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GENERAL . INTRODUCTION,

Genetics is todéj being étudied in organisms
ranging from viruses .to man bBut in''the majority of these
the four products of an individual meiosis;arexﬁot recovered
and so a problem can only be studied by the usé 6f random
strands. However, the resolutibn of some problems requires
the recovery of all four products of meiosis (e.g. the
study of chromatid interference) thus limiting the range
of organisms which can be used. It is occasionally possible

to recover two of the four products; for example, by the

use of attached-X chromosomes (Emeprson and Beadle 1933;

Beadle and Hmerson 193563 Bonnier and Nordenskiold 1937

Anderson 1925 and Welshons 1955) and by the use of mitotic

crossing over in Aspergillus nidulans (Roper and Pritchard
1955). Tetrads which have already been used for genetical

work are found in such organisms as Chlamydomonas reinhardi

(Smith and Regnery 1950; Hartshorne 1953; Sager 1954);

Chlamydomonas moewusii (Lewin 1953); Sphaerocarpus donnellii

‘ 1337
Allen 1926; Knapp 1936g, ¥); Neurospora crassa (Lindegre%/s

1952 to 1942; Howe 1964; Stadler 1955; Houlahan et al 1949

and many others); Neurospora sitophila (Wilcox 1928;

Lindegren 1932; Arvonescu 19333 VWulker 1935; Whitehouse 1942;

Fincham 1951); yeasts (Winge 1935; Lindegren 1949; Roman,

Hawthorne and Douglags 19851; Roman and Sands 1953; Roman,
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Phillips and Sands 1956563 Bevan 1956); Aspergillus nidulans

Hemmons 195623 Pontécorvo 1953); Aspergillus glaucus

(Sharpe 1956);-Venturié-(Boonev1951; Keitt 1952); Glomerella

‘Wheeler 19563); Podospora (Rizet and Engelman 1949);

Punaria (Wettstein 1923) and one of the higher plants -

Salpigi&ssi&ggReimann—Philipps 1955).

o Tetrads offer the édvantage that the position and
type of the various chfomosome exchanges can be more
completely aéc@ptained. When three or more markers are
useq,.chromaﬁidiand chiasma interference can be distinguished.
Furthef, in crosses inﬁélving many loci, thé frequency
of multiple exchanges,is.kpown, making it possible to
examine the distribution of exchanges in tetrads.

Two im?ortanﬁ'pointS’that can best be examined
by tetrad analysis'aré'whether or noitthe-reciprocal
products of an exchange are rechered and alse whether
allele ratios inconsistent with Mendelian laws occur., In
the majority of analysed tetrads, these products are

- recovered and the allele ratios are consistent with

Mendelien laws. However, Mitchell (1955a) has found an

example in Neurospora cras&aswhere the reciprocal products

-of an exchange are not recovered and there are a few
instances of 4:0, 551,.1;5 and 0:4 ratios where a 1:1

_ratio was ékpectedﬁn 6.g. Reimann-Philipps 1955;

Lindepren 1955 and Mitchell 1955b. Tetrad analyses also
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establish the stage of meiqsis at which exchanges

probably oecur (Wettstein 1925; Anderson 1925; Allen
1926). o

Centromere positions.can be located in either
.ofdered or ﬁﬁardégédwﬁeﬁré&s, If the tetrad is ordered,
-ﬁhe centromere can be mapped in relation to a single

marker (Lindegren 1932). For an unordered tetrad it is

necessary to have either three independent markers or two
linked and one independent marker before the centromeres

can be mapped (Whitehouge 1950; personal communication:

Papazian 1951, 1952; .Berkins 1949). In Aspergillus nidulans

the position can be identified by the analysis of mitotic

exchanges (Pontecorve and Kafer 1956) but tetrads must be

analysed to Qstimate the second division segregation
freqﬁénéies. Téirad analyéis also provides an independent
check of the mitotic method.

Tetréqs are also useful in demonstrating
non-Mendelian segregation of extra-nuclear determinants.
By this means nQnFMendeiian segregation has been found

in Chlamydomonas reinhardi (Sager 1954); Aspergillus

glaucus (Sharpe 1956) and Neurospors crassa (Mitchell et

al 1953). Knapp showed»that chromosome aberrations and
lethal mutations thﬁt are undetectable with pandom strands

may be found by the use’of tetrads (cited by.Perkins 1953).

Random strands are more efficient than tetrads
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for estimating linkege values (Papagian 1952; Perkins 1953).

Two random strands give as much information as the four

':Qroducts of a single meiosis (Mather and Beale 1942).

On the other. hand if -the genotypes of three of the four

- products of one meiosis are kﬁown, the fourth genotype
‘xééﬁ be deduced or if only two of the products are known

and they carry the same allele for all but one of the loci,
the other two genotypes can be deduced. This is based on
the assumption that meiosis prbceeds-normally as it does

in all but a very fewﬁtetra&s. In this study, only those
tetrads with three‘b? more identified genotypes. have been
included among the fﬁii& classifisble semple. The ascus

of Aspergillus nidulans includes four pairs ‘of genetiwally

identical spores 50 the same amount of information could
be-ékﬁracted;rrom four as from elght spores, if one were
to;be:pickedyfrbm each pair. Of course, it is obviously

impossible to pick one spore from each pair in practice.



PROBLEMé.
The prlmary obgects of this syudy were to locate
some or all of the centromeres and to analyse interference
(both chromatid and chlasma) in the BI chromosome of

"Aspergillus nidulsns. ‘The BL chromosome is the best marked

chromosome of A.nidulans. The results of these two parts

of the work are presented in Sections II and 11T,

Some: of the asci gave allele ratios for particular
markers differing from the 1l:1 ratio expected from single
gene heterozygosis. Also one of the perithecia contained
asci carrying a semi-lethal factor while other perithecia
contained asci of both selféd énd erossed origin. Closely
linked markers were included in some of the crosses to
check on the recovery oflthe reciprocal products of
exchange. These by-products of ascus dissection are

discussed in Sections IV.to VI.

Pritchard (1956) found and analysed a
duplication of a segment of the BI chromosome. A few asci
from a cross involving this duplication were dissected

and are briefly discussed in Section VII.



I. MATERTIAL AND METHODS.

1. Life cycle of'Aspergillus nidulans. As a

detailed description of the life cycle of A. nidulans

has been given before (Thom and Raper 1945; Pontecorvo

1953) only the main features will be given here.

Aspergillus nidulans (Eidem) Winter is a

homothallic ascomycete. The hyphae are branching and
divided into "cells" which are multi-nucleate. When

grown on solid medium a compact colony is forméd. The

hyphal strands anastomose quite freely so that heterokaryons
are easily obtained.

Some of the hyphal cells differentiate into
multi-nucleate conididphores which terminate in a globose
vesicle. From the surface of thisnfésicle a number of
sterigmata are produced and from the tip of each, a chain
of asexual conidia is abstricted;'The nuclel within a
single chain are usually-identical but the nuclei of
different chaims on the same conidiophore may be different.
The mature haploid conidia are 3 to 3.5 miéfohs in
diameter and the wild typé colour is greén{

' The sexual spores are forﬁed within-perithecia -
or more exactly, cleistothecia - which contain up to
100,000 asci. The perithepia-have hard, dark”brpwn walls
and are mature after 8 - 10 days incubation of cultures

at 37° C. The asci contain elght ascospores within an



extremely fnagile‘wall.
Cytological analysié of tﬁe events occurring
during peritheciai formation is‘incomplote owing to the minute
size of the‘nuqle}, However, on both cytological and
genetical evidence, the eight spores of”én ascus are
derived from a diploid nucleus ﬁhich haé”ﬁndergone
meiosis followed by a mitotic division. Analyses of single
perithecia from heterockaryons show that the asci of any

one perithecium are usually all selfed of one or the other

parent or all hybrid. Most hybrid perithecia are thus oy
i \

derlved from two nuclei which may become associated early 555;0
- I _ Y
in the development of the ascogenous hyphae. If this (e

association ocours, it would be followed by conjugate
divisions of the nuclel prior to fusion in pairs in the

ascus primordium,
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2. Media. Wild type Aspergillus nidulans will .

grow on a minimal{mediﬁm containing a carbon source and
a few salts. This medium was made up as follows:—

Sodium .nitrate 6g.; potassium chloride .52g.;
magnesium sﬁlphate (7H20) .52g.; potassium di-hydrogen
phosphate 1.52g.; traces of iron and zine; dextrose 10g.;
distilled water 1000 ml. The pH was adjusted to 6.5 with

e mediur
sodium hydroxide an@/filtered before sterilization.

Biochemical mutants could be grown on this medium
by adding the appropriate growth factors.

Complete medium was made with the same ingredients
a8 the minimal medium sbove with the addition of:- |

Difco-Bacto Peptone 2g.; yeast extract "Yeastrel
~1g.; 5 ml. of an hydrolysate equivalént to 200 mg. of casein
per ml.; 5 ml. of yeast nucleic acidlequivalent to 100 mg.
per ml. and 1 ml. of a vitemin solutién, The vitamin
solution contéineq;— riboflaﬁin 10 mg.; nicotinamide 10 mg.; -
p-amino benzoic”écid'i'mg{{;byridoxin4HCL 5 mg.; aneurin-HCL
5 mg.; biotin .62 mg. 3 Ganéﬁtotﬁenéte 20 mg.; choline |
chloride 20 mg.; iﬁositolréo‘mg.;'folic acid 1 mg. and
distilled water 10 ml. Koch sterilized. |

The pH was adjusted to 6.0 to 6.2. The medium was
filtered before,aﬁdition of the vitamin solution and Was'_

then sterilized.



el

Both ﬁedia as given above weﬁejin the liquid
state. In order to solidify these media, L.25% agar
was melted in the water before. the addition of any of
the ingrediénps.aw~a-

AliJingredients were of analytical reagent

standard.
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3. -Strains used. All the mutants used in the

Crosges were alréady available in the Department of Genetics.f-

Table of mutants used for tetrad analyéis.

Neture of mutant.

Mutant Mutagenic Agent,

adl requiring adenine - X=Trays

ads requiring adenine :ﬁ/v

ad20 partially requiring u/v
aden®ine

adlis requiring adenine u/v

adlb reguiring adenine u/v

adl? requiring adenine u/v

an requiring aneurin u/v

bil requiring»biotin X—rays

metl requiring methionine u/v

pabal requiring p-~amino . X-rays
benzoie acid :

prol requiring proline u/v

pros requiring proline u/v

Pyrod reguiring pyridbxine ':”X~rays

ribo regquiring riboflavin u/v

sd. requiring thiosulphate Nitrogen mustard

thi2 reqﬁiring:"thiazole" u/v

wn white conidia Spontaneous

Y yellow conidia X=rays,

b
t
1
{
Eﬁ
{
!
i
i
{
|
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S 4. Methods of: cr0331ng stralns._Stralns to be

crossed were first purlfled by 1solat1ng & single
conldium onto ‘a -slopeof complete medlum The purlfled
strains were tested for their nutrltional requlrements.
Conldla from the two stralns were then streaked together
on a Petri dish of mlnlmal medium” and a few drops of
liguid complete medlum were spread along the streak to
facilitate germlnation. The dlshes were 1ncubated for
three weeks to a month at a7° C;,Perlth601al and ascus
analyses were nqj,carried out until afﬁéﬁ this
incubation period. | |

Instead of a Petri dish, 8 slppe of mlnlmal :

medium in & "b01ling tube" was occa81onally used.



Se Methods of genetlc ana1y31s. The two methods

of analysis used 'in this study were perltheclum analysis
and ascus analys1s. ' “ '

(a) Per1thec1um ana1v31s. Hemmons i1952) and

Hemmons. Pontecorvo and Bufton (1955) found that the asc1 .

Wlthln any one perithecium tended~t04be~of one-type. all
selfed of one or the other parental type or all hybrid.
A random sample of Spores taken from one- hybrid peritheclum -
will therefore be equivalent to a sample of gametes from |
an individual in hlgher organlsms. | e
Follow1ng thelr technlque, r perlthe01um was
picked and cleaned of hyphal fragments and oonldla by
rolling it with a needle. over a dlsh containlng Sy'agar.
When the perlthe01um was clean, 1t Was crushed 1n 2 ml.
of either 1 in 1000 Tween?gr 1 in 1000 Calzolene 011.
The number of. spores was estlmated by a haemocytometer
count and the suspen31on was then dlluﬁed down to a |
concentration of between 500 to 5OO per ml. .1 ml of
this diluted suspension was spread on each of three plates -
of complete medium g1v1ng a. sample of 90 to 150 colonles.
After 48 hours the plates were examlned and the allele ﬁbﬂ
ratio for a s1ng1e pair of "v151blb" markers was .
determined., If thzs allele ratlo proved to be 1 1,
sufficient of the spores o bnlng thghtotalgoumber to”u

more than 300 were plated.
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These.500 or more colonies were then tested for
their nutritional requiremeh£s. Firstly,Athey were inoculated
at marked points on furthéf dishes of complete medium.
These are called "master plates'. Theﬁ, using the

"multi-wire" replicator devised by Lorbas (unpublished)

the colonies were replicated from the master rlates

onto dishes of medium lacking, one at a time, the growth
factors in the cross. If a colony failed to grow on a
particular plate, then it required the growth factor which‘i?
was missing. If a colony grew on the same plate, it did

not require that%growth factor., The indculations were
classified for growth or non#growth-after 24 hours and

again after 48 hours.

(b) Ascus analysis. - The method used initially

was that developed by Hemmons‘(1952). This method is

outlined as follows:~-

Fquipment and instruments used. A miero-loop was

constructed from " internal.diameter soda glaés tubing
drawn out twice and with the end bent around to form a

loop approximately 15 microns in dlameter. The shaft of theA
loop was bent upwards to an angle of approxlmately 20° so _
that it would easily enter the ascus suspen51on (Figure 1).
This loop could be ,used for all the manipulations required.

Hemmons used a De Fonbrune micro-maenipulator in conjunction
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with a binocular‘microscope (mggy}ficatién x_S@Q)'and
micro-loops &ere madenwith a De“Fonbfﬁne miero~forge.
A deep green énd‘én orange filfer were used together on
1the light source. |

The Bissecting chsmber. This was made from §"

internal dismeter glass tubing from which a %" length

was taken. A slot %" wide was then cut out of the side of
this circle, thus producing a horse-shoe shape. One end of
this horse~-shoe was attached to a 3" x 1" microscope slide
with the slot facing aecross the width of the slide.

Enough water was intréduced to cover the bottom of the
chamber (¥igure 2).

The agcus suspension. Thisvwas prepared by placing

" a perithecium in a drop of sterile water on a " square
No. 2 coverslip and theﬁ lightly pgﬁcturihg the perithecium
to liberate the contents. The coverslip was then inverted
onto the chamber on the miéroscop@m$¢ége.amhe micro-loop
could be introduced through the aperture in the side of
the chamber., |

Ascus dissection. The micro-loop was introduced

into the chamber and focussed in a central position. Then
the loop was raised into the suspension and manoeuvred
into position above an unbroken ascus. The ascus was
removed by lowering the loop onto the ascus and fhen on

out of the drop. Care was taken that no conidia or free
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Figure 1. Micro-loop viewed from the side and from above.
(Greatly magnified). After Hemmons (1952).

——————————— Isolating chamber

————— Micro-loop (not to
scale).
————— Coverslip.

Figure 2. Moist chamber and loop as seen from above
After Hemmons (1952).
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ascospores were attached to the loop. Tﬁé ascus was then
transferred to an agar,drop on the undéfside of a second
coverslip,’sﬁﬁstituted for the first. The number of
ascospores in the'ascﬁs'ﬁé$wbhecked &ﬁd then by further
substitutioﬁs, each ascospore was traﬁsferfed to a
separate coverslip. Thus the coverslip carrying the ascus
had to be transferred backwards and forwards eight times
during the dissection of a single ascus. The numbered agar

drop suspensions were then inverted onto specially

prepared "depression” slides (see Hemmons 1952) and
incubated at 579 C. |

A number‘of modifications of these technigues
have since been introduced and are listed below:-

Egquipment and_;pétruments used. These were the

same as those used by Hemmons except that a Singer
micro-manipulator replaced the De Fonbrune and @ deep green

filter Dby itself was used on the light source.

\ The dissection chamber. Instead of continually
substituting one coverslip for another during the
dissections, a'di&sgcting‘éhamber la?ge enough to hold two-
coverslips was used. The base of the chamber was a
microscope slideié“ x 1" and the sides were three strips
of a microscope sl;@é 3/10" in height down both lengths

and across one breadth. The other breadth was left open
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for the intrq@ucﬁion‘of the microrlodp.,Sufficient-water
to cover the bottom of therchambér was added to prevent
dehydration of the~preparétioné. A low‘ﬁidge across the
open breadth prevented the water froﬁ running out of the
chamber and feduced air currents while dissections Wefe

in progress. This chamber was‘$imilar to the one used by .

Lindegren (1949) in the dissection of yeast asci.

' The ascus suspengion. This was prepared in the

manner described by Hemmons exgept for the following
points. Firstly, @ ring of vaseline was applied to the edges
of the coverslip to keep the drop centred. Secondly, Tween
80 (at a concentration of 1 in 1000) was used in place of
water because its lower surface tension enabled the
micro-loop to.be introduced into the suspension with the
minimum of disturbance. Thirdly, the isolation of asci

was made easier by transferring most of the suspension

to a second coverslip and then diluting the remainder of
the suspension on the first“coversliﬁ. This diluting
process was repeated from the second to a third cover-slip
and so on. Since the asci and free spores, etc., were well
spread out on the.diluted remaindérs, intact asci were |
more easily separatéd from free conidia and ascospores.,

Ascus dissection. The diluted suspension was

inverted and placed at one end of the dissecting chamber,

A thin layer of medium was then poured into a Petri dish
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and cut‘up intozéﬁprdXimateiva/lb" X 6/10" rectangles.
One: of these rectangles Wasrplapéd on*a“%" square No. 2
coverslip and further di%ided-into eight-pieces. The
coverslip was then inverted onto the dissectlng chamber
adjacent to the ascus suspension, ASCl Were removed from
the suspension as described bnyemmons. Isolated asci
were transferred from the ascus suspenslon to one of the
eight plieces of medium by mov1ng the mlcroscope stage
instead of the coverslip. At this point the number of
ascospores was checked. IF the aécus was; not to be
dissected, the elght spores were left on this one plece.
IR the ascus was to be dissected, seven of the ascospores
were aggain pleed up: by the loop, and dlstributed one by
one to the remalnlng seven pleces of medlum. The coversllp
was then removed and theﬁ elght pieces were slid off onto
marked p051tlons-on a Petrl dlsh of-medlum. Twelve
undissected asc1 or five dlssected asci could be fitted
into a Petri dish (Flgures 5 and 4).

Classification for colour and nutrltlonal
requirements of the germinated spores from the dissected.
asci was done as described for perltheclum analy31s.

The modifications of Hemmons' -techniques described
here have enabled: ﬁhe spaed of ascus dlssectlon to be

appreciably increased.
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Figure 4. The arrangement of twelve undissected asci on a
Petri dish of complete medium.
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1. Methods of! analxsls. When deallng W1th an ;;f

organlsm suoh as Neurosnora which has ordered tetrads,

it is p0331b1e to dlstlnguish the pro&uct& of the flrst
and second melotlc divisions by the p031tlons of the

spores in the ascus. The centromeres may then~be mapped

in relation to a szngle gene for each chromosome. However,.:

in unordered tetrads, the produects of the flrst and
second lelsionS cannot be dlstlngulshed and 1t 1s
necegsary to have elther three. 1ndependent 1001 or. two

linked and one 1ndependent 1ocus before the oentromeres can

be mapped. Formulae have been given by Whitehouse (Drlvate_ﬁfd~'

communication; 1950), Papazian (1951 1952) and Perkins

(1949) The formulae as glven by Whltehouse are used 1n

this instance.

Whitéhouse (1949)- and Perkinéfiéég)hshowed-fﬁét.v ,*‘v
if two loci are unllnked, the proportlon of tetratype _“u\
‘asei (in the absence of 1nterferenco) 13' u |

p=x+y-Bxy/2. . t l"

where p is the propo}ti;n;oﬁﬁfetré£§péé5and g.t“"
and y are the proporfions of secohd.diviéion~ségfégationéoo
at the loci A _ and B respectlvely. blnoe there are two

variables x and g and only one equatlon, 1t is not

poss1ble to solve for both X and x. By 1ntrodn01ng a thlrdh
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independent - 1ocuo ¢ and hénce a thirad varlable z, it is
p0331ble to obtaln three equatlons whlch may then be
solved for the three unknowns X, y and Ze
Thus q = . y + 7 - 8yz/2 and r =‘x + 7 - 3x2/2
where q and ﬁJare»the préportibhs.of tetratypes
with respect to B and c and A and C respectively and z
is the proportlon of second lelSlon segregatlon at the

C locus. The solution of these three equations gives:-

x = 5(1 i:/4¥ - ZD -66r T OPL ) =mm—mmm———— (1)
- - 6q

vy = %(1 Sy Zp ~~66g; + 9pg) —-—m———mmme- (2)
.~ 6T

2 = %(1'iw/4 - zq -66r + 9qr) e e e e e (3)
- op

When twg réai solutions are obtained for any

one of these formulae, one will be greater than £ and

one will be 1éé$ ﬁhan Z but since proportions of second

division segrggaﬁion.greatéﬁithan 2 are likely to be

rare (Mather 1938), the smaller vaiﬁe is probably the

correct one.'Perklns (1955) has, hdwéver, collected

several 1nstances where the frequengy of tetratype ascil
is greater than: the max1mum % expected in the absence of
1nterference. The frequen01es offthé tetratype asci in
the cases cited ranged from 4. 6% to 98. 8%.

If two of the loci are linked and the third

locus is independent; it is still possible to locate the

centromeres as follows:(Whitehouse.private communication):-



-G B

Let“ Brand-G-he- three loci; Arénd B linked
and C 1ndependent. ‘
Let g, gvaﬁﬁéé:be %heirareSpeetive~seeond division
segregation’ffeqﬁénciés. | :
| Let 2P, g and r be the tetratype frequencies of

A and B; B and 8 and C and A respectively. Therefore P

Cis ﬁhehrecomb;matlon frequency of & andwp (if there are
no 4-strand éouble-exchang&&).
Then, as in the previous case:—
g=y + z - 3 yz/2
r=%x+ 2z - 3x2/2
and 2lso 8P = X #. Y OF X = ¥ OF ¥ = X ——m—m—=—w- (4)

Solving for . x, 2 and z gives:i~

2P = x + ¥y N X - ¥y y - X
X = 2.2P - a-+§f - 3P %.3Ef;- g+ 1 - 2P £.,3Pr + q - pr -2P
4 - 5@ -,Sr‘ T o~ q -~r
v ..22P+q-r-6Pq £.3Pq ~q + v - 2P 4.3Pg + g ~ v —2P
4= O@ = Sr - r - q ' a-r
% = Q4+ r - 8P g -r + 2P 2P - g 4+ 1
2 - 3P ' 3P . 3P

Tt should be noted that owing to double exchanges,
equation (4) isvonly true “if A and E are near the centromere.
Thus, if A and é ére)remoté.from%théicentromere, they may
have almost ideﬁ%ical second,divisiéq segregation
frequencies although they are knoﬁnfﬁb be 10 or 20

units apart.
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The probbftibh of ditype to tetratype asci
with respect to any two markers w111 be dependent on the
number of exchanges between the markers and thelr

respective centromeres.,When voth or onezof a pair of

mafkers are segrééating.indépendently of their centromeres,
Lhe proportion of tetratyps ascl will be 2 in the

absence of 1nterference. Therefore a tetratype frequency
of £ can still mean that one of the pair of markers is

linked to its centromere (Whitehouse 1949).

In the first three crosses analysed, full
dissection and classification of the asci was carried out.
A method for detecting close linkage of a marker to its
centromere, without qomplete ascus dissection, was
later developed. This method depends on the availability
of a "visible" markér already known to be closely linked
to its centromere and the ability to select automatically
against the mafkér'whose relationship with its centromere
is to be determiﬁéd. |

This rapld method is most convenlently

1llustrated by descrlblng an actual example. In Aspergillus

nidulens the marker determining white conidia (wn)
was\found to be 18:5 units from its centromere. A large
number of nutritibnal mutants was‘available and in the
following example prol was used in an attempt to find

its second division segregation frequeney. It is not linked
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to wn. From the cross wn prol//+ +, whole undissected

asci were placed on med;um which selected against those
spores requiring proline. This made it possible to

distinguish the different types of asci as follows:-

Ascus Ascospores “ Colour of

type. - Growing Not growing colony from
’ . whole ascus.

Parental

ditype. =+ gnd ++ wn prol and wn prol Green

Non~parental -

ditype. wn+ and wn+ +prol and +prol Vhite

Tetratypes. wn+ and ++ wn prol and +prol Green &

White.

Thus the frequency of tetratypes can be
determined simply by examining the colour of colonies
originating from.wﬁo;é asci.

In thisimetﬁod, there is a systematic source
of error becauSé a ﬁetratype may be classified as =z
parental or a non~parentalfditype‘if;one of the colours
accidentally fai;s to show UPe« Thié'could happen when some
of the ascosporééAeither fail to germinate or germinate
but are*overéroanby hyphae from other ascospores. If
large, this kind of error could simulate close linkage to
a centromere where none exists., Cbhsequently, this method
is useful only, for a quick screeniﬁg of a number of mutants
and must be followed, where linkage to a centromere is
suggested, by complete analysis of fully didsected asci for

the actual estimation of linkage.
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This screening method can also detect close
linkage between two markers., An excess of parental
ditypes over non-parental ditypes would indicate such

linkage.
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2. Experimental. Six crosses were used in this
part of the work. Ali eight sporés in a tetrad did not
invariably germinate. The proportionsof asci with one,
two or three and fourlspores with different genotypes
growing are.given in Table 1. If meiosis was assumed to
be normal in tefféds with oniy three genétypes among
the germinating ascospores, the fourth genotype could
be inferred. Therefore, tetrads with three or four
genotypes among the germinating ascospores have been
pooled. K S,

The first two crosses analysed (namely g;gé//

bil pyro4; and adl//y sd pyro4) were chosen so that all

the markers except y and bil were located on different
chromosomes. With. the exception of y and bil, the
frequency of tetratype asci with respect to all pairs

of markers did not deviate from .67 in any case,
indicating that not more than one of each pair of markers
could be 1inked-to their centromeres (Tables 2 and 3).

The third cross wn adl prol pabal yv//y pyrod

was chosen because the analysis of mitdtic'crossing over

(Pontecorvo and Kafer 1956) had indicated that a centromere
was Ffairly close to prol and because wn, pyro4 and prol
were located on different chromosomes. Furthermore,

wn and adl, although located on the same chromosome,

segregated independently.



Table 1.

Number of hybrid asci dissected and the number of genotypes

recovered from the germinated ascospores.

Cross Number of genotypes recovered.
. . 3 & 4 .2 1 Total.,

vy sd//bil pyrod o a7 5 6 48

adl//y sd pyrod \ 7 4 1 32

wn adl prol.pabai.y//y pyrod 107 7 2 116

wn adld y//y sd . 24 - - 24

wn adld y//bil thi2 1L - - 11

wn adld y//bil metl 48 4 - 52

N.B. Abnormal asci have not been included in this table.



Tablg.2.

Numbers of parental ditypeé; ﬁbn~parental ditypes and
tetratypes recovered from the fully classifiable, normal
asci of the cross y sd//bil pyroi.

Numbers with . Number of 'lNumber of Probability of
respect to:= . ditypes (D) tetratypes (T) & 1:2 ratio of
vy & sd P.D. 9 24 N.S.
N.P.D. 4 :
y & bil P.D. 83 3 <.00L
N.P.D. 1 . ' '
v & pyro4 P.D. . 11 o 20 ‘N.S.
N.P.D. 6
sd & bil P.D. 11 o 21 N.S.
sd & pyro4 P.D. 5 26 NS
N.P.D. 6
bil & pyrosd P.D. 14 ' : 19 W05 - 04
N.P.De 7 K




Table 5.

Numbers of parental ditypeSQ:noh—paPental ditypes and
tetratypes recovered from the fully classifiable, normal
asci of the cross adl//y sd pyro4.

Numbers with - Number of " Number of Probability of
respect to:-. ditypes (D) tetratypes (T) a 1:2 ratio of
3 . D:T,
adl & y .. P.D. 6 17 N.5.
N.P.D., 4
adl & sd ~ P.D. B 20 N.S.
' N.-PVCD. 4:
adl & pyro4 P.D. (4 16 N.S.
N.P.D. 4
y & sd P.D. 6 16 N.S.
N.P.D. b
y & pyrod P.D. 5 17 N.S.
N.P.D. b
pyrod & sd P.D. 2 19 N.S.
N.P.D. 6
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Tt will be seen from Table 4. that the ratio of nih
ditypes to fgﬁratypes“With reSpééﬁfto wn and prol differs
from the 1:2 ratio expected in the sbsence of linkage of
one or both markers to a centroﬁere. Although the ratio
of ditypes .to tetratypes with pg??éct to wn and pabal
does not differ significantly from the 1:2 ratio expected,
the tetratypé'frequency is:used\inﬁthe calculation of
centromere distances as p§Q§é_is’anwn to be 8 to 10 units

from prol (Forbes 1956).

