 'S8T t,'HIB *,'8Ts
"SCll.("SCI l'lTsT L]
’ !
14 ]

STOP
188 FORMAT (215/(1212)) _ = ~
118 FORMAT (19%,611;2X,2711) . ,
200 FORMAT ('1','NEAREST-NEIGHBOR ANALYSIS OF DUPLICATEDL',
' 21 ' PRIMARY CHARACTER (PRI) FOR EACH EXCLUSIVELY DEFICIENT',
2 ' SECONDARY CHARKCTER(SEC)'/'-DUPLICATION',SX,'TOTAL',SX,‘
.3 'DEFICIENCTES',/) ‘ ' :
21¢ -FORMAT ('ﬁ',3X,A§,8X,I4,6X,6(I3,A5,SX),/,‘ ',26X, .
A 4(13,A5,5X)) : -
END . o -
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0

The data from thu non-Minutae ¢lonal analysis Wi atared in two parts, on

two types of CJIdW. one guntﬂiniug the clone di(d and the second data

from the legs containiug the alonwﬁ.

A

‘\ 4
8a. Organization of the data bn clone cards

s\
Col umn s \ Data .
1 experiment number
3-4 ) freatment class1
5-7 Lch»idcnfification nusmher 2
8 Log‘typc3
10-12 hour ‘of irradiation’
14 clono‘;ypes -~
ré§17 clone 16;3tion6 . )
18-19 clone rcétrﬁctions7
21-24 number of Qarkéa&antérior trichomes
. 26-29 frumber of mﬁrkcd'pOSCerior trichomes
' 31-33 " number of ¥ f antérior bristles ‘
35-37 number of y f posterior bristles
. .39-41 nimber of‘3n3.anter10r bristles s
AQ 43-45 number of en® posterior birstles .
. . \ ) "
8b. Organization of the data onJleg cards o : N
Columns “Data - B
"1 ~ expériment number
= 3:4 ' treatment class!: - S .
-7 77 leg identification number?
8 leg type3 ;
21-25 number of anterior trichomes in leg
1 27-31 number of posterior trichomes in leg
33-35 number of anterior bristles in leg
i 37-39 nurber of pbsterior bristles in leg
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¥

01-08=292 treated and irvadiated, Olsirradiated at 24 hours
O2sirradiated at 48 hours, ete,
09=292 treated unirradiated, eolleutod hefore the frradlated batches
1042”° constant unirradiated batch.
11-18=22° constant and irradiated, ll=irradiated at 24 hours
12=irradiated at 48 hours, etc,
19=29° Lreated unirradiated, collected after the irradiated batches

[

mimbered from 001 » highest, in each treatment class

1«Original portion of DFP ,
2»Duglicatn portion of.DFP . _]/ﬂ\\
3229° treated control ) , :

4»22° treated control . .

\
given as hours after the midpoint of the egg collection

1=moh anJ, y [ twin
2=y I siggle
Jarwh an“single

[]
¥ L]
.

ll=thorax only eg. l6=thorax through tarsus
22=coxa only ' ’ . - .
33=trochanter only NG ‘ .

44=femur .only )
55=tibia only . » .
66=tarsus only

. column 18 column 19

I=zanterior only 1=0 clone
2=posterior only 2=D clone
3=anterior and posterior  3=0D clone
4= 29° treated control leg clone

2 5=29° control leg clone



Examples of the clone data cards

(ST IR = SN PE R R SR

W32
PR
Yy
174797
14712
TNAED
112562
1ye20
11es?

