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April 21, 1980
Dear Dave,

Thanks for your note which came a while
ago., I (we) enjoyed having yog here and
certainly agree that the sense of forward
direction on the book is the best ever. In
fact I've kept at it and am now getting most
of the revisions and additibons in shape for
my Section II chapter, You should have it
by May 1 al)right. It's taken me longer
than I'd hoped but I've learned a few things
and feel it's imppoved.

I thought the job hunting season was
about closed but one more has come up and I
must request another letter., I learned on
Friday ef an opeining,which may not be filled
yet, in the Math. Dept. at Smith College.
I talked with the dhairman by phone and he
seems quite interested in someone with applied
math, and interdisciplinary research interests.
They want some one to teach statisties and
introductory math. courses as well.

Since this is a Math. rather than a
Biology department, the second paragraph
in your letter to Barnard should probably
be simply ommitted. The Best seems to me
to be ok, The letter should go to:

_~Pr. James Callshan, Chairman
4f5(f® * Dept. of Mathematics
105 McConnell, Smith College
Northampton, MA 01063

Thanks agein, Dave, for your help on
these things as well as many kindnesses in
the past. I'll keep you posted.

All jhe best,
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Letter for Dr. Lois Abbott to: lﬁ: callahan, Chairman (address aédached)

I write to enthusiastically support Dr. Lois Abbott's application for a
position yt to teach statistics and introductory math courses. She is
eminently well qualified for the pesition, both in mathematical and personal

Guaiistes. SYT® THE SECOND PARAGRAPH
Then continue ¥x with the 3vd paragraph of the copy of the letter attached,
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DJR/ABBOTT
Letters of recommendation dated 18 March 1980:

Dr. Robert J. Gehrig

Acting Chairman, Biology Department
Russell Sage College

Troy, New York 12180

Dr. W. Kundig, Chairperson
Department of Biology

Hood College

Frederick, Maryland 21701

Dr. Marcia Ontell

Department of Anatomy and Cell Biology
University of Pittsburgh

School of Medicine

3550 Terrace St.

Pittsburgh, Pennsylvania 15261
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Mareh Ly, 1980

Dear Dave,

Thanks for your letter. We look forward to seeing you
on the 22nd and will meet you at t he Albany Airport at 6PMI
Frank will get in some time that night also. We can read
each other's stuff that day and perhaps socialize a bit in
the evening. Then Monday morning we should be all set to
go at it hot and heavy. (I've spent the day reading two
books todpy relatéd to my math models chapter and think I
see how to revamp snd rewrite it rather thoroughly.)

Your letter to Barnard was very good and most generous
and I thank you for it . The only change I can suggest is
that the third sentence in the 2nd paragraph be changed to
something like "Following her thesis work in modelling
development of Drosophila imaginal wing discs, she learned
electron microscopy and is applying it to the biological
aspects of Drosophila wing growth and development." This
is a moreaccurate statement of the chronology and can then
be followed by your next stdement.
sofare

I have heard no more so far from Barnard., There is a
possibility which may open up at Sage and I am following
that one but there is nothing you need do just yet. Ichave
decided to apply at two other places although they are a
1ittie far; they would require adjustments which I would
be willing to make if they should prove to be interesting.
I would appreciate’ your sending letters to:

YDr. W. Kundig, Chsgrperson

Dept. of Biology, Hood College ;4¢T
Frederick, Md. 21701 (By Mar. 15, 1980) pm—f;aq af Hesd
‘ 3 )
and

YDr. Marcia Ontell
Dept. of Anatomy and Cell Biology, Univ. of Pittsburgh P0§1$€bhf

School of Mediecine ;
3550 Terrace St., Pittsburgh, PA 15261 of Pkl

The one at Hood is a teaching job in developmental biolpgy
and genetics whi, ch are probably my best biological areas.
Pittsburgh is the ideal post=doc since it combines electron /
microscopp and computer analysis on a problem in muscle development.
(The ad was in Science of Feb. 1, 1980 as was the Hood one.)

See you sSoon,
Lois

Digitized by the Hunt Institute for Botanical Documentation
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Colunbia University, Hew York 10027
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Dear Dr. Dudley:

I write to enthusiastically support Dr. Lois Abhott's application for a _ ¥

Eusitiun an Assistant Profussor in embryology &f Rarnarid. She is
eminently well nualified for the position vou describe, both in
geientific and personal qualities.

Dr. Abbott, who did her Ph.D. work with =me, is a biologist with several
arens of knowledge and intcrest: eellular, developmental, theoretical
and mathesatical. In geneval, her sk1lls are in the holistic framework

%

rather than in the reductionist mode. (Ia—thecourse of her thesis work, (ehonge Thiy
which was modelling of the develnpmental genetics in Drasophila, she used em#i“‘%;

electron mieroscopy with outatanding rasults.) From this work, I an
confident that she can fulfill the reguirements vou have.

:Qllois is an accomplished teacher with conslderahle experienca in

" undergraduate and graduate teaching here at the University of Colorado,
and more ragentlv, at Russel Sage. She has a masterful akility to
comhine concepts of mathamatics and bislogy, and is able ro communicate
her {deas and concepts clearly and with enthusiasm. She works well at
various levels-——in seminars, and in small, or nedium—sized classes. T
d1d not have an opportunity to observe her perforwance before large
lecture sessions.

Lois works well with others in a variaty of settings. While here, she
worked with seversl professors on a professional level, both 4n hiclogy
and in mathematics. When working with the mathematicians, she frequently
acted as the hiological specialist, sand with the blologists, as the
mathematical spacialist. Several papers, either published or in press,
attest to these statements.

Dr. Abbott wae one of the best students I have ever had., GShe has great
width and depth of interest and knowledge in biology as well as in music.
She also participstes in extracurricular activities that contrihbute to
the commnity. Her personality is exceptional: confident, but not

Digitized by the Hunt Institute for Botanical Documentation
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Pr. Patricia L. Dudley
14 Febhrnary 1980

Page 2

agpressive, nleasant but not cloying. She is one of the most vigorous
persona I have known, with the ability to keep many different activities
going simultaneously, without seeming to be hurried or harried.
I am confident that Dr. Abbott would be an ideal faculty member at
Barnerd Onllese. 1 recommend her at the highest level.

Sincerely yours,

Navid J. Rogers
Professor of Alolopy

DIR/pch
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27 Novemher 1979

Br. Kathryn Eechenters
Dapartment of “{ological Sciences -

Mt. Holyoke College e
s South Hadley, Massachusetts 01075 we ) | el
Dear Tr. Sschenharo: vt e :

y for the position in wvour Departrment to teach slectran microscapy and
F X i other sublects of nmutual interast.YDr. Abbott, whe 31d her Ph.h,
5"" ahdTara yuith me, is a Mioloziat with several aceas of Fnowledoe and interaat:

o Dud cellular, devalopmenral, theoratical and marhomatical. Tn genaral,
have her skills are {n the holtetic framewark rather than in the
L ey reductiontst mode. Tn the course of her thesis york, which was

modelling of the developmental senetics In Drosophila; she used
electron microacopy with outstandfng reanlte. From this work, 1 anm
confident that she can fulfill the requirements vou have.

Lota is an accomplished teacher with eonsiderable experfence in
undergraduate and graduate teaching here at the Mniversity of
Colorado, and more recently, at Puesel Sage. She has a masterful
ability to corbine concepts of mathematics ané Sdology, and e ahle
to commnicate her ideas and concepts clearlv and with enthupiasm.
She works well at various levels-—in seminars, and in swall, or
nadjun~aized classes. T did nor have an opportunity to ohsarve her
poarformance hefors larpe lecture sessions.

