November ¥, 1948

D¥. Joshua Ledserberg
Department of Genetics

The University of Wisconsin
Madison 6, ¥isconsin

Dear Lederberg:

I hope that you will forgive this delay in answering
your letter of October Bth. When your letter came, I was
recuperating from an illness that began in September, Almost
no mentsl activity went on for some weeks but I am back to normal
now, It was a disappointment to have missed your talk in
New York. My father met wth an ascoldent and on that day was
taken to the hospital for an operation. I remained with my
family much of the day.

The enclosed sheets represent the analysis I worked out
Saturday night and yesterday to interprete your results as 1
understand them from your letter, Although it may not be the
correct or even desired soclution, still it does work asccording
to the understanding I have and the assumptions givem in the
analysie. It oalls for nothing very special in the manner of
chromosomal or genetic behavior. There is nothing in the maize
work like it that I could use as a model so I can n~t refer
t0 any work there,

Thank you for writing me about this work, I am
thoroughly interested in your investigatinna and find them
stimulating. All good luck with this work.

Sincerely yours,

Barbara McClintock



general Considerations
I. Origin of aberrant prototroph:

1, Cross of parents with different combinatlons of factors of By

2. 94ingle aberrant prototroph from this oross,

1I. Behavior of aberrant prototroph:

1. This prototroph is some form of a heterozygote as it appears to
be heterogzygous for some of the factors in the o

2. This is shown by segregants arising from prototroph which are
orossover types.

3. The type of orossover chromatids recovered in the segregants are
not the expected ones in that many unusual "multiple crossover®
chromatids are represented.

4, These segregants are stable and do not throw other segregants.

I1I. Behavior of segrezants in orosses:

1. Crossed to standard stocks, the segregants may yleld prototrophs,
some of which are heterozygous for some of the factors involved.
Thus, these segregants may be heterozygous producers.

2. The heterozygous prototrophs are hemiz{gous for a specific region
g: the chromosome including the Mal loous and locl adjacent to

3. These heteroszygous prototrophs segregate stable forms that sﬂﬁ#‘
orossover recombinants,

4, The types of recombinants differ from the usual recombinants
coming from orosnes of standard stAocks in that there is a
ggodnminant olase of segregants and few of other types.

e predominant c¢lass obtained depends upon:

(1) The factors introduced into the cross.

(2) The contrasting combinations of these factors in the
parents.

(3) The particular heterozygote chosan for a study of ita
segregants following one kind of cross.

1V. Questione that require an answer:

1. Was the chromosome oconstitution of one of the
parents giving ri
o:g zg:aoiigénaiiaberzan: ggotogroph altered in some wgy? & Teee
ratli-n etar @ chain of events leadi
oyole outlined above? ading to the
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3.
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¥hy is the prototroph heterozygous for some faotors introduoced
into the cross (and homozygous for others)?

Why are the heterozygotes hemlzygous for one specifio region
of one chromosome?

Why do the heterogzygotes give segregants that are atadble?

Why are the proportions of the vzrious recombinants so different
from those given by normal zygotes?

¥hy are these biased in favor of oert-in recomb nations depending
upon the heterozygote itself?

¥Why do the "elusive multiple mutants? appear in these segregants?

L)
6. Why are theaejhogregants *heterozygoua® producera?
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Working Hypothesis.

Aesumption taken for organization of ochromosome in K-l2 stook:

LIECTOR @M T T

In the origlnel croes, one of the parents had this chromosome in

the form of a ring following an aberration that also rearranged
segments of the chromosomeé. For the purposes of this desordption,
I have gseleoted cne kind of rearrangement. The type required
would depend on an analysis of the data, not availatble to me.

The nature of the normal ohromosome would slsc need clarification,
dopondinghcn the dats. For the purposes of illustrasting the

general thesis of reassoning in the working hypotheslis, the
seleotion s quite axbitrary. Thus, the ring chromosome and the
organization of its parts are:
/
it v
3 b
3

9ynapeis of this ring chromosome with a normal ohromosome would

give: |

(V)

P

q ¢

The loop region is t0o short to synapse with its homologous part
in the rod chromosome. This is consistent with what we know
of synapsis in maize,

The combination of ring and rod, above, ia the chromosome composition
of the zygote arising from the original cross that gave the firet
aberrant prototroph.