J4 3 MR
24 1 283D
29 1 %12
201 *ryy
2P o161
AL I I N
2401wl
In1 1AL
BRI S
{

759
Yt

€47

19730

pran

1

190

| LI P g
i
14
LALEE B '
10 e
1
1
L L
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Examples of the fopg data cavds
* %
X v

M 11802 4620 1400 184 116 n
*3 12772 4108 1150 175%1¢0 b
.3 13042 4180 1050 155 56

113372 2050  60@ 125 se@

313532 : 3900 950 199 126

313702 125 150 82 3%

314162 2100 600 146 95

3 14232, 345¢  B0@ 86 S2

314262 680 750 90 56

32 322 . 3488 680 170 115

312 452 3820 1100 260 145

302892 31160 958 ll¢ S5

32 642 2650  BAQ 65 40

1 2 982 L aJ3ee 700 185 56

c3 21112 4180 1650 175 185
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M ~APPENDI/£( b. Markers Abseni: nd Number of'Cases in Unlque S
T ST BT 'Def1c1ency Claé es Found in- DFPs EU N .
R Number of L Markers Def1C1ent R SNy ‘ SRR

S . Cases PR _}. B L : PR

L@ . X "‘./""a‘!"

47 . 7 UST, ZSt6 St4, BH;T' R o
39 “ﬂg';jJ'sT. ZStG,ASt4)‘BH-j;IS¥Q
. 38 . ST, 2St6, S BH,,, 1St6, srs R
S O BL e UST, 28t6,,5t4,HBH,; sts’ o ol
STl 72200~ WL, 2St6, St4,0BH, 1St6; Scil, Sc3 StS S
T R > A .‘fST 2St6, S;4h”§Hx;fISt6 Scll Sc3, StS 25t7.
e hsl200.7. 0 ST, 2St6 ';" SR ST ~
W mi1g el STl st BHT j'975?'
;;Vuf;sjﬂ;-;fiifilirg;v ‘ST, ;St4 R I SR ;,,,‘1‘ T
G L1870 ST, 2St6, -St4, BH, ‘1St6, Scll; St5 . .+ . o
: ST, 2St6;7 St4, . BH" 1St6, St8y St§, ISt6 .‘;f. Rt
‘3;ST, 28t6, 'Std,; BY”, 1St6 | St8, StS Sc3 el
. “UST, 2Sté, 1St6': R _‘,.._< S ”~,:391. e
.= ST, 23t6,-5t4 R T R P
8T, 25t63'St4 BH 1St6 “5t8, StS Sc3 29t7
ST, 2St6, St4, 1scs Scll StS 15t6
ST, 25t6 ;lSt6 28t7 o o -Ef:
ST, BH,.]‘
ST, '28t65JBH e
ST, 25#64St4,sBH , St5 Scs
ST, 2St6, -St4; BH™, .1St6;’ ZSt7
.-ST, 2St6, St4 ISt6 i=: .,H,_x»,: -
gy '2St6; B 15t6 ;ﬂp-1ﬁ;%;;,-a: PRI
'Std, BH, StS L
, ST -28¢6, St4 BH, ISt6 Scll
' %ST ‘25t6, St4. BH . St5, -Scll |
ST, .25t8, St4, BH StS Sc3 $c11
7 sTy 28t§) sts :h : P
ST, 25t6;, St4 1St6‘5Sc11 Sc3 2it7 StS

CTIST, TSe3. - : ’
ST, 2St6, St4';  S }Scll Scs zg/} St8 StS
ST 12St6,. St4, BH_, ISté';Scll Sc3 ,a 7 StS; 15t7 ~_
+'ST, 25t6,-5t4; BH '.1St6, -Scll . 5 S
ST 23t6 St4, wlSté”;Scll StS TSc3 R ,g-
- St4, BH 1St6, St8 :;3_5 N

;~5t4, BH_, 1St6, ‘Sc3" - .-;wg,s PR
. std BT, 1St6; St8, ZSt7 Foro
,: St4,; BH 1St6738t8 ZSt7 °1st7¢pjg' .
,:_”QSt4' 5t5. e R