Lois works well with othera in a variety of setrings. While here,
‘sha worked with several professors on a professional level, hath in
binlogy and in mathematics. When worling with the matheraticiane,
she frequantly acted as the biological specfallat, and with the
biologists, as thea matheaatical speclalist. Several papers, elither
published or in press, attest to these statements.

Pri; Abhott was one of the hest students 1 have ever hads She has
great width and depth of interest and knowledge in hiology as well as
in migic. She alro participates in extracurricular activities that
contribute to the communitv. Her personalitv {8 exceptional:
confident, hut not assressive, pleasant but not cloying. She 1s one

ﬂ Digitized by the Hunt Institute for Botanical Documentation
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‘Barnard College

DEFARTMENT OF BIOLOGICAL SCIENCES COLUMBIA UNIVERSITY, NEW YORK 10027

30 January 1980

Dr. David Rogers
Department of Biology
Hale Hall

Boulder, Colorado 80302

Dear Dr. Rogers,

Dr. Lois Abbott has recently applied for a position
as Assistant Professor in embryology at Barnard College
and has given us your name as a referee.

We would greatly appreciate a letter of reference
concerning her at your earliest convenience, We are
particularly interested in her potential as a teacher-
scholar functioning in a relatively small undergraduate
college.

Thank you very much,

Sincerely,

Padrica L 9‘“"-4-1
Patriecia L. Dudley
Chairman

Professor of Biological Sciences

PLD:ark

Digitized by the Hunt Institute for Botanical Documentation
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Bermington College 5
Bennington, Vt. 05201 3—'\% .
Dear Dr. Flaccus:

I write to support the application of Dr. Lois Abbott, who has
applied for the position you announced in Science. Dr. Abbott, who
did her PhD under my direction, is a biologist with several areas of
knowledge and interest: cellular, developmental, theoretical and
mathematical. In general, her skills are in the organismic Zrxmmwmxky
Txckmecconocincexe and holistic fremework rather than in the reductionist
philosophy. She is accomplished as a teacher, with considerable
experience in undergraduate and graduate teaching here at the University
of Colorado, and as an inovative researcher., She has a masterful
ability/wimombinha,_-, concepts of mathematics and biology, and is
supplied with an abundant capability to communicate her ideas in

different contexts--formally in a classroom, in seminars, and on an
individual basis,

TR X RO XA KRR/ such as tutorials.

Dr. Abbott is one of the best a¥l-around students I ever had. I
know that she has great musical ability, and that she participates in
other valuable extracurricular activities that contribute to the
community. Her personality is exceptional--not overly distant, nor
too friendly, but a proper m level to make people feal at ease with
her. She does not overpower one with her intellect, but she is as
intellectual as anyone I Know.

During her tenure here, she cooperated with severhl professors in
mathematicax and biology, on a level of professionalism seldom matched
in students. She also participated in work at other institutions, such
as the University of California at Irvine, in one of the country's
leading developmental biology laboratories,

It is my personal feeling that Dr. Acvbott would be an ideal

. . faculty member gt Bennipgton, I know that she will a great contribtor
Dlgltw%x%frﬁwi{unt Instltute fOI' Botamca bocumentatlon




UNIVERSITY OF COLORADO
AT
BOULDER. COLORADO 80308

Department of Envirenmental,
Population and Organismic Biolegy sept .9 » 1977

Dr. K. S. Kinerson
Russel Sage College
145 Ferry St.

Troy, N.Y. 12308

Dear Dr. Kinerson:

Dr. Lois Abbott has asked me to write a letter for her, and I am pleased
to do so. Lois did her Ph.D. under my direction (although she really had
3 advisors, all with equal input) and I must say that she was the best
student I have ever had. She feels as I do, that biologists are woefully
short in their understanding of applied math, and that there is a great
need to teach math to biologists at all levels, really from high school
onwards. I feel that I have had some success in working with mathematical
colleagues in the process of developing some very powerful analytic and
synthetic methods because of our cooperation. Dr. Abbott falls into the
same mold. Her skills mathematically were sufficiently great that she
worked as a professional colleague with members of our math department,
rather than as a strict student-teacher relationship.

Dr. Abbott has sufficient knowledge and skills that I asked her to teach

my course in multivariate methods for biologists during my leave of absence.
She did an outstanding job, and the students were very appreciative of her
teaching. She has also assisted in and taught our course in biometrics.

It is thus obvious that Lols is an applied mathematician, and would, therefore,
be admirably suited to teaching statistics.

I must say that her thesis was one of the most inovative that I have ever

had the pleasure to direct (although I really did not have to do any
directing — merely making suggestions). Her biology was really new research,
not as so many present-day Ph.D. theses, an extension of the professor's work;
and the application of mathematics in the process also produced some new
concepts. She worked in one of the most complex areas of biology ——
developmental genetics, and she improved on mathematical models initially
devised by Lindenmayer that have great power for fundamental improvements in
our knowledge of organismic development. The introduction to her thesis will
be required reading for all my students.

I am, therefore, pleased, and honored to recommend Dr. Lois Abbott for work
in your department. She will, I know, be very successful.

Sincerely yours,
David J. Rogers
Professor of Biology

DJR:eo
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Nov. L, 1877

Dear Dave,

It was good to talk with you last night
though too bad about Frank's schedule problems.
However, we should be able to get things in
good shape by then and perhaps be ready to
do final editing and putting together for
submission. I'l1l be sending you my first
chapter next week and perhaps at Xmas we
can figure out some sample chapters.

The enclosed is the copy of the RPI
announcement thegt I mentioned to pou.
I am really more of a d=x geneticist than
a developmental biologist which is what
they think they went. However, I have
had a good course in embryology in the
first year of my graduate work (1871) and
of course my research in insect develop-
ment. What I think we should try to con-
vince them is that my mathematical approaches
to developmental problems are partisularly
relevant in a technical institute such as
RPI, In other woris, I think my background
in this area is sufficient to teach it at
the undergraduate level (with a little work
which I am willing and interested in doing
in this field) and that my research interests
though not standard could be guite appropriate.
Further, I think some statement from you re-
garding my ability to ®mk work independently
would be supportive,

All. the best to you
and Connie,

Hacy

Digitized by the Hunt Institute for Botanical Documentation




iscounl. Prapayment reds
gn advering. Purchase orsers and bilieg in
lormation required '\‘.l ¥ aiher ady
Advertisng clauing i each Wednescay, 3% weels De-
Sore Fricay sswe date reguested. Send copy for all pots-
lions wanles a3y and Siazliy ads under 5 inches 1

SCIENCE, Room 207

1515 Massachusetly Ave.. NW
Waskingtea, D.C. 20005
Telephone: 202-457-4456

Sena copy for .:uaupm i unlaeue Largee, fo.

1 ?m nu snrm i

Tclcm lli 7&6““
Bling Ag replies shauld be addreised o foliows:
igive numbaer|
* EiEncE
1515 Massachusetts Ave_ NW
Washington, D.C. 20005

ment of Grsﬂuale Medical Educa-
tion. Applicants should ha\ru a

0N EXPECts fo
ant le

Ph.D. degree with in
agministration and education. Saint
Barnabas Medical Center is located
in a beautiful suburban community,
45 minutes from New York City, For
further information, submil curricu-
lum vitae to Abdol H. Islami, M.D.