From thig gygote, a hebdsrozygote must arise. It must be heterozy-
gous 1or gome of the factors involved in the cross.

Such a heterozygote will arise fellowingispeoific types of crossing-

over in the synapsed ring and rod. @ such guadruple crossover
. 4

is dliagramed; \
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This will give the following chromatids:

24 &3¢ This is a dicentric chromesome
—g e Individual receiving it will
be inviable,

ek

This is a normal ohromosome
and a double crossover
chromatid type.

Individuals receiving this
chromosome will be diploid
for regions 2 to 9 but
haploid for region 1. “ince
only one oentromere is present
this oconstitution oould
maintain itself, Through

proper selection methods, the aberrant types following any irregular
behavior of the ring chromosome would be eliminated,

This partioular "heterozygote® is homozygous for regions 5 and 6,
and 9, heterozygous for regions 2,3,4,7 and & and hemizygous for region 1.

It may be seen from the crossover diagram that the regions that
will be heterozygous or homozygous in any heterozygote arising from
such a zygote will depend on just where the crossovers occurred.

At this point, the various types of orossovers from the combinstin
of such & ring with a normal rod may be indicated, It will show why
the unusual types of orossovers will survive and the usual types be
lost through inviable chromosomal constitutions or organizations. It
is not necesaary to go over this until aft-r the behavior of the
"heterozygote® has besn considered. I will not try to diagram all
types but merely indicate some of them and the c-nsequences:

S- .
\MH SICLOS
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Single crossovers on sidesA and B will differ but lead ¢

same result with respect to inviable individuale. The viable
chromatids will be the non-¢rossovers only, a ring and a rod.
The crossover ohromatids will give dioentric ohromosomes, the orgsnization
gepending upon whether the crossover ocourred on side A or side B,
ince these crossover chromatids lead to inviable individuals, the
single ofroassovers may be eliminated from oconsideration,

Double crossovers. Here the two sides must be considered,

1. 2«gtrand doubles

a) Same side: Viable ring and rod, each a double crossover
chromatid.

b) Opposite sides. Ceneiderimy—the-band o strands, will give:
—_—— Mo~ Lb2) o, (‘/ﬁAMOJM

O

W = Gaaondn, MMy Ring Wik wo coul g

0f the 2-strand doubles, only those on one aide will produce
eroassover chromatide with viable comstitutions.

2. 3-strand doubles: Consider b and dfand a and d strands, Same
side or opposite asides will give invigble orossover chromatids and one
non-crossover normal rod.

Same B81d€: o o weunofd foguala
A o A
—c o —O- —

2 ok i~ W reblp

Opposite side: Quite similar type « a three csntrdmero
chromatid; inviable constitution.

3, k-gtrand double,

a) Same side: Will give viable orossover chromatids 1like

same-gide single orossovers.
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b) Opposite sidess Will give 2 dicentric chromatid; inviable
constitutions,

Triple and quadruple crossovers: Some viable oonstitutions ocan
come out of these crossovers that are unusual in their recombinanis.
The heterozygous ring is produced following a multiple orossover,

Many of the crossovers give inviable chromosome constitutions,
Therefore, selection of viable t.pes means seleotlon of normally
1nfrequen£ "reconmbinants®, f.e., normally relatively infrequent
recombinants, The acleo%ion of viable types will include:

(1) Non orossover rings and rods
{2) Double orossovers or multiple orossover rings and rods

(3) The *heterozygote” or diploid = a doubleﬁized ring, 1
centromere, hemizygous for a epeolfic region.