J*nStS Sc3




= h‘ ) il J ST AB, Tspi o

. ! Nl | ) e o PR [
APPE\JDIX C contlnued ) T ST .
/ | ST, @sJ;. BHf, StS 1st6 .
. 2ste,/ - | | RIS
SRR | _[ "“;ST,JZSt6, Stn B ; ISt6 Scll,\Sc3 257, St8 :
Coor T 1st7, St TSc3 PAB, mSc2 . - e
el /ST, 2St6; ,suu,“BH ;- 1St6, Scll. Sc , 2St7 »
"1/ . ST, 25t6, ,.St4, BH , 1St6, Scll, ZSt7 StS TST
ot Tses, a0 TR ‘

S -1/jj- " ST, 25t6, sta, BH-;letﬁ;ﬂScll‘ Se3
i sy 23t6,'st4,qBH‘;:1St6,~5c11; Sc3, St5, -TST .
1y ST, 25t6, St4, BH, 1St6, Scll, Sc3. St5, TSc3 .

1

N

N R 1 25t6, Std, BH, 1St6, Scll, Sc3. St5.-St8,
- ,/ .. ST, 2St6, 'St4, BH , 1Ste, Scll, Sc3, St5, 3Sc2
L VIW}/L,‘ -+ ST,-25t6, St4, BH , 1St6, Scll, Sc3,.StS5, St8, TST TSc3
S Lowo 0 St 2St6, St4, BH , 1St6, Scll, Sc3, StS, TST, TSc3 AB i
S ST aste St4,[ BT, 1St6, Scll, 'Sc3,'sts, TST, TSc3* L
TR S ;»‘foST,72St6;~§t4,,BH-,flstG,,Scll Sc3, Sts;*TST TScz,“”,‘}\J
SR U ABjmSel oo Vo e T
ST, 25t6, St4, BH, ‘15t6,° Scll “EB s
ST, 25t6A£St4;'BH:’ 1St6, Scll, St5, AB "~ . .
. 8T,.2Ste, ‘St4, BH_, 1St6,:Scll; St5, TST, A
To .. +ST, 25t6, St4, BH, 15t6,- Scll, St5,"Sc1, "
AT 8T, 286 , St4, BH ; 1St6; ch/, Sts,;}
v ST, 2St6, Std, BH-, ISt6, Scll, StS,
f' ST,.2S;6 'St4; BH , '1St6,.Sc11,. St5, NGy
. ST, 2St6 3St4'"BH 15t6, ‘Scll, St5, AB, mSc2, 25t7 ”»~/(]'
. ST, 2St6, St4, BH™, 1St6, Scll, St5, TST TSc3 25%7
.+ ST, 2St6, St4, BH, - 1St6, Scll, St5, TSc2, PAB, AB, o
a;;‘ﬁTsp, mScl, mSc2, 3Sc2 Un, Em, P, Unp, Ap, ZSt7 D
S e ST, 2St6, St4, BH - 1St6, St8, St5. -
I ... ST, 25t6, St4," -1St6, St8, St5, .EB . ..
U ST, 25t6. St4. 'BH ,.lSt6 5t8, 'Sts,“sc‘s Sc3
AR '25t6,7St4,  BH , "1St6; St8, St5, Se3, S¢’8 ./
'f{;nST;‘ZSt6118t4'.BH ,18t6, St8, ST, 25t7, ISt7 Eu
L ST,czsts,fsﬁ4;*BH » 15t6, St8, st5, st1, EB, Sc's-
. ST, 2St6,.St4, BH., 1St6," St8, St5; Stl1,. Sc5, 25t7 PR
B ST, :25t6, St4; BH_, ISt6 St8 ThB*[Sc 8 2§ 7 18t7
. ST, 2St6, St4, BH, Sc3. e ERE R
0.0 ST, 2St6, .St4, BH Scll
“_'QST;gZStQ;‘St4; BH- ,fScl
.+ ST, 25t6, -St4, .BH, -Sc3, Scll ~
& ST, 25t6, St4, BH", St5, Sc3, Scl B I A : Lo
.- 8T, 2S5t6, St4, BH. ;nSts Sc3 Stl EB Sc5 Sc 8 Scll
LoST, 2St6,.§t4ggT5c2 mSel i & S
. 8T, 2St6, St4, St8, 15t6
0 ST, 25t6,:St4,.St5, 15t6". B ) S i TN
ST, 2St6, . St4355c11 1St6. .,?,f£;_~”;;,_(;,g SR
,;'ST, ZSt6 St4 qlSt6 28t7 O_f,ggﬁ o e e