Saint Barnabas

Medical Center
94 Old Short Hills Road
Livingston, N.J. 07038

(201) 533-5500

Sant Samabay Mecical Cenler 3
An Equal Oppertumly Empicyer
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EMORY UNIVERSITY
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THE GRADUATE SCHOOL
of

THE UNIVERSITY OF COLORADO

FINAL EXAMINATION
of

LOIS ANN BERGEN ABBOTT

FOR THE DEGREE

DOCTOR OF PHILOSOPHY

Oral Examination . July 6, 1977

10:30 a.m. Hale - Room #108

Examining Committee:
David J. Rogers, Chairman
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QUTLINE OF STUDIES

Major Field: Biology

BIOGRAPHICAL NOTES
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M.A.T.,Harvard Graduate School of
Education, 1950

M.A., University of Colorado, 1873

THESIS

Complete title of thesis A Biological and Mathematical _
___1nalysia_o£"Wing_Mcrphnganaai&*inhgzgggphilg_

SUMMARY

Including statement of the problem, methods of attack, rosults or and their

Mathematical thinking can be usefully applied
to biological problems, The case chosen to demon-
strate this is wing morphogenesis in Drosophila.
The relation of cellular organization, in two
dimensions, to the development of morphological—
structure is investigated. A reciprocating com-
bination of biological and mathematical methods
is used. The chief biological one is clonal
analysis in which spatial postion of cell lineages
is visualized at various stages in wing develop-
ment. Geometry, probability, and formal language
theory provide the major mathematical tools.

Recent work in Drosophila wing morphogenesis
has indicated the existence of particular restric-
tions in the spatial distribution of groups of
cell lineages. The resulting compartments’are
predictable areas with peometrically straight
boundaries which arise sequentially. They may
be the building blocks in development of wing
structure. The first result in this study is that
compartments are not bounded hy any kind of physi-
cal barrier separating one population from another.
Tnstead cell populations are differentiated and the
boundary between them i8 formed by interaction at
their interface.

Such inberaction must be determined hy the
growth pattern of the cells themseves. Cells in
Drosophila  wing are known to be regular hexagons.
Tathomabical requirements for binary division of
cells in hexagonal arrays were investigated to
model cell growth in Drosophila wing. Testing
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several models led to the conclusion that the
primary growth program utilizes random direction
of division of pairs of cells. The displacement of
cells required predicts some clone splitting. This
was shown to exist early in clone growth. It was
also shown that single-cell clones isclated from
their kin usuglly fail to grow up. Cell death
is implicated, The result is the over-uniform
boundary and clonal integrity which is observed,
It sugpests that compartmenit boundaries are no
more than clone boundaries "writ large".
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November 24, 1976

br. B.C. Clark, Chairperson
Eloise Gerry Fellowship Committee
2051 Highlandview Dr.

Powell, Ohio 43065

Dear Dr. Clark:

I write to support the application of Ms Lois A. Abbott for one of your
fellowships. I am Ms Abbott's committee chairman for the PhD, and she is

one of my outstanding students. She has served as teaching assistant and
instructor in my courses, and has, as well, worked as a teaching assistant in
our general biology course. 1 have known her since 1972, when I was a member
of her Master's Degree committee, and Ur. Linda Dixon, at Denver, was her
chairperson.

None of the usual superlatives applied to one's own students are really
adequate to describe Lois Abbott, because she does not fit into the normal
graduate student mold. She is a mature woman with a grown family of five
very fine children, the wife of the Director of the Colorade Commission on
Higher Educition, an accomplished musician, and an interdisciplinary student
of mathematics and biology of the highest order. I frankly consider her more
a5 a colleague of equal standing than I think of her as a student. About my
only role is to provide her with the necessary administrative channels

to pursue a unique degree, which has a basic concept combining biological and
mathematical theory in a unique way.

Basically both she and I are concerned with biological pattern recognition and
analysis, and the application of models to the complex processes involved.

Her mix of biology and math is a very well-balanced approach, and whereas

she could be considered either as a mathematician or as a biologist of
professional standing, she prefers to say that she applies mathematics to
biological problems. Not only does she have a thorough grasp of the principles
involved, but she has demonstrated that she can put together an imaginative
program of research that is within the realms of practicality. This capacity
is unusual in the regular run of graduate students, and only develops with
experience and maturity. Lois has presented her proposal for her thesis to
the PhD committee, which consists of four biologists and one mathematician at
the University, and an additional biologist from California (Irvine), and we
are all agreed with her work, her concepts, and her approach.
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Or. Clark
November 24, 1976
Page &

Lois is, of course, a very energetic person, She has outstanding drive, both
physically and mentally. She is well organized, and does a fine job of
presenting herself both in writing and orally. She is unpretentious, friendly,
and sure of herself as a human being. She is one of the most refreshing
individual I have the good fortune to know, and I am honored to recommend her.

Sincerely yours,

David J. Rogers
Professor

DJR:js
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TG: Dps, Rogers, Dixon,Crumpscker, Mitten, end Malitez
FRCM: Lois Abbott
RE: PhLD. Gommittee and plans for comprehensives

T have pecently complated ths selection of my commitiee and
poams to tentative agreemant with the members individually on the
Pour Fislds of examination for the comprehensives, I am sending
this memo so that everyone is aware of the overall picture which
is the following:

Dr. Rogers - guantitative methods and models in biology
Dr. Dixon - developmental genetiecs

Dr..Crumpacker - evolutionary theory

Dr. Mitten - biometrics and multivariate methods

Dr, Malitz = outside examinér (mathematics)

I would apprééiate any ¢omments you may have on these fields
befara we consider them final, I am currently planning to take
the comprehensive exams in sarly February, 1976. Since I am
working under» the "old" plan this would necessitate my having
the guestions just befors Xmas vacation, I will then have sever-
al weeks when I don't have teaching responsibilities to work on
tham.

My thesis project is not tetally definad as yet but it will
be, generally, to develop the application of 2 mathematical model
tn the wing development system in Drosophila ., In the spring
when my plans are f@bulatsd, T would appreciate the opportunity
of at least an informal meebing with the committee - in the mans-

ner of the new Ph.D. comps. - to review my proposal.
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Pieface

lforphological share is clearly of fundamentsl interest to
biologists of many diverse disciplines. Messurements of external
form are the basis of much of classical taxonemy. Heritable
variations in the normal morphology of organisms are manifeata-
tions of genetic mutations and thus form the cperaticnal defin=
itions of genetic studies. From the very beginning of biology,
the development of morphological structures over time has been
atudied and described. It is clear that the form of living oP-
ganisms is produced according to the "program" provided by the
DNA of tnat organism. Yet the exact mechanisms and procedures
by which genes mediate the particular orgesnizations of cells
wnich characterize a given crganism are only beginning to be
explored.