Ratios of parental to non-parental ditypes which
differ significantly from 1:l;indicate linkage when the
parental ditypes are in excess. This is seen in the case

of the bil and y markers in the cross y sd//bil pyrod

(Table 2) and in the case of the prol and psbal markers

in the cross ﬁé adl prol mabal y//y pyrod (Table 4). The
_irequenc
recombinatioq/of the former was calculated to be .068 4+

«034 and of the latter to be 084 + ,0i8.
The unlinked marker wn and the two linked markers

prol and pabal have been mapped in relation to their

cenﬁromeres using the formulae given by Whitehouse (private

communic&tion){ The application‘of these formulae to thesc

data gave the fdllowing recombination frequencies:~
prol - centromere = .180 +

"pabal - centromere = ,265 +

swn - centromere = ,187 +



Table

Numbers of parental ditypes, non-parental ditypes and
tetratypes recovered from the fully classifiable, normal

asci of. the cross wn adl prol pabal v//v pyro4d.

Numbers with Number of Number of Probability of
respect to:- ditypes (D) tetratypes (T) a 1:2 ratio of
wn & prol P.D. 31 515) {.00L
N.P.D. 2L
wn & pabal P.D. 22 64 2~ .1
. N.P.D. 21
wn & pyrod P.D. 10 81 .04
' N.P.D. 16
wn & adl P.D. 15 76 N.S.
N.P.D. 17
adl & prol P.D., 12 75 N.S5.
N.P.D. 2
adl & Pabal P’D- ‘1:];( 79 :N..SO
N.P.D. 1%
adl & pyro4 P.D. 23 64 NeSe
-N.P.D. 20
prol & pabal P.D. 89 18 {.001
N.P.Do- haed
prol & pyrod P.D. i 75 N.S.
. N.P.D. 15
pabal & pyrod P.D., 16 ™ NeBe
N.,P.D., 14
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The recombination fréquéncies were obtained by-
halving the second division segregatlon frequencies. The
calculation of standard errors of these recombination
fractions poses a difficult problem. An attempt to solve
the problemh;s,not justified by these small data which
are intended to give no more than an indication of
centromere p031t10n8,_; f

It was fortunate that one of these markers 1.e.:
Wwn was "v131ble“ as thls enabled the guick method for
screening further:mapkers to be used. The method was
first checked by selecting agéiﬁst prol in the cross

wn_adl prol psbal v//y pyrod analysed sbove by full

dissection. The results (Table 5) did not differ from
those obtained by full dissectioh, showing the method to
be reliable. A number of markers_ﬁzg%therefore examined
by this method. In each case a small number of asci.;;gg
fully dissected to check the viability of the ascospores
(Table 1). Using the qulok method, parental ditypes,
non—parental dltypes and tetratypes were determined in
the various crosses by the colour of the colony (Table 5

and Figure 5). In all cases except the cross

wn adld V//bll metl the ratios of dltypes : tetratypes

did not differ from the expected ratio of 1:2. This cross
was therefore further analysed by qoﬁplete ascus

dissection (Table 6), and the unlinked markers wn, adls
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] Table 6. )

Number of parental ditypes, non-parental ditypes and
tetratypes recovered from the fully classifiable , normal
ascl of theé cross wn adl4 y//bil metl. The biotin
requirement was not classified.

Numbers with_ Number of - Number of Probability of
respect toi~ ditypes (D) tetratypes (T) a 1:2 ratio of
D:T.
wn & adl4 P.D. 14 26 .1 - .05
N.P.D. 8 °*
wn & metl P.D. 12 - 25 .05 - ,02
N.P.D. 11
10 25 .06 -~ .02

adld & metl P.D.
. NoPiD- 15
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and metl were mapped in relatlon to their centromeres

using the formulae given by ﬂhltehouse (1950) The

recomblnatlon frequen01es obtalned by the application
of these formuiéé‘to the data wére as follows:-

wn - centromere = .478 + or .184 +

‘adié - centromere =‘.47§~i]or + 184 +

metl ~ oentromere = ,002 £+ or .165 +

lhe recomblnatlon frequencies were again
obtained by halving the second d1v1s10n segrecatlon

$2e qungl. o VW o
frequen01es. The latséer values./ﬁe“probably in each

case the correct oneg as theygpyggf would indicate

second division segregation ffequencies greater than .67.
The incomplete asci from the two crosses

showing centromere linkage (Table 1) constitute suech

a small fraction of the total that they have been

ignored. Perithecial analyses of all the crossés were

done before ascus analysis in order to detect any gross

abnormalities of behaviour.
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Figure 5. Visual determination of parental ditypes,
non-parental ditypes and tetratypes with respect to the
markers ~ and thi2 in the cross wn adl4 y//hil thi2. The
whole undissected asci were placed on minimal medium +
adenine + hiotin thus selecting against ascospores requiring
"thiazole". Starting in the top rov/ and reading from right
to left in each successive row, the colonies are counted as
1 to 12. The colonies showing only white conidia are parental
ditypes (Numbers 3 and 5); the colonies showing yellow
conidia only, green conidia only or a mixture of yellow and
green conidia are non-parental ditypes (Numbers 2, 4 and 9);
and the colonies shov'ing either a mixture of white and green
or white and yellow conidia are tetratypes (Numbers 1, 6, 7,
8, 10, 11 and 12)
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5. Correction of recombination freguencies.

As pointed out by Spiegelman (1952) it has often been

assumed thatijE'# lPAB where p,p-refers to recombination

frequency between two loci A and B and P to the

“AB
corre8pondiﬁg'second division segregation frequency. This
assumption has been made in oaféﬁlating the recombination
frequenciés‘begween the'centromefes and the§ various
markers in Section II - 2. The justification usually
offered for ﬁﬁis formula‘is thé&tin.random strand

anglysis only half of the exchgnge@tare‘recovered since in

a large population only one stfahd 1s recovered from

each tetrad. Both Rizet andethlmann (1949) and

Papazian (1951) have made use of this conversion factor

but have pointed out that, except over short map distances,
it is at best .an approximation. This is because the limit

approached by Pup @s the number of chiasmata between A and

B increases is .5, whereas the limit of PAB'is .67, For

long map distances the conversion factor would yield a
value of .33 instead of the .5 expeqted.

Spiecelman has calciilated a conversion factor

which, assuming no interference, takes. account of this
discrepancy. This is:-

, B 2, :
Ppp= (L - (1 - 5 AB)S) e (5)

This formulahhdé‘ﬁeén‘ﬁsed“to recalculate the



recombination frequencies between the centromeres and

the linked markers - wWwn, a8dl4d, prol and metl. For the

cross wn_adl prol psbal y//y pyro4 the recombinations

frequencies were alitered to:-

prol - centromere: = ,202 +

A}

pabal - centromere = 326 +

)

wn. - centromere = ,211 +

and for the cross wn adld yv//bil metl, the recombination

frequencies were altered to:i~
P

wn - centromere =.207 +

adld -~ centromere = ,207

I+

metl - centromere = .18% + ©
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IIT. ANALYSIS OF MULTIPLE EXCHANGES.

1. Introduction. The analysis of multiple exchanges
presents two distinct ﬁroblems:- (a) the rélétionship of
the chromatids inyolvéd in two or more exchanges and (b)
the distributioﬁtof thé exchanges along the chromosomes.
If the chromatiq_reléiiénshiﬁé“in the multiple exchanges
are not random,‘the phenomenon is generally referred to
as "chromatid interference" and if the distribution of
the exchanges is not random, the phenomenon is generally
referred to as '"chiasma interference'. In order to avoid
confusion in terminology these terms are used in this thesis
although "type interference" and "position interference"

seem more exact (Cartgt_aﬁd Robertson 1952).

Both chromatid and chiasma interference may be
studied by eytological observations, by whole tetrad
analysis, and by half tetrad anaiysis. If the assumption
is made that chromatid interférenee does not occur, then
random strand analysis provides:information‘on chiasma
interference. The éssuﬁption of no chromatid interference
must be made because the resulis of the two types of
interference cannot be:separated'by rgndom strand analysis.

Cytological evidence»df‘chroﬁatiﬁ interference
can be obtained either by direct study of various stages

of meiosis or by observing bridges and fragments in
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inversion heterozygotes. Direct spudy has shown an excess

of compensating over non~-compensating double exchanges in

Stenobothrus (Darlington and Dark 1932), Melanoplus

femur-rubrum (Hearne and Huskings 1935), and Trillium erectum

Husking and Newcombe 1941).lW0rk on inversion heterozygotes
indicates that compensating double exchanges éreamore
frequent than non#compensating double exchanges in

Fritillaria (Frankel 1937); equally frequent in Gasteris

(giles 1944) and less frequent in Tulipa (Upcott 1937).

The data from the attached-X chromosomes of
Drogophila show that 2-, 3~ and 4~strand double exchanges

occur with a frequency of 1:2:1 (Anderson 1925, Emerson and

Beadle 1933 and Beadle and Fmerson 1935). On the other hand

Bonnkr and Nordenskiold(1937) found that 4-strand double

exchanges occurred more frequently than 3- and 2-strand
double exchanges, but that this interference diminished

with increasing distance from the centromere. Recently,

Welshons (;955) has repeated the experiments of Bonnier
and Nordenskiold and has found no evidence of chromatid
interference.

Morgan (1953) used a closed-X chromosome of
Drosophila and Weinstein §1956) applied a mathematical

treatment to some Drosophilg data obtained from various
sources to show thatl exchanges occurred at random between

non~sister chromatidse.
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Reviews of thé”féfradydata analysed for interference-

have been presented by Whitehouse (1942), Papazian (1952)

and Perkins (1965). Lindegren (1933, 19368, b) presented
data from tetrad aﬁalygis of NeuroSéora craasa'but in all
three papers, there were iﬁSuffiéient nnmbefé"of double and
- multiple exchanges to allow any conclu31ons on chromatid
and chiasma.lnterference to be drawn. Lindegren and
Lindegren (1937, 1939) reported ratios of 2-:3-:4-strand

double exchanges of 27:14:8 in the "sex" chromosome and
of 20317:4'in the second chromosome of Neurospora crassa.
They later discovered that 15 of the 2~strand type in the

second chromosome could have been either 2- or 4-strand

‘doubles (Lindegren snd Lindegren 1942). The recalculated
values Werenﬁherefdre'24-é~ of 4d=gtrand : 17 3-strand
double exchanges and this ratio does not differ from the

expected 1:1. In the same paper (Llndepren and Lindegren

1942)they found locally speclfic patterns of chromatid and
chiasma interference in four regions of -the "sex" chromosome
of Neﬁrospora crasaas. Across the centromefeséhey found a
high degree of both_negétive ehrqmatid interference and
negative chiasma-intarferenceu;Sbme or,a;i of this

negative interfefencé,ﬁay be aégfibed.td centromere

mis~assortment (Perkins:;955).-When ofher‘pairs of intervals

were considered, varying patterns of chromatid and chiazsma

interference emerged. Whitehouse (1942)has pointed out a
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number of errors made by Q;hdegren and_TLindegren (1937, 1959)

in the analysis of ‘their data. and has carried out the

necessary recalculations. Whltehouse further showed that 1n

these data of the Linde ren's, passing of the centre nuclei

at the second lelSlon of melosis could account for less

than 1% of the asci. Recent work by Howe-(&954. 1956) and
Stadler (1955, 1956) on Neu?dépq;a crassa showed no

interference across the centromere. These authors ueed aﬁ
independent marker to detect-meiotic nuclear passing or
errors in dissection. The data of Houlahan, Beadle .and

Calhoun (1949) includedAinéufficient numbers of double exghangeé

t0 assess significance.

Wulker (1955), working with Neurospora sitophila

recovered 8 2—strand i 28 3-strand : 8 4-strand double g‘swlw,
tA. ti.& {m"@f -§¢l gfg{f:% {W«,’%ﬂ AR Y } ag,gluw' #,hg ifc“m‘:z za,,\m \}«a%*‘:ﬂhk; l‘f E
exchanges butb thiﬁﬂﬁaﬁie*1$M0n1YwSlgﬂlflG&ﬂtw&¢ gbout the ‘ ‘
7% Yevel,
Tetrads of phaerocargus donnellii (Knapp 1937 )
gave no indlcations of’ chromatld 1nterference but very long
intervals were used and 1nterferenoe may have been obscured.

Wettsteln (1925) descrlbed a cross in the moss

Funaria hygrometrica w1th four 1inked factors where parental
and non—parental dltypes but no tetratypes were observed.
These results could be explalned by positive chromatid
1nterferenee or by exchange at the 2=-strand stafe of me1081s.

In summary, the available data on chromatid
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interference doés hdt give aﬁy éonclusive answer. In most
of the cytologlcal Work there are excesses of compensating over
nonmcompensating double exchanges. Bxcludlng the results

of Bonnier and Nordensklold‘§195 ) whleh were not confirmed

by the comparativelwork of ‘Welshons £1955), the attached-X

data of Drosophlla show that the relatlonshlp of ‘the
strands taking Q&Pt in multiple exchanges is random. Except

for the work of Lindegren snd Lindegren (1937, 1039, 1942)

which has. been extensively corrected and criticized, the
same eonciusion is reached from the tetrad data. The dats

of Wettstein (1923) may or may not indicate chromatid

interference.

The presence or absence of chromatid interference
is important in relation to the conclusions drawn from
randonm straﬁé analysis gbout chiasma interference. There
is general agreement that in Drosophila melanogaster there
is no chiasma interference aérdss‘theléentromere and
positive chiasma inﬁefferencg in the arms:of the chromosomes
(eege Weinstein*iQiS;;Anderson~and Rhoédeé’iQSO; Graubard
1934 and Stevens 1956); but in ail these examples the

assumption was made that there was no chromatld interference..
"By the analy31s of random strands, the effects of chromatld

and chiasma’ 1nterference eannot be separated. If there is chrom-
atid interference inﬂﬁhe'chromosomes of Drosophila melanogaster

the conclusions on chiasma interference may well b€ wrong. .
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(2) Methods of analysis.

(a)“Linkage estimates.'For the tetrad data, these

were made by the mwthod of Mather and Beale (1942).

(v) Tests for the homoyeneltv of the exchange

distributions from tgg different perithecia. The tests
were made by the following method:i-
Let there be O ——-—;;w-'k perithecia.

th

Let 8; = number of exchanges in the i perithecium.

th

Let'ni = number of asci sampled in the i“" perithecium,

If s, is Poisson with meen nik, (ana ni\.is large)

then 84 is approximately normal with mean ngk.and variance

n{k.and 8y - n{k.is approximately normal with mean O and
variance 1.

Also (si - n;k)g is’x'%l)~

nix
k o
Therefore Z: (s - n}\) Xv(l)
PN
If A is replaced by the estimate %% S = then,

k 3 9,
by %o np)” ta 'X'(k
Tig

Therefore k-

9 . NP - -
1ni(pi - p.)" 1sf]£(k - 1) where p,
Pe ‘
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is the mean of the 3 o0 perithecium and p. is the overall

mean, By multi?lying oubs-

Ik g v o
1 ,2: 1 (ﬁi by - & n, Py ph‘&:ni D)

po _i _—
E e ]
o 2 L2
Pell = 1 —_
"jjk vsﬁt X —
- &_:xij s, p; = N ps

| - N p.

_ (¢) Estimation of_the.expectgd number of Z-strand
double exchanges within,tge'genetigallx‘mgrked intervals

of the crosses, I only two markers are available in a cross,

then three clasaes of tetrad are detectable. These arei-
Class (1). Those tetradé with no exchange in the
interval between the two;markers;u
Class (2). Those tetrads with a smngle exchange in

the interval between the two markers. .

Class (3). Those tetrads with a 4-~strand double SrahaT

exchange in the interval between the . two markers.

However, in tetrad analysis, the 3-strand double
exchanges within intervals are included in Class (2) and
the Z~strand doﬁble exchanges within intervals are included

in Class (1).



In the absence of interference, the distribution
of the exchanges within the intervels is multinomial with

probgbilitiesi~

Py (non=-exchange tetrads) = Tl F3L-e™ome
- yl ot 1 ! o
3 (] —m)

Py (single-éxchange tetrads) =m e " 4 11 -e™ame
C R '

*

Pg (4-~strand double exchanges) = (L - ™™ - m &™)

1!
vhere m is the mean number of exchanges and is small.
Hence spproximately, since m is small:i~

1 - m + 2m°

m - %ma
2

[ e
fi

B, = 4m
Solving for m in terms ofwPizm
m= §(1 - (L~ 5R))

ThereforefPé = & Pﬁ_(l + 5B, ) (approximatbely) wesmmmme (5a

S Ana

P

This formula (58 is similar to that given by

Papazisn (1952). Papazian's formula was N = Ei(i + 2 F)
. 8 b

where g”is:the 4=-gtrand double exchange class and F is the

single Qxéhange class. It was pcinféd out by Dr. D.D.Perkins

(private communication) that Papazian's formula is incorrect.




(d) Correction of the frequencies of the 2-, 3-

gg@'4fstrand‘dbuble exchanges between two intervals A and B

_by the use of tetrads with g 4-gtiand double exchange

within either A or B and accompanied by a single exchange

in B and A respectively (Vhitehouse 1956, private communication

Whitehouse showed that fo#fa pair of intervals:-

Q= x-pxy+ng® ord=x+ gy - x) —=m-mn(6)
b 27 ' 'z B

e =y ~ nyg +oy(l = y) ore =y + ay(1 - 2y) --(7)
; oz

. "74‘ Z
f = 'Z’-‘- nyz -+ 1’1&2 or £ = 7 + w(x - Z') o o b (8)

where X, g'and z are the actual proportions of
By Bw and'4»$t$and relationéhips hetween exchanges and
X+ y+z=1; 4, ¢ end £ are the observed proportions of
B=y 3= and 4-strand relationships between exchanges and
d+ e+ =1; and n is the ratiD df.tho$e tetrads with a
4~strand double exchange within bnewéf the intervals and a
gingle exchange in the other intefvéivﬁo the frequency of
d+ e+ L, |

Now from equation (7)

™ CUE ) BN
e~y .

and from equation (8)
S z;+'ng? - ny.
- 25 Tt

e 2z(f + ny) + ny2

or 2z P S ¢ T, )



il B

Hence [ = ny(l.e Zy) + y{e = y) - ny
| e -y (I ="2y)

Multiplying this expression by 2(1 - 2y)(e ~ y)
gives sy? + t&g +uy + v =0 ARSI R ——— . T 1
where s = 4n + 1 - ‘
b =den's 2(e ¥ BF + Bn)
u = e + def +.2f + 2n - Zen
v = - 2ef -

'z is then found from equation (9) and X = 1 - ¥y - z.

It wﬁs pointed out (Whitehouse -private communication)
~ that where éy;».é, then y = .6 and that it is then possibie'
to find g from the quadratic equation (10).

The: cubic equation (11) has three solutions
(theoretically) while the quadratic equation (1) has two
solutidns (theoretically). However, not all of these

solutions will be real.



il

R Exnépimentai. Aﬁéﬁgjféur crosses used for
interference anéiysis, fhe'méﬁkers in the fifst were
confined to thefnighb arm of theﬁﬁg cﬁromosome and a region
«3 units in 1engthuwa$>ipcluded in the hope that some
information on egqhange iﬁ'éuch a sport region would be
obtained. However;mipwgquwpegamp,apparent;phat with the
methods of &scnéf&is&ection available at the time, analysis
of such = shor+t region was impractical. The second cross
was therefore set up with markers covering'approximatély
69 units of the Bl chromosomi. The independent marker pxggé
was included in the second cross to assist in the
detection of abnormalities of development of the ascus.
Techniques of ascus dissection became so improved later on
“that an analysis ofga short region was again attempted.

The choice of this ‘third cross was unfortunate as the
disfribution of theiexghanges from the Qifferent perithecia“
proved to be hétéfbgéneous (T&bie 10). Tﬁg cross was therefore f
abandoned and a.fouffh cross;ﬁhiéh inciﬁdéd two_shortl
regions was analysed, All the asci usedviﬁ\iﬁterferencé
énalysis were fully diésected and classified for conidial
colour and nutritio@ai requirements, -

The four crosses whicgvﬁill hereafter be referred

to as Cross 1, Cross 2, Crosg 3 and Cross 4 were:-




B

Cross 1. prol bil abal ad8.

Recombination frequencies calculated from the ascus analysis.

i
y

. 070 .154 . 049
prol + + + bil Xﬁif
+ pebal y ad8 + s

h

Cross 2. ribo adl4 pabal y//an prol bil pyro4.

Recombination frequenciés calculated from the ascus analysis.

.164 L0070 « 254 . 063 . 093 047
ribo + adld Centro- + pabal ¥ + +
C o+ an +  mere prol + + bil pyro4

X

Recombination frequencies calculated from the ascus asnalysis.

prm 105 125 ,046 o
prol + __ pabal ¥ + va/v vukj)i{”ﬁwf
m adl7 + ¥ bl [

Cross 3. prol pabal y//adl? bil.

Crogs 4. prod bil rol adlb psbal y.
Recombination frequencies calculated from the ascus analysis

prod + + + + bil
+ prol adlb pabhal y +

The prol and prod markers can be recognigzed
visually by their growth on minimal medium. The prol marker
determines a fair degree of growth after 3 days incubaition
at 37° C. while the prod marker determines distinctly less
growth after 3 deys incubation at 37° C. (Figure 6).

Analyses of Crosses 1, 2 and 3 by the use of random

strands from single perithecia were carried out before
dissection was started. The perithecial analysis of Cross 4
wags done by Dr.E.Calef and he has kindly allowed me to use
his results. In all four crosses, perithecia used for
perithecial enalysis and for ascus analysis were obtained
from the same Petrl dish, Detalils concerning the markers
used can be found in Section I - 3, The perithecial analyses
of all four crosses gave no evidence of chromosomal

re-arrgngements but the markers gn and adid in Cross 2 gave
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a reduced viability*significant at the 5% level. In the

ascus analysis the pibo markeﬁA(Croes‘z) had a reduced
viability significant at the 5% level, but the viability of
all the other auxotrophs was ae good as that of their
correepondino prototrophe.

In order to test Whether the 1ncomplete asci from
each Cross constltuted a selected sample, the recombination
frequencles obtained from the "fully classifigble ascus
samples" were compared to the recombination freguencies obtained
from the pefithecial analyses (Table 7). This procedure
was adopted because the.iﬁeomplete asci from_each cross
constituted such a small fraction of the total (Tables 12,

1%, 14 and 15). Table 7 shows no differences between the
reccmﬁinatioh frequencies obtained from ascus analysis
and from random strand analysis. |

The exchange distribution among thes asci from
different perithecia proved to be homogeneous in Crosses
1, 2 and 4 but not'iﬁ Cross 5 (Tables 8, 9, 10 and 11).

Cross 3 has therefore not been considered any further.



Table 7.
Recombination fractions in Crosses 1, 2 and 4 as obtained
by random strand analysis and by ascus analysis. The random
strand estimates of Cross 4 were kindly supplied by Dr. EH.
Calef.,

Cross 1 (prol bil//pabal Y. adB)

y - bil .060 + .0140 . .049

Interval Racomblnation fractlons estmmated by:=-
_ Random strands. . Aseci,

prol ~ pabal ".109 + .0184 - «070 + .0108

pabal - ¥ 113 + ,0187 .14 & L0126

+ + .0079

Cross 2(ribo adld pabal y//sn prol bil pyrod).

Interval Recombination fractions estimated by:-
Random gtrands. Asci.

ribo - an +165 + .0131 «164 + ,0154

an - adld 066 + .0087 | - L,070 £ ,0103

adl4 - prol - .295 + .0161 « 264 + 0182

prol - pabal 057 + .008B2 . 063 + ,0102

¥y - bil .042 + . 0071 « 047 + 0094

Cross 4 (pro3 bil//prol adlb pabal vy).

Interval . Recombination fractions estimated by:-
. __Random strands. Asei.
_prod - prol - Not secored. .. - 003 + ,0015
‘prol - adls L .083 % ,0122 073 + ,0078
adlb - pabal ~© 003 + .0025 .002 + .0012
pabal - ¥ L1839 + 0173 - .127 + .0096
y - bil © .028 + .0083 ; . 044 + 0061



Table 8.

Tests of homogeneity‘of~exchange frequencies between the
perithecia of Cross 1 (prol bil//pebal y ad8). Perithecia
with 5 or fewer exchanges have been pooled,

Perithecium Number of fully Number of Mean number of

Number classifiiable exchanges exchanges
| asci (ni) (si) (pi)
1 51 16 4859
2 28 BTN 4642
5 25 15 . 6000
4, 14 & 15 48 13 . 3005
5 15 - . 6154
6 24 11 . 4583
7 28 21 7500
8 =7 o 14 .5185
9 This perithecium cérrieé-a semi~lethal (dwarf).
10 27 "' 13 . .4815
11 A 26 18 . 6923
12, . 28 - 18 6429
13 “ 29" el 7241
16 30 15 . 5000
kg "- 28, ,  14 . 6364
18 19 6 . 5000

Total number of asci (N) = 392
Mean number of exchanges (p.) = .5485

2 3 3 o
X(l4) = 11.42 Probability == .70 - .50



. pable 9.

Tests of homogenéity of exchange frequencies between the
perithecia of Cross 2 (ribo adld pebal y//an prol pebml bil).

7
Perithecium Number of fully Number of Mean number of FPyTes.
Number classifiable exchanges exchanges
asci (ni) (s1) (pi)

1 24 . 36 1.5000

2 23 55 : 1.5217

o) 26 55 1.3468

4 29 43 1.4828

5 24 48 1.5833

6 17 19 1.2176

7 13 13 1..0000

8 . 10 14 1.4000

9 24 | Tl 1.2917

10 74 - 98 1,2568

Total nuimber of asci (N) = 264
Mean number of exéhéngesf(p.) = 1.3500

X{g) = 5.87  Probability = .80 - .70



Table 10.

Tests of homogeneity of.éthangeqfrequenciesabetween the
perithecia of Cross 3 (prol pabal y//adl? bil). Perithecia
with 5 or fewer exchampes among the tetrads have been pooled.

Perithecium Number of fully Number of Mean number of

Number classifiable exchanges exchanges
: asci (ni) (si) (pi)

1 b4 o - 18 . 88D

3 26 15 5769

4 19 16 « 8421

b 20 15 . 7500

2y 6, 7,

8 & 9 32 18 .5625

Total number of asci (N) = 15L
Mean number of exchanges (p.) = 5430

x%4) = 9.17 Probability = .05

_T&bie 11.

Tests of homogeneity of exchmage fregquencies between the
perithecia of Cross 4 (prod bil//prol adls pabal y).

Perithecium Number of fully Number of Mean number of

Number classifiable exchanges exchanges
asci (ni) . (sd) (pi)
1 | 20 X 5 . 2500
2 16 7 4575
5 94 53 .5638
4 "9 47 .5949
5 49 | | 28 5714
6 168 T4 4405
7 147 B .4850

Total number of asci (N) = 573
Mean number of exchanges (p.) = .4974

X?@) = 6.47  Probability = .50 - .30



Table 12.

Summsry of the ‘data obtained from Cross 1 (prol bil//pabal V)
. 2d8 ).

Noh~exchange tetrads ;¢~;4é—~4 —————————————————————— 225

Single exchange tetrads. o

Prol. = Pabal —mmmes e e e e e e e 28
pabal = ¥ ———mmsoim e e e 86

T = DLL o e e e e e e 18
TIOBAL = e e o e e e e e e e - 152

Double exchange tetrads
d-strand double within prol - pabal ————wewmcam- 1
4-strand doubles within pabal = §J =—=eececm—mmem—am— 6
4-gtrand double within y - bll —meec—mmm—mm e 1
prol - pabal; pabal - ¥ =—ememm e 9
prol - pabal; ¥y = Dil meemm e e 4
pabal -« ¥; ¥ = bil mmemmme e e e 6
¥ - ad8; ad8 =~ bill ———e—mmm e 1
Total ———~--~~—————~—e——: ——————————————————————————— =28

Triple exchange tetrads .
prol - pabal; paba - y; ¥ - DLl mmmmm e e 2
4-strand double within prol - paba; single y -
bil 2

4d-gtrand double w1th1n prol - pabal- single

pabal - ¥ 3
4-strand double within pabal - ¥3 single y - bil 1
4-strand double w1th1n y - bll single pabal - y 1
Tobal ~— e e e e e 9

Incomplete BECL mm e e e e 55 594,
Perlth601um No. 9 carrylng seml—lethal (dwarf) ———=~- 62

Abnormal‘asc1 ——————————————— e e e

3
GRAND TOTATY — ot oo e e e e e e 519

Distribﬁtidn of the exchanges in the sample of asci.

Number of exchanges.

0 1 2 3 Total
Observed R23 132 . 28 o 392
Ixpected 226, 2 124,12 34,0 7 392 =



Table 13.