bt b s
O Bl

[y

b e

B
i —

0

'-I

:

LA
-

_.‘_‘;.g-a; H\s—l e R R
[V
!
\0
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- APPENDIX C'continued /-
©. . . ST, 2S5t6,.St4, Sc3, Scll, 1St6. -~ - .
S . +ST, 25t6, St4, 18t6' ZSt7 1St7 R
| ST, 25t6, St4, St5, Sc3,-Scll, 1St6. . . ©
ST, 2St6, St4, St5, Sc3, .Scll, 15t6, 2St7 .
ST, 2St6, St4, st5, Sc3, Scll, TST, TSc3, AB, Tsp, .

e e
wn
-
-

ST, 2St6, St8 . oo L
ST, 2St6, BH_,.Scll" - L
ST, 2St6, BH, Scl = Lo T
ST, 2Sth, BH, St5, 1St6
ST, 2St6, St5, ‘1St6 25t7
ST, 2St6, EB, 15t6, ISt7 . .
: ST, 2Sts6, :St8 1St6, 25t7, 1St7
. /. ST, 2St6, BH", St5, 1St6, 25t7
.. /ST,25t6, BH_ Sell, 1St7, 1St6 S
.. ST, 2St6, 18t6 28t7 18t7 S T e e
i ST, 2S8t6, StS5, Sc3, 1St6, 2St7. . . Sy
"' 8T,,25t6, St5, EB, 1St6, 25t7 ‘ L |
..~ ST, 2St6, ‘StS Scll 1St6, 22St7
S0 8T «25t6;ﬁ 1St6, 2St7, 1St7
ST ST, 25t61‘BH St5, Sc3; Scll, 1Stg/ X
- ST, 2St6, BH ; St5, Sc3,.Scll, Sclj TST 1St6 2St7 A
;EST,,zsté *Sts 5C3- Scll TST, Tscs 1St6,  25t7,15t7
- St4 ' 5E
. ST,”EB ..
CUST,Sel e e il
ST, BScZ e T
CUST,BH L EB o e
»S§:'3t4§-BH;;iSc3* Lo
STy mSel oo e

o

N e Tl o o S S R s ) T8 ' ST P ST SIS e
\ - - . R . DR R . o . = L g
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V APPENDIX‘D.'Thé Frequencies of Spontaneous Clones Diviged intb»SingCIasses

i

'Type of Clone ) '~Per¢é§t.inxeach'5izé Class® h :
(Number) b.l.“_w 2lk"“*’ 3{‘"fuu%4'~; .{i5¥ 6
"122? Eontrqu \” 563.2 ; 26;5‘"Q 5}3*_, _5;3 o O‘““"ILOA

S L S
299 treated e : RS - "”“1 S T : YI, ,' ] v ‘ o
eORtIol 5o 25,0 125 6.3 . 6.3 . 04

J:'Originaig

20y | 3979~>,;5.o-. 1805 00

Y

‘*fDupllcate fA . 46;2'-.23 1 23 1 jv L7470 0 0

VD B PR g "A'h'

needed to produce

1

LN

&NO

=2
-4
6

: 4:
5 e
. -6“

'll . II

that’ size of clone_‘-
- 6-8B S '

8 10

10- ,.‘

ig181ze classes based on number of ce11 d1v151ons follow1ng segregatlon

e R e ety R

SN