The overall proovlem has real applicability to praectical
needs of mankind that is beyond its appesl to scientific curi-
osity about a fundamental life process, Presumaoly, deeper
understandingzs of the genetic action at the secondary level;
i.e,, beyond that defined by biochemical gene products, could
apply to practical problems ranging from clant breeding to hum-
an birth defecta. Evolutionary studies too might be revolution-
ized if we knew more exactly how the allslic heterozygosity
measureable by electrophoresis wss expressed in the external
morphological characteristics that are exposed to natural sel-

ection.
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Ultimate understanding of cevelopment must involve des-
cription of the organization at all levels beginning with the
fundamental biochemistry., However, as Lindenmayer (1975) puts
it, "This goal is not only unattatinable but is actually un=
desireble since such a description would be so complex that
nothing could be done with it. . . Since in higher organisms
the cells appear to ke the only functionally autonomous units
with genetic continuity, we assume them to be units in our dev-
elopmental degeription." I, too, propose to work at this level
where the cell is the "black box" possessing such properties
as the ability to enlarge, differentiate and change shape,

divide, and die,

Digitized by the Hunt Institute for Botanical Documentation




Trhe intdguing possiblities of mathematical constraints on
the form of cell aggregates or tissues was pointed cut in 1917
in the classical work of D'Arcy Thompscn. More recently the
developmert of matnematical work on cellular sutomsta and formal
language theory has been exploited for its application to
the goowih of aggregates of cells in one and two dimensions
by Ulam (1G70; and Lindeamayer (1968, 1975) and others., Lt
appears that the growth of cell populations to form particular
forms must be subject ic rules deducible from the mathematical
logic of the system.

The investigation of the mechanisms for biological regu-
latior and organization at the inter-cellular level could benefit
from a reciproreting combination of mathematical analysis and
biological experimentation. models and simulations of the
growth of greups of cells caa kelp %o define viable hypotheses.
Howevar, the fact that a particulas mechanism is theoretically
possible does not make it biclogically real. Th®a the proposed
growth rules must be continually tested in biological =ystems.
This, to me, is the case for applying both mathematical and

biological methods in the same study of mechanisms for the

development cf morphologicael form.

o = g, o :
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Proposal
My overall intered is in investigating mecnanisms for the

formation of wing sliape in Drosorhils melanogaster. Drosophila

has the obvious advantage of being well known genetically and
having many morphological mutants available and its wing is a
"simple", observable, extzrmal orzan orly 2 cell layers thick,
The Drosopriila system itself is particularly well suited to
develo;meﬁal analyses ol morphogenesis, This is due both teo
its nutural developmental features and to the highly refined
technigues which are availsble for studjing insect development.
(See Background 4) The morphogeretic processes of wing devel-
opment have been described in considerable detail alresdy and
a number ol growth parameters are kn own. A fate map of the
wing disc hss been published and cell lineags relationships
have been investigated. (See Background B,) In addition a num-
ber of single gene mutants are known which change the shape of
the external wing margin of the adult fly. Several of these
cause "scalloping" in that pieces appear to have been cut out
of the wing margin leaving the rest of the margin and the veins
in tact. Cell death has teen shown to be the mechauism of al-
gevera. ot
teration of wing shape inafhese mutants. (See Backgrouna C.)
0f the maay mutants which result in abnormal wing margins,
I propose ioc use one ‘called Lyra (Lv)., It results in the av=-
sence of virtually all of tne normal anterior and posterior
Wwing margin bristles; that is, the triple row of heavy bristles
anteriorly and single rcw of long, thin bristles poateriorly.
The usual rounded edges nf the wing appears to have beern sheared

off excent at the distal end. Genetically Lv ies a dominant

lethal and is maintained in a balanced sytem with Dichaete or
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Stubble , It is knowm to be a chromosomal deficiency at 0.5
on the third chromomome. My reasons for this choice are two.
Its expression is extremsly regular and unlike most other wing
scalloping mutants does not vary in position along the margin
from one individual to another, (Even when I crossed it with
cut which causes a pointed wing tip, its expression continued
in an autonomous fashicn.) The second reason for choosing Ly

is that its development has not been studied except in the esrly
work of Waddington (1940) so that the developmental parameters
themselves will be original research,

Given then , a biological system in which there is genetic
alteration of shape, what possibls mechanisms for the control
of this shape can we "investigate? Several interesting problems
suggest themselves,

Inssct systems of the holometabolus type are known to ve
highly auftonomous in the sense that cells sre determined early
in the developmental process and retain their "Pate” even when
trans planted into foreign environments or mixed with cells
different from themselves. Thus discs implanted into the ab-
domens of larval hosts continue to davelop into tissues charac-
teristic of the oxrginal determinatisn apprepriate to that disc,
It is presumed given thls high degr2e 5. autonomy (Bryent, 1976)
that discs of mutants such as Lyra would produce mutent wing
tissue upon implantation in wild type hosts as well az in Ly
nosts, Fowever no implant experiments using mutaat wing disecs

or mutart hosts have yet been repaited,
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Autonomy of development can be investigatec on a gross
level using implants, If the disc's determination is undisturbed
oy transplantation, this is evidence Lhaf control of disc devel=
opmant occurs on a more local level that that of its overall
positiorn in the larva. Morphogsnetic mosaics provide a more
ref'ined methed of investigating tne interactions ameng cells
ard their immediate reighbors. (See TCackgraund A.) Such mcsaics
aonsist of a clone of cells affected by a morphegenetic mutant
allele in a wild *type background cr vice-versa. Expression of
the mutent may or rmay not scecur depeadirg ~n the size and/or
pesftion of <he cloue, Glsarly wirg scalloping mutants express
differentially in the margin as compared to the interior of the
wirg., Santamaria (1976) found this the the case in QEE and
g;f and further that mutent expression seven in the margias
tended *c be ‘supressed in s£~211 clones. “Tuls sugpests incomplets
autonomy with resrect to individual cells and icﬁicates at lemz*
neighvorhood interaction amons cells., No such ~xpsriments have
been done using Lyra.

As mentioned above the mechanism for several wing mutants
is increased cell death. It is likely thecugh not pef established
that Ly is a cell death mutent. How wide spread the cell death
phencmenon ie as an instrument of morphogenetic "sculpturing"
is an interesting problem, Saunders (1966) has shown thatb it

cperates in the formation of the chick wing axilla., Its ral=

in normal wing development in Dron-rhila is disputed, (See
Baekground C.) (Certai=l; cell death should be considered as

a4 possitle ~snalizing egent in cases of homsostatic regulat® =
toward the normal morchological form,

I
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These are all problems that I would find interesting.
However,the mos=t gencral approacn to a mechanism for the dev-
elopment of wing shepe, and the cne in which I v¥~poze lo con-
centrate my efforts in this current siudy , is the analysis

(see p- 2(8)
of celil growth via the study -7 1Trnea.A Tre two fundamental
processes which inte=zct to give the basic wing shape are growth
vin c211 division and the stretching and Iolding of the disc
which is essentially a single layered shell of cells, The
rroblem sifts down to the arrangement of clones cf contiguous
cells (c21l lineages) in a tube closed at one end.

It is ac this point that it first becomes useful Lo anslyse
the observed biological facts mathematically. The quéstion
is what mathematically minimul nypothesis can ssccunt for these
observaticns in ecloral:studies:

(1) the fail=pe of clones to cross-over certain jines of de-
marnotion after particular times ia development;

(2) tie appearance of these boundaries as "straighter" than
theose of ordinary clones;

(3) the regular appearance cf straight line veins;

(L) the regulation of mosaic wings containing fast growing
cells s» that normally snaped wings ere still produced a&s is
veported (Garcia-Eellide, 1.76).