Summary of the data obtained from Cross 2 (ribo adl4 pabal y//
an prol.bll pvro4)

Non—exchange tetrads ——mmm—————— e e e e 67

Single exchange tetrads L

PiDO = BN = e e e e e 27
an - adld ~——eem——————————————— ot o e e s e e e e 4
8314 = Prol ———mm e ————— 39
Prol = pabal = em e e e e e e e -9
pabal I A T it 11

TOBE] = mmm = oo o e T 89

Double exchange tetrads _

4-sbrand double within ribo - an —~———wmmme—emamen 1
4-strand doubles within adld - pProl —————mmc—m—e 4
4-strand double within an - adld -—————mmmeune—— 1
ribo -~ anj; adl4d - Pro} ———m e 16
ribo - am; prol - pabal ——e—m e 3
ribo - an; pabal - § —==ccmmm e e 4.
ribo - an; ¥y = Dil cmmm e -2
an - adld; adld proll ——e-em e e 4
an - adl4d; prodi = pabal —————memm— e 1
an -~ adld; pabal - ¥ ~—mmmmm e e &
an - ad14° Yo DLl e e e e - 1
adld - prol' prol - pabal.-éhé ————————————————— -7
adld - prol; pabai - Y e e e - 8
adld - .prol; y - bil —~—==mv B e L e
prol.v\pabalg pabal - ¥ memmm e e 2
prol = pabal; ¥ = bil ~emcmm e e - 1
pabal -~ ¥3 ¥ = DLl e e e 3
Total ~~7—--~—~——-—————~~~—4~4 —————————————————————— 63

Trlple exchange tebrads
d—-gtrand double within riboe -: an; single adld -
Prol ————mem——
d=-gstrand double.w1$h1n ribo - an; single y -
‘ ' Pil mmmme——e
4-~gtrand doubles within adl4 - prol; single
, ribo - an -—-—---—
4-strand double within adld - prolﬁ single pabal
4d-gstrand double within pab@l.n V3 51nple prol -
pabal =———————
4-gtrand double within y - ‘bil; single adl4 -
Prol ~mme—m———e
ribo - an; an - adld; adld - Prol ~m—eeeememen
ribo ~ an; afl - adld; pabal - ¥ ——ermmme— e
ribo - an; adld ~ prol; prol - pabal ————emewmea—

ribo - an; adl4d - prol; pabal = § ————mmmmema

R T e A S =



" Table 13 continued.

Triple exchange tetrads . :

ribo - an; adld - prol; y = bil ~———cemmemeaa —
an - adl4d; adld - proly; prol - pabal ——-—aeme——-
can - adld; adl4d - prol; pabal = ¥ —=—e—mm—em————
Can - qd14' adld - prol; ¥ = Dil cmemc e —————
cadl4d - Drol' prol - pabal; pabal - ¥ ———memm————
adlsd prol; prol - pabal; ¥ = Pil e
adld -~ prol; pabal - y3 ¥ = bik ————mmmmme e
prol pabal pabal - ¥; ¥ = Pill ~——memmmm -

1

Total __—__mntrfrrfﬁuf: ___________________________

Quadruple exchange tetrads :

4-strand double within an - adl4d; singles adl4d -~
prol and ¥ ~ Dil —ememme—— e e e
4d-strand double within adl4 — prol; singles prol
- pabal and ¥ - Dil = e e
ribvo - anj; adl4 — prol; prol -~ pabal; pabal - y

ribo - an; adl4 - prol; pebal - y; ¥y - bil ~———a

FREPUGE R

FOR

To.tal ———————— -- ——————————————————————————————————— ———

Quintuple exchange tetrad
4~strand double within ribo - an; singles an -
adld and adld - prol and pabai - J e ot

Total ~——=—meem e T v e e e o e e e e e
Incomplete asCl ———mmmm e ————————
Selfed green asCl mmmmm e e e e

Abnormal asel ———m—mm e e e

GRAND TOTAT; —m et e e e e -

Distribution of the exchanges in the sample of asci.

Number of exchanges.

o. 1 T2 3 4 & 5
Observed 67 - 89 63 39 6
Expected 68.4 92.4 62.4 28.1 12.7

59

| F

P15

NI I

Total
264
264



Table 14.

Summary of the data obtained from Cross 3 (prol pabal v//

8dl7 bil.

Non~exchange teitrads —cem—mm e m e e e o e o e e 93
Single  exchange tetrads o b
CPPOL = AALT e o e e e e e e - 15

adl7? - pabal—— e e e e 0
pabal — ¥ —--omm s e —— e 16

Vo= Dil memm e e e 5
TOBBL e i e e e e e e e e e e e e 56

. Double exchange tetrads

prol = adl7; pabal = ¥ —————mrmem e e e - {4
pabal - y3 ¥ = Dll e 4
prol - adl%?; y - Pill cmmmmmmm - 4
d-gtrand double within prol - adl? —————ecemee—- 1
4—-gtrand doubles within pabal - ¥ —————mmmcma—a - 4
Total ——— e e e e e e e e e e e e e e 20
Triple exchange tetrads

prol - adl¥; pabal - y3 ¥ ~ Pil —cmmmme e 1.
4-strand double within prol,- adl7; single

Pabal = JF m—mmm e e e 1
Total == e e e e e e e 2
Incomplete aSCLl ———m——mm s e e e - 6
Abnormal ascl —————m—— e e e e e 5
GRAND TOTAL o e e et e e e e 160
Relationship of‘adjacent exchanges.

S ~ E=strand  S-strand 4-gtrand

prol - adl%?; pabal - ¥y 2 3 3

pabal - y; y - bil 1 4 -

prol - adﬂ?, ¥y =~ bil 2 1 2

Total 5 8 5

Distribution of the exch anges in th e sample of asci.

Number of exchanges.

0 1 2 & Total
Observed 93 36 20 2 151
Expected 88.0 47,8 . 13.0 Ce 151

st) = 6.97  Probability = .10 = .05



Table 15.

-Summary of the data obtalned from Cross 4 (pro3 bil// prol
_ adl5 pabal y)

Distribution of the exchanpges in the sample of asci.

Number of exchanges.

0 1 2 3 & 4 Total
Observed  34Q 194 38 6 575
Expected 34'7.5 172.9 43,0 11.6 E75

x%'g) = 3.83 Probability = .30 - .25

Nonaexchange tetrads o e et e e 340 F{f
Slnole exchange tetrads

Prod - prol ——---— e e . e e e e 3

© prol ~ adldb mesetecmm e e e e 49

adld - pabal. ———rm e ——————— 2

pabal — J m—mm e e e e e 105 _
Y- bil mmee e e 32

TIOBAL e e e e e e e e e e e e e e 191 +¥
Double exchange tetrads

prol - adlb; pabal = ¥ =e—mmemme e — 18

prol - adlb; ¥ = Dil ~—m e e 4

pabal - ¥; ¥ = bll e e 8
d~-strand double with in prol - adld ————mmeeme—aa 3
d-strand double within pabal - ¥y ———c—mmm e b

TOTAL e o e e e e e e e e e e e 38
Triple exchange tetrads

prol - adlb; pabal — y; ¥ = DLl ——mmmmcmc—— e 3
d-strand double within prol - adlb; 51ngle

V= bll s ———— 1
4-strand double within y - bil; single prol -

Adld e e —————— ——_—_—— L

Total ———m e e e e e e e 5
Quadruple exchange tetrad

d-gstrand double within pabal - y3; singles prol -

- adlb and y = bil e e 1

ToBal = e e e e e
Incomplete 2801 ~mmmmm e e e e ——— 34
Abnormal asCl ———— e ————————————— e 2
GRAND TOTAL meme e e e e e e e e e 611



4, Strand relaﬁions in;multiple exchanges. The

information on these relationshlps from Crosses: 1, 2 and 4

has been summarlzed in Tgbles 16 to 21.

In a hypothetmcal case, when two intervals A and

B are marked on-a.chromosome, various tetrad classes can be

detected. (Whipehouse-1942).

Class

v I o

These are as follows:=

Type of exchange,

Interval A.

(o B TS « I N e

None

Single.

None

Single
4-strand double
Single .
4-strand double
None:

d-gtrand double

interval B.

None
None
Single
Single
Single

4mgtrand double

None
d-gtrand doublaf  |

4=gtrand double

It cannot be excluded that the 4~-strand doubles

which occur Withln 1ntervala (Classes 5 to 9) were caused

by exchanges at the two strand stage of meiosis. The tetrad

class normally used in the evaluation of chromatid 1nterference
is Class 4. This class Will include 2=, d= and 4-strand |
double exchanges in & ratio of 1:8:1 if chromatid 1nterference
iz absent. Classes 5 and 6 cannot be used as the

relationship between the two adjacent exchanges is
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indeterminate. ﬁowever, the‘omiééioh of Classes b and 6
may introduce an error intd the proportions of 2-, 8~ and
d-strand doubleléxchanges.observed in Class 4a

When ﬁhe:two intervals are short, the size of
Classes 5 and 6 is small and the error introduced by their
omission is negiigible. However, aé the intervals become
longer, the sizé of'01aséea 5 amd 6 will increase and the
error will no 1oqger be negligible.

The errdf introduced by the omission bf these tWo
classes is really caused by the fact that the comparable
class with a 3~strand double exchange within one.interval
and & single exéﬁange in the other interval is inevitably . -
included in Class 4, while the class with a 2-strand doubie
exchange within ome interval and a single exchange in the’
other interval will be included in either Class 8 or 3.
Furthermore, the type of "double exchange" observed between
the two inteﬁvals (actually'arising from a single exchange‘
in the one interval and a 3-strand doﬁbié éxchange.in the
other interval) will give fhe relationship of the single
exchange and. the furthest exchange of the 3-strand double.
This will be Qifferént=from‘the relationship of the single
exchange and the closest exchange of ﬁhe"austrénd‘double.»
The latter gives‘the importént strand felationships.

Using the method of Whitehouse (1956, private

communication) (see Section III % 2 -'d), the frequency of
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Classes 5 and’6 in thé‘presentidata could be used to
correct for the propértions of ﬁetrads in Class 4 which
arose from three exchanges and which therefore showed the
wrong sﬁrandlrelations@ Thereﬁﬁere no tetrads in Class 9,
showing th_a%.i-; tetrads Wwith four or more exchanges in the
two intervals did not occur. When the frequency of tetrads
with four of more exchanges in the two interwvals is high,
then the correction factor cannot be used. |

Théré‘ﬁére a nurgber of methods by which the data
could be analysed. These were:=-

(1) The relationship of all pairs of exchanges
were considered, regardless of the position of the
centromere, the intervals in which the excﬁanges occurred
and whether or not there was another.exchapge between the
two being considered. The disadvantages of this method
were that it was assumed that the mechanism of exchange
wag uniform along the lengthiof the chromosome and that an
intervening exchaﬁge had no effect on the relations of the
strands involved iﬁ the two boundihg'éxchanges. Crogses

1, & and 4 were examlned by this method but Whitehouse's

correction factor was not used. This correction factor
cannot be used when no allowance lS made for possible
effects of intervening exchanges.

(2) The assumption that an intervening exchange

had an effect on the strand relations of the bounding
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exchanges could, of course; be‘almdét:overcome by
considering on1y=adj&cent‘exchangéé.'(The:only intervening
exchanges which are then not recovered by tetrad analysis
are the znstréﬁddeUble exchanges:wifhin intervals). These
adjacent exéhahges were considered regardless of the
interval in which they occurred and regardless of thes
centromere poSitibn. This type or,aﬁalysis was extended
by ignoring the exchanges which occurred in 1, 2 or more
intervals at one'§r other end of the marked region or at
both ends simumtaneougly. The effect of this analysis

was to consider the strand relationships of adjacent
exchanges when varying lengiths and regions of the

chromosome: were used. Crogses 1, 2 and 4 were examined by

this method and since the frequency of undetected
intervening exchanges mugt be so low as to he negligible,

ﬂgitehouse's correction factor was mmi épplied to the data.

(65 It was quite possible that the centromere had
a differential effect as was.observed by Lindegren and
Lindeeren (1942). Thefefore, if the centromere was
included in the marked region, the data were analysed in
relation to it. In,cbésa 2 the strand relationships of
those pairs of exéhangeé which fell whélly in one or the
other of the chromosome arms end also the strand
relationships off thoge pairs of exchanges where one fell in

one arm and the other fell in the other arm were considered.
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Only Cross 2 Was.analysed by this ﬁethod and exchanges in

the adld to centromere to prol interval had to be ignored,
as 1t was not known on which side of the centromere they

occureed. No allowance was made for intervening exchanges

and so, again, Wh;ﬁehouseﬂa correction factor was not used.

In the’pfesent study the datsa picked out of the
three crosses as.a;reéult'of the use of any one of these
methods were réfefﬂed to as "a sample", or-more
specifically "a sample of double exchanges', "a sample of
adjacent exchanges', ete.

The analysis was complicated by‘small numbers of-
pairs of exchanges recovered in some of the samples.
Therefore, the samples in which the total number of pairs
of exchanges was less than 20 were ignored. This meant
that the following samples were ignored in the. analysis:-

Teble 16. Cross 1. prol bil//pebal y adS. The

samples of adjacénf exéhéﬁges found in the chromosome

lengths prol to y and pebal to bil.
Table 17. Cross 2. ribo edid pabal y//an prol bil

NAVErehrTren

pyro4. The samplés of‘adjacent exchanges found in the

chromosome }engthé,an to .prol; adld to pabal; ribo to adls;

prol to bil;'pfo;_td Y and pabal to bil.
Table 18. Cross 4. prod bil//prol adlb pabal y.

The sample of adjacent exchanges found in the chromosome

length pabal to bil.
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The feméining data of Groéées 1, 2 and 4 (Tables
16 to 21) werefcohsidered‘accordihg to each of the methodé
outlined shove. If all four chromafidé participated at
random in &Quble and multiple exchanges, the ratio of 2-:
5—:4~strandidouﬁle exchanges should’h&&e been 1:2:1, This
ratio was broken'down inﬁb four components, namely:~

(1) Théffatio of compensating (2-strand + 4-strand -
doubles) : noﬁééompensating-(5-strand doubles) should have
been 1:1. |

(2) Thé rafio of 2-:4-strand doubles should have
been 1l:1.

(3) The ratio of 8-:3~strand doubles should have
been 1:2.

(4) The ratio of 4-:3-strand doubles should have
been 1:2. |

The UNCORRECTED samples were compared Tirst to

these ratios:-

(a) Qross 4. Three samples were available with

total numbebs of double exchanges greater than 20 (Table 18)
and in all 6f $heﬁ, thé ratios of ‘@-:%-:4-strand doubles
were 1:8:1.‘Thé démpohent,ratioé Were: =

(1) Compensating:nochompensating double

EXChanges =————mm——— ERE

(3) 2=:3-strand double exchanges =———wm—= 112,
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(4) 4»:5§strand double exchanges- ~~~~~~~~~ 1:8.

(b) Cross 2. Twelve_samples_wére available with

total numbers of double exchanges greater than 20 (Table 17)
and in all of them, the ratios of ?~ 5=~ td~strand doubles
were 1:28:1, The component ratios were.

(1) Compensatlng:non—compensaﬁlﬁg double ¢

exchanges —=m=———mme= 1:1
(2) 2-:¢éstrand double eXChanges mes—~meam— 11
except for two samples ~~~~~~~~ i.e. the sample of

adjacent exchanges in the. chromosome length an to bil and

the sample of adjacent exchanges in the chromosome length

adld to bil. In both samples there were excesses of 2-strand

double exchanges.
(8) 2-:3~-strand double eXChanges ——m—mm— 1:2,

(4) 4~:3-strand double exchanges wmmmmmme—= 1:2,

(c) Cross 1. Onlg_two samples were available with

total numbers of double exchanges greater than 20 {Teble 16)
and in both of them, the ratlos of 2~ 6~.4~strand doubles
were 1:2:1, The component ratios were:=-
(1) Qompensating:nonécompensaﬁing-double
exohanges T 1:1, o |
| (2) 8-:4-strand double exchanges =——-——==w 1:1.

(3) 2-:B3-strand double exchanges ~-—m=me-- 1:2,
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(4) 4=:B3~strand double eXChanges —=-—=—-- 1:2,

Secondly, the CORRECTED samﬁles were comperecd

to these ratios.
(2) Cross 4. There were two .samples with numbers

greater than 20 ﬁhigh could be corrected by Whitehouse's

Pormulae (TablésfiB.and 21)\ In both of them, the ratios of
O t B td=strand doubles were 1:2:1. The component ratios
were:- |

(1) Compensating:noncompensating double
exchanges ——=—- - 131,

(2) 2-i4-strand double exchanges —em———=—- 1:1,

(3) 8~:3-strand double exchanges =——=——=== 1:2,

(4) 4~:3~strand double exchanges ——-——- -~ 112,

(b) Cross 2. There were niné samples with numbers

greater than 20 which could be corrected by Whitehouse's
formulae (Tables 17 and 20). In all of them, the ratios of
2~ 3= 14-atrand doubles were NOT 1:2:1, The component ratios
Were: = “ |