Returning to the "hetcrozygote":

if;\xxw_,ff’sx
S PR

{\n @myj
This ring i1s diploid for all #eesters except region 1. It is
haploid for region 1,

Heterozygous and homogzygous regionsa:
0 3 04y s ¢ 1T % 9
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It 49 necessary now to make an assumption that is unusual but still
probable, 4f this type of analysis is any where near correct. This
assumes Ehat the individual receiving this ring, the *heterozygote®,
continued to divide and produce new individuals with the same
chromosome gonstitution until the physiological conditionas produced a .
meiotic condition in some of the individuale. This means meiotio
prophase stages and synapsis of homologous parts of chromoasomes followed
by oressing over. Because the ring chromosome is diploid, homolognus

gg{&gngéothe ring can synapse, orossing-over can occur and segregants
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Tgeso segregante will be of very speoific types as the diagrams will
snow,

The aynapsis of the single ring chromosome:

Strands in the synapsed ring following reduplication of the
chromatids:

The orossovers;

Single crossovers:

a ring and a ring with no centromere and deficient

a) involving same chromatid of ring ohromos~me, Will give
for reg?on 1. The haploid ring with the centromere is

viable.
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Regions of singlo orossovers hatween homologous parts of same
chromatid,

Constitutions of viable haploid rings:
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This is the basis for the bias téwards certain types of haploid

stable segregants from heterozygotes. Fome of the multiple cross-overs
will give these same constitutions.

b) 8ingle orossovefd involving sister ohromatids: These will give
a very large dicentric ring, tetrapold for all regions except region 1
which will be diploid, This is an inviable chromosome constitution.

Double grossovers:
be arenko SIS AL RS SO, Sague ontton, ome strend v
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a) Same strand double crossovers (black with black and balok with
black) will give & “diploid® ring chromatid having the same
orgsnization as the diploid ring before aynapsis., It will
have varying genic constitutions depending upon where the
orossovers occurred. Those new diploid rings that are
heterozygous will again throw haploid segregants of certain

types besides genically wnew diploids Lot IR A
yp g yﬂ“&P"ﬁ*Jp 4»,Wu}uﬂo&%pwu%uw@,.

b) Two aist§r strand exohanges (black with green and black with
green),

Several types of products may be formed:

(1) Tetraploid dicentric rings, diploid for ragion 1.
Inviable chromosome constitution,

(2) One dicentrio large ring and one acentrio large ring, wv«'¥

(3) Two rings like those produce by a) above, i.e.,, viable
heterozygotes (diploids).

o) Same strand and sister strand (black with YAJok and talok with
green).

Seversl types produced:

(1) Tetraploid diloentric rings, diploid for region 1.
Inviable constitution

(2) One viable ring
One viable d ring, haploid for region 1l

(3) Two viable haploid rings (each with centromere)
Two inviable haploid rings (defioient for region 1; no
centromere
These viable rings are like the single orossover types
and multiple recombinants can come out.

In tabul=ting the above products of orosain% over, I may have
left out some expected olasses from b) and ¢) but they will fall into
ghe types already given above,

Many of the products of croasing over in the heterozygote (diploid)
will give invisble ohromosomal constitutlions or heteroploid types that
are unstable and will again segregate new types. The stsble segregants
are the haploid ring chromatids, These segregants will be *heterozygote
producers” because they have the same chromosome constitution as the
original individual with a ring chromosome. Following orosses of these
segregants to standard at?aots. the oycle begine all over again:

1) Selection of yiable types produced through crossing over.

2) Seleotion will favor infrequent crossover types including the
"diploid” individuals that are hemigygous for regiogpl and homo'gr

heterozygous for various faotors entering the oross, d
regione where crossing over coourred. g ss, depending upon the
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Z; These *hetcrogygotes" will split off new, stable haploids with
special bias towards certain recombinants, Many multi-le raecombinants

should appesr,

4) Beosuse the heterozygotes may vary in genlo oconstitutions following
any one oross, eéach heterozygote will have its own particular biae in the
types of lehil stable segregants it gives,

5) The heterozygotes (diploids) will all be hemizygous for one
specific region in the chromosome,

As far 28 1 oan determine from the information in your letter
(as outlined according to my understanding under "General Considerations)
the questlons stated at the end of the general fonsliderations are
answered by this type of analysis. Your data may show that it is not
the type of analysis you require. It may be possible to construoct a
gimilar system that will fit the accumulated data and allow for an
experimental atteck. In this lettsr, I am not including the remired
teets for this hypotheais. They wo:14 be obvious to you.