We (d. Malitz, A. Ehrenfeucht ana I ) have reviewed the
current proposals of workers in the field and acdad ancther
aimpler hypothesis to theva. In surmary the thres major hypoiii-
eses are theme:

(1) simple geomatric crowth occuring over the whole surface
of the developing wing given the possibility of oriented cell

division, (Malitz ard Zhrenfeucht, 1

o . = : :
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(?) similar growth properties with the addition of cell rec=
ognition properties so that subgroup= cf cells associate prefer-
entially with their own kind and antagonistically with cells
from other populations. (Eryant, 1976),

(3) the formation of"fences'or actual physical separaters
Letwesn cell populations which become increasingly restrictive
as development proceeds. (Kauffman, 1976).

Note that any of these models can include modification
by cell death and by local differences in cell size and shape.
Also the cbscrvabions on clones and the latter two hypotheses
are important factors in the current discussions on"compartments”
and their role in insect uevelopment which is the hot issue in
+he field st present. See the Packground D for definitions

of the nreposed compartments and a review of the literature on

them,

Going back to the hypotheses in relation to the observa-
tions, the simplest one can account fcr the rirst-theee obser=
vations. Kauffman's waes devised specifically a3 a wey to deal
with the fourih. The problem now goes back to seeking biolog=
ical evidence before further refinements on any one mathematical

model are made, In summary the specific experiments that I pro-

pose are these: (detalls of these experiments are in the next section.)
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(1) Clonal Analysis of Lyra

In the Lyra mutant t.e normal oristle cells of the wing
margin are missing - presumably due tn cell death which sepura
during the third irster (72 to 120 hours). (See Backerouad L.)
According to the compartment theory (2eckground D) dorso-
ventral developmental restrictions are establisned by 30 houars.
I these restricticns btake ilie form of an actual, physical bar-
rier between cell populafi-ra wnich ls then destroyed ty cell
death during the third instar, one would expect the folloving
clonal marifesssticns, Clcnes in Ly would develop as in noa-
mitants until shortly after 72 hours; that is, there would be
ne clones which would continue on both dorsal and ventral wing
surfacss. During the third inatsr period cells die off aldng
ths nsrgins. Subseguent zvouth of marked cells in clones alorz
the border shoulc sesult in scme clones which continue on both sides
if their zrowth had been restricted by the marginsl cells, I ©
dones do not cross the de facto wing boundary remaining after
cell desth, there are two possitilities - either there never
was a pnysical barrier or it has been rapidly re-estaplished.
{See Background E on the Kauffizan hypothasis for detsils on these

possiblities,)
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(2) Study of non-Minute clones in Lira wingsa
The question we are focusing on in this study is that of

the control of shape despite the overgrowth of non=Minute clones.
Does this regulation require the physical presence of the margin?
Since the margzin of the wing is identical with a portion of the
dorso-veniral boundary in the proposed compartment hypothesis,
this question is directly relevant to testing that theory. Also
particnlar attention will te paid to observations on the effect
of overgrowing clones on vein develcpment, So far ncthing has

been reported in the literature on this.

(3) Sell gdeatnh in Lyra
Histological means will te used to determine whether Lyrs,

too, is a cell death mutant. Modification of wing shape-after

it basic formation by cell deafhjis a mechanism that is compat=
ible with all of tnese models. However, if there is no cell
gdeash involved, then other models would have to be devised to

account more specifically for the Lyra wing shape.

The last step would be redefine and refine the appropriate
mathematical model based on the results of these experiments.
17 evidence for physical boundaries is found, then some mech-
anism fer their formation must be suggested. If it is not,
then refinements of the simpler cell growth models would zeem
in ordsr. Obviously either case will leal to new guestions

that will define further biplgical experiments. It is clear,

then, that my current proposal is only one step in a series
of problems that I find of special interest because they require

botl mathematical and bidlogical methods.

Sl
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Proposed Lxperiments in Detail

(1) Clonal Analysis of Lyra

Objectives: The major objective 1is to look for evidence of
physical compartment boundaries as explained above. In addition
it would be useful to make a preliminary comparison of the

shapes of clones in Ly wing with those previously reported
(Bryant, 1970) for normal wings. (The Ly mitant could act

by changing the proportion of oriented cell divisiona so that

the clones as well as the wings become nerrcwer.) Alsc cobser-
vations on the relation between clones and veins will be recorded

since they have not yet boen reported In the literature.

Procedure

Crosses: Basically one must prepsrs a hetarozygote for the
markers in such a way that cross-over in a single cell produces
a line of marked (i.e., homozygzous ) cells. In our case one
of the third chromosomes must also carry Ly.

The simplest way to construct a suitable hyhrid ia to
cross multiple wing hair (mwhj 3- 0.0) or mwh and ebony (a;
3- 70.7) with Ly (3-40.5) Half of the offspring will have the

third chronosome shounﬁn Fig. 7a and will be of Lyra phenotype.

< ky s faCerstromece
i dy
Py T 572 T e
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i
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Crosgsover = j a

Com (3) ~ POh e
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A second cross can be used which produces nwii dones which
are also yello&%b:'kgling use of the deficiency=-duplication
mutant, ggﬂi. The tip of the third chromosome carries a trans-
loca.ion Trom the X containing y+' The other third chromosome
carries mwh and Ly combined by meiotic cross-over. One X carrles

yellow and t..e other a deficiency for the jellow lcc;g (Df{l)sca,u:;. o
-5 '3 ) had>
The matings ars: mu!ﬂ) ’3 2 & _D'f{!'a’ S ) W{J)K' w g

Jli steek.)

aC

Mitotiec ecrossover in the left arm of the third chromoscme

(These males are the standard

eliminates _,l+ s mwaslpacmwse ITon one daughter and thus patchas
are mariked with yellow as well as muitiple wing hairs. It is

use I
also possivle to Ffirst chromosome crossover with markers such |

A

as yellow and f{orked. Currantly I am trying out these crosses, i
J

Ebony has not been used to date in this work; the sc b method

was usad by Bryant .

Irradiation: The second step is to produce somatic crcssovers.

This is done by irradiating the heterozygzous larvae from crosses
above with X-rajys., Both medical X-ray machin _gs anc gamma ray
sources riave been used, The dosages reguired range from 1000
to 1700 ». The dosage rate does nct appear to be critical -
100 to 1000 r per minute have been reported. Tne source I am
currently trying is & gamma ray source inthe CU Chemistry Dept.
which produces 100 r / second.

Crosa-over in the_mwh, e system produces clones as shown

in Pig. 1lb., Nots that crosses at site(b in thal figure will

produce vatches marked with both g and mwh but these celils no
longer ars Lyra., (In this cese true za geneti- mosaics for Ly |

are assured,)



Scoring: The third step in ihe procedure is to dissect out the
thoraces witi attached wings, mount betuween cover slips in Euparal
and examin g for clones.

Recording: Fourth, the clone shape in general and location of
elones with respect to veins must be recorded in addition to
looking for the presence of clones continuing over the wing
mirgins,' I will probably record shape by bacing on standard

wing diagrams though I have given a little thought te digitizing

them for compubter analysis if there seems to be any need for it.
13

Experimental Desizn

In this experiment we aéul& irradiate 72 hour larvae in
order tc produce recsonably large clones with the fairly high
freguensy —° about 30%, We have a particular interest in clones
bordering tne anterior and posterior m#rgias, though records
will be make of all clones, marginal and interior. It is liard
tc say how many wings with dones will have to be examinéd to
get a sample of 20 to 25 marginal clones to check for clone
crossings. Perhape 150 to 200 wings with clones will supply

them which means mounting and examining three times that many.
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(2) 3tudy of non-Minute clones in Lyra wings

Ob jectives: AnGarcia-tellido's work on non=Minute clones Erow-
ing in Minute wings, tha wing shape is reperted rot to te alter=-
ed despite the fact that the non-Minute ¢lones account for 30

to 90 % of the dorsal or ventral surface due to thelr compara-
tively rapid growth rate. The interpretation of this in comp=-
artment theory, especially as presented by Lawrence and Crick ,
is that the compartment boundaries act somehow so as to physi=-
cally contain the clones and delimit their growth.