(l) Comﬁansating:non—cdmpenéating double:
exchanges ;4 ------ 1:1. |

(3) 2- 14-strand double exchanges =——=me=-= NOT 1:%

~~~~~~~~ too many 2-strand double exchénges.
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(S)AZQia—strand double exéhanges e NOT 152
with one exceptioh. Barriﬁg'thetexcéption, which may have
been the consequence of sémpling'errér, there were too
many 2~strand dOubles. The exception_involved.the sample
of adjacentlekchanges found in thé éhfomosome length Tfrom

ribo to prol.

(4) 4=:3-strand double»exchanges ——————— - NOT 1:2

————— ~=- too few 4-strand double exchanges.

(¢) Cross 1. There was only one;sample with

numbers greater than 20 which could be corrected by

Whitehouse's formulae (Tables 16 and 19). In this one
sample the ratio of 2-:d-:4~sbtrand double exchanges was
NOT Ll:2:1l. The component ratios were:-~

(1) Compensating:non-compensating double
eXchanges ~m—mmwmee NOT 1:1 —meameow to§ many compensating

double exchanges.

(8) 2-:4-strand double exchanges —mmmmemm NOT 1:1
———mmee= $00 ﬁany é~Strand~doubis exéhanges.

(5)'2~:$Qstrand double exchanges -~-———-=- NOT 1:2
———————— too ﬁany 2-strand double exchanges.

(4)v4-:5~strand double exchanges =—w~w==- - 112

-------- N.B., Numbers #eb& small.
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(5) Discussion of chromatid interferecnce.

(a)fThe essential features to be noted in the data.

() Cross 4. There were NO_DIFFERENCES

between the corrected and the uncorrected samples
involving the strand relations of adjacent exchanges in

the chromosome . lengths prol to bil snd prol toc y. Apparently

all four chromatids participated at random in double and

multiple exchanges.

(8) Cross 2. There were MANY DIFFRRENCES
between the corrected and the uncorrected samples

involving the strand relations of adjacent exchanges in

the chromosome lengths ribo to bil; ribo to y: ribo to pabal;

ribo to prol; an to bils; an to y; adld to bil; adld to ¥y

and an to pabal., It will be noted that these chromosome

lengths included the chromosome lengths used in Crosses
1l and 4. | |

Iﬁ the uncorrected data most of the semples
suggésted'ﬁhat the four chromatids participated at random
in double and multip;e-exchgnges‘ There was a slight hint
that this might not be correct in so>far as ‘there were the
two samples ﬁith.ﬁore two than four strand doubles. The
corrected samples brought this featﬁre‘out quite clearly.
In all nine corrected samples ihere were more 2- than
dmstrand doubles. The corrected samples also showed that

the ratios of 2-:3-strand doubles were NOT 1:2 (with one
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exception) =---<= in fact,thé frequen¢ies of 2= and d-strand
doubles agreed very well with & 1:1 ratio. The ratio of 2-:
~strand doubles. in the exception which involved the strand
relations of adjacent exéhanges in the chromosome length

ribo_to proi,dould equally well have been 1:1 or 1:2. The

exception was probably the result of sampling error.

(Y) There were MANY DIFFERENCES between the
uncorrected samples and the one corrected sample involving
the strand relations of adjacent exchanges in the

chromosome length,prol to bil. The uncorrected samples

suggested that thesféur chromatids participated at random
in double and multiple exchanges. The correoﬁed sample was
entirely different. As in the corrected samples of Cross 2
there were more 2- than 4-strand doubles and the ratio of
2= 15~strand doubles was NOT 1:2, However, in the corrected
samples of Cross 2 the ratios of 2—:5;strand doubles wefe
very close to 1:1. In the corrected sample of Cross 1
there Were_twice as many e-strand as d-strand doubles

(the probabiiity of eqﬂéiity was, however, fairly high

at .15). The ratio of B-:d-strand doubles could not be
determined~ﬁith any reasonable accurécy owing to small

numbers.

(b) Comparison of the results with those expected

Tfrom some possible theoretical models of exchange. The
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simplest model of exchange is that éll four chromatids of

the first melotlo division are 1nvolved at random in

double and multlple exchanges. In a large sample of double

and multiple exchanges, thefoutcomeudf this model would

be that 2-, B~ and 4-strand double exchanges occurred in

a ratio of 1:2:1. In thejpfésent S%ﬁdy the uncorrected data

01d not disagree with this ratio. |
Howevéf; the uncorrected data were subject to

errors caused by undetected double exchanges within

intervals. Whitehbuéé (1956) has realized that if such
undetected double é#changes occur at all frequently, they
may constitute an important source of error and he has
devised a method which corrects for them., The correction
is based on the number of 4-strand double exchanges within
eilther of a pair of intervals which occur together with a
Asingle exchange in the other interval. The logic is that
if this type of triple exchange is odcurring; then triple
exchanges with either a . d-strand double:br a e~strand douhle
within either»of ihe ihterVa1s ﬁogethér with a single
exchange in the other interval are also occurring. The tetrad
type with a 5~strand double within one of the intervals:
may cause an’ error,

A‘Bustfand double exchange within an interval is

detected by tetrad analysis as a "81ngle exchange",
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Furthermore,the OBSERVED strand relations of this 3-strand
double exohénge withinyén interval to a single exchange

in another intérval are those of the single exchange and
the furthegf exchangerof the S—strénd double. These strand
relationships will Dbe differenﬁﬁﬁgmthose of the single
exchange and.the closest exchamge of the 3-strand double
and it is fhis latter relationship which is important. A
e-strand double exchange within an interval is not

detected at all.:

Although in the present study Whitehouse's

correction formulae were used in the analysis of the
strand relations between adjacent exchanges, there were
two reasons for proceeding with caution. As stated above,
his correction is based on the occurrence of 4-~strand
double exchanges within 1ntervals. Now, flrsﬁly, if these -
4~strand double exchanoes within intervals were caused by
exchanges at the two strand gtage.of‘m61081s, then the use
of the formulée was erﬁg. Seéond]y, his formulae assume
that the proporblons of 8—, 3w and 4-strand double exohanges
were the same w1th1n and between 1nteﬁvajs. If this
assumption was not valid for the three crosses analysed in
this st@dY, then again the use of the formulac was ﬁrong.
Therefore, while ALWAYS bearing in mind that the

use of Whitehouse's correction formulae may have been wrong,




the data from'fhe three crosseé wére corrected. The

question then was whether the corpected data remained in

the ratio of 1:2:1. TO _REPEAT, this was the ratio expected

on the simplest hypothééis that all four chromatids of
the first meiotic dieision were iﬁvolved at random in
double and mpliiple exchanges.
(uj Ctoss 4. In the two corrected samples involﬁingl‘
the strand relations of adjacent exchanges in the

chromosome lengths prol to bil and prol to y, the ratios

of B=:3~id-strand doubles had remained at L:2:1.

98) Cross 2. In the nine corrected samples
involving the strand relations of adjacent exchanges in

the chromosome lengths ribo to bil; ribo to y; ribo to pabal;

ribo to prol; an to bil: an toyv; an _to pabal; adld to bil

and adld to_y, the ratlos Of £-13-:d=strand double exchanpes

Were no longer 1:2:%, 2~ and 5—strand double exchanges

were equally rrequenb in nghtg of the nine corrected samples
and there were too few 4-Sfrand doﬁblé exchanges. in ALL

nine corrected éampies. The exoeptmon with regpect to the

o= and 5—strand double exchanpes>1nvolved the. strand

relatlons.of the adjacent exchanges in the chromosome

length ribeo to prol. In this sample the ratio of 2-:3-strand
double exchanges could equally well have been 1:1 or 1:2.

This exception was probably the consequenéeﬂof sampling error.
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(Y);Crosszi.‘lﬂ the single corrected sample
involving ﬂheistrand»relations offthe adjacent exchanges

in the chromosome length prol to bil, the ratio of 2-:3-:

4~strand double exchanges was &1ls0 No longer 1l:2:1l. There

~ were 0o mapyizastrand"doubles amd too few 4-strand doubles.
In this caéefthére Wéfe also twice as mamnyl 2-strand as .
S=strand doubles but theatotal number of 2~ + &~strand
doubles was 1ow and the probablllty of a 1:1 ratio was

high at .15.

At first sight the three crosses seemed to be
entirely inconsistent. However, considering only Crosses
1 and 2 for the moment, one salient point was apparent.

This was that TWO OF THE STRANDS WERE PREFERENTIALLY

INVOLVED IN ADJACENT EXCHANGES.

Therefore, this "simplest model" was rejected as
inadequaﬁé:sipoe it was defined as "all four chromatids of
the first meiotic;divisiqn were involved at random in
double and multiple exchanges",

The ﬁrﬁblém now was to find & model which wohld
allow varlatlon in the frequemcles of &=, &= and 4-strand
-doubles from a point Where most of the adjacent exchanges
involved only two of the four strands to a point where the
adjacent exchanges involved the Ffour stfands at random.

A two phase model builtb up by several workers seemed most
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abtitractive in}the present stﬁdy'because a slight extension
of the model allowed the required range of Variaﬁion in

the frequencies of thé £2-, 3~ and 4-strand double exchanges
to be obbalned.

It was first postulqted by Belling (1991) that

exchanges occurred only between the two new. chromatlds
during the process of their formation ("new strand"
exchanges).iﬂatﬁrally if these were the only exchanges
that occurreé;.tﬁen only 2~strand double exchanges would

be possible. This is obviously incorrect and Lindegren and

Lindegren (1987) and Schwartz (1953, 1954L_;955) then
suggested that sister strand exchanges sﬁperimpoaed on
Belling's system would give the required 8- and 4-strand
double exchanges. If sister strand exchanges occurred so
often that even and odd numbers were équally frequent.

in the mean diétaﬁcéﬂbé£We§n adjacent new strand exchanges,
then the ratio of-2-'5~'4-strand ddubie exchanges would be
1:2:%. That 1s, the ratio obtained would be the SAME as
that obtalﬂed from the "smmplest model” However, the ratlo
obtained by the two phase model (ives & combination of
sister étrand and‘new stpand exchanggs) would change if
‘the mean»frequeﬁcies of sister strand exchanges in the
mean distance between adjacent_new'strand exchanges

‘decreased to a point where even and odd numbers did not



occur in equal frequencies. (Since there is no general
agreement on the occurrence of sister sirand exchanges,

the avallqble evldence is presented in Appendix 1).

IMPORTANT NOTE., For the remainder of this

discussion, the "frequency of sister strand exchanges" is

understood to mean the- "fregquency of sister strand exchanges

in the mean distance between adjacent new strand exchangeg'

except where specifically stated to‘the contrary.

If there were no sister strand exchanges in the
mean distance between adjacent new sitrand exchanges, &
e-strand double would be the result; if there was one
sister strand exchange, then a 3-strand double would be
the result; and 1f there were two sister strand exchanges,
(one in each palP of sister chromatids) then a 4-strand
double would’be-the result. It is immediately obvious that
the ratios of 8-15-:4-strand double exchanges would be
- determined b& the E@éﬁ "frequency:of sister strand exchanges'.
The possible range would be fr&m 1:0:0 (no sister strand
exchanges) to 1:8:1 (eveﬁ and odd numbers occurring with
equa.l frequenéy). |

Lindéggen and Lindegren (1987) obtained an excess

of 2-strand double exchanges in the "sex" chromosome of

Neurospora crassa and explained. their results by
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postulating the two phase model of exchange. They
proposed that sister strand exchénges in the mean
distancg bétween adjacent new strand exchanges were not
sufficiently numerous to alloﬁ‘even and odd numbers to
ocecur With equal frequency. Hence there was an excess
of 2~strand double exchanges.

Now a possible extension of this #fwo phase

model is that‘the MEAN "FREQUENCY OF SISTER STRAND

EXCHANGES!" CAN BE VARIABLE. If this is so, the mean

"frequency of sister strand exchanges" determines the

proportions of 8-, 3= and 4-gtrand double exchanges

recovered. ‘ ,
There are two variables which may affect the mean
"frequency of sister strand exchanges'". If the mean
distaence beﬁween adjacent new strand exchanges is kept
fixed, fhen'an&inCreQSé\in the mean "frequency of sister
strand exchanges” w1ll shift the rabio of 2wt 8- degstrand
double exchaages towards l:2: 1 while a decrease in the mean
"frequency of sister strand exchanges" will shift the ratlo
towards 1:0: O. On the egﬁgpa§§%‘if the mean "frequency of
sister strand exchanges" is kept flxed then an increase
of new strand exchanges will shift the ratios of 2-:d-:
4-strand exchanges towards 1:0:0 while a8 decrease of new

strand exchanges will shift the ratios towards 1l:2:1i. Of

course, all combinations of the two will be theoretically




prossible,

However, the MAIN POINT is that the proportions

of 2~, 3~ and' d-strand double exchanges will be dependent
on the meaﬁA?frequency of sistér étrand exchanges' no
matter howtﬁhat partiéular frequency arose.

Tt is on this freme of reference that the

corrected datatof Crogseg 1, 2 and 4 can be harmoniged

into one model. According to the extended two phase model
postulated, Crogs 4 had the highest mean "freguency of
sister strand exchanges'; Cross 2 had an intermediate

frequency; and Crogs 1 MAY have had the lowest frequency.

To be more precise, it is now postulated:-

(1) that the mean"frequency of sister strand
exchanges' was sufficiently high in the samples from
Cross: 4 that an even and an odd nﬁmber occurred with equal
frequency. The ratios of 2-:3-:d-strand double- exchanges
@ﬂ‘ therefore 1:2:%, . |

(2) that m the saniﬁles from Cross 2, most of the
tetrads had either no sister sfrand exchanges in the mean
distance betwéeﬁ adjacent new strand exchanges (g}ving
the 2-stfénd déﬁbles) or oﬁe sister strand exchange (giving
the 5—stpand dbﬁﬁléé); The small number of 4-strand. double
exchanges would be given by a‘small #umber of tetrads with

more than one sister strand exchange in the mean distance

between adjacent new strand exchenges.
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(3) that (assuming the difference betweehgrosses

1 and 2 to be real) in the single -sample from Cross 1,

most of;thélfétrads had no sister strand exchanges in the
mean distancevbetween:adjacent'new strand exchanges (giving
- the zmsﬁrag&_ﬁOubles)‘while‘a émall proportion had eilther
one or morébs;ster strand exchanges in the mean distance
between adjacent new strand exchanges (giving the small

number of 3- and 4-strand double exchanges.)

(¢) Coneclusions. IF it is accepted that the

corrected data fitted the two phase model of exchange, the |
follpwiﬁg conclusions are reached:~ |

(1) The propoftiona‘of 2=, = and 4-strand double
exchanges were the same in the two corrected samples of

Cross 4.- These samples involved the‘adjacent,exchahges in

the chromosome 1engﬁhéi§rbl to ¥ and prol to bil. Since
these tWé samplesfinvolved practiéally the same chromosome
lengths, there‘was-no point ih_drawihg comparisons between
‘them, ' “ | *

(2) Tﬁe pfoportions of 2;, 3~ and 4-strand double
exchangés were thg‘same iﬁ eight of)the nine corrected
samples_of‘Crﬁssgzj These eight.samples involved the

adjacent exchanges in the chromosome lengths ribo 1o bils;

ribo to y3; ribo to pagbal; an to bil; an to y; an to pabal;
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adld to bil'and adl4 to.y. THEREFORE, by the two phase

model, Lhe mean frequency of 31ober strand exchanges found
in the mean dlstance between adgacent new strand exchanges
was constant in these chromosome lengths. The exceptional

sample invqived the adjacent eﬁchanges in the chromosome

length ribocto nroi\and was pﬁbbably the‘result of sampling
errpr,

(5) thhing can be said about the constancy or
otherwise of thelmean frequency of sister strand exchanges
in the mean diétance between new étrahd exchanges in Cross 1
because only the sample of adjacent exchanges in the

chromosome length prol to bil was corrected.

(4) The proportions of 2-, 3~ and 4-strand double

exchanges‘ggﬁ'differeﬂt between Crosses 1, 2 and 4, 7.

although. the difference between Crosses 1 and 2 did NOT
reach statistical significance. THEREFORE,by the two

phase model of exchange, the mean frequency of sister
strand exchanges in the mean distance between adjacent new

strand exchanges was different in Croasses. 1 and 4 and

different in Crosses 2 and 4. It MAY also have been

different in Crosses 1 and. 2

Before con31der1ng Whether or not these conclusions
were blologlcally reasonable, it must be emphasized thatl
the data provided absolutely no direct evidence for or

against the occurrence of sister strand exchanges, Also the
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reader must CONSTANTLY bear in mind the possibility that

the use of Whitghouse's.correction formulae was wrong.
That thérefshouldyhave been a: variation in the
mean "frequency of sister strand exchanges'" between crosses
seemed reasonable. The strains used as parents for these three
crosses came direcfly fromgapnumbér of'ather crosses and
it was likely that there were many factors, both
chromosomal and eﬂvironmenﬁal, which-could have affected
the "mean"frequency of sister strand exchanges'. |
That there should have been a constant mean
- "frequency of sister strand exchanges" in the samples from
the different chromosome lengths within Cross 2 was
pefhaps remarkable but thec explanation may have lain in
the method of analysis. There were insufficient numbers
of double exchanges to allow the adjacent exchanges in any
one pair of intervals to be analysed. The result was that
the &djacent'éxchanges from a‘"combination of intervalsg"
were invariably used in yhe-anélysis. The exchanges: {from
each interval were ﬁsed in more than one "combination of
intervals" 80 any differenceSain the-mean "frequency of
81ster strand exchanqes“ between one section of the
chromosome and another may thus have been obscured,
R FINALLY, it seemed that:-
(1) The variations in the mean "fregquency of

.sister strand exchanges" between Crosses 1 and 4 and between
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Crosses 2 _and 4 4 were likely to be real.

(8) The variatlon in the: mean "frequency of

sister strand exchanges" between Orosses 1 and 2 may or

may not have,been‘real.

‘ (3) on the contrary, the constancy of the mean
"frequency of sister strand exchanges” within Cross 2
was probably the result of_using the exchanges from each

interval more than once in the “combinations of intervals"

used for analysis.
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(6) Chiasma interference. The data obtained in

the present study offered thregmwﬁys of detecting the
occurrence of chiasma interference.

The first way was by measuflng the frequency with -
which an exchange oecurred simultaneously in each of two
genetically marked intervals. In the absence of chlasma
interferenée,,exchanges in the two intervals should have beén
independenf;‘THe present data'showéd that exchanges were
independent, né,mgtter which pair of intervals was considered, -
(Table 22). In ihe calculation of the theoretical number
of double exchanges, a 4-strand double exchamge within either
of a pair of intervals Was counted as a single exchange.

This was done bécause interference must be calculated from
the éffect of two adjacent exchanges upon each other,

. The second way was.io follow the distribution ofu'
the exchenges among the tetrads. In the absence of chiasma
interference this distribufion should have been Poisson. As
can be seen in Tables 12, 13 and 15, the observed
dlstrlbutlons of ther exchanges among the tetrads from

Crosses 1, 2 and 4 were Poisson, agaln showing the absence

of chlasma.lnterference.

Plnally, 1nterférence could have been detected
by using the double exchanges within intervals. (Only one
of the three types of double exchanges within intervals

could be detected by tetrad analysis —---- i.e, the 4-sbrand



Table 22.

Number of double exchanges observed and expected from
different pairs of intervals of Crosses 1, 2,and 4.

Cross 1 (prol blL//babal v ad8)

Pair of intervals - ' Observed Tixpected
prol - pabd; pabal - y 14 14..2
prol - pabal; y - bil 8 44D
pabal - y3 -y - bil 10 10.56

Cross 2 (ribc” adl4 pabal y//an prol bil pyrod).

Pair of intervals ' Observed Ixpected
ribo - an; an - adléd 7 Bed
ribo - an; adl4d - prol 45 39.0
ribo ~ an; prol - pabal 10 10.7
ribo - an; pabal - y 14 15.1
rivo - an; y - bil 5 7.5
an ~ adl4d; adld - prol 16 12,7
an — adl4; prol - pabal 2 G
an - adld; pabal - ¥y 6 4,9
an - adl4; y - bil 5} Bed
adld - prol; prol - pabhal 19 16.0
adl4d - prol; pabal.— v 22 2245
adl4d - prol; y - bil 12 11,3
prol - pabalj; pabal -y 8 6.1
prol - pabal; y - bil 4 3.1
4,4

pabal - y; y - Dbil - 6

: Cross 4 (prod bil//prol adlb_pabal y).

" Pair of intervals. Observed Ixpected
prol - pabal; pebal - y P 20.0
prol -~ pabaly; y - bil 9 el

pabal - y; ¥y - bil ‘ 12 , 12.2
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double exchaﬁée type.) In thé;absence of interference, the
exchanges within one interval should have been distributed
among the tetrads in a Poisson;distribution and the number
of 4-strand doubles should have been % of the total double
exchanges (i.e. % of the third term of the Poisson
distribution). This & of the double exchanges could be
expyessed.in relation to the frequency of single exchange
tetrads obéérved and so an estimate of the number of 4-strand -
double exchéﬁgeéiwithin any one interval was obtained (see
Section III fiév; ¢). This method showed that there was an

excess of 4-strand double exchanges in one of the intervals

of Cross 1 (the prol to pabal interval with a recombination

frequency of .07 £ .010); an excess of 4-strand double

exchanges in the total data of Cross 1 but not of Crosses 2

and 4; and an excess of 4-strand double exchanges in the

total pooled data. of Crosses 1, 2 and 4, This excess of

4-strand double exchanges in the total pooled data was present
regardless of whether or not the data from the interval

adld to cent;gmere-to pgdm.weré-included (Table 23). Excesses

of 4<strand doub;e?exchangesvwithin‘intervals have previously

been observed by Hemmons (1952) in Aspergillus nidulans

and by Ebersold (1956) in Chlamydomonas reinhardi.




Table 23.

Expected and observed numbers of 4-strand double exéhaﬁges

within intervals.
has been made.

Cross 1 (prol bil//pabal y ad8).

The assumpltion of .no chromatid interference

+
Interval Recombin- No. of 4-~strand doubles Probability
ation Observed: Bxpected
. fraction. -
prol - pabal . .07 6 .69 <. 005
pabal -~ ¥y .15 7 5.15 N.8.
v - bil .05 2 o 42 W10 - .05
Total 15 6,26 <. 00L
Cross 2 (ribo adl4 pabal y//an prol bil pyro4) :
+4
Interval Recombin- No. of 4-strand doubles Probability
ation Observed Expected
fraction.
ribo — an .16 4 4,28 N.S.
an - adl4 . 07 2 . 34 .06 - 0256
adld - prolk 1) 13 8,91 N.S.
prol -~ pabal .06 - .61 N.S.
pabal - y .09 1 1.26 N.5.
¥y — bil .05 e . 28 N.S.
Total 21 15.68 N.S.
Cross 4 (pro% bil//prol adlb pabal y).
' +4
Interval Recombin~ No. of 4-strand doubles Probability
ation Observed Expected '
fraction . ' )
prol - pabal = .07 4 1,869 «10 - .05
pabal - y .13 6 5.27 N.S.
y - bil . 04- 1 .59 ‘N.S.
Total 11 N.9.

7445



Table 23 continued,

Total.of Crosses 1, 2 and 4. bt
Interval No, of 4-strand doubles Probability
. , Observed Bxpected

Total (excluding exchanges
in the interval adl4 -~ prol) 34 20.48 <, 01
Total (including exchanges

in the interval adl4 - prol) 47 29. 39 . 001

++ The probabilities of finding 4-strand doubles in each
interval in numbers equal to or greater than those observed
are calculated by using Stevens' (1942) table of Binomial
and Poisson distributions. The probabilities of finding
tovals of 4~strand doubles in numbers equal to or greater
than those observed are calculated by using the table for
Normal distributions.
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(7) Discussion of chisema interference. The data

Al

bearing on'éhiasma interference did not give a consistent
answer, As éeeﬁ in Section IIIa—'G, there were no signs*of
chiasma”inferference.when:—

(a)-fhe distributions of the exchanges among the
tetrads were compared to a Poiéson dist®ibution;

(b) nor were there any signs of chiasma iﬁterference 
when the numbers of exchanges océurring simultaneously in
each of tWO‘intéfyais were considered.

On the cher hand the frequency of 4~strand double
‘ \gxchanges within intervals was, in several instances,
greater than the frequency expected if the exchanges
WITHIN intervals had followed a Poisson distribution. To

repeat, these instances were the prol to pabal interval of

Cross 1, the total data from all the intervals of Cross 1

and the total data from all the infervals of Crosgses 1, 2

and 4 toge#her (Table 23).

| These exceéses of 4~strand double exchanges within
iutervais éould have beeh‘the‘result of positive chromatid
interference, negative chiasma interference or of exchange'
at the two strand siage of'meiosis{ In view of the fact that
the present:study“haﬁ‘démonstrated the occurrence of
negative chromatid interference (subject to the resefvatioﬁs
already mentioned on page 59), it seemed probable that the

excess was the result of negative chiasma interference (if
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exchanges dc¢urred at the 4-sthand stage of meiosis).
Since the excesses of-éwstrahdudddble exchanges within

intervals océurred oﬁiy in Crogss 1 and in the pooled data

unexplained‘péculiaﬁity.of Grosg 1 which was sufficiently
strong to be apparent even in}fhe*poolad data. In the
absence of.ﬁniformity betweén'the three crosses, the
evidence.fromithe pooled data on chiasma interferemce was
open to suspi&ion.

However; it must be remembered that in theg
estimation of the expected frequency of the 4-strand
doubles within intervals, the assumption of no chromatid
interference was made. In the present study this assumpition
has not been upheld, because the proportion of 4-strand
doubles between intervals was shown to be less than the
153 expected in thev&bsence of chréﬁatid interference. It

thus followed that when one assumed the proportions of

8-, B- and éustrahd\double exchanges to be the game between

and within intervals, the estimate of the EXPECTED number

" of 4A-strand doubles within intervals (see Section III ~ 2 - ¢)