The objeziives of this experiment are two: to determine
whether overgrowth of clones in Lyra result in the usual wing
shave despife lack of the margins and to repeat the Garcia-
Bsllido observations on wild typss since thgy will be used as
controls, in addition it is planned to make specific observa-
tions on vein development in these mosaics.

BExpectsd results of the experiment are naré to wiite abew'
specifically in the absence of any preliminary work as yet.

If Lyra wing shape should be changed much more radically tham
&= the wild type by overgrowing clones in the absence of ' the
bounding margins, it suggest ccnflinement as by a fence = mlbeit
an elastic or grawing fence., If both Ly and wild types shape
are little altered by non-Minute clone, cocn*rol of shppe nudt
be vested in the growth patterns of the cell population{s).

as a wpole with or without separation into compartments. (See

Background E.) I
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Procedure:

Crosses: Combine a Ly/ mwh e third chromosome with a first
chiromosome of genotype I 235& / B (1) o%P, The latter is a
first chromosome Minute which has the cell autonomous effect

of reducing the growth rate. Flies atfain normal size but their
overall developmental time is inereased by 36 to LO hours.

Forked ( f; 1- 56.7) causes short, bent bristles and trichomes
(nairs). The recombinraticns in the first chromosome mar.:ed by
yellow forked phenotype are non-Minute clones in a Minute back-
ground which is also Lyra. Clones of muh etc. can occur also
due to third chromoaome crossover; thej serve as internal controls
since they remain Minute clones in the overall Minute phenotype.
Similar procedures are used for the experimental contirol ctser-
vations on non-Mipute dones in Minute background cmitting th e
Ly on the third chreomosome.

Irradiation, scoring and recording technigues would be fthe same

as in the clonal analysis of Lyre alone.

Experimental Design:

Pridiminary observations will first have to be made on the
overall Jevelopmental rate of flies carrying both Minute and
Lyra with two particular quextiors in mind. (1) Is tiie regular
Lyra phenntype expression affected by changes in growth rate
due to Minute? (2) Ix the usual develcpmental rate of Minute
chaiged? L

Allowing fcr medifleation according to theze resilts as
seceasary, the exverirental plen is ihe following. Minute for

Unknowr, reasons inereaeses the rate of mitotle crossover
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Since it also redically increases clone sizg, as few as 200 wings
may be sufficient to produce a sample of 25 to 30 clones imping-
ing on border areas of the wings. The fact that Minute adds 36
to L0 hours to the overall time to pupation necessitates later
irradiation times. I plen to use 96 hour larvae for this reason
since Garcia-Bellido's data shows that by this age a high pro-
portion of the clones produced affect only one wing surface in

the normal fly.

(3) Cell Death Cbservaticns
Cbjectives: The purpose is to establish whether or not Ly does
in fact belongz to the group of scalloping mutants caused by

increased cell death.

Procedures: (1) Stain Ly whole discs with acridine orange

and examine under the fluorescence microscope (available at UCD)
(Spreij, 1971) Degererating cells show up as a bright orange
yellow.

(2) Section discs and stain with Feulgen to discern pycnotic
(necrotic) cells. (Suggested by Bryant, 1976, and also described
in Spr=ij, 1970). Or discs can be fixed, embedded, sectioned g
and stained with methylene blue as described in Fristrom,D.,1968.

Also see Wehman, GQbQL for further hignlogical methods. :

(3) Comparison of wing size with that of the normal wing (J}nrnmurgpf
and caleulation of cowparative cell numbers using wing sizas ;?9
parameters and trichc-e density as messured according to the

method of Dobzhanszky, Q%??}\
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Background A:
Asscucieak 4 Usvelopmental Analyses in Drosophila

The Drosophila system is a particularly useful one rfor
studying the development of morphogenetic form. Developmentally
the individual represents:hosaic of relatively autonomous cells.
Flies are holometabclus insects in which'nests" of cella called
imaginal discs are set aside in the embryo. Though the discs
ErowW duri;g the larval stage they do not participate in its
functioning. When pupation occurs the cells of the larva are
histolysed and the entire external body of the acult fly dev-
elops from the disecs. The discs have acquired & high degree
of determinsation at an early stage and a particular disc nor-
mally makes only cne external orgaqbuch as a leg or a wing or
an eye. There is relatively little epigenetic regulation and
very little morphogenetic movement.

Besides these natural features several techniques for
studying development in flies are available. Though the
major ones were first suggested in the thirties, they have
been highly devaloped in the past ten years and are the
chief experimental procedures for the work of the laborstories
of Garcia-Hellido in madrid, Spain and Schneiderman and Bryant
in lrvine, talifernia.

The first method is ir vivo culture of discs by impia?t-
ing them by micro-injection into either the abdomens of adult
flies for growth or into larvaé for metamorphosis in the dif-
ferentiated tissues characteristic of that disec. The tissue
when removed from the host adult does not display the exsct

size and shape of the adult organ but many cuticular landmarks
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are recognizable and much of their spatial ordering is maintained,
Fieces of discs may be continuelly reimplanted in mdult hosts
for several years befores being assayed by transfer to larvae
and allowed to differentiate. For the most part they will
maintain their origiral determination to form a particular
organ. However, certain transdeterminations occur with measur-
able probabilities resulting,for example, in wing tissue from
leg disc (Kauffmarn, 1973). Interestingly enocugh the effect

is paralleled by that of cthe v:80-~called homentic mut-
ants. The injection technigue was first described by Ephrussi
and peadle (1936) and lster used extensively by Hadorn (1963)
and UPsprung (1967) to study determination and cell autoromy.
1t is techknically challenging but not impossible and is one

of the techniques 1 was able to learn during my recent visit
to Peter bryant's laboratory in lrvine,

The second technigue came from thz "twin-spot" method
used by Stern (1935) and Hacker (1957). Lt was discovered
that mitotic (or somatic) crossover could be prodveced in
rlieg?x-ray irradiation. Heterozygotes of marker mutents
wheo irradiated will thus form marled clones from any cell
in which a mitotic racombination has occurred, Such events
are relatively rare averagirg 1 per 600 cells irradiated,
Naturally due to increase in the number of target cells over
time, early irradiation results in:few, large clones while
later treatment produces more frequent but smaller ones,
Analyses of these clones has been used extensively beginning

with uehring (1967) to study cell lineage relationships.

=k . .
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The third technique also makes use of mitotic cross-over
induced by X-rays to produce genetic mosaics. Uhromosomes can
be arranged so as to produce marked clones of morphogenetic
mutant cells in wild type backgrounds or vice versa, One ex-
ample is the study of non-minute clones in Minute individuala
(darcia-Hellido et. al., 1976).which has led to the current
*hot issue"in insect development regarding the possibly funda-
mental role of the so-called compartments as independently
bounded units of development. (See Appendix HE).