was an overestimate. The limitations of this method for
detecting chiasma interfefence now béeame apparent. Since

the OBSEQVED numbers of 4-strand doubles within intervals

were, in most cases, already greater than the overestimates
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of the expeqtéa frequeﬁcies (although in most cases not
significantly. so ---- see Table 23), a failure to
demonstrate'ihterferenéé did not rule out ‘the possibility
of its occu?reﬁce. |

The conclusion was that‘two of the methods available
for the detection of,chiasma.intérference showed that none
was presen£ whereas the third method gave indications of
negative cﬁiasma interference. There was, however, a
possible explaﬁafion which would have resolved these
conflicting rqsul£Sz

bn*ﬁhéYOneﬁhand chiasma interference was studied
by comparing thef&istributions of the chiasmata émong the
tetrads to é‘Poisson distribution and by examining the
frequency of simultaneous exchange in each of two intervals.
No interferenceAwas found. The chromosome lengths involved(:
in these calculatlons ranged from 11 O units to 69.2 units-
(as measured by uneorrected recombinatlon frequency)

On the other ‘hand the frequency of exchange withih
intervals Was penerally too high (significantly 50 1n som@
- cases but not 1n others) The chromosome lengths uséd in
these calculations ranged from 4.4 unlts to 2b.4 units
(again as megsur@dwby_upcorrected’recomblnatlon frequency)

Now Pritchard (1955) has demonstrated the occurrence

of strong negative interference in Aspergillus nidulans

over recombination lengths of less than one unit. The mean
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chromosome length used in the 1as£ method of analysis
(i.e. usiné“théffréquéﬁdy of 4—sﬁr&ﬁd double exchanges
within iﬁtervals) Was 1eséAthan the mean chromosome length
used in the other two methods of énalyais. It was, therefore,
just a ?ossibilit& that the negatife'intefférence found by

Pritehard was beginning to be detectable over these

"within interval" chromosome lengths.
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Iv,““GR4 ALION RATIOb INCONSTSTENT wiTH TH HYPOTHESIS

OF SINGLI &G *NL INHERIT&NCL.

1. 8 ome causes of deviation :from Ll seprevatlon

ratios. According to Mendellan laws, in Letrads from a

cross heterozygous for ‘a single pair of alleles, each allele
should be represented twice amonp the four products of
melOSlS. ﬁ number of 1nstances have been reworted in which
the allele ratlos of tetrads dld not,’ at flrst sight,
-conform to theee laws.“Closer examination of some of theseg
1nstances subsequently showed that they could be explained

by causes Whlch did not contradlct Mendellan laws while

others still appeared to do so. Hmersgon (1956) has already

: peviewed some. of the possible causes of deviatlon from l:l
seqreeation ratioe in tetrads ef veasts. Segregation ratios

other than 1l: l w111 be found as the results of the following
auses. :

(a) Complementary genes. The expression of =

character determlned by complementary gene action is
dependent on - the elmultaneous presence of two or more

‘partlcular alleles at more; than one locus. Hawthornelﬁl956)‘

working with - yeast found that phenotvplc ratios of
galactose fermentatlonﬂ. nonwpalactose fermentatlon other
than 1:1 are the resulu of the 1ntefactlon of dominant

alleles at three separate 1001. All three domlnant alleles




. _77-

must be present together fofdformentation to proceed. It‘is.
therefofé iﬁmediééoly obvious-that if phenotypio:ratios are
confused'ﬁith genotypic or:éllole ratios, then incorrect
conclu81ons may be reached. (For the purposes of this theals,f‘
an allele ratio is deflned as the number of homologous

alleles of each tyﬁelpresent at the end of a 51ng1e me1051s-

a aenotyplc ratio. by the dlstrlbutlon of these alleles among

the nucleijland a phenotypio;raﬁio by the numbers of each allélo

expressed). e

Magni (1949) studied‘the accumulator/hon—aooumulétor
character in yeast and foﬁﬁdithat two‘pairs\of complementafji;f_
genes affected the expréééion of the‘charactef.'ﬁhe,
non-accumulator form .is produced when the two dominant
alleles occur together. I oomplementary gené action is
analysed by tetrads, then phenotypic:ratioéoof 2:2, 1:3 and_-oﬁﬁ
0:4 (complementary action non—complementary action) will_\
be vecovered. These are analogous to the 9:7 8 ratios
found-in single‘o??aggwﬁoﬁlysisl‘of diplold organisms.

Lindegren and Lindegren (1947) found that the

domingnt allele of'mefhionlne deﬁondenoe/independence plusl
the recessiﬁe allele ofiadgnine_dépendencé/indepéndence

mist be present ﬁogether fofftho p}oduotion of pink pigment?
in the cultures. ThlS 31tuatlon 1s analopous to that’ glVlng

13:3 ratlos in 31ngle strand: analy81s of diploid organisms.

(b) Polymeric genes. If & oross is heterozygous
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for two or more genes alfectlng the expre831on of the same
character, phenotyplc ratlos other than 1:1 will be recoveredj

from the - Letrﬁds whlle the ratlos of each palr of alleles

are 1:l.as expecteq, Vinge and Roberts (1948, 1950a, 1905:
1955) showad that‘there arglfbur genes affectiﬁg‘the“ |
fermeﬁﬁa%ion of maltose in ﬁeééﬁ. Tﬁe Qresence of the
dominant allele of-ahy one of these geneé will cause” the’
fermentation of maltose. In’ the analysis of tetrads these
authors obﬁained 430, St and 2:2 ratios of’fermeﬂters:
non-fermenters. |

(¢) Unusual nuclear behaviour. Winge and Roberts

(1950b) interpreted asci of yveast with more than four spores:;'
to have arisen as the resull of an extra mitotic division.:

If the spores in.éxcessvof four degenerated, the alléle

ratios may not be Ll:1. Mundkur (1950) showed that this
hypokhesis was inadequate to explain the allele ratios

obtainéd by him in one of his tetrads and also in one of

Llndegren s tetrads (clted by Mundlcur (1950) from Llndegren
(1949)) because deductlon of the missing spores could not be
done.wlthout_ralslng the number of genotypes to more then -

four. However, Lindegrén and Lindegren (1953¢) concluded

that asci w1th more than four spores usually arose by
fu81on of nelghbourlng dlplOld cells before reduction or by -

fusion of asci after,reductlon. Thls could account for the
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number of genotypes in excess of four (Mundkur 1950)

if the spores in excess of four degenerated ab random.
The same‘éxplanation could account for the seven different
genotypes in & 7-spored ascus of yeast found by Pomper,

Daniels énd McKee»(1954) W1nge and Roberts (1954)

farthermore showed that an extra mitotic division could be
folloWed by heterokaryosis. Nuclear fusions in these
heterokaryqns coﬁld ﬁhenzgivg rise to diploids with the
result that the phenotypid‘raiios in the tetrads could

differ from 1:1.

(a) Polyploidy and polysomy. Roman and Sands (1953)
found that crosses between two strains of yeast obtained

from C.C.Lindegren gave, with rare exceptions, 2:2

segregations. Further investigation to account for the rare
exceptions showed that diploids had appeared spontaneously
in the haploid cultures. It is evident that if crosses of
these cultures were to be made by the mass mating method

of Lindegren (1949), matings of haploid//diploid, diploid//

diploid etc. mlght pro&uce phenotyplc ratios different

from 1:1. Roman, Hawthorme and Douglas (1951), Leupold and

H ottinguer (1954) and, Romen, Phillip and Sands (1955) have -

demonstrated tetraploid inheritance in yeast while Pomper,

Daniels and McKee (1954) have shown thee results of triploid

inheritance iniyeast. Winge’and‘Roberts (1949) have also

demonstrated the presence of a gene D in Saccharomyces
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chevalieri which causes diploidization of the strains in

which itaoﬁéuPS;ﬁSome of the phenotypic ratios obtained in
this thesis (see Section VII) have been shown to be the

result. of tetrapléid segregation of a small piece of the

BI chromosome (Pritcheard 1956).

(e) somatic crossing over. This phenomenon has been

extensively studied in Aspergillus nidulans by Pontecorvo

(1954, 195%), Pontecorvo, Gloor and Forbes (1954),

Pontecorvo and Kafer (1956), Roper and Pritchard (1955) and

Pritchard (1955) and in Drosophila by Stern (1986). If
somatic crossing over oécarféd during vegetative growth and
the recombinant strandé passed to different daughter nuclei,
these nuclei would become homozygous for all markers distal
to the crossover. If these nuclei subsequently participated
in the formation of an ascus, allele ratios of 4:0 and 0:4
would be found.

| (£) Mutation. If mutatipn occurred prior to meiosis, -
then allele ratios of 4:0 and 04 would be recovered. If
mutation occurred after the dup?ic&tion of the chromosomes

in méiosis, then 3:1 and 1:5 allele ratios would be recovered.

(g) Double duplication. If =z piece of one of a pair
of homologous chromosomes is duplicated twice while the
same pliece of the other homologous chromosome does not

duplicate at ali}"theﬁ“@:l’ahd 1:3 allele ratios will be found.
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Mitchell. (1955a) suggested that this could be the
explanation for the aberrant recombinations of pyridoxine

mutants in Neurospora. Later, Mitchekl (1956) decided that

it was '"simpler' to suppose that an unknown property of
the héfefozygous‘diploid condition in the ascus increases
the frequency of mutations to wiid". Some support for the
"double duplication" hypothesis has been obtained from an
ascus fogndﬁin the present study (see Section IV ~ 2.

Ascus No. 14.).

(h) Uneaqual crossing over., If thee two products of
unequal crossing over give ffse to new genotypes, then
genotypic ratios differénfnfrom 1:1l will be recovered from
tetrad analysis. The phenotypic ratios will be decided by
the expression of these new genotypes. The classical example

of unequal crossing over is the Bar locus of Drogophila

(Sturtevant 1925, 1928).

(i) Gene conversion. According to Lindegren (1955)

"gene conversion is the-interaction, occurring at meiosis,
between the dominant“and the recessive allele in a
hetefozygote, resultihg in the transformation of one or
more.dominant aileles into. the corresponding recessive
allele or vice VErsa, Gené conversion is essentially a
direcféd mutation occurring at meiosis as a result of the

effect of homologous alleles upon each other; it does not
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occur (or it is not apparent) at the meiosis of homozygous

diploids™.

As pointed out by Fmerson (1956), the proofs
generally offered for.gene conversion are that other causes
of abnormal allele‘fatiﬁs could mnot accounfffor the observed
results. All p0331ble ratios 4 O d:1, 1@ 3 and 0:4 have been

attributed to gene conver51on by Llndewren (1949, 1953a, b),

Tindegren and Llndegren (1952, 1956) and Lindegren et al (1956).

Emerson (1956).criticizes~the published accounts of gene

conversion in Saccharomyces on the grounds that the range of
effects expected from polysomy were not fully evaluated and insi

also that polysomy is strongly indicated by some of the

- observations. Lindegren (1955b) showed gene conversion in

the pedigree of families inwhich polyploidy had earlier been

demonstrated (DLindegren and Lindecren 1951).
Other examples of abnormal allele ratios in tetrads
which could perhaps be attributed to gene conversion have

been found in Bombardié~12ic£iéfwi954) and Salpiglossis

(Reimann-Phillipps 1955).

Hemmons (1952) Ffound eight asci with sbnormal allele

ratios in 156 crossed ascl of Asperglllus nldulans.

Hemmons concluded Lhat these abnormmlltles had two main

causes:- "(1) Mutatlon during the first meiotic division
(8/186). (2) Supernumerary divisions in the ascus (2/136),

plus a possible 3 more'.
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2. Discusgion of experimentai observations. Among
the ascl dissected, there Were"a:few which did not give.the
usual allele ratios of 1:1l. All these asci could have been
caused by contemination but the probebility of this
explanation varieé fof each ascus. If the ratios can be
rendered normal by the rejection.of a2 single ascospore
which has a genotype occurring with a high freguency in the
cross, then contamination is more probable. On the other
hand, if the ratio cannbt be rendered normal by the
rejection of a single aséospore whiih has a genotype.
occurring with a high fPQQuency, then contamination is less
probable. For the purposes of this thesis, if the ascospore
has a genotype which occurs with a frequency of 1 in 20 or
Jess, then the explanation of contamination is rejected.

A ripe ascus of Aspergillug nidulans usually broke

either on taking it through the surface of thet Tween 80

drop or during ﬁhe,transfe?*tq tpea agar sqﬁére. On reaching

the agar square,.the ascospores were uswally already

separated so if a number other than eight was found, it was
impossible to say whether fhe.aSCus contained an abhnormal

number of spores br wheﬁher-the sﬁoreslhad'been accidentally
gained or 1ost,‘In-a.few instances aéci with other than eight
spores were dissected but where this was ddne; it has been mbxtsR

stated in the description of the ascus., 1IN ALL OTHER CASHS IT

WAS A STRICTLY OBSHERVED RULE THAT ONLY ASCI WITH BEIGHT SPORES

WERE DISSECTHD.
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The asci which appeared to have allele ratios other
than 1;1.aré shown in Table 24 where they are numbered
from 1 to 18. These numbers also arrange the asci in
chronological order. It will be noted that with the passing
of tiﬁe (i.e. with increasing skill) the ineidence of these
asci decreased (Table 25). Purthermore, the abnormal asci
found in the« earlier work were mostly easily explainable
by contamination whereas thoéé found later were mostly not
explainable by contamination. Possible explanations of how
these asci arose are:-

Ascus 1. In thié‘ascus the four genotypes found
were consistent with normal Mendelian segregation. However,
in an ascus with four genotypes, only one or two spores of
each genotype should be found while in this case three spores
were of the genotype bil sd. The extra spore could have heen
the result of a second mitotic division accompanied by the

degeneration of one of the other ascospores (Wince and

Roberts 1950a). Alternatively since the spores of the
genotype bil sd had a‘frequency of roughly 1 in 13 in this
cross, the extra spore could quite easily have been a
contaminant.

é@CuSJZ. Five genotypes Wwere recovered from this
ascus. Althougﬁ it is possible to obtain more than four
genotypes in an ascus as the result of a mutation occurring

during ascus development, contamination is the more probable
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explanation. Mutation is extremely improbable in this ascus
as it would requiré simultaneous mutation of more than one
of the.mérkers. It is guite possible that on rare occasions
either a single spore, attacﬁed to an ascus, passed
un-noticed or that a group of spores had stuck together
and was mistaken for an ascus.

_Another explanation is that two zygotes underwent

meiosis normally but were included in the same ascus

(Lindegren and Lindegren 1953¢). If this had happened,
presumably eight of thé'Spéres in the "double ascus'" had .
died,

Ascus 3. Six genotypes were recovered from this
ascus and the same explanations as given for'Ascus 2
above will probably be applicable.

Ascus 4. In this ascus, there were 3 prototrophs
1.éuxotroph with respect to pyro4. There were, however,
only fi&e:sporeswéféﬁiﬁgﬁghé‘éither the-spore of the
genotype y adl or the spore of £he wild genotype could have&
been contaminants. The férmér spores had a frequency of |
1 in 28 and the'latter gpores ﬁad a freguency of 1 in 12.

Ascus 5_and Ascus 6. There were more than four

genot#pes in bbth these asei and égain the explanationsl
given #: for Ascus 2 above are the most probable ones.
Ascus 7. In this case all of the five germinating

gpores required biotin for growth. There were three spores:
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with thélgenétypé.éiggﬁyii g0 there may have been aﬂ.eXtra'
mitotic.divisionaof:one of»ﬁhe three could have been a '
contaminant. Sporés’of the génotype.proﬂ,bil had a frequency_.“
of 1 in 3 in thishbfoss. An alternative explanation in .
this.éscus is thét‘an unusual'efént occurred at the locus
of the biotin marker elther before or during meiosis.

" Ascus 8. This ascus had a ratio of 3 prototrophs “
¢ 1 auxotroph wmth respect to the bil locus and provided
more convincing evidence of abnormalitles of meiosis. In
this instance all eight‘époféﬁ had grown. The 3:1 ratio
could be explained by ééguming that the two prol spores
were contaminants. This is unlikely, however, since the
frequency of spores with this genotype was roughly 1 in 60;ﬁ
The other four markers in the cross segregated in a ratio
of 1:1.

o Ascus 9. Here again a ratio of 3 pfototrophs::.
1 auxotroph with respect to.the'bil marker was found. Only
six.of‘the eight spores germinated but spores of both
parental types were érééent'in duplicate-and the other two
spores carrled genotypes which were the products of an

exchange W1th respect to the prol —Apabal interval. The

3:1 ratlo could.be explalned 1f the green prototroph spore: -
was elther a contaminant or a diploid. However, since it
was a haploid and this type of spore had a frequency of

~rougﬂly 1 in 660 in the total population of ascospores,
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it was ﬁrobébly-not a contamiﬁant. The other four markers

in the 6ioéé~segr§gated in“a ratio of 1:1. |
| -Ascus 10; Only four épores germinated in this

ascus aﬁa they all_pequired‘riboflavin fdr growth. There

were three spores with the enotype ribo an prol bll 80

there may have been an extra mitotic division or one of the
three may have been a contaminant. However, as spores
carrying thls genotype had a frequency of 1 in 40 in the
Cross, contamination is unllkely. Another p0851b111ty is-
that an unusual event opcurred at the locus of the ribo
marker either before of.dnfing meiosis. .

| Ascus 11. This is another instance of a ratio of
3 prototrophs ;ll auxotroph with respect to the bil
marker, The ascus is é 4=-strand double exchange within

the adld - prol interval and both products were present

in béﬁh exchanges. Again the 38:1 ratio could be explained

if tﬂé two spores.with.the gendtype ribo_adld prol pyrod

were contamlnants. However, as’ the fhequency of spores

carrying this genotype was about 1 in 860, this is unllkely.
There are variqus Ways.in which -these 3:1 ratios

might be explainéd, Ascus 8 could have been obtained by

extra mitoses of the pabal y ad8 nuclei accompanied by the

degeneration of the pabal y ad8 bil product of an exchange
in the y = bil interval. Similarly Ascus 11 could have been



—~88-

obtained by extrd mitoses of the an pabal v nuclei

accompanied. by degeneration of the an:pabal y bil nuciel

produets.of an eicﬁange in the y - bil interval. This

expland%ion could not account-for the abunormality found

in Ascus 9. The probgbhility of obtalnlnm an ascus with

elght spores af'ter these two events would be increased 1f there

were some mechanlsm_which‘made ﬁhls the optimum number. |
iAnfeasy“explanétion is mutation, but the rate

would have had to be extremely high to account for all the

3:1 ratlos ' |

Further possibilities are gene conversion

(Lindegren 1949, 1953a, b, 1955) and exchange within the
region determining-biotiﬁ synthesis. If it were neeessary' |
to have a certain number of mutated sites before the
synthesis of biotin failed, then an exchange which splitA'
this critical number might give 3 prototrophs :

1 auxotroph. |

Ascus 12. Hemmons (1952) found that in 6 out of 136

crossed asci, two nuclel, representing two different -
products of meiesis, were incluﬁed in the same ascospore.'
This type Of abnormality was nthfound among the 8-spored -
asci in the preseht"etudy..ﬂowevep, Ascus 12 was found to
contain seven ﬂormal spores and a shrivelled fragment.
Thie‘fragment did not germinate but among the seven normal

spores which did germinateg there was one which contained
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two nuclei and gave;rise to a mixed gpreen and yellow
colony. The two geﬁotjpes found in this single colony were
the mirror images of the genofypes of two of the other
colonies. | .

Ascus 13;'in this asdus‘there were ratios other
than 1:1 for all thé_markers in the croés and the evidence

is therefore in favour of extra mitotic divisions of one

of the pibo_adld pabal bil nuelei and also of one of the

an prol bil pyrod huclei. The former genotype had a fregquency

of 1 in 100 end the latter had a frequency of 1 in 8 in a
random sample of ascospofés from this cross.

Ascus 14. This ascus was found to have a 3:1 ratio
for both the prol and adl? 10cif ;n the case of prol there
were 3 protoﬁrophs - auxotrbph while there were
$ auxotrophs : 1 prototroph of adif?. The pabal, y and bil

loci segregated l:1. There was an exchange-iﬁ the pabal - ¥

interval from which both products were recovered. The spore
with the genotype‘gglz_gabal ¥ could have been a contaminant
but as the frequeﬁcy of éuch spores was roughly 3 in 1000,
this is unlikely. The ggglfand gﬂ&i/ﬁg;é in repulsion and

the simplest explanation is, that a section éf,the-adl? bil

parent chromosome covering at 1éast-the interval prol - adl?
had been duplicated twice. Double duplication of a small

piece of chromoséme which is only marked once, :is, of course,
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another way 1n which a 3:1 allele ratio of a single locus

might arise. _
" Aseéus 16, This iS~pr¢bab1y an instance of an extra

mitotic division of one of the prol pabal bil nuclei.

Spores of this genotype had\éifrequency of about 1 in 20
in thié cross and would arise as the result of an exchange
in the pgbal - i interval. The other product of such an
exchangef(namely:ad17 ¥) WésArécovered in duplicate from
this ascus.,

Ascug 16. This was almost certainly a case of
contamination. All the genotypes that were recovered were
the result of crossing over and there were no complementary
products. It is possible that there was an abnormal ratio
at the y locus, However, since only four of the spores
germinated, the evidence for an abnormal ratio is
un-convincing.

Ascus 17 and Ascus_18. Both these aseci can be

explained by either the occurrence of an extra mitotic
division‘(the former in one of the pro3 bil nuclei and the

latter in one of the prol ad15 pabal y nuelei) or by

contamination. In Abcus 17 there had been an exchange in

the pabal ~ ¥ interval and in Ascus 18 there had been an
exchange in the x - bil 1nterva1 In both casew the products
of these exchanges were recovered. On the other hand both

enob

the prod bil and the« prol adlb_pabal Y/had a frequency of
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agbout 1 in 3 among - the ascogpores of this cross. The'extra spore
of each of these éenbtypeé cbuld; therefore eagily have |
been contaminants. | |

It was a curious po;nt that no diploids were found
throughout the Work;élthough they are known to occur with
& variable frequency<(from 1 in 1000 ascospores to 1 in 100

ascospores) in Agpergillus nidulans (Pritchafd 1955)..The most

probable explanation is that diploids are found in aseil
with less than eight spores so the selection of asci with
eight spores would have discriminated against them.

During this study 1916 asci were dissected. These
asci have been classified into various classes as shown in
Table 25. For only 7 of the 17 abnormal asci, contamination
is too unlikely to bgaseriously considered as an explanation.

These 7 asci are Asci 8y 9, 10, 11, 13, 14 and Ib of Table 24,

Ascus 12 with two nucleil ineluded in one spore is a special
case as it arose from an ascus with only seven spores and a
fragment.

The freqﬁen¢ies of the various sbnormalities
described above have been summarized. These frequencies can
be calculated by using the fully classifiable asei but this
assumes that the fourth pro&ucﬁ'of meiésié»was normal in those
ascl where only threahof the four prodﬁeﬁs;were recovered, |
Thereforé, & more stringent estimate of the frequencies of

the various abnormalities may be obtained by the use of
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. those aSéi where the fouﬁ products of melosis were actually
recovered, Furthéfmore, the frequencies of the abnormalities -
can be estimatedlqn the assumption that 10 of the asei

were the‘result of contamination or on the assumption that
contamination did not occﬁr;“Thése four alternatives are

| tabuiated in Table 26. Assuming that contamination occurs,
the most frequent causes of abnermalities are unusual events
at the bil locus and extra mitotic divisions. The frequencies
with which abnormalitiesfoccurfed at each particular locus
are given in Table 27. It can be seen that there are large

variations in frequency from one locus to another.
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V. ABNORMAL AND "TWIN" PERITHECIA.

(1). Abnorme) perithecium. Perithecium 9 (Table G)

from the cross prol bil//psbal y ad8 contained a semi~lethal
with a viability of 7.8%. This has been named "dwarf" (dw)
as the colonies which carried it and survived were very
small, Most of the'62 asci dissected did not give :
germination of more than fourvspores. Where more than four
spores éufvived,rthéy inﬁér;aﬁly carried the semi-lethal
indicating the segregation Qf[a chromosomal character.

Since it is known that prol is 18 units from * -

its centromere, it waswposéible to test the semi-lethal

for centromere linkage. Ditype asci with respect to dwarf (aw)
and prol are:~
dw prol éor absentg

dw prol (or absent
+ o+

+  +

and

+ prol

+ prol

aw + gor absent;
aw + or gbsent

It is not possible to distinguish parental
ditypes from non-parental dityﬁes as it is not known in
which parental line the awarf character arose, Tetratype
asci are:- | |

+ prol

+  +

dw prol Eor absent;
dw + or absent
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| There-ﬁére 8 diﬁypéé : 5$ tetratypes and this has
a probability of .10 - .05 when compared with a Null
hypothesis_éf 1 ditype : 2 tetratypes. There is, therefore,
no evidence of iinkage of the dw character to its centromere.

A cross was then made of pabal y ad8 dw//an bil

pyroé sd wn and the analysis was carried out by random

strands. The 4dw character showea;no evidence of linkage to
any of these markers and had a viability of 8.0%.

(2) "Twin" perithecia. In a number of perithecia

"twins" were found. These are peritheclia with a mixture of
selfed asci of both parents or selfed asci of one parent

and hybrids. Mixed perithecia were previously found by

Hemmons (1952). In commqn7with Hemmons, no perithecia were
found to contain a triple mixture i.e. hybrid asci with.
selfed asci from both parents. Examples of twin perithecia
were found in thegfollowing.crésées:—

(a) y sQﬁZbil.pxro&.t(Table A).

Peritheqrmn 27. The asci dissected were 1 crossed

and 1 selfed y sd.
'Perithecium 38. The ascl dissected were 1 ;rossed,-
1 selfed ﬁﬁgg and 1 unclassifisble.
(b) ribo _adlé pabal ﬁ//an prol bil pyro4 (Table H).

» Perithecium 6. The asci dissected were 18 crossed

and 1 selfed an _prol bil pyros.

(¢) prol pabal 8d17 bil. (Table I).




OB
Perithecium 8. The asci dissected were 26 crogsed

and 1 selfed prol pabal y.

Perithecium 4. The asci dissected were 21 crossed, .

5 selfed;prbl pabal y and 3 unclassifisable.

Perithecium 6. The.aéci dissected were 11 crossed,

1 selfed prol pebal y and 2 unclassifiable.

- As disc@ssgd by Pontecorvo et sl (1953) there are
three ways in whiqhvthese twin perithecia may arise. Firstly,.
two pairs of nuclei may have iﬁitiated the formation of one
perithecium; one pair being‘geﬁetiwally identical and the
other pair being geneticglly different. Secondly, the two
initial nuclei may have had different survival values., If
one nucleus of a conjugate pair had died, the other nucleus
might have then divided and the resulting pair might have
continued to multiply by conjugate division. This seems the
most probable explanation in view of the fact that Hemmons
(1952) found that the percentages of selfed and hybrid asci
varied greatly from one perithecium to another. The percentagef
of selfed asci ﬁEuldﬂdepéﬁﬁ on the stage at which one nucleus
had died and the other,nucleus\had continued to di&ide
conjﬁgately. Inlthe crosses y sd//bil pyro4d; ribo adld pabal y
//an prol bil pyro4 and prol psbal y//adl? bil only selfed

asci of one parental strain were found but this might have

_Deen due to the fact that the strains ribo adld pebsl y and
adl7? bil were completely self-sterile while the strain bil pyrosd
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ugg only slightly self-fertile. Thirdly, "twin" perithecia
might have arisen‘by fusion of separate perithecis

during development.
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VI. RECOVERY OF BOTH PRODUCTS OF AN BXCHANGE IN A

SHORT REGION. Mltchell (1955a), fram a cross heberozygous

in repu181on for two closely linked pyr1dox1ne~1ess mutants

of Neuroépora found that four asci out of 585 d4id not carry i
both. products of exchange. It was thought that the same ‘
phenomenon might occur in Asgerglllus nidulans and so one of."
the reasons for undertaklng the ana1y81s of the cross

prod bil// prol 2315 pabal y was that it included two pairs

of closely linke& markers. These aré pProd -~ prol (recombinaxiogg

fraction .003 + .0015., Forbes 1956) and adls - Eabal :

" (recombination fraction .002 + ,001le Pritchard, unpublishe@li

and Calef 1956) There were two asci with exchanges betweeniz*"

adlsb and pab (Table Je Perithecia b and 6) and in both cases

[ - MN”"‘%«“‘ T

the two products of the exchanges were recovered. There were

R RN,

R

also three asci with exchangeSibetween prosd and proil (T&bla ;y ﬂ

e,

J. Perlthecla 3 and 6) and agaln the two products of the

or
s e s S

exchanges were recovered from all of them. All the double |
mutents prod groi were tested by obtaining heterokaryons

and also diploids with a known‘pgé_ strain and a known prol
strain., All the heterckaryons and all the diploids required
prolinéAfér growth. The double mutant can also be'reeognizedA-:'
visually;-The eight spores obtaiﬁéd from an ascus with an |
exchange-b@tﬁéenﬁpgg§ and pggl.are shown in Figﬁre 6. These,
two pairs of mutants appa#enﬁiy do not behave in the same

manner as the pyridoxine mutants of Neurospora, a conclusion
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Figure 6. Colonies obtained from a dissected ascus of the
cross nro5”bii//prol nahal y after incubation for three
days at 37 C. on minimal medium + adenine + p-amino benzoic
acid + biotin. The colonies are therefore being tested for
their proline requirements. The prol mutant determines a
fair degree of growth; the pro5 mutant determines distinctly
less growth; <«ad the double mutant prol pro3 determines no
growth at all. Therefore the genetic constitutions of the
above colonies with respect to proline requirements are:-

Top row q +

Second row 4 prol

Third row pro3 4-

Fourth row pro3 prol (indicated by arrows)
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which was expeéﬁed from the vast amount of work carried

out in this Department on Aspergillus (Roper 1950;

Pontecorve 19628, b; Roper and Pritchard 1955; Pritchard

1955; see also %peore%ical_diséﬁssion by‘Pontecorvo, 1962 .

to 1955).
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VII;;ANALMSIS\OF A DUPLICATION OF A SEGMENT OF

THE BI GHROMOSOME. WhLl@ 1nvestigaﬁ1ng reversions of an

adenlne requlring strain to adenlne Lndependence, Pritchard
(1956) ebtained a duplication of & piece of the BI

chromosome‘iﬂvclving'the-g, 2420 (adenine-lessmzo) and bil

loci. Subsequently he fouﬁﬁ that thls duplication was
attached to the chromosome carrylﬂg wn and adl. A cross

pebal y ad8//y pyrod dp (dp = duplication carrying ad20 bil)

was analysedAby:tetrads in order to enguire furthef into the
behaviour of’theiéuplication. Twenty eight aseci from six -
perithecia were dissected and amdmg,the&e éignteeu were
fully classifizble. All six peritheéis were selfed of the
strain y pyro4 dn (ad20 bil). The cross investifated was

therefore y pyrod dp (ad20 bil)//y vyrosd dp (8d20 bil). Thus .

the cross wag homozygous pyrod and-the zZygote was tetrasomic
for the region covered by the duplication, If the:duplicétion‘
paire with the BI chromosome, the y, ad20 snd bil loci may
segregate in various ways aécordiﬁg”to where exchanges

take place. The éegregationSXObserved in»the various asci

can be mosb eaéily explained in the-following ways. Asci

2,.24 and 27 (marked in Table K as "smngle exchange pa.=x")

could be the result of an ‘exchange between the point of

-attachnent (pﬁ) and the ¥ locus. Asei 7, 1k, 18, 21 and 23

(marked in Table K as "single exchange ad20 « bil") could be

the result of an eXchange between ad20 and hilk. The remainder
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are best exPlalned by multxple eXChanges. Asuus 12 could
best be descrlbed by the follow1ng. Fach duplicatlon has
paired with ag@i chromosome and this has been followed by
exchinges beﬁﬁéen Ra snd y in bbﬁh'pairs. In both Asci 14
and 15 each dupllcatlon has palred W1th a BI chromosome.

In Ascus 14 there has then been an exchange between pa ay

in one of the pairs and an exchange between ad20 and bil

in the other pair. In Ascus 15 there has been a S-gtrand

double cxchanpe 1n the intervals pa - Y3 8ad20 - kil in one

pair and an exchange between ad20 and bil in the other pair,

Ascus 22 has 6 yellow spores and .2 green spores and can best
be explained by the lcssﬁaf:one of the’duplications._The
other duplleation has paired with a BI clhiromosome and there

has been an exchange hetween pa and ¥.
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APPENDIX I. Summary of the available evidence

ggncerning‘ﬁhé occurrence or otherwise of sister-strand

exchanges.'Weingﬁein‘(1956) has applied a mathematical

treatment to some exchange data of Drosophila which he
obtained ffom:various sources and hés concluded that no
sigter strand exchanges oceur. -

The studles of- attachedwx chromosomes (Bnerson and

Beadle 19033; Beadle and Fmerson 1085) gave lomozygosis
values grea§§r3ﬁhgn 16.7%, This is thec maximum vélue
expected if ﬁhg_mapkers in question are segregating
independently of the centromere, and all four strands
participate at randowm in exchanges. Thesé authors pointed
out that their observations only ruled out sister strand
exchanges which are eguivalent to nonwsisﬁer strand
exchanges. Furthermore, Schwartz (1953) hasxpcinted out
that "if the two crossover types" (ﬁig@g@,strand and
non-sister strand exchanges) "are inaeééndent, as has been
proposed:ip this paper, arising by different mechanisms
and occurring'aﬁ different times inﬂthee meiotie division,
the maximum f?égﬂ@ﬂ&Y of:homozygoéis expected from a
combination of 31ster strand and nonmsnster strand
crogssing- over would remaln at 25%" Whlch is the maximanm
value of homozygosms expected from non~31ster strand
exchenges alone. o |

Morgan (1983) found that the frequencies of the
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various classes of progenyibbtained from Drosophils

females heterozygous for a ring ghromosome were consistent
with the assumpﬁion of no sister strand exchanges.

Schweitzer end Kaliss (1935) used Drosophila females

heterozygous for an invebéibﬁux and a ring-X to come to the
same conclusion.; : '

The fact that unedual eXQhagges at the: Bar
locus of Drosophila, either at iits normal position
(Sturtevent 19256, 1988) or when translocated to the Left

end of the chromosome (Muller gﬁd?Wexpsﬁggn 1933) are

always accompanied by an exchangebetween the flanking
markers is evidence against sister strand exchanges.

Sturtevant (1985) did, however, obtain 4 exceptional

reversions of Bapy which could have been explained equally
by sister strand exchanges or by contamination. In a later

work (Sturtevant 1928) on Bar, no exceptional flies were

found. This evidence from the Bar 100&# may be misleading

as unequal exphanges are unusual. L&nﬁhﬁéni(1952) has given
some dete from the AP locus of Maize which, among other
interpretations, could have been the result of sister strand
exchanges. | |

chm‘ﬁhe numbet qf)aingle“andeoﬁble bridges
oceurring in]&héphaseg I and II of a héterozygous inversion
involving neaﬁiy the whole of chromosome 6 of Maize,

Schwartz (1953) concluded that the frﬁ@ﬁéncies observed
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were consisﬁeht with those expeeted on the hypothesis that
sister strand gxchanges mccﬁr: In a study of "twin spots®
(caused by mitotic exchanges) by the use of atbached2X

chromosomes, SchWartz (1954) showed whether or not strands

which were attached to a Qommon centromere were involved

in the sgmg exchange, If exchanges are llmited,to the new
chromatiQSQKﬁo twin spdts should be found.‘Scﬁwartz found

that the fiequénay of twin spots #B the attached-X material
was very 1dw as compared to the frequency of twin spdts in
free X chromosmmes when the same markers were used. The few
spots'in the sttached-X mateniai,could have been caused byVA
exchanges between two st?ands-nof attached to a éommon G U
centromere or by an exchange beitween two strands attached

to the same centromere and accompanied by & sister strand
exchange, If these few spots resulied from the latter cause,
then aﬁy-factor‘causing an increasé;in sistef strand exahanges
would be expacted to 1ncrease the frequeney of twin spots.

Brown and ﬁannah (1952) found that there were few or no

sister strand exchanges ‘in somatic cells of Drogophila as
shown by the stability of the ring chromosomes, However the
ring could bé-indﬁced 0 become.highly unstable in the

offspring of females which had been aged as virgins.

Schwarts (1954, 1955) suggested that this instability could

be explained by an increase of sister strand exchanges.

Schwartz (1954) found that females with attached-X chromosomes
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which had been aged as virgins gave a nine~fold increase

in twin spotlts among the offspring. Brown_and WelshonsT(lgﬁﬁo

repeated the experimeﬁt'and did not £ind this increase in
their material. They pointed out that their eV1dence did
not dmsprove the two phase model of exchanges (B Belling 195&
' Schwartz 1955, 1954, 1965) but suggested that the method

chosen to demonstrate sister strand exchunges in Drosophils
Wéﬁ=not valid.

If dicentric ring formation is used as the criterion,
then the evideﬁcé’is in favour of sister strand exchanges

in Maize where MeClintock (1988, 1941) has shown that

dicentric double sized rings arise from ring chromosomes.
The simplest explanation of these dicentric double sized
rings is by the occurrence of sister strand exchanges at

mitosis.
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Table A./.

Cross y sd//bil pyro4d. From streak inoculum on minimal
medium. Prepared on the 24.11.53. Only the genotypes of

the ;

cerminated spores are given.

It

there were only two

Sbores of any-one genotype, it was assumed that they were
the result of*the mitobtic division.

v sd

Genotypes ~ Number of asci. Comments
Perithecium Nc.-l; Digsected 4.1.b4.

y sd 1 Selfed yellow
y sd .

ysd e

Perlth601um No 2. Dissected 4.1.54.

¥ R 1

y sd

bil pyrod
bil pyrod sd : S
Perithecium No.3s Dissected 5.1.64, "

-y 8d (2 spores) - o 1 ABNORMAL
y pyrod (1 5pore; . §
il ed (3 spores _

"bil pyro4 (1 spore) g
Peffithecium No.4, Dissected 5.1.54. _
vy sd (1 spore) : ! ABNORMAL
v sd pyro4 (1 spore) SRS
y pyro4 (1 spore)
bil sd (1L spore)
bil pyro4 sd (1 spore)

Perithecium No.d. Dissected 5,1,54.

y sd 1 Probably selfed yellow
v sd

Perithecium N0.6. Dissected 5.1.54.

vy sd 1

y pyro4 Q

bil 4

bil pyro4 sd o
Perithecium No.7. Dissected G.l.bd, .

- ‘ R ! -No growth
Perithecium No.8. Dissected 6.1.54. -
y sd 1.

¥V pyro4 sd

bil

bil pyro4 ’ , S
Perithecium No.9. Dissected 6. 1. 54. LT

- ' 1 No growth
Perithecium No.1lO Dissected 8.1.54,

¥ pyros - e N

bil sd

bil pyrod

Perlthe01um wo 1l. Dlssected 8.1.54,

y sd 1 Selfed yellow
y sd




Table A/, cont®,

Genotypes Number of asci - Comments.

Peritheeium No.12. Dissected 8,1.54. ,
y sd pyroé B 1

bil - oo '

bil pyrod

Perithecium No. 15. Diséeéted 9.1,54,
- 1 .- No growth

Per1thec1um No 14. Dissected 9.1.54.

y sd A_ 1 Selfed yellow
y sd : ' ‘
y sd

v sd L )
Perithecium No. 15 Dissected 9.1.54,

Yy pyroé ; . 1

bil pyro4d sd - ,

bil sd : ; L
Perithecium Vo.iﬁ. Dissected 10.1%.54.
y sd - 1.

¥V pyro4

il pyro4d sd

YV pyro4 . 1

y sd o

bil pyrod sd

bild

Perithecium No.l7. Dissected 11,1.54.
il 1

Y i

v -s8d

bil pyrosé

Yy pyroéd . .2

y pyro4 ' 1

bil pyro4. sd

Perithecium NO,18. Dlssected 12. 1% 54.
1 "No .growth

‘Perithecium No.19. Dlssected 13, 1 b4, . -

Yy pyrod - ’ .4 ‘

y bil sd _ 1 Single exchange y - bi
bil pyro4 sd ‘ ‘ -

pyrod : : .

Perithecium No. 20. Diasected‘15.1,54.

¥ pyro4 : . ' L

¥y pyrod sd

bil sd

bil



Table A/."contd.

Genotypes

Number of asci

Perithecium NO.EO.
y sd -

Yy pyrod sd .“'
il

bil pyro4

y pyro4 sd -

bil

bil

y sd

bil

Diasected 13.1.54.
1

A

Perlthecium No 21.
y sd

¥y pyro4 sd

bil

bil pyroé

¥y

y sd

bil pyroé
bil pyrod sd

Digsected 14.1.54.
1

Perithecium No.22.
ad
sd
sd
sd

sd
sd

Dissected 16.1.54.

4 ASelfed yellow

1 Probably selfed yellow

MY Yudy

Perithecium No 2&.
.y‘ , ﬂ‘
y sd

bil pyro4d

bil pyrod sd

Dissec ted 16 . 1. 54:¢

‘Perithecium No.24.
y

vV pyro4

bil sd

bil pyrod sd

¥y sd
¥y sd
bilpyro4
bil pyros4

bi sd
Y.
¥y pyro4 sd

bil
bil pyro4 sd

Dicsected 17.1.54. -

L

Comments



Teble 4/. cont®. ‘ '}'f“

Genotypes . Number of asci Comments

Peritheeium No.24. Dissected 17.1.54.
y . i (N 4.' 1 . .
v pyrod sd- "

-bil pyro4 sd

Perithecium No 25 Dlssected 18.1.584.

bll sd - N | 1
¥y sd B ;s L
.y pyroé ¥
“bil sd
bil pyro4
y sd ‘ RS L oy
bil pyro4 .
bil pyro4 sd
¥ pyroé . N
bil sd
Perithecium No.26. Dissected 19.1.54.
Y 7 ‘
y .

bil pyro4 sd
Pbil pyro4 sd

- . L No growth

y sd R 1
bil - o

bil pyros

v . 1
¥y pyro4 sd :

bil oo

bil pyro4 sd

Perithecium No. 27.,Dlssected 21.1. 54.

y 8d ‘ - 1 MIXED PERITHECIUM
vy sd LI '

y sd

y sd

¥y bil S . 1 4~strand double exchange
pyros e ,ﬂ‘ within y - bi .

. pyro4 sd

Perithecium No. 38. Dlssected 2l.1l. 54.

vy sd o 1 Slngle exchange y - bi
bil pyro4 - : T L ,
sq :

y . .:".‘ R 1
Yy sd
bil pyrod

- bil pyro4d sd




Table 4A/. contS.

Genotypes: Number of asci Comments

Perithecium No>65.

Perithecium No,29., Dissected 21.1.5H4.,

v sd 2 Selfed yellow
vy sd B -

y sd "

Yy _sd : x 5

Perlthecium No.SO. Dissected 21.1.54.

y sd 1. '

Y pyro4 sd

il

Pil pyrod . -

¥ pyro4 Y

Y pyroé sd ‘ |
- il ' B
Per1thec1um No. 61- Dissected 24.1.54. ; .

y sd 1 Selfed yellow
y sd

y sd

y ad

y sd 1 Probably selfed yellow
- 2 No growth
Perithecium No.32. Dissected 24.1.54.

y ‘ 1

y sd

bil pyrosd

bil pyro4 sd

Dissected 24.,1.54.

y sd 1 Selfed yellow
y sd

y sd

y sd 1 Probably selfed yellow
y sd i

- ‘ L No growth
Perlth601um No b4, Dissected 26.1. 54

Y pyro4 sd ; 1

il . .
Perithecium No. 55. Dissected 26.1,54.

v ' , L L. 4

Yy pyro4 -

il sd

bil pvro4 sd o

a8d
sd
sd

sd
ad

< Qi%ﬁd

Perithecium N0.56a

Digsected

1  Selfed yellow

1 Probably selfed yellow




Table A/, contdm’

Genotypes Number of asci Comments

Perithecium No,.37. Dissected 27.1.54.
vy sd o L
Yy pyro4 S . i
- bil o R '
bil pyrod sd -

v
b%ﬁsd
vy pyro4 | 1
bil

bil sd

Yy pyrod sd 1
il : ‘
il

Y pyro4 1
Yy pyro4d sd ‘

bili

bil sd

Perithecium No.%8. Dissected 27.1l.54.
y sd 1 Probably selfed yellow
y &d o

y sd - 1 Single exchange y - bi
¥ bil pyroé :

bil pyro4

sd

v sd - 1 Selfed yellow
y sd o z . MIXED PERITHECIUM
y_sd S ..

. SUMMARY .
Types of asci - Number of ascospores germinating.

0 1 2 3 4 5 6 7 8
Clagsifiable - o ) :
Selfed yellow - - - - -
Selfed green - - - - -
Hybrid e 5 5 5 6

i

4 2/14

(w200 S

10 6/48

|

Non-classifiable

Yellow S -
. Green " - ,
No germination 8 - - - - - - - -/8

=
1
(o]
Do
t
I
i
l\
6}

!
t
1
{
1
}
i
i

Abnormal - - - - - 1 - 1 -/ 2

Grend total 8 6 5 8 8 10 10 16 __ 8/78



Table B/.

‘Cross adl//y sd pyro4. From streak inoculum on minimal
medium. Prepared on the 5.2.54. Only the genotypes of the
germinated spores are given. If there were only two spores
of any one genotype, it was.assumed. that they were the
résult of the mltotic division.

Il

Genotypes Number of .asci - ébmments.

Perithecium No.l. Dissected 2.3.54.
J sd Lot : ‘ 1 .
adl sd : ‘

v adl sd k 1

¥y pyro4& : 1

adl sd

pyro4 » ’ '
Perithecium No.2. Dissected 3.3.54, -
¥V pyro4 sd ‘ 1

y adl pyr04

adl

Pyrod 1

Yy pyros4 : 1

¥ pyrod sd

adl sd

adl

¥y pyro4 sd 2 .

y adl pyro4 (1 spore) 1  ABNORMAL

y adl (1 spore)

v adl pyro4 sd (1 spore)

adl pyro4 sd (1 spore)

pyrod (1 spore)

pyro4 sd (1 spore) .

Perithecium No. 3, Dissected 4.3. 84,

¥y pyro4 sd o T P0551b1y & mixed perltheclum
v pyro4 sd : '

y pyro& . - N L
y adl sd = SIS

adl pyro4

ad . S :
Perithecium No 4. Diasected 4.5,54.
Y pyro4 : ' 1

¥y adl pyro4d sd. e

adl sd

+ 4+ + + '
Perithecium No.5. Dlssectea 6. 5 B4,
vy adl pyro4 1 '
y adl sd *

+ + + +

pyro4d sd




Table B/. cont.

Genotvbes ' Number of asci

Coﬁﬁéhts.

Perithecium No.b5. Dissected 6.3.54.
y sd \ ‘ 1

Y pPyro4

adl sd

adl pyro4

y adl o -1
y pyro4d sd

adl pyro4d

sd o

¥y pyro4 sd: . 1
y sd s A
adl

adl pyros

Perithecium No.6. Dissected 7.3.54.

y 1
adl pyrod sd

Perithecium No.7. Dissected 8,3.54.
y 1

y adl pyro4

adl sd

pyrod sd

Perithecium No.8. Dissected 9.3.64.
y adl sd , 1

y adl pyro4 B

+ 4 + +

pyrod sd

Peritheciun No 9. Dissected Oadedd,
y adl sd N § 1

y adl :

pyrod

pyrod sd

Perithecium No 10 Dlssected Qededls
Y pyro4 T T X

¥y pyro4d sd R

adl

adl sd

vy sd | -1
adl pyrod -
adl sd

Perithecium No.ll. Dissected 10.3.5
vy adl (1 sporeg 1
y sd (2 spores 3

+ + + + (Haploia) (1 spore)
adljpxroé sd_ (1 spore)

4.
ABNORMAL




Table B/, cont?,

Genotypes Number of msci - Comments

Perithecium No.12. Dissected 10.3.54.
¥ pyrod sd - _ 1

y adl sd SR '

+ + + 4+

adl pyrod

Perltheclum No.13, Dlssected 10. 3,54,
4 : 1

,y adl pyro4

sd

adl pyro4d sd

Perithecium No.l4. Dissected 10.5;545'“
vy adl pyro4.sd 1 . =
sd ‘

Perithecium No,1l5. Dissected 1l.3.54.

¥y pyro4 sd R : 1l - Selfed yellow
¥y pyro4d sd e ‘ .

vy _pyrod sd

Perithecium No.l1l6. Dissected 12.35.54.
y sd 1
y adl pyro4 sd o
+ 4+ + +

adl pyro4

y

y adl pyro4d sd
sd '
adl pyrod

Perithecium No,.,1l7. Dissected 15.3.54.
y 1
y adl pyro4 sd

4k o+ 4

adl pyro4 sd

vy adl pyro4 sd 1
adl
+ o+ o+ F (Haplold)

y . “ oL
vy adl pyro4 :
pyro4 sd

adl sd

y sd : ‘ . 1
y adl sd o . P
pyrod o

adl pyrod -

pyro4 sd
adl gd



Table B/. cont?.

Genotypes Number of asci . Comments

Perithecium No.1l7. Dissected 15.3.54.,
¥y adl pyroé . i
+ + + + (Haploid). -

¥y pyro4d - - 1
vy pyro4d - .

adl sd

adl sd

- Perithecium No.18. Dissected 17.3.54.
y sd o 1
y adl pyrod sd »
pPyro4 )

y adl sd ‘ 1
y adl '

pPyrod

pyro4 sd

Yy pyro4 1
y adl sd

pyrod sd

adl

_ } SUMMARY
Types of asci Number of ascospores germingting.
0 0] e 3 2 [5) 6 7 8

Classifiable
Selfed yellow - - - - - -
Selfed green - - -
Hybrid - 1

oA

)

e 1

N

fo N QA
1

Non-clasgifiable
Yellow = . - 2 - - 1 -
Green A - - - - -
No germination - - - - -

!
!
t
™~
e

i
1
1
t

{
1
[
I

Abnormal A - - - - -

G
®
1
I
N
o

8 6/38

Grand Total - 3 3 1 4



Table C/. )

Eross wn adl prol pabal y//y pyroé- From streak inoculum on
minimal medium. Prepared on the 13,2.54., Only the genotypes
of the germinated spores are given., If there were only two
spores of any one genotype, it was assumed that they were
the result of the mltotlc division. .

<

Genotypes Nunber of asci Comments
Perithecium No, 1. Dissected 23.8.D44

v adl pyro4 .. 1
wn prol pabal :

¥y prol pabal.

y adl pyr04

wn adl prol pabal.pyro4 ‘ 1
wn prol pabal

¥y v
vy adl pyroé

wn adl pyrod = ) 1
wn adl prol pabal

¥y prol pabal pyrod

y ,

vn adl pyro4 1
wn adl pyro4 '

v prol psbal

vy prol pabal

Wi Pyro4 2
wn adl prol pabal
y pyro4

wn adl prol pabal 1
vn prol pabal

Yy pyrod
y adl pyro4 .

wn adl S
vn adl prol pabal pyr04
¥y prol pabal -

y pyro4
wn ' ' 1
wn adl prol pabam '

y adl prol pabal Pyrod.

Y pyroé :
wn prol pabal ' 1
y adl A Ch
y adl pyr04

vy _adl prolzbabalpyro4 1




Table C/. cont?,

Genotypes . - Mumber of asci

Comments

Perithecium No, 2. Dissected 3&1.9%.5H4.

wn prol pabal

wn prol pabal pyro4
y adl pyrod :

y adl

wn adl prolfpabai‘byroé
wn -
y prol pabal pyro4
y_adl

w1

Per1thec1um No Be Dlsseoted 1. 4 B4,
o

wn adl prol pabal .
wn pyro4d B

vy adl pyro4d-

y prol pabal

wvn prol pabal

vn adl prol pabal pyro4.

y adl pyro4
y

2

No growth

Perithecium No.4. Dissected 3.4.54,

wn adl pyro4

wn prol pabal

y adl prol paba& pyroé
y

“wn adl prol pabal
wn pyro4 :

vy adl

¥y prol pabal pyro4

wn adl prol pabai PYTrod
wn prol pabsl
y adl pyro4 .
y «t‘

wn adl prol pabal
wn prol pyrosd

Yy pabal pyro4

y adl

wn adl pyro4

wn .

¥y adl prol pabal
¥y prol pabal pyrod

v prol pabal pyrod .
wn adl prol pabai ‘

y adl

¥ pyrod

1

L

Single exchange prol -
. pabal



Table C/. contd,

Genotypes

Number of asci

Comments

Perithecium No.4. Dissected 3.4.54.

wn pyro4

wn adl

¥y prol pabal

vy adl prol pabal pyrod

wn prol

wn prol pabal pyroé
y adl pabal

¥y adl pyro4

wn adl prol pabal
wn adl pyro4

v prol pabal pyrod
vy "

wn adl prol pabal pyro4
wn

¥y pyro4

y_adl prol pabal

1

s

Single exchange prol -
pabal

Perithecium No.b. Dissected Gedoeble

wn adl pyro4

wn pabal pyro4

¥y prol

¥y adl prol pabal

wn adl

wn adl prol pabal
¥y prol pabaly pyro4
¥V pyro4

wn adl pyroéd

wn

¥y adl prol pabal pyros
¥y prol pabal

wn adl
wn prol pabal pyrod
vy adl pyro4

wn prol pabal pyrod
wn adl prol pabal
¥y pyro4d

y adl

wn adl prol pabal pyrod
W L |

y prol pabal.
y adl pyro4

1

Single exchange prol -
pabal



Table C/. contd.

Genotypes Number of asci Comments

Perithecium Now5. Dissected 6.4.54,

wn adl 1 Single exchange prol -
wn prol pyro4 = _ pabal
¥ pabal '

y adl prol pabal pyr04

wn prol pabal (2 spores) 1 ABNORMAL
wn adl pyro4 (1 spore)

y adl prol pabal pyrod (1 spore)

y adl pyro4 (1 spore)

v (2 spores)

wvn adl prol pabal . | 1 Slnple exchange prol -
wn adl prol pyro4 pabal
y pabal -

Yy pyro4

wn pyro4 1

wn adl prol pabal
¥y prol pabal
y adl pyrosd

wn 1
wn prol pabal pyro&

y adl

y adl prol pabal pyros

wn adl pyro4 1
wn adl prol pabal pyrod

¥y prol pabal

y

wn pyro4 ‘ 1
wn adl prol pabal

¥y prol pabal pyro4d

y adl

wn prol pabal pyrod 1
vn prol pabal

y adl

y_adl pyro4

Perithecium No.6. Dissected 10.4.54.

¥y adl i
v
wn pyro4 ) 2

wn adl pyro4.
¥V prol pabal ,
y adl prol pabal



Table C/. contd.

Genotypes Number of asci Comments
Perithecium No.86. Dissected 10.4.54. .

wn adl prol pabal -1

wn

¥y prol psbal pyr04

y adl pyro4 "~

wn pyro4 . - - 1

wn adl

y prol pabal pyr04
y adl prol pabal

wn adl pyro4 G e oo b
wn

y prol pabal

¥y adl prol pabal pyro4

wn pyrod 1
wn adl

y prol pabal

vy adl prol pabal pyro4

wn prol pabal 1
wn adl prol pabal pyrod
vy adl pyroé

N N

Perithecium No.7. Dissected 1.0.4, 54,
wn prol pabal pyro4 1

wn prol pabal

¥y adl pyro4

y adl

wn adl prol pabal , 1
wn pyro4 g

y adl proi‘pabal pyro4

¥y .

wn pyroé S 1
wn adl pyro4d .

v adl prol pabal

¥y prol pabal *

wn adl prol pabal. 1  8ingle.exchange prol -
wn prol pyrod . : . ' pabal
y pabal pyro4d ' ‘

y adl ' .

Perithecium No.8. Dissected l1l4.4.54.

wn prol pyro4 1 Single exchange prol -
wn prol pabal . pabal
¥ adl

y adl pabal pyr04



Table C/. cont<,

Genotypes Number of asci Comments

Perithecium No.8..Dissected 14 44,54, ‘

wn adl prol pabal R Single exchange prol -
wn adl prol . pabal
¥y pabal pyros4 —_—

Yy pyrod

wn prol pabal pyroéxi ; 1
wn adl prol pabal . :
y adl pyro4

5 :

wn prol pabal pyrod .1
wn adl . o

y prol pabal pyro4

y adl

wn prol paebal pyrod : 1
wn prol pabal

Yy adl pyro4

y adl

wn adl 1
wn pyro4
vy adl prol pabal pyrod:

wn prol psbal - 1
wn adl prol pabal pyr04
y

wn pyro4 o 1 Single exchange prol -
wn adl prol - pabal
vy adl pabal . o

¥y prol psbal’pyro4

wn adl R o 1
wn. pyro4 ‘

¥y prol pabal -

vy adl prol pabai pyro4

wn adl prol paba} PYIro4 : 1
y .
y adl pyro4

wn adl prol pabal L 1
wn adl pyro4 . - -
¥ .

¥y prol pabal pyrod

wn oL 1
wn adl pyros o

y adl prol pabsal. pyro4
Yy prol pabal



Table C/. cont®.

Genotypes ‘ Number of asci

Comments

Perithecium No.8. Dissected 14.4.54.

wn adl prol pabal
wn L

y adl pyrod .
v prol pabal pyrod .

Perithecium No.S. Dlssected 17.4. 54.

wn adl prol- pabal
wn adl pyro4

¥y prol pasbal pyrod
y y

wn adl pyro4
y

wn prol pabal pyro4
wvn adl pyroé

y adl

vy prol pabal

wn prol pabal pyrod

wn adl
vy adl prol pabal
¥ pyro4

wn prol pabal pyro4

wn adl prok

¥y ' o
vy adl pabal pyro4
wn prol pabal

wn adl prol pyr04
y adl pyro4

y peabal

wn adl
wn

¥y prol pabal pyr04

wn adl
¥ prol pabal pyr04

y adl prol pabal pyro4

wn pyro4d
v _adl pyro4

y adl prol pabai £§r04

No growth

Single exchange prol -
pabal

.Single exchange prol =~

pabal




Table G/. contd.

Genotypes Number of Esci

Comments

Perithecium No 10. Dissected 26.4,54.,

wn pyro4 ' 1
wn adl prol pabal pyro4
Yy prol pabal :

vy adl |

wn prol pabal pyrod = - 2
wn adl ,

Yy prol pabal pyrod

y adl

wn prol pabal I o1
wn adl prol pabal ‘ DL
y adl pyro4 -

y pyrod |

wn adl prol ﬁébai pyro4 I
wn _

y adl

y prol pabal pyro4

wn adl pabal ~ i

wn prol pabal pyro4
vy adl
¥y prol pyro4

wn prol pabal pyro4 1
wn adl pyro4

¥y adl prol

vy pabal

wn prol pabal pyro4 1