Morphogenetic mosaics are particularly useful for studies
of cell autonomy. Santamaria (1976) used them to determine
autonomy of expression of the scalloping mutants, g&s_and 255
in relation to the position of the clones in the wing. Besides
observing that increased cell death occurs in marginal rather
than internal clones, he found that cell death in the scallop-
ing mutant 536 clones in wild type backgrounds tended to be
spppressed especially in small clones suggesting incomplete
autonomy and neighborhood interaction among cells. He also
found a peculair non-autonomy between appnsingForsal and ventral
cells in the margins only. His observation was that there
were no cases of gaps caused by mutant clones in the naréin
area involving one wing surface alone. This was true despite
the fac—t that clones themselves are restricted to one surface.

Cperationally the difference between clonal analysis aud
morphogenetic mosaicisi has to do with the relation between the
marker genes, the morphogenetic gene and ithe location of tie
eross-over event. Clonal analysis reguires only a marker
gene and a cross-cver between it and the centroiere. (See Fig.

Sa%a)
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Morphogenetic mosale experiments aim to examine mutant but marked
clones in a wild backzround or vice vem.a. Thus the marku?)muut
be on the same chromosome and very cise to or surrounding the
morphogenetic mutant. The cross-over must occur between that
marker nearest the centromere and the centromere. (See Fig. 3b)
In contraat to meiotic recornbination)mitatic cross-ove: nas

been shown to occur with uniform frequency along the chromo-
some including in the region of the ceniromere {Backer,w&??,h).
Kauffman (1976) is using this technique to time gene expression

since it can et‘!‘act.i':elyﬂ knock out a gene in a clone from the

time of irradiation.

e —_n/im clone
Py,
" ‘
mk : A /4 clone
0" (not visible unlecs hetero-
m+ zZygote nhenatgs\e differs
from wild-type
Fig. 3a
m Mu m
. : 2 m Mu m 3
L i clone
W X A Mo i - 4 i T 2
me 1T gt ml e Tl
M i i Pl |
4 4 ) oI wild type clone
['11'* "h.‘-' -rlp-t-

Nore:; If homozygous Mu is lethal only wild cones will be observed

in the heterozygous vackground. If it is not then twin spots

will result. Note also that if a cross-over occurs at b then
a simple m, marked clone will result and the morphogenetic mutans
status will not be changed in the clone.,

i T
LiTs
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A fourch technigue that has been used for mapping the embry=-
onic organization of the wing dise (Ripell, 1972) utilizes
gynandromorphs (i.e.,male-femalé mosaics) produced by the loss
(with probability of 25%) of the unstable Catchside ring X
chromosome which usually occurs in the firat zygotic cdivision.
Loss of the ring results in male tissue in one daughter cell
while the other retains the ring chromosome material. Thus the
result is a 50-50 male-female mosaic. However, the axis of
division in the first divisions are oriented at random. There-
fore the frequency with which two adult cuticular landmarks are
of the opposite sex is a measure of ‘the separation of their pre-
sunptive cells in the emoryo. The "distances" between all the
possible pairwise combinations or cuticular landmarks are then
mapped. The general results are that the relative positions
of presumptive cells correspond with their adult positions;
for instance, all the corresponding dorsal and ventral ele-
ments map close to each other, This fact is cited as evidence
for the necessity of separation between dorsal and veniral cull

Qareia_Bellido et-al, 1473)
apcpulations‘hhsugh I doubt that the more parsimonisus explana=
tion of topolegical constraints has been rigorously applied.

All of these factors thus coutribute to making Droscphila
extraordinarily well suited to studying pattern rformation &nd
morphogenesis - a fact which was pointed out long age by Curt

Stern (1940)1!
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Background B: Physical Development of Drosophila Wing

1. General Description

The wing of Drosophila develops from the dorsal mesothor-
acic disc which also forms the dorsal portion of the thorax
called the notum and the pleural structures which form the side
of the thorax. The discs are, essentially, rounded sheets of
epithelium , one cell layer thick and exhibiting fold patterns
peculigr to each disc type. Disc tissue is closely associated

with the larval nervous system and its tracheae. Wing disc dev-
sma a rELTCH 2aBI0.

elorg by folding and everaian'A ~'pouch Very early in the pupal
stage..The pouch enlarges during two successicns of cell growth
and division followed by stretching and inflation inte a ballcon
like structure that is subsequently flattened into a blade (Wad-
dington, 19LC). The wing blade Ppreserves as its tonder the

fold line that divides the dorsal and ventral cell groups. Thus
the adult wing is a structure two cell layers thick, Its anter=-
ior, distal, and posterior margins are diatinguiuhabla by triple
rows, double rows, and a single posterior row respectively of
apecialized bristles or macrochaetse (Bryant, 1975). The wing
aurface ia coversd wiih a regular pattern of hairs or trichomes
each of which represents a single'cell (Dobzhansky, 1929), A
characteristic adult pattern of wing veins occurs upcn deflacion

of the wing in the late pupa which results in appositicn of the

dorsal and ventral surfaces of the wing. The veins, which carry

nerves and trachae, are thus hollow tubes representing aress of

ron-contact. Thus vein and border formation have not been shown
to be functionally related although it is pos=ible that the lold
lines and veins are demarnantzd 1

oy the same mechanisi.
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2, Review of the known pararmeters of wing developuent

Several detailed studies on growth parasmeters ol the wing
have been made recently. Cell lineage studies, using the mit-
otie croca-over technigue mentioned alove have been made by
Bryent(1370 | and Garcia-Bellﬁ%%iﬂigga%ﬁ. Both cenclude that
clonally related ecells form longitudinal stripes in the wing
and thus orientecd cell division is indicated. “Calculations
based cn average clone size in relation to the overall size
of an organ estimate cell numbers at various ages. Using this
method after irradiating early embryos, Bryant (1370) estinmates
that the early .ing bud has 11 cells siuce the sverage clone
produced constitutes 1/11th of the adult mesothoracic surface.
A similar estimace of 12 initial plastoderm nuclei comes from
using landmarks on gynandromorniis (Jarcis-bellido and Merriam,
1969). They suggest that two cell divisious take place =o that
by the first larval instar the disc contains nearly 50 eells.
Bryni%igglds 70 at U8 hours, the time of the first moult. Ripoll

male, marked tissue

(1972) finds that the minimal spots of 4 occupy 1/L7 of the
adult surface and suggests L7 as the number of presumptive
cells in the disc. He divides this into 20 wing cells rnd
17 far the notum., Bryant (1370) indicates that by 72 hours,
when wing forming tissue is first physically separating, by
a eross-ridge from the notum, there ares 300+ cells wnich form
identifiasble clones. By 120 hours when the pouch is growing
rapidly, there are about 9600

The number of gells in the adult mesothorsx and wing have
bepn measured directly (Garcia-2ellidn and Merriam, 19740

Overall there are 52,000 of which 30,000 are in the wing.

Digitized by the Hunt Institute for Botanical Documentation




Such estimates can then be used to calculate such growth para-
meters as c=ll-cycle time and the number of mitotic divisions.
It is usually assumed that growth is not continuous in the

usual exponential sense., Instead mitosis appears to take

place in waves producing synchronous division so that the

grawth model which arplies is 2" times the initial cell rumber
where n is the number of mitotic divisions. Ripoll(1972) finds
what with 16-30 presumptive wing cells 10.5 divisions are needed
to preduce the adult wing: he calculates § for the notum. Cell
cyele time estimates vary from 8.5 (Garcia-Bellido) te 9.6 hours
(Bryant).