wn prol pabal

y adl L

vy adl pyr04

wn prol pabal o 1
wn adl pyro4 , :

¥y adl prol. pabal

Yy pyro4

wn adl prol pabal ol
wn adl pyro4 : ‘ .
¥y prol pabal

Y pyro4

wn prol pébal R R

v adl pyro4d

Single exchange prol -
pabal

Single exchange prol -
pabal




Table C/. COntdr

Genotypes ' - Number of asci Comments
Perithecium No.ll.-Dissected 29.4.54. o
wn adl prol pabal pyroé 1

wn prol pabal : _ _ “

y adl

y pyro4

wn pyro4 . ' 1

wn adl pyro4d
y adl prol pabal
¥ prol pabal

wn prol pabal pyr04 L

wn adl T

y prol pabal pyrod

y adl .

Perithecium No.l&. Dissected 29.4.54.

wnn prol pabal pyro4 1

wn pyro4

y adl

wn prol pabal pyro4 v L

¥y adl

¥y

wn. prol pabal pyrosd 1 Single exchange prol -
wn adl prol = pabal

y
¥y adl pabal pyro4

wn adl pyro4 | 1
wn adl prol pabal pyro4

¥y prol pabal

¥ C

wn prol pabal pyro4 J 1
¥y adl prol pabal"pyr04
¥ '

wn adl prol pabal pyro4 1
y adl

wn pyrod T ‘ 1
v adl prol pabal ~

Perithecium No,.13, Dissected 6.5.54.
wn adl prol pabal pyr04 1 '
wn adl - o

¥y prol pabal

Yy pyro4



Table C/. eontd.

Genotypes

Number of asci

Comments

Perithecium No.1l3. Dissected ©6.5. 54.

wn adl prol pabal pyro4
wn adl prol pabal

Yy pyro4

y

wn pyro4

wn .
¥y adl prol pabal pyroé
v adl prol pabal

wn pyro4 -

wn adl prol pabal
¥y prol pabal pyr04
y adl

wn prol pabal

wn

y adl prol pyro4
y adl pabal pyro4

wn adl prol pabal pyro4
wn

y adl pabal

Yy prol pyro4

wn prol pabal pyrod
wn

y adl pyro4

y adl prol pabal

wn adl prol pabal pyro4
wn pyrod

y adl prol pabal-

v :

wn adl pyro4

win

y adl prol pabal pyro4d
¥y prol pabal :

wn prol pabal

wn adl pyro4 .
¥y prol pabal.pyr04
y_adl

1

1

Single exchange prol - .
pabal

Single exchange prol -
~pabal

Perithecium No.14 Dissected 16 5, 54.f:

wn adl prol pabal pyro4. .
wn adl

¥ prol pabal

Yy pyro4



Table C/. contd.

Gomménts

Genotypes Number of asci

wn pyro4

wn adl

¥y prol pabal pyrod
y adl prol pabal

wn prol pabal pyro4d
wn prol pyroéd '

y adl pabal

vy adl

wn prol pabal

wn prol pabal pyro4

y adl
vy adl pyrod

wn paba 1 pyro4

wn .

y adl prol

y adl prol pabal pyro4

wn pyro4
y adl prol pabal
¥y prol pabal

wn prol pabal

wn adl pyrod

y adl prol pabal pyr04
y

wn prol pabal

wn adl

y adl prol pabai pPyro4
Yy pyro4 “

wn prol pabal pyr04
wn

y. adl prol pabal pPyro4
Yy adl

wn adl prol.pabaIPjA0+
wn

y adl prol pabal

Y _pyro4

Single exchange prol -
pabal

Single exchange prol -
pabal




Table C/. cont®.

_ SUMMARY.
Types of ascl * "Number of ascospores germinating.

o v 0 1 ) 4 5 8 7 8
Classifiable: > .

- Selfed white - - - - - - - -
Selfed yellow - - ‘ - - - - -
Hybrid | - 2 2 % 5 20 34 44/116
Non-classifiable -

White - - - - - -~ - -

No germination 5 - - - - - - -/ 5
Abnormal - - - - - - 1 -/ 1
Grand Total 5 2 2 35 b 20 36 44/122




Table D/. ‘

Cross wn adl4//y sd. From streak -inoculum on minimal medium.
Prepared on the 25.5.54., Only the genotypes of the
germinated spores are given. If there were only two spores
of any one genotype, it was assumed that they were the
result of the mitotic lelSlon.

Genotypes *Nvmber'of.a301 - Comments

Perithecium No.l. Dissected 26.7.54.
wn | : C L :
¥ ‘ ~

y adld sd

CWNL 1
wn sd -

y adld sd

y adl4

wn adld Lo 1
vy adld sd
vy sd

wn sd ' 1
wn adl4 ‘
y adlsd

y sd

“wn sd ' 1
vy adld sd '
y adl4

wn adld 2
wn adld sd

y

y sd

wn adld - 2
wn sd .

y adld sd

y

vn adl4 . A
wn adld

y sd w

y sd :

wn adld sd , 1
wn : ‘

v adld

y sd

wn o 1
v adld sd :

y adld sd

y



Table D./. cont.

Genotypes Number of asgci. Comments.

Peritheciuom no.1l. Dissected 26.7.54,
wn adld sd 1 :
wn sd

-

Perithecium no.2. Dissected 30,7.54.
wn. sd ' R

Wi ' '

y adld sd

'y adld

Wi . 2
wn adl4d sd

vy sd

y adls

v, adld ' ‘ 1.
Wil sSAa

y
v adld sd

wn adld sd - 3
wn adld

v sd

5

Wi ' 1
wn adld sd - '
¥

vy adld sd

wn adld S 1
wn '

v-adld sd

v sd-

v adld sd S 1
vn adld sd e

v

;Y"

. SUMMARY . _ :
Tyves of ascil Number of ascospores germinating.

On 1¢ go Bok 4‘:0., g"5o’ 6o v r?e
Classifiable ‘ o ‘ - .
Selfed white - - o - - et e o e
belfed yellow = = - ~ - - e - - -
Hybrid = - - - 5 . 4 14/24
Ronmqlassifiable. one,
Grand Total SN - 3 4 -8 14/24



Table E/. L

Cross wn adl4 y//bil thig. Prom stresk inoculum on minimal
medium. Prepared on the 15.7.54. Only the genotypes of the
germinated spores are given. If there were only two spores
of any one genopype, it was assumed that they were the
result of the mitotic division.

Genotypes Number of asci Comments

Perithecium No.l, Dissected 16.9.54.
wn r o 2

wn bil thi2 -

vy adld

adl4d bil thi2 -

wn thi2 . o 2
wn adl4d thig ’

adl4d bil

bil

wn ' 1
wn adl4 bil thiZ

+ + + +

adl4 bil thig

wn adl4d il thig 1
wn adl4

bil thi2

+ + o+ +

- 1 No growth

Perithecium No.2. Dissected 17.9.54,
wn thi2 1

wn bil

vy adld

adl4d bil thie

wn adl4 thig. 1
wn thid
v adld bil

wn adlé 1
wn bil ‘ '

y adl4d thi2

bil thi2

wn bil : , 1
wn adld thig . '
y adld

bil thig

wn thig f 1
¥y adld bil
v adl4d




hnt

Table Z./. cont.

’ SULLARY -
L - e
Types of asci Tumber of ascospores germinating.
[»] 3 .

Oa 1a K2 g < “/i:'n 50' 60 }?u 89 )

Classifiable
Selfed white - - - - - - - -
Selfed green - - —_— - - -

A
>
[
~
g_.k
!,...\

Hybrid L= = - - 1

Non-classifisble

White - - = - - . . - -
Green - . - . - - = -

No germination 1 - - - - - - - -/
Grand Total 1 - - - - 1 3 4 3/12



Table F/.

Cross wn adl4 y// bil metl. From streak inoculum on minimal
medium. Prepared on the 20.8.54. Only the genotypes of +the
germinated spores are given. If there were only two spores
of any one genotype, it was assumed that they were the
result of the mitotic division. The bilmarker was not used.

Genotypes Number of asci Comments.
Perithecium No.l., Dissected 25.10.54. -
wn adlé ' ’ 1

wn adl4 :

metl

metl

wn 1
wn adld

y adld metl

y metl

v adld metlh 1
wn adls4

metl

+ 4+ A+ +

wn adld metbi 1
wn adld

y
y metl

wn adld 1
wn metl

y
y adld metl

wn ) 1
iag)

y adld metl -

y adl4 metl

wn ' 1
wn metl :

y adld

y adl4d metl

wn . 1
wn adld ; :
vy adl4 metl

wn metl .. 1
wn metl

y adl4

y adl4d



Table F./. cont.

Genotyvpes

Number of asci,

Comments.,

Perithecium no.1l.

wn metl
wil adld
vy adld
metl

o wn .

wn adld metl
adl4d metl

+ o+

Wil
Wi,

adld metl
adld metl

wn adl4d metl

wn adld metl

+ o+
+ o+ o+

wn metl

W1,

v adld metl
adld

wn adld metl
wn metl .
+ 4

wn adld metl
vy adld
metl

Dissected 25.10, 54,
1

Perithecium no: 2.

Wi

wn metl

v adld metl
adl4 ‘

wn adl4
v adld
metl
metl

wn adl4
wn metl
vy adl4é
metl

wn adld metl
v adlsd

+ 4+ o+

metl

Dissected 28,10, 54,
1 .



Table F./. contb,

Genotypes _ Mumber of asci. Oomments;

Perithecium no.2. Dissected 28.10.54., -
Wn, : 1 '
wn adl4d metl :

v metl

v adld

v adld R R
wn metl ' .

v adld metl

+ + + ‘

wn adld \ 1.
wn adld metl

y

wn : 1
wn metl '
adl4

adld metl

Wi e
wn adld '

v adl4d metl

metl

wn metl : 1
wn adl4

v metl

adls

wn adlé 1
wn adld metl

vy metl

o4

wn adld S 1
v adld '

vy metl

vy metl

vn adld metl (2 spores) 1 ABNORMAL
wn metl %1 spore) - . g
wn adld (1 spore :

+ + + (1 spore) (Haploid)

adld El spore

metl (1 spore

wmn adld metl S 1.
adld metl




Table F./. cont.

Genotypes  Number of asci. Comments.
Perithecium mo.3. Dissected 1.11.54.
wn metl 1

wn adld
¥y adld metl

wn adld metl- ‘ 1
wWn ;-
+ + +

adld metl

wn adl4d metl 2
Wi :
37'

adld metl

wn adl4d B 1
wn metl ' "

-y adl4d

metl

Wi 1
wn adld metl '

v metl

adl4

wn adld metl ‘ -1
vn adld metl '

+ + o+

+ 4+ o+

win 1
wn adlsd

v adléd metl

metl

vn adlsd metl o - 1
wn adld metl ' 3
v

wn ' . 1
wn adld

v metl

adld metl

wn. , E 1
wn adl4d ' :
v metl

vy adld metl

wvn metl . 1
wn adld metl :
v adld

+ + -+



' Table P./. cont.

Genotypes

Nunber of asci.

Comments,

Perithecium nog, 3.
v adld metl

Ly

L

© wn adld
- metl:
adl4s

wi metl

" wn adl4 metl
- adl4

+
wri metl
v adld
adi&

wn adl4d
wn metl

v adld metl

Wi )
v adl4 -

Dissected 1

L1154,

2

w . SUMMARY,,
Types of asci

- Number of
OD 10

ascospores germinating.
2o b 4, O, S

e

8a'

Classifiable '
Selfed white =~ - -
selfed green. - ~ -
Hybrid T - 1
Nph;élassifiable None .

Abnormal - -

) - s wmn o

sam wa e

1 1 ) 2 11

e

16

1
17

e

/52

~/1
17/553

Grand Total -~ . - 1.



Table G/.

Cross prol bll/ybabal y ad8. From streak inoculum on mininal
medium. Prepared on the 23.12.54. Only the genotypes of the
germinated spores are given. If, there were only two spores
of any one genotype, it was assumed. that they were the
result of the mltotlc division.

Genotypes

Number of asci

Comments

Perithecium No 1.
pabal y add
pabal y ad8

prol bil

prol bil

pabal y ad8
pabal y ad8
prol bil

pabal y ad8
prol bil
prol bil

pabal y ad8

prol pabal y ad8
bil

prol bil

pabal y ad8
prol y ad8
pabal bil
prol bil

rabal y ad8
prol y ad8
prol bil :

pabal y ad8
pabal y ad8 bil
prol

prol bil

paba 1 ¥y ads
pabal ¥y adB ‘bil
prol

y ads8 '
prol pabal y -ad8
pabal bil

prol bil

pabal ¥y ad8 bil
y ad8
prol bil

Dissected'10.1:55.

11

'No exchanges'

No exchanges

No exchanges

Single

Single

Single

Singie

Single

Double
pabal;

Double
pabal;

exchanges prol -
pabal

exchanges pabal -
y‘ .

exchange pabal - ¥

exchanges y - bil

exchange y - bil

exchange prol -
pabad - y

exchange prol -
y - bil




Table G/. ccntd.

Genotypes

Number of asci

Perithecium No. 2.

pabal y ad8
pabal y ad8
prol bil
prol bil

pabal y ad8
pabal y ad8
prol bil

pebal y ad8
prol bil
prol bil

pabal y ad8
prol pabal y ad8
bik

prol bil

pabal y ad8
prol pabal y ad8
prol bil

pabaly ad8
prrol y ad8
pabal bil
prol bil

prol y ad8
pabal bil
prol bil

pabaly ad8
prol y ad8 *
pabal bil

pabaly =ad8
pabal y ad8 bil
prol

prol bil

prol y ad8
prol y ad8 bll
pabal

pabal bil -

pabaly ad8
prol bil

pabal y ad8

Dissected 17.1.55.

12

Comments

No exchanges

'~ No exchanges
.No exchanges

' ‘Single exchanges prol -

pabal
Single exchange prol - .

pabal

Single exchanges pabal -
y

Single exchange pabal- y
Single exchange pabal- y

Single exchanges y - bil

 u~4wstrand double exchange
“within pabal - y; single

exchange y - bil
Incomplete

Incomplete



Table G/. cont?.

Genotypes

Number of asci .

Conmments

Perithecium No. 2.
pabal y ad8 bil (2 .spores)
prol bil (3 spores)

1

Dissected 17.1.55,

f| ABNORMAL

Perithecium NOeBa,

pabal y ad8
pabal y ad8
prol bil
prol bil

pabal y ad8.
pabal y ad8
prol bil

pabal y ad8

prol pabal y adBf

bil
prol bil

pabal y ads8
. prol y ad8
prabal bil

pabal y ad8
prol y ad8
prol bil

pabal y ad8
prol y ad8
pabal bil
prol bil

pabal y ads8

pabal y ad8 bii

prol

prol pabal y ad8
y ad8
bil

" prol pabal y ad8

pabal y adB b11
prol
bil

pabal y ad8
prol bil -

8

1

Dissected 21.1. 55

No exchanges

" No exchanges

Singfé exchange prol - pabal °

Single exchanges pabal -
" y

Single exchanges pabal -
‘ y

Single exchanges pabal -

Single exchange y - bil

4-strand double exchange
. within prol - pabal; single
,‘exchgnge pabal - ¥y e

. .4-$trand double exchange
prol - pabal; y -~ bil

“:Iﬁoémplete

No gfthh




Table G/. contd, ~

Genotypes: Number of asci Comments

Perithecium No.4, Dlssected i4. 2.55.

pabal y ad8 - . 9 No exchanges
pabal y ad8 - e -

prol bil

prol bil

pabal y ad8 . f 5 2  No exchanges
pabal y ad8 ,
prol bil

pabal ¥ ad8';«' , 2  No exchanges
prol bil o : '
prol bil

pabal y ad8 - : 1 - Single exchange prol -
prol pabal y adBw o 8 ' pabal
bil :

prol biil

pabal y ad8  ‘AA[ 1 Single exchange prol -
bil B ‘ : pabal
prol bhil R

pabal y ad8 ' 1 Single exchange paba - ¥
rrol y ad8 :

pabal bil

prol bil

pabal y ad8 1 Single exchange pabal - y
pabal bil ‘ :
prol bil

pabal y ad8 ' 1 Single exchange y - bil
pabal y ad8 bil

prolk C

prol bil

Perithecium- No e Dlssected 18 L.05b.

pabal y ad8 X b No exchanges
pabal y ad8 ‘

prol bil

prol bil

pabal y ad8 _ : 1 No exchange
pabal y ad8 - : T , o
prol bi1 -

pabal y ads8 2 Single exchanges pabal - ¥y
prol y ad8 '

pabal bil

prol bil



Table G/, cont?,

Genotypes

Number of ascil

Conments

Perithecium No. 5.
pabal y ad8

prol y ad8

prol bil

pabal y ad8
pabal y ad8 bil
prol

prol bil

pabal y ads8
prol
prol bil

pabal y ad8 bil
pabal y ad8 bil
prol
prol

pabal y ad8
prol bil

prol bil
prol bil

-Dissected 18.2.55,

1

1

Single exchange pabal - ¥y

Single exchanges y - bil

Single exchange y - bil

4-strand double exchange
within y - bil

Incomplete

Incomplete

Perithecium No.6.
pabal y ads
pabal y ad8

prol bil

prol bil

pabal y ad8
pabal y ad8
prol bil

pabal y ad8
prol bil
prol bil

pabal y ads8

Dissected 24.2.55.

7

prol pabal y ada:‘

il
prol bil

pabal y ad8
.prol y ad8
pabal bil -

pabal y ad8
pabal bil
prol bil

No exchanmges

No exchanges

- No exchanges

Slnole exchange prol -
pabal

Single exchenge pabal - y

Single exchange pabal - ¥



Table G/. cont?,

Genotypes A Number of asci. Comments

Perithecium No. 6. Dissected 24.2.55.
prol y ad8 . o 1 = Single exchange pabal - ¥
pabal il ' ‘
prol bil
pabal y ad8 = » 1 Single exchange pabal - ¥
prol y ad8 N Co
pabal bil
prol bil ‘
prol y ad8 . - “ 1 4-strand double exchange:
prol pabal y ad8 . ‘prol -~ pabal; pabal - ¥y
bil : |
pabal bil o
pabal y ad8 - _ 1 3-gtrand double exchange
prol y ad8 ‘ prol - pabal; pabal - y
prol pabal bil .
pabal y ad8 1 e-strand double exchange
prol y ad8 bil . -pabal - y; y - ‘bil
prol bil .
pebaly ads8 | 4  Incomplete
prol bil
pabal y ad8 1  Incomplete
prol bil 1 Eﬁ Incomplete
' 1 No growth
Perlthecium No.7. Digsected 28,2.55.
pabal y ad8’ b No exXchanges
pabal y ad8 .
prol bil -
prol bil
pabal y ad8 - .4 Né exchsanges
pabal y ad8 . 4
prol bil
pabal y ads D 3 No' exchanges
prol bil ‘ o
prol bil
pabal y ad8 1 Siﬂgie exchange prol - pabal

prol pabal y ad8
prol bil :



Table G/T contd.

Genotypes

Number of asci

Comments

Perithecium Nov7. Dissected 28,.2.55.,
Single exchanges pabal = ¥

pabal y ad8.
prol y ad8 .
pabal bil
prol bil

pabal y ads
prol y ad8
pabal bil .

prol y adg
prol y ad8
pabal bil
pabal bil "™

pabal y ad8
pabal y ad8 bil
prol

pabal y ads
pabal y ad8 bil
prol bil

pabal y ad8
prol y ad8 bil
pabal bil
prol

prol pabal y ads

7

prol paebal y ad8 b11

il

pabal y ad8 o
prol bil

. pabal y ad8
pabal y ad8

1

Single exchanges

pabal -
y

4-strand double exchanges

within pabal - ¥y

Singie exchange y - bil

Single exchange y - bil

d-gtrand double exchange
pabal -~ y; ¥y - bil

4-strand double exchange
within prol - pabal;
. @single exchange y - bil

Incomplete:

Incomplete

Perithecium No.8.

pabsl y ads8
pabal y ad8
prol bil
prol bil

pabal y ad8
pabal y ads
prol biil

pabal y ad8
prol bil
prol bil

Dissected 2.3. 55
5

5

4

No exchanges

. No exchanges

No exchanges



Table G/. contd,

Genotypes Number_ of asci Comments

Perithecium No.8. Dissected 2.3.5b,.

pabal y ad8 L _ 2 ‘8ingle exchanges prol -
prol pabal y ad8 ‘ - pabal
bil

prol bil

pabal y ad8 o 7 Single exchanges pabal - ¥
prol y ad8 . .

pabal bil

prol bil

pabal y ads8 _ .2 Single exchanges pabal - ¥y
prol y ad8 - o
prol bil

pabal y ad8 - o1 Single exchange y - bil
pabal y ad8 bil

prol

prol bil

prol y ad8 1 .  4-strand double exchange
prol pabal y ad8 ' " prol - pabal; pabal - ¥y
bil ‘ ‘

pabal bil

prol bil 1 Incomplete
pabal bil

pabal y ad8 : P Incomplete
prol bil

- 1 No growth
Perithecium No.9. Dissected 4.3,55,.

N.B. This perithecium carried a semi-lethal factor (Dwarf = dw)
pabal y ad8 20

prol bil -

pabal y ad8 : 4
prol y ad8 "

pabal bil ‘ 1.
prol bil '

pab&&l bil
prol bil

pabal y ad8

oo e

pabal y ad8
pabal y ad8



Table G/. contd.

Genotypes Number of asci Comments
Perithecium No.9. Dissected 4.3.55.
pabal y ad8 - . 2
bil

prol vy ad8 f 1
prol bil o | 1
il

pabal y ad8 1
prol pabal y ad8 biil

prol ‘ 1
prol pabalad8 bil 1
prol y ad8 - 2
pabal bil

prol psbal y 1
pabal y ad8 ;
pabal y ad8 2 dw = semi-lethal dwarf.
prol bil

prol bil dw

pabal y ad8 2
pabal y ad8

prol bil dw

pabal y ad8 1
prol y ad8 daw

pabal bil ‘

pabal y adSJQW 1
prol y ad8 N

prol bil

pabal bil dw

pabal y ads L
pabal ¥y ad8 dw ‘

pabal y ad8 dw : | 1
prol y ad8 bil :
pabal dw

prol biil

rabal y ads 1f
prrol y ad8 bil

pabal dw h

pabal bil dw 1



Table G/. cont.

Genotypes Number of asci Comments

Perithecium No.9. Dissected 4.3%3.55,
6 . No growth

Per1thec1um No.10. Dissected 14.5.55.

pabal y ad8 e . 15 © No exchanges
pabal y ad8 '

prol bil

prol il

pabal y ad8 - 1 No exchange
pabal y ad8 e
prol bil

pabal y ads8 . o 2 ' No exchanges
prol bil : o
prol bil

pabal y ad8 2  DSingle exchanges prol -
prol pabal y ad8 pabal
bil

prol bil

pabal y ads 2 = BSingle exchanges pabal -
prol y ad8 : y
“pabal bik

prol bil

prol y ad8 1 4d~strand double exchange
prol y =248 within pabal - y
pabal bil

pabal y ad8 1 Single exchange y - bil
pabal y ad8 bil

prol ~

prol bil

pabal y ad8 | L r2-strand double exchange
prol y ad8 bil o pabal - y; y - bil

pabal > . g

prol bil

pabal y ad8 1 2—strand double exchange
prol pabal y ads bll : a prol - pabal; y - bil

+ 4+ 4 o+ '

prol bil

pabal y ad8 1 2-strand double exchange
y ad8 .. W e e e PPOL -~ pabal; pabal - ¥y
prol pabsl bil : _
prol il



Table G/. cont®.

Genotypes

Number of asci

Comments

Perithecium No.1lO.

pabal y ads
prol Hil

Dissected 14.,5,.55.
1.

Incomplete

Perithecium No.ll Dlssected,15 5.05.~
' No exchanges

Pabal y ad8
pabal y ad8
prol bilk
prol bil

pabal y ad8
pabal y ad8
prol bhil A

prabal y ad8
prol bil
prol bil

pabal y ad8

prol pabal y ad8
bil

prol bil

pabal y ads8
prol pabal y ad8
prol bil

pabal y ad8
pabal bil
prol bil

pabal y“ad8
prol y ad8
pabal bil -

pabal y ad8 .
prol y ad8
prol bil

pabal y ad8
prol y ad8 .
pabal bil
prol bil

prol y ads‘--
rabal bil
pabal bil

prol pabal y ad8
y ad8
prol pabal b11

7

2

blngle

Single

Single

Single

Single

- .No exchanges

-No exchanges

exchanges prol -
pabal

exchange prol -
pabal

exchange pabal - ¥y

exchange pabal - -y

exchange pabal - y

exchanges pabal - ¥y

d-strand double exchange

. Wwithin pabal ~ y

" 4-strand double exchange

within prol - pabal; single
eXchange pabal -~y '



a

Table G/. cont .,
Genotypes Number of a501 - Gomments
Perithecium No,l1ll. Dissected 15.3.55,
prol pabal y ad8 1 S-strand double exchange
y ad8 . : o prol - pabal; pabal - ¥y
pabal bil L
prol bil
pabal ¥y ad8 1>L- : 1 L-strand double exchange
y ad8 . prol - pabal; pabal - ¥y
prol bil o
pabal y ad8 . 2 Incomplete
prol bil : S
pabal y ad8 ‘ 1 ;ncompleté
pabal y ad8 '
2. No growth
Perlthe01um No.12 Dlssected 16.3.556.
pabal y ad8 » 14 No emchanges
pabal y ad8 -
prol bil
prol bil
pabal y ad8 | 17 No exchange
prol il
prol bil
pabal y ad8 , 2 Single exchanges prol -
prol pabal y ad8 pabal
bil
prol bil
pabal y ads8 6 Bingle exchanges pabal -~ ¥
prol y ad8 . '
pabal bil .
prol bil
pabal y ad8- 1 Sihgle exchange pabal - ¥y
pabal bil : : : :
prol bil
prol y ad8 1 "1 4-strand double exchange
prol y ad8 : -« *  within pabal - y
pabal bil :
pabal bhil
prol p&bal.y'adB g 1 4-strand double exchange

prol pabal y:ad8
bil
bil

within prol -~ pabal



Table G/,_contd.

Genotypes

Comments

Number. of . ased -

Perithecium No.1lZ2. Dissected 16. 5 50.
prol pabdl y ad8 o 1 4-strand double exchange
prol pabal b11 within prel - psgbal; single
y ad8 exchange pabal - ¥
bil .

pabal y ad8 , : 1 2=-strand double exchange
y ad8 ' - ' prol - pabal; pabal - ¥
prol pabal bll .~
prol bil
pabal y ad8 ' 2 Incomplete
prol bil - L

Perithecium No.l1l3. Dissected 17.3.65b.
pabal y ad8 8 No exchanges
pabal y ad8
prol bil
prol bil
pabal y ad8 4 No exchanges
pabal y add8
prol bil
pabal y ad8 4 No exchange
prol bil
prol bil

pabal y ad8 4 - Single exchanges prol -
prol pabal y ad8 ; ' pabal
bil
prol bil ‘
pabal y ad8 7 -~ Single exchanges pabal - y
prol y ad8 v ‘ '
pabal Ppil
prol bil
pabal y ad8 - 1 Single exchange pabal - y
prol y ad8 :
prol bil
prol y ad8 : , 1 4-strand double exchange
prol y ad8 ' ‘ ‘ within pabal - y
pabal bil :
pabal bil
pabal y ad8 1 é~strand double exchange
proi pabal y ad8 bil o prol - pabaly y - bil
pro

bil



Table G/. Qontd,

Genotypes

Perithecium No;lﬁ.

prol y ad8 bhil

pabal y ad8
prol :
pabal bil

prol pabal y ad8

¥y ad8 bil
prol
pabal bil

pabal y ad8
prol bil

Number of asci Comments

Dissected 17.3.55.
1 d-strand double exchange
pabal - y; ¥ - bil

1 3-strand double exchanges
prol ~ pabal; pebal - ¥y
and pabal - y; y - bil,
d-atrand double exchange
prol - pabal; y - bil

1 Incomplete

1 No growth

Perithecium No.l4.

pabal y ad8
pabal y ad8
prol bil
prol bil

pabal y ad8
prol bil
prol bil

pabal y add
pabal y ad8
prol

prol bil

pabal y ad8
prol y ad8
prol

pabal bil

bil .

bil -

pabal v ad8

Dissected 18.3.56.
6 Nom exchanges

2 No exchanges

1 Single exchange y - bil

1 4-strand double exchange
pabal - y3 ¥y - bil

Perithecium Yo.iB Dlssected 18.%.55.

pabal y ads8
pabal y ad8
prol bil
prol bil

pabal y ad8
pabal y ad8
prol bil

pabal y ad8
prol bil
prol bil

1 Incomplete
6 No exchanges
1 - No exchange
3 No exchanges



Table G/. contS.

Genotypes

Number of asci

Comments

Perithecium No.1lb., Dissected 183.55,

pabal y ad8
prol y ad8
pabal bil
prol bil

pabal y ad8
pabal y
prol bil

pabal y ad8
prol bil

pabal y ad8

pabal y ad8 (4 spores)
prol bil (2 spores)

prol (2 spores)

3

Single exchanges pabal - ¥

s-gtrand double exchange
y - ad8; ad8 - bil

Incomplete

Incomplete

 ABNORMAL

Perithecium No.1l6. Dissected 28,3.55,

pabal y ad8
pabal y ad8
prol bil
prol bil

pabal y ad8
pabal y add
prol bil

pabal y ad8
prol bil
prol bil

pabal y ad8

prol pabal y ad8
bil

prol bil

pabal y add
prol y ad8
pabal bil

pabal y ad8
pabal bil
prol bil

pabal y ad8
prol y ad8
pabal bil
prol bil

7

No exchanges

No exchanges

No exchanges

Single exchanges prol -
pabal

Single exchanges pabal - ¥

Single exchange pabal - y

Single exchanges pabal - y



Table /. cont .

pabal y ad8
prol bil

[Av]

Genotynes Number of asci. Comments

Perithecium No.16. Dissected 28,3.55.

pabal y ad8 1 Single exchange y - bil
prol

prol hil

prol pabal y ad8 1 d-strand double exchange
vy ad8 : " prol -~ pabal; pabal - y
pabal bil

prol bil

- 3 No growth

Perithecium No,17, 29.3.55. Dissected

pabal y ad8 6 - No exchanges

pabal y ad8 . ‘

prol bil

prol bil

pabal y ad8 6 No exchanges

pabal y ad8 : :

prol bil

pabal y ad8 1 Single exchange pabal - ¥
pabal bil

prol bil

pabal y ads 5 Single exchanges pabal - ¥y
prol y ad8 '
pabal bil

prol bil

pabal y ad8 i Bingle exchange y - bil
pabal y ad8 bil

prol o

prol bil

pabal y ad8 L S5~-strand double exchange
prol y ad8 bil pabal -~ y; y - bil

pabal bil

prol pabal y ad8 . 1 4-strand double exchange
prol pabal y ad8 bil within prol - pabal;

bil single exchange y - bhil
+ + + + +

pabal y ad8 1 2-strand double exchange
prol pabal y ad8 bil prol ~ pabal; y - Dbil

+ 4+ + 4+ +

prol bil

Incomplete



Table G/. cont?.

Genotypes

Number of asci

Perithecium No, 1%.

pabal y ad8
prol y ad8

prol pabal yiéd8
pabal y ad8 -

—en

pabal y ads8 (2 spores)
prol pabal y ad8 (1 spore)
- prol bil (8 spores)

+ + 4+ + + (1 haploid spore)

1

1

Comments

Disgected 290-51 55,
4.,

Incomplete

" Incomplete

Incomplete

No growth

ABNORMAL

Perithecium No,.18.

pabal y ad8
pabal y ad8
prol bil
prol bil

pabal y ad8
prol bil
prol bil

prabal y ad8
pabal y ad8
prol bil

pabal y adB

prol pabal y ad8

bil
prol bil

pabal y ad8
prol y ad8
pabal bil”
prol bil

pabal y ad8
pabal y ad8 bil
prol

prol bil

prol y adé bil |
pabal y ad8 bil
prol

prol bil

Dissected 51 5 55,

5

‘No exchanges

No exchanges
No exchange

Single exchange prol -
pabal

Single exchange pabal - ¥
Single exchange y ~ bil

4-strand double exchange
within y - bil; single
exchange pgbal - ¥y

< Incomplete:



Table G/. contq.

SUMMARY . T
Types of asci Number of ascospores germinating
0 1 o o) 4 5 6 7 8
Selfed green - e

- — w—— - - ~

‘Selfed yellow . - = - - - - - - -
Hybrid - 2 ' 6 100 3l 84 91 112 87/4.36
ﬂon~c1a531f1able " -

Green e - 2 ~ 1 -~ - - -/ B
Yellow 3. . 5 2 - - - - -/ 10 -
No germination 11. - - - - - - - -/ 11"
Abnormal 3 ': - - - - - 1.1 - 1/ 3

Perithecium No. . L :
9 (semi-lethal) 6 5 vl7 14 15 3 2 - =/ 82

Grand Total 17 __10.°B0 26 47 88 94 112 88/512




Table H/

Cross ribo adl4 pabal y//an prol bil pyrod4. From streak

inoculum on minimal medium. Prepared on the 9.7.55. Only
If there

the genotypes of .the germinated spores are given.

were only two spores of any one genotype, it was assumed

that they were the resulﬁ of the mltotlc division.

Genotypes

Number of ssci .

Comments

Perithecium No.l. Dissected 9.9.55.
.. No exchanges

ribo adld pabal y pyrod
ribo adld pabal. y

‘an prol bil pyrod

an prol bil SR

ribo adid pabal y
an prol bil pyrosd
‘an prol bil pyros

ribo adl4d pabal. .y

ribo an prol bil‘pyroé
adld pabal y

an prol bil pyro4

ribo adl4 pabal y

an pabal y pyro4 .
ribo adl4 prol bil pyro4
an prol bil )

ribo adl4d pabal y

ribo adi4d prol bil pyrod
an pabal y

an prol bil pyro4d

ribo adl4 pabal y pyrosé
ribo adi4 prol il pyros
an pabal y ‘

an prol bil

ribo adls pabal y pyrod
ribo adl4 prol.-bil . ...
~ an pabal y

an prol bil pyro4

- ribo adl4 pabal y pyroé'
-ribo adl4d prol bil pyro4
an pabal y

rlbo adl4 prol bll,pyr04
an pabal y
an prol bil -

ribo adl4 prol bil pyrod

ribo adl4d prol bil pyroé
an pabal y

2

No exchange

Single

Single

Single

Single

Single‘

excéange

exchange

exchange

exchange

exchange

exchange

exchange

ribo

adls

adls

adl4

adld

ad14

adl4

an

prol

prol

prol

prol

prol

prol

4~strand double exchange:
within adl4 - prol



Table H/. cont®.

Genotypes

Nuniber of

asci

Comments

Perithecium No.l. Dissected'.9.9.55,
. B8ingle exchange prol -

ribo adl4 pabal y
ribo adl4 Hil pyrosd
an prol pabal-y..

an prol bil pyr04

ribo adl4 pabai b11 pyro4
an prol y .
an prol bil .

ribo prol bil-pyros

ribo adl4 prol bil pyro4
an pabal ¥y

an adl4 pabal y

ribo prol bil pyr04
ribo adl4 prol bil
an pabal y pyro4
an adl4: pabal y

ribo an prol y
adl4d pabal y pyro4
an prol bil pyro4

- ribo ad 14 pabal y
ribo prol bil

an adl4d bil pyrod

an prol pabal y pyroé

ribb adld y pyro4

ribo adld pabal bil pyros

an prol bil

ribo adl4d prol y pyroé
an pabal bil -
an prol'bil Pyrodk

ribo adli4d-pabal y pyrosd =~

an pabal bil pyro4
an prol bil

ribo adl4 pabal y
an prol y bil pyro4 .
an prol bil

ribo adld y pyrosd

ribo adl4d” pabal bll

an prol y

an prol pabal bil pyro4d..

1

pabal
Single exchange pabal -»& fl;

d-strand double éxchange 

“an -~ adl4; adl4d - prol

d-strand double exchange

‘an - adld; adl4d - prol

" 3-strand double exchenge

ribo - an; pabal - ¥y

d-atrand double exchange
an - adl4; prol - pabal

d-strand double exchange

h_ prol - pabal; pabal - y

2-strand double exchange

adld - prol; pabal - ¥y

~ 2-strand double exchange

adl4d - prol; pabal - y -

c-strand double exchange
pabal - y; ¥y - bil

4-strand double exchange
within pabal - y; single

exchange prol ~ pabal



Table H/. conﬁd.

Genotypes Number of asci

Comments

-1

ribo prol bil

ribe an adl4 pabal y pyroA

an pebal y pyros
adld prol bil

ribo an pabal'y
an pabal y pyroé