% detailed fate map of the wing disc has been published
by Bryent (1975) . He used the implantation method described
above. He dissected the discs into varicus segments,inplanted
the pieces irto larvae directly and assayed the culicular strue-
tures produced after metamorphosis. (See attached copy.)

In the same paper he presented detaileda results on regen-
eration and duplication of the wing dise. This time the disc
fragments were grown in adult hosts previcus to being metamor-
phosed by implentation into mature larvae. The results were
that ~isc Cragments when permitted healing and growtn either

the missing part
regenerate,or duplicate themselves in mirror image fasnion.
Which event occurs depends on the position of the cut in relation
to a central "high point" of the dise. If the cut edg- faces
away from the center, it regenerates; otherwise duplicates occur.

Fi+her cas~ requires i-*ercalevy growth *o raplace missing

o
tissue andbre-form the continuity of positional information.

The most recent model (French, ESryant, and Bryant, 1976)

"shortest intercal-

pracdicts duplication or regeneration on =
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aticr rule" - that is, if **e rejuired posi‘ions on a gradisn:

s2e considered as ‘Ze numbera on a cl-:k face, removal of a

segment frmm 3 to 6 would yield regeneration cof the remainder

while the segment itself would heal togetner along the 3-5
and then

boraer , replace the i and 5 positions leading to dupiication

of the sspment.
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Baekground C: The Cell Death Hypothesis f-or Mutant Formation
Tha —schanism for formation of mutarnis has been observe’
=ince the very esrly studies of the morphopgenesis o tre wing
structure, Auerbach (1936) describes di-cs of Beadex, vestigial,
and Dumpy mutants, Waddington (12L0) continues the atudy of
Dumpy, several Vein mutanis, and the scallon’rg mutante vestigial,
cut, Beadéx, &n° Tyra mutants during the pupsl stage. Wadding-
tonla tY-ery of margin motant formation is that the initial a2
w2z controlled and different in tha mufant., Goldschmiz: (123c)
=$aaad. had previously supggeated thet developme=t was ncrmal in
mutante ini%i:lly it that subsesuert degeneration st certain
places along the b-»dars sculptures the wing and causes the
characceristic rotches,
This dissgreement formed the basis for the recent work

of Fristrom (1968, 19##). She exanined several mutants with
elactron microscopy and disccvered ﬁniqua bodies which appeared
to represent degererating cells. At more advanceb stages these
bodies look like an autophagic vacuole; i.e., an intracellular
body bounded by a single membrane. Thus degeneration in imsaginal
discs is unique in that dying cells ape coniinuously phagocy-
tized by neighboring cells. Thase bodies show up n mutant

forms concentrated ir areas correspondins S~ *he rhano*vpic
rodification of *he Torms. She found nc eviience, howe yer,

of cell death in normel wings, Spreij (1970, 1971) coutinued

the study of the exact location of degenerating cells using
flucrescence microscopp. FHe found evidence of cell death in
normal a8 well as mutant forms in studies of Calliphora as

well as Drosopkilz,
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Ia Pristrom's studies (1568, 1569) degenerating cells were
found in several scalloping mutants during the late third instar
(196 to 120 hours. They becaic even nore namerous during the
prepupal stage . Spreij found degenerating cells visible through-
out the third instar period (72 to 12 hours). It hould be noted
that the bodies Fristrom obaerves result from phagocytosis of
already dead cells by their neighbors. Thus there is probably
some delay in their appearance past the actual cell death.

Cell death, then, appears to occur at least from mid=-third
instar through prepups.

Thus, the gerneral mechanism of cell death in these torder
mutants seems well established., (Bryant, 1976). Ssntamaria
{1276) shtows that adult wings in E;i and g;é actually have fouwer
celle than normal wings. The interesting guestion now is how
cell death is confined to particular areas. In this connection
the crosses I have made between Ly and EEE are relevant. The
missing border areas characteristic of each mutant simply add
up in the double mutant and the wing has both cut‘offlnngitud~

inal edges and a point distally.
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Eackground D : Review of the Literature Rezsarding the pos=sible
Existence of*' Compartmenta

based
The recent proposal by Lawrence and Crick (1975),0u the

work of Garcia-Bellido, Ripoll, and Morata (1973 and 1376),
that a series of boundaries established in early development
progressively reatrict clonal growth patterns and that the re=
sulting compartments are basic units in insect development is
an hypotheais of interest to us - particularly since a portion
of the proposed dorso-ventral compartment bourndary is the wing
marzin,

An operational definition in terms of Carcia-Bellido's
axperiments is perhaps the best way of describing what compart-
ments are supposed to be, He worked with a system of nen-Minute
clones in fliea of Minute pgenotype produced as explained above,
in the second experiment. These rapidly growing clones wﬁen;
initiated after certain critial times in development regularly
failed to cross certain boundary lines. Instead "Such clones
may corder a demarcation line for as many as a thousand cells"
(Lawrence and Crick, 1975)

Tre actual observatiocn and mapping of the lines was done
by selecting 2 number of Llandmarks well distributed over the
wing surface. Members within all the pnssible pairs of land-
merks were then compared for the frequency with which both
occurred in a single clone. Wien that frequency declined to

somewliere

0, a segment of & :lonal boundary is defineqquetueen the two

landmarks dated by the earliest irradiation time which causes
never
them Jfo0 occur in the same clone. These demarcation lines tend

to occur at well defined timesa, in a fixed -successior and in

ey
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conetant locations with respect to other wing structures. Fur-
tner they appear to be straighter thah the boundaries of oréin-
ary clones. Similar boundaries have Leen report:zd recently in
Drosaphila eye and head development (Baker, 127€).

One other linéf?ﬁ?%gf?;;? support the compartmant thedry
is the existence of several of the homeotic mutants irn which
substitution of whole compartments appears to occur. Engrailed,
for example, causes the usuel nosterior portion of the wing to
be raplaced by a repetiticn o the anterior,

Urdinary clones, (that is, mariad clones growing at the
same rate as the cells surround ing them) behave in a way which
is no*t inconsistent wi*h Garcia-Bellidc's clones, It has long
bemn known, Sor example, (Bryant, 1970) that clocues do not cross
the wing margin from dorsal te ventral surface unless the clones
have been formed very sarly.,) Natumlly, the small size of ord-
inary c¢lones doez not permit them to display clone boundaries
so dramatically. In their case, however, the pfagrass*ve res-
triction of clones to particular regicns seems guite what should
te expectsd from two-dimensional cell growth uniformly distri-
buted over a aur?a:a;::i even the appearance of straight line
demarc:“‘or lines can probably be shown to result from simnile
geometric propertiss of the grewth pattern In connected clones
piven only %he pessibilitiea ~f sriented cell divisions and
regionally diffaresntisl cell growth rates (Malitz and Ehren-
feucht, 1974).

Cne other important feature of Garcia-Se1lido's system is

£ direct importance to our interest in mechanisms for contrcl

15

of wing shape. 33: reportef that despite the large size of his
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elores "the overall size and shape of the wing was not altered"
(Lawrence and Crick, 1975). Informal revorts at Irvine last
summer raised some doublis as to the strict accuracy of this
statement which is the reason for my attempting to repszat the
experiments as controls to the Lyra wing non-Minutes, Illustra-
tions in the draft of a paper I received very recantly fpom

Baker shcw no distorticn due to overgrowing clones in eye shape.
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