adl4d prol bil pyrod -

ribo adld pabal y pyro4
an gdld pabal y

ribo adld pabal N'g pyro4
an prol bll :

an pabal y pyr04
an prol bil

2

d-strand double exchanges

ribo -
ribo -

an; an - adl4 and
an; adld - prol.

4-strand double exchange:
an - adl4; adld - prol

4-strand double exchange
within adl4 - prol; single
exchange ribo - an

Tncomplete

Incomplete

Incomplete

Peritheeium No.2. Dissected 11.9;55.
No exchanges

ribo adl4d pabal y

ribo adl4 pabal y pyro4
an prol bil

an prol bll.pyr04

ribo adl4 pabal y pyrod
ribo -adl4 pabal y pyroé
an prol bil
an prol bil

ribo adld pabal y pyroéd
an prol bil pyrod
an prol bil

ribo adl4d paebal y pyro4
ribo an prol bil .
adl4 pabal y pyr04

an prol bll

ribo adld pabal y
ribo prol bil pyroé
an prol. bil pyro4é

ribo adlé pabal y pyrosd

ribo adld prol bll pPyrod

an pabal y
an prol bil

ribo adld pabal y p&ré&.:’

an pabal ¥y
an prol bil pyroé

2

No exchange:

No exchanges

Single

Single.

Single

' 8ingle

exchange ribho - an

exchange an - adl4

exchange adl4d - prol

exchange adld4 - prol -



Table H/ . contd, o

Genotypes Nuﬁbér of asci

Comments

Peritheciug No.2. Dissected 11.9,55.

ribo adl4 pabal .y pyrod
ribo adl4 prol bil .

an pabal y pyro4 -

an prok ik -

ribo adl4 pabal y.
ribo adl4 prol bil
an pasbal y pyrosd .
an prol bil pyroéi

ribo &dl4 pabal y pyrosd
ribo adl4 pabal bll

an prol y

an prol bil pyro4

ribo adl4 pabal y pyros
ribo adld psbal bll Pyrod
an prol y ,

an prol bil

ribo adl4 pabal ¥y

ribo an pabal y - -
2dl4 prol bil pyro4
an prol bil pyro4 -

ribo adl4 prol bil pyrosd
ribo an prol bil pyroé
adl4 pabal y

an pabal y

ribo adl4d bil

ribo an prol pabal y
adld pabal y pyrod
an prol il pyro4é

. ribo adl4d pabal y. bil pyro4

ribo an prol pyro4
adl4d pabal y
an prol bil

ribo adl4 pabal y pyro4
ribo adl4 prol. bll

an bil pyro4d-

an prol pabal y

ribo adl4 pabal y pyroé
ribo adl4 prol -y

an pabal bil pyrod' -
an prol bil

1.

Single exchange

Single exchanfe

Single exchange
Bingle exchange

2-strand double
ribo - anj adl4

4—-gtrand double
ribo -~ anj; adl4d

s-strand double
ribo - an; prol

6-strénd double

adlsd - prol

adld: - prol

pabal - ¥y

pabal - ¥y

exchange
- prol

eXchange
- prol

exchange
- pabal

exchange

ribo - an; y - bil

\?.5~strand double

exchange

adl4 - prol; prol - pabal

2—strénd double

exchange

adl4d - prol; pabal - y



!

Table H/. cont .

. Genotypes

. Number of asci

Comments

Perithecium No.2. Dissected 11..9.55.

ribo adld pabal y pyroé
ribo an prol bll pyro‘iL
pabal y g

an adld prol bil -

ribo an prol ¥y
ribo adld prol bil
an pabal bil pyro4.

ribo adld prol y pyr04
ribo an bil

adl4d pabal y .

an prol pabal bil pyro4

ribo an adl4 prol bil pyroé
ribo an prol y
pabal ¥y

ribo adl4 prol pabal y pyroé
ribo an y pyro4d

adl4d pabal y
an prol bil

an pabal y
an prol bil pyro4

an adi4 prol bil
an pebal y pyrod

ribo adl4 prol bil
an pabal y pyrod

ribo adl4d y.

1

3-strand double exchanges
ribo - an; an - adl4d and .

"ribo -~ an; adl4d - prol.

2~gtrand double exchange
an - adl4; adl4d -~ prol

d-strand double exchanges
ribo ~ an; pabal - y and
adld - prol; pabal - y.
4-strand double exchange
ribo ~ an; adld - proil.

'5-strand double exchanges

ribo- an; adl4d - prol and
ribo - anj; pabal - y and

" adld - prol; prol - pabsl

and prol - pabal; pabal -~ y.
4-strand double exchange
ribo -~ an; prol - pabsal.
e-strand double exchange
adl4d - prol; pabal - y.
d-gtrand double exchange
within ribo - an. 2-strand
double exchange an - adld;
adl4d - prol. 4-strand
double exchanges an - adl4;
pabal - 'y and adld - prol;
pabal - Ve

Incomplete
Incomplete
Incomplete
Incompiete
Incomﬁlete

Incomplete

an prol pabal y =~ o ww oo



Table H/. cont?,

Genotypes

Number of ascil

Comments

Perithecium No,d. Dissected 13.9.55,.

ribo adl4 pabal y -
ribo adl4d pabal y
an prol bil pyro4
an prol bil pyroéd

ribo adl4 pabal y pyrod
ribo adl4 pabal y pyrod
an prol bil
an prol bil

ribo adl4 pabal y

ribo adl4d pabal y pyrod
an prol bilk

an prol bil pyroé

ribo adld pabal & pPyro4
ribo adl4 pabsl y
an prol bil

ribo adl4d pabal y pyro4
ribo adld pabal ¥y
an preol bil pyroé

ribo adl4d pabal y pyrod
an prol bil
an prol bil

ribo adld pabal y pyro4d
ribo an prol bil pyrod
adld pabal y

an prol bilk

ribo adl4d pabal y pyroé
ribo an prol bhil
adl4d pabal y ‘
an prol bil pyroé

ribo adl4 pabalAy :
ribo an prol bil pyfod
8dl4d pabal y

an prol bil pyros

ribo adl4 pabal y pyro4
ribo adl4 prol bil pyro4
an pabal y

an prol bil

ribo adl4d pabal y
an pabal y pyrod
an prol bil

1

No exchamges

No ezxchange

No exchanges

No exchange

No exchanges

No exchange

Single

Single

Single

‘Single

Single

exghange

exchange

exchange

exchange

exchange:

ribo

ribo

ribo

adl4d

adld

an

an

prol

prol



Table H/. cont?,

Genotypes Number of asci

Comments

Perithecium No.3. Dissected 13.9.55.

ribo adl4 pabal y pyrod
an pabal y pyrod
an prol bil :

ribo adl4d pabal 'y

ribo adl4 pabal bil pyr04
an prol y pyro4

an prol bil

ribo adl4d prol bil pyrod
ribo an pabal y pyro4-
adld pgbal y

rivo adl4 pabal y pyroé
ribo an prol hil

adl4 prol bil pyro4

an pabal y

ribo adl4d pabal y pyrod
ribo an prol bil pyros
adl4d bil

an prol pabal ¥y

ribo adl4d pabal y pyro4
ribo prol bil pyro4

an adl4 pabsal bil

an prol y

ribo adl4d prol bil
ribo an pabal ¥y
adld prol bil pyro4
an pabal y pyrod

ribo adl4 .prol bil pyrosé
ribo an pabal y

adld prol bil

an pabal y pyro4d

ribo adld psbal y pyro4d
ribo adld prol y

an pabal bil pyrod

an prol bil’

ribo adld bil pyros
ribo an prol bil
adl4 prol pabal y
an pabal y pyro4

Single exch ange adld -
prol

Single exchange pabal - ¥y

S-strand double exchange

ribo - an; adl4 - prol

S-gtrand double exchange
ribo - an; adl4 - prol

"B-strand double exchange:

ribo ~ anj; prol - pabal

3-strand double exchange
an - adl4d; pabal - ¥y

4d-strand double exchange

within adl4 - pral; single
exchange ribo - an.

4-strand double exchange

~within adl4 - prol; single

exchange ribo ~ an

o-strand double exchange
ad14 - prol; pabal - y

d-strand double exchanges:
ribo - an; adl4d - prol and
adl4 - prol; prol - pabal.

- 4-strand double exchange

ribo - an; prol -~ pabal



Table H/. contS.

Genotypes Number of asci Comments

Perithecium No.3. Dissected 13, 9 55,

rivbo pabal y pyro4 1 2-strand double exchange
ribo an prol -bil an ~ adl4; adl4d -~ prol,
adld pabal y . 4~gstrand double exchanges

ribo - an; an - adl4d and
-ribo - an; adl4 - prol.

ribo adld y pyros 1 e-strand double exchange

ribo adl4d prol pabal bil prol -~ pabal; pabal - y.

an pabal y pyroéd : S-strand double exchanges

an prol bil ’ adl4d - prol; prol - pabal
and adl4d - prol; pabal - vy.

ribo adl4 Dbil 1 S-strand doubie exchanges |

ribo adl4 prol psbal y b11 adl4d - prol; prol - pabal

an pebal y pyrosd - " and prol - pabal; y - bil.

an prol pyro4 4-strand double exchange
adld - prol; y - bil.

ribo an pabal y 1 Incomplete

adl4 prol bil pyro4d

ribo adl4 pabal y pyrod -1 Incomplete

an prol bil

— ’ 1 No growth

ribo adl4 pabal y pyroéd (1 spore) 1 ABNORMAL
ribo an prol bil (3 spores)

an pabal y (4 spores) 1 ABNORMAL
ribo adl4 prol bil pyro4 (2 spores)
ribo adl4 prol pyrod (2 spores)

Perithecium No.4. Dissected 15.9.56. :
ribo adl4d pabal y pyro4 5 No exchanges
ribo adld pabal y C e

an prol bil pyro4

an prol bil

ribo adl4 pabal ¥y 1. No exchange

an prol bil pyros - : .

an prol bil *

ribo adl4d pabal y pyroéd 2 Bingle exchanges ribo - an

ribo an prol bil pyros
adl4d pabal y
an prol bil

ribo adl4 pabal y 1 Single exchange ribo -~ an
ribo an prol bil pyrosd

adl4 pabal y

an prol bil pyros



Table H/. contd,

Genotypes Number of asci

Comments

Perithecium No.4. Dissected 15.9.558.

ribo adl4 pabal y
ribo an prol bil .
adl4 pabal y pyrosd
an prol bil pyro4

ribo adld pabal y
ribo an prol bil
an prol bil pyros

ribo adl4d pabal y pyrosd
ribo prol bil pyrod

an adl4d pabal y

an prol bil .

ribo adl4 pabal y pyroi
ribo adl4d prol bil :
an pabal y pyrod

an prol bil

ribo adl4d pabal y

ribo adl4d prol bil pyro4
an pabal y pyrod

an prol bil

ribo adl4 pabal y pyroé
ribo adl4d prol bil

an pabal y

an prol bil pyro4

ribo adl4d pabal y pyrod
ribo adl4d bil

an prol pabal y pyroé
an prol bil

ribo adl4 pabal y

ribo adl4 pabal bil pyr04
an prol y

an prol bil pyrosd

ribo adl4d pabal y bil pyroé’

ribo adl4 prol
an pabal y ’
an prol bil pyro4d

ribo adld pabal

ribo adl4 psbal y bll pyr04

an prol y pyro4
an prol bil

-

Sinple exchange

Single exchange

Single exchange

. S8ingle exchange

Single exchange

Single exchange

Single exchange

. 8ingle exchange

3-strand double

ribo - an

ribo = an

an - adl4d -

adl4d - prol
adl4 - prol
adl4 - prol

prol - pabal

pabal - ¥y

exchange

adl4 - prol; y - bil

5—strand double

exchange

pabal - ¥y3; ¥y - bil



Table H/. cont®,

Genotypes

Number of asci

Comments

Perithecium No.4: Dissected 15.9.585.

rivbo adld pabal v pyro4
ribo an pabal 'y .
adld prol bil pyro4

an prol bil ‘

ribo adl4 prol bil

ribo adld prol bil pyr04
an pabal y -

an pabal ¥y pyro4

ribo adl4d prol pabal ¥ pyr04
ribo an pabal y .
adl4d bil v

an prol bil pyroé

ribo adil4d proi v pyro4
ribo an prol bil
an pabal y pyroé

ribo prol y

ribo an prol bhil

adl4 pabal y pyro4

an adl4 pabal bil pyrod

ribo adld pabal y
ribo an pabal bil
adl4 prol bil pyro4d
an prol y pyroé

ribo adld pabal y
ribo prol bil pyro4.
en adl4d prol pyroé.
an pabal ¥y bil

ribo adi4 prol y
ribo adld prol bil
an pabal y pyrod
an pabal bil pyroé.

ribo adl4d prol pyro4
ribo an pabal y
adld pabal y bil

an prol bil pyrod

2-strand double exchange
ribo - an; adld - prol

4~strand double exchange
within adl4 - prol

2-strand double exchange
ribo -~ an; prol -~ pabal,
- d=-strand double exchanges

ribo - an; adld - prol and

adl4 -~ prol; prol -~ pabal.

d-strand double exchanges
ribo - anj; pabal - y and
adl4 - prol; pabal- y.
4-strand double exchange
ribo - an; adl4d - prol.

2-gtrand double exchange
an - adl4; psbal - y.
4-gtrand double exchanges
ribo - anj; an -~ adld and
ribo - an; pabal - ¥.

2-strand double exchange
ribo - an; adl4d - prol,
3-strand double exchanges
ribo - an; pabal - y and
adl4 -~ prol; pabal - y.

2~-strand double exchange
adld - prol; y - Dbil.
3~-strand double exchanges
an -~ adl4d; adl4d - prol and
an - adl4d; y - bil.

4-strand double exchange
within adl4d - prol; single
exchange pabal - y.

e-strand double exchange
ribo — an; y - bil.
d-sirand double exchanges
ribo - anj; adld - prol and
adl4 -~ prol; y - bil.



Table B/, contd.

Genotypes Number of asoi

Comments

Perithecium No.4, Dissected 15, 9'55
ribo adl4 pabal il » e

ribo prol y
~an adl4 prol bil pyr04

ribo adl4 pabal 5 pyr04 zv
an prol bil ~ ¢
an prol.bil B i h
an pabal y pyro4 o 1

an prol bil

- é=strand double exchanges
an - adl4; adi4d - prol and
can - adld; pabal — y.-

- 4-strand double exchange:

" adl4 ~ prol; pabal -y

Incomplete

‘Incomplete

Iﬁéompleta

Perithecium No.5. Dlssected 17.9¢6b,

ribo adl4d pabal y pyro4 1

ribo adl4d pabal y
an prol bil pyro4

ribo adl4 pabal y A
an prol bil pyrod -
an prol bil pyro4

ribo adl4d pabal y pyrod S
ribo adl4d pabal y

an prol bil

an prol bil pyrod

- ribo adl4d psbal y 2
ribo an prol bil ‘

adl4 pebal y pyrod

an prol bil pyro4

ribo adls -pabal ¥y 1
ribo adl4 prol bil pyrosd
an pabal ¥y pyr04

an prol bil

ribo adld pabal v , 1
an pabal ¥ v

an prol bil pyrod

ribo adl4 psbal y pyrod C
ribo adl4 prol Dbil '

an pabal y-

an prol bil pyros4

ribo adld psbal y - 1

ribo adl4 prol bil pyrod
an pabal y pyro4

No exchanga

.No exchange

No exchange
Single exchanges ribo nkan
Single exchange adl4 - prol

Single exchange adl4d - prol

Single exchange adl4 - proil

JSiﬁgle exchange adld - prol =



Table H/. cont®e

Genotypes Number of asci ° Comments

Perithecium No.5. Dissected 17.9.55.

ribo adl4 pabal y 1 . Single exchange adld - prol
ribo adl4d prol bil pyrosd - " ‘
an pabal y

an prol bil pyro4d

ribo adl4 pabal ¥y s 1 Single exchange prol - pabal
ribo adl4 bil : o
an prol pabal y pyr04

an prol bil pyrosé

ribo @dld pabal y 1 - Single exchange pabal -~ ¥y
ribo adl4 pabal bil pyrod T ' ' "
an prol y pyroé

an prol bil

ribo adl4d pabal y pyrod 1.;;uSingle-exchAange pabal -~ y
ribo adl4d pabal bll.pyroé- Loy ~

an prol y .

an prol bil :
ribo adl4 pabal y pyrosd 1 ‘B-gtrand double exchange
ribo adld prol bil ~ adl4 - prol; pabal -y
an prol y J '

an pabal bil pyrosd

ribo adl4 pabal y pyro4 1 é-strand double exchange
ribo an prol bil ribo — an; y - bil

an prol

adl4 pabal y bil pyrod

ribo adld pabal y 1 B3-strand double exchange
ribo an prol bil pyro4d ribo ~ an; adl4d - prol
adld prol bil pyroé :

an pabal y

ribo adl4d prol pabal y pyrod 1 d~-strand double exchange
an pabal y . o - ... .. adl4d - prol; prol -~ pabal
an prol bil ' o

ribo adl4 prol bil pyrosd - 1 4—étrand double exchange
ribo an prol bil o ribo - anj; adld - prol.
adl4d pabal y pyr04 o <

an pabal. y ‘ A

ribo adl4 pabal bilxpyroé . 1 B-strand double exchange

ribo an prol y pyrod . ribo - an; pabal - y.
adl4d: pabal y . ; ST :
an prol bil



Table H/. cont?.

Genotypes

Number of aéél

Comments

Perithecium No.b5. Dissected 17.9. 50.

ribo adl4 pabal y
an prol bil..
an prol bil pyroé

2

ribo an prol pyro4 "1 " 4-strand double exchange
ribo an prol bil pyros -within ribo - an. Single
adl4 pabal y bil -exchange y ~ bil
adl4d pabal y '
ribo adl4d prol y pyrod 1 e-strand double exchange
ribo adld pabal ¥y bil pyrosd 8dl4d - prol; pabal - y.
an prol d=-gtrand double exchanges
an pabal bil ~adl4d - prol; y — bil and
pebal - y; y - bil. '
ribo adl4 pabal bil 1 ' &-8trand double exchanges
ribo an prol bil pyros * ribo = an; adld -~ prol and
an pabal y . adld -~ prol; paebal - y.
 4-strand double exchange
" ribo ~ an; pabal - y.
ribo an prol bil 1 -  B-strand double exchanges
adl4d bil pyros .ribo - any prol - pabal and
an pabal y ‘adl4 - prol; prol - pabal.
4-gtrand double exchange
‘ . ‘ribo - an; adld -~ prol.
ribo adl4 prol pabal y 1 2-strand double exchange
ribo an prol bil pyro4 adld - prol; prol - pabal.
an y d-strand double exchanges
ribo - anj; pabal - y and
adl4d - prol; pabal - y and -
prol - pabal; pabal - y.
4-strand double exchanges
ribo - an; adl4d - prol and
ribo - an; prol - psabal.
an prol bil pyros 1 Incomplete
an prol bil 2 Inco#plete
Perithecium No.6. Dissected 15.11.55.
ribo adl4 pabal y pyrod 2 No.exchanges
ribo adld pabal y pyro4 .
an prol bil .
an prol bil _
ribo adl4 pabal 'y -1 - No exchange
ribo adl4 pabal y.
an prol bil pyro4
ribo.adl4 pabal y pyr04 No ‘exchanges



Table H/. contY.

Genotypes Number of asci Comments

Perithecium No.6. Dissected 15:11.558. .
ribo adl4d pabal y pyrod 1 Bingle exchange ribo - an

ribo an prol bil
adl4d pabal y pyroéd
an prol bil

ribo adl4 pabal y 1 Single exchange ribo -~ an
ribo an prol bil

adl4 pabal y pyrod

an prol bil pyro4

ribo adl4 pabal y o 1 - Single exchange an - adl4d
ribo prol bil pyros

an adl4d pabal y

an prol bil pyrod

ribo adl4d: pabal y ‘ 1. Bingle exchange adl4d - prol
ribo adl4d prol bil pyrod

an pabal y

an prol bil pyro4é

ribo adl4d pabal y pyroé 1  Single exchange adl4 - prol
ribo adl4 prol bil B :

an pabal y ’

an prol bil pyrod

ribo adléd pabal y 1 Single exchange y - bil
ribo adld pabal y bil pyrod

an prol

an prol bil pyro4

ribo adl4d pabal y pyro4 | 1 Single exchange y -~ bil
ribo adl4 pabal y bil
an prol pyro4d

an prol bil _
ribo adl&_?abai y pyrod .. 1 . 2-strand double exchange
ribo an pabal y : ribo - anj; adl4d - prol

adl4 prol bil pyrod
an prol bil

ribo adlé‘pabal‘bil : 1 3-strand double exchange:

ribo adl4 prol ¥y pyros ~ adl4 - prol; pabal - y
an pabal y ‘

‘an prol bil pyrod

ribo adi&fpabai bil pyroé- 1 $QStrand double exchange
ribo adld y o ~prol - pabal; pabal - y

an prol pabal ¥y pyr04
an prol bll



Table H/. contd.

Genotypes Number of ascéi Comments

Perithecium No.6. Dissected 15.11.55,

ribo an prol bit pPyrod l' ,4~strand double exchange

ribo an pabal y within ribo -~ anj single

adld prol bil pyro4 exchange adl4 - prol.

adl4 pabal y

ribo prol pabal.y:pyro4 1 2=-strand double exchange

ribo adl4 prol bil pyrod - an -~ adld; prol - pabal,

an pabal y \ d-gbrand double exchanges.

an adl4 bil an - adl4; adl4d - prol and
: adlé - prol- prol - pabal.

1ncomplete

ribo adl4 prol bll,pyro4 1
adl4 pabal y : »

an prol bil pyrod (8 spores) 1

Belfed sreen ascus

Perithecium No.7.
ribo adl4 pabal y ‘ 1
ribo adld pabal y
an prol bil pyro4
an prol bil pyroé.

ribo adld pabal y pyrod
ribo adi4d pabal y

an prol bil pyrod

‘an prol bil

A

ribo adl4 pabal y pyro4d - 1
ribo adl4 pabal y pyros

an prol bil

an prol bil

ribo adl4 pabal y (2 spores) 1
ribo adl4 pabal y pyro4d (1 spore)
an prol bil pyrod ?2 spores)

an prol bil (1 spore)
an prol bil DT
ribo adl4d pabal y pyrod #(1: spore)
ribo adld pabal y pyroéd 1
ribo an prol bil o
adld pabal y pyr04

an prollbll

ribo adl4 pabal y pyro4d 1
ribo adl4 prol bil- - :
an pebal y pyro4d

an prol bil

ribo adl4 pabal y T
ribo adld pabal il

an prol y pyro4

an prol bil pyro4

Dissected 16.11.56.

No exchange

- No exchanges

No exchange

Ascus contained 7 normal
gpores and a fragment.
No exchanges

Single exchange ribo - an
Single exchange adl4 - prol

Single exchange pabal - ¥



Table H/. cont?,

Genotypes

Number of asci

Comments

Perithecium No."7. Dissected 16.11.55,

ribo adld pabal y pyro4
ribo an prol bil

an pabal y '

adl4d prol bil pyros

ribo adi4d prol psbal pyrod
ribo adl4d bil

an pabal y

an prol bil pyrod

ribo adl4 prol bil pyros
ribo an pabal y pyro4

an pabal ¥y

adl4d prol bil

ribo adl4 pabal.y

ribo an prol bil - -
adld prol pabal y pyros
an bil pyro4

1

d-strand double exchange
ribo - an; adl4d ~ prol

S=-strand double exchange

adl4 - prol; prol - psbal

- 4d=strand double exchange

within adl4 - prol; single"

. exchange: ribo - an.

- z=strand double exchange

adl4 - prol; prol -~ pabal,
3-strand double exchanges
ribo - an; adld - prol and

ribo -~ an: prol - pabal.

Perithecium No.8. Dissected 17.11.5
' -2

ribo adl4d pabal y pyroé
ribo adl4d pabal ¥y

an prol bil pyrod

an prol bil

rivo adl4d psbal y
ribo adl4d pabal ¥y
an prol bil pyro4
an prol bil pyroé

ribo adld pabal y pyrod
ribo an prol Dbil

adl4 pabal y pyrod

an prol bil:

ribvo adl4 pabal y
rivbo adli4d prol bil
an pabal ¥y pyro4
an prol bil pyro4

ribo prol Dbil
ribo prol bil
an adld pabal y pyrosé
an adl4 pabal. y pyrod

ribo adld pabal y pyros
ribo adl4d pyroéd

an prol pabal y bil

an prol bil -

5.
No exchanges

No exchange

Single exchange ribo - an

Single exchange adl4 - prol

4d-strand double exchange
within an-adl4

2-strand double exchange

prol -~ pabal; y - bil



Teble H/. contl.

Genotypes Numbers of. asci Comments.

Perithecium No.8. Digsected 17.11.55. ‘
ribo adld pabal y A d-strand double exchange
ribo prol bil pyro4 ' an - adl4; y - bil :
an adld pabai ¥y bil pyro4 o

an prol _

ribo adl4d pabai.y bil 1. 4-strand double exchange
an pabal y bil ~_ within y - bil; single

an prol pyno4 ‘ : exchange adl4 - prol.
ribo adld pabal bil 1 4-strand double exchanges
ribo an prol bil pyros "7 ..ribo ~ an; adld - prol and
adl4 prol y - " adl4 - prol; pabal - y.
an pabal y pyrod : 4~gstrand double exchange

ribo —~ an: pabal - v,

Perithecium No.9. Dissected 18. 11 55,

ribo adld pabal y pyro4 3 No exchanges
ribo adl4 pabal'y : R

an prol bil pyros

an prol bil

ribo adl4d pabal ¥y 3 ‘No exchanges
ribo adl4d pabal y :

an prol bil pyro4

an prol bil pyrod

ribo adl4d pabal y pyros 1 Single exchange ribo — an
ribo an prol bil

adl4d pabal y

an prol bil pyros

ribo adld pabal y 1 Single exchange ribo - an
ribo an prol bil pyro4

adld pabal y

an prol bil pyrod <

ribo adl4 psbal y pyrod P2] Single exchanges: ribo — an
ribo an prol bil pyroé :

adl4 pabal ¥y

an prol bik

ribo adld pabal y L2 Single exchanges ribo - an
rivo an prol bil pyro4

adld pabal y pyros4

an prol bil

ribo adl4 pabal y o1 Single exchange ribo — an |
ribo an prol bil pyros :
an prol bil pyro4



Table H/. cont?.

Genotypes

Number of asci .

Comments

Perithecium No.9. Dissected 18.11,55.

ribo adl4d pabal y pyrod
ribo . adl4d prol bil

an pabal y pyro4

an prol bil

ribo adl4d pabal y pyrod
ribo adl4 prol bll pyroé
an pabal y .

an prol bil

ribo adl4d pabal y pyrod
ribo adi4 prol bil

an pabal ¥y _

an prol bil pyro4

ribo adl4 pabal v

ribo adl4 prol pabal y pyrod
an bil

an prol bil pyrosd

ribo prol bil pyro4
an adl4 prol bil
an pabal y

ribo adld pabal y pyro4
ribo an pabal y

adl4 prol bil

an prol bil pyrod

ribo adl4 prol bil pyrosd
ribo adl4 prol bil

an pabal y

an pabal y pyro4

ribo adl4d prol bil
ribo an pabal y pyr04
adld prol bil

an pabal y pyro4

ribo adl4 prol pyrod
ribo prol bil pyroé
an pabal y bil

ribo adié prol bil- pyro4
ribo an bil pyro4
adl4: pabal y.

an prol pabal y

Single exchange adl4d - prol

Single exchange adl4d - prol

-B8ingle exchange adl4d - prol -

- .»e-strand double exchange
- ddl4d - prol; prol - psbal

d-strand double exchange

an - adl4d; adl4 - prol

2~strand double exchange
ribo - an; adl4 - prol

4d~strand double exchange
within adl4 - prol

4-strand double exchange
within adl4d - prol; single

- exchange ribo — an

2-strand double exchange
adld - proly y - bil.
4-strand double exchanges
an — adl4s; adld - prol and
an - adl&; y - bil.

d-strand double exchanges
ribo -~ anj; adl4d - prol and
adl4 - prol; prol - pabal.
4~-strand double exchange
ribo - an; prol - pabal.



Table H/. cont?.

Genotypes Number of asei

Comments

Perithecium No.9. Dissected 18.11.55.
d-gtrand double exchange
within an -~ adl4. 2-strand
double exchange adl4d - prol;
y -~ bil. '

ribvo prol bil pyros

v ribo pabal y bil

‘an adl4d prol .

an _adl4 pebal ¥y pyros

1

Perithecium No. 10. Dlssected.19 11.55.
No

ribo adld pabal y pyros
ribo adl4 pabal y pyr04
an prol bil
an prol biil

ribo adls pabéi ¥y pyrod . .

ribo adl4 pabal y
an prol bil pyrod
an prol bil i

ribo adl4 pabal v
ribo adl4 pabal h2
an prol bil pyro4
an prol bil pyroé

ribo adl4 pabal y pyros
an prol bil
an prol bil pyro4

ribo adl4 psbal y
ribo adld pabal y
an prol bil pyrosd

ribo adl4d pabal y pyrod

ribo adl4 psbal y
an prol bil

ribo adl4d pabal y

ribo an prol bil pyros
adl4d pabal y

an prol bil- pyrod -

ribo adl4d pabal y pyrosd

ribo an prol bil .
adld psbal y pyro4
an prol bil o

ribo adlé4 pabal ¥y pyrod

ribo an prol bil.
adld pabal ¥y ‘
an prol bll pyro4

ribo adlsd pabal y
ribo prol bil

an adl4 %abal, Eyroé
an prol bBil pyro

3.

117

No

No

No

No

No

to 20,111,556,
exchanges

exchanges

exchanges.

exchange
exchange

exchange

Single exchanges ribo - an.

Single exchange ribo - an-

Siﬁgle exchange ribo - an

Singlé exchange an -adlé



Teble H/. cont®.

Genotypes Number of asci

Comments

Perithecium No.,10, Dissected 19 11.55. %o

ribo adl4d pebal y pyrod
ribo adl4 prol bil pyros
an pabal y

an prol bil

ribo adld pabal ' y

ribo adl4 prol bll pyrod-
an pabal y - .

an prol bil. pyro4

ribo adl4d pabal ¥
ribo adl4d prol bilk
an pabal y pyro4

an prol bil pyrod

ribo adld pabal.y pyros
ribo adl4d prol. bll

an pabal ¥y "

an prol biil pyro4

ribo adld pabal y pyrod
ribo adl4d prol Dil

an pabal y pyrod

an prol bil

ribo adl4 pabal y

rivo adl4 prol bil pyro4

an pabal y pyro4é
an prol bil

ribo adld pabal y pyrod
ribo adl4 bil pyroéd

an prol pabal ¥y

an prol bil.

ribo adl4-bilk
an prol pabal y pyro4d .
an prol bil pyro4

ribo adl4 pabal y pyro4d . -

ribo adlé . pabal bll
‘an prol y
an prol bll~pyr04

ribo adl4d pabal y

ribo adld pabal bll pyrod.

an prol y
an prol bil pyro4

3t

© Single
’Single
single
'“fgingle

'Single

Single
Single

Single

Single

Single

20.11.55.
exchange adl4 - prol :

exchanges adl4 - prpi'
éxchanges adl4d - prol.
exchanges adl4 — prdll
exchange adl4 - prol
exchanges adl4 --prdl‘
exchange X#EXx prol -;3
pabal

exchange prol - pabal

exchange pabal - ¥y

exchange pabal — ¥



Table H/. contd.

Genotypes Number of asci’

Comments

Peritnecium No.10. Dissected 10.11.55. %o S0.11.B5.

ribo adl4 pabal y pyrod
ribo adl4d pabal bil

an prol y pyro4

~an prol bil

ribo adld pabal y
an prol
an prol bil pyroé

ribo adl4 pabal 'y pyrod
ribo adld prol y

an pabal bil pyrosd

an prol bil

ribo adld prol bil pyrod

ribo adl4 bil pyroé
an pabal y 5

ribo adl4 pabal y

ribo prol bil pyros

an prol y

an adl4 pabal bil pyroéd

ribo adl4 prol pabal y
rivo adl4 bil

an pabal pyrod y

an prol bil pyro4

ribo an prol bil pyrod
ribo adl4d prol bil

an pabal y pyro4

adld pabal y

ribo an prol bil

rivo adld pabal bil pyrod

an prol y .pyro4
adl4 pabal y-

ribo adl4 pabal Dbild
ribo prol il

an adl4d pabal y pyrod
an prol bil pyro4

ribo adl4d psbal y :
ribo adld pabal pyroéd
an prol y bil .
an prol bil pyro4

ribo adl4 pabal y bil
ribo adl4d prol pyrod
an pabal y

an prol bil-pyros

- Single exchange pabal - ¥y

‘Single exchange y - bil

e=strand double exchange
adl4 - prol; pabal - y -

“4-strand double exchange
- adl4 - prol; prol - pabal

- d=strand double exchange

an - adl4; pabal - ¥y

3-strand double exchange

adl4 -~ prol; prol -~ pabal

d-strand double exchange
ribo -~ ani adld - prol,

4-strand double exchange

rivo -~ anj; pabal - ¥y

d=strand double exchange

an - adl4; pabal -~ ¥.

~2~s£fand double exchange
pabal ~ y3; y - bil

. S=strand double exchange

adld - prol; y - bil



TMﬂeH/.cmwg.uﬁn_b

Genotypes.

Number of asci.

Comments

Perithecium No.10. Dissected 19.11.55. to 20, 11.55.

ribo adl4 pabal y pyroé
ribo adl4 prol bil x
an prol y .

an pabal bll pyr04

ribo adld pgbal y
ribo an pabal ¥y
adld prol bil pyrod
~an prol bil pyro4

ribo adl4d pabal y

ribo adl4 prol psbal y
an bil pyro4

an prol bil pyrosé

ribo adl4d pabal y pyroé
ribo an prol bil

an pabal y

adl4 prol bil pyrod

ribo pabal y pyroé ‘
ribo adl4 prol bil pyros
an adld pabal y.

an prol bil

ribo adl4 pabal y

ribo an prol bil pyro4d
an pabal y

adl4 prol bil pyro4

ribo an pabal y .
adld prol il pyro4
an prol bil pyrosd

ribo adl4d pabal y
ribo an prol ¥y ,
adl4d: pabal bil pyro4
an prol bil pyrod -

ribo an prol bil Pyro4
ribo adl4 bil

adl4d pabal ¥y : ‘
an prol pabal y pyrod

ribo adl4d prol bHil
ribo an pabal y pyros
adld pabal y pyrod
an prol bil

1

S5-gtrand double exchange

~qad14 - prol; pabal -y

2-strand double exchange
ribo - anj; adl4d - prol

2—strand double exehange
adl4 - prol; prol - pabal

d-sirand double exchange
ribo -~ an; adl4 - prol

o=-strand double exchange:
an -~ adl4; adl4 - prol

S—-gtrand double exchange
ribo - an; adl4 - prol

2-strand double exchange
ribo - an; adl4 - prol

2-strand double exchange
ribo - anj; pabal - y

4-strand double exchange
ribo - an; prol - pabal

d-strand double exchange
ribo - an; adl4 -~ prol



Table H/. contg.h

Genotypes Number of asci

Comments

Perithecium No,10., Dissected 19.11.55. to 20.11.55.

ribo adl4 prol bil pyroi
ribo adl4 prol bil

an pabal y pyr04

an pabal y

ribo an prol bil pyrod
ribo an prol bil

adl4d pabal y pyro4
adld pabal y S

ribo adl4 pabal bil pyro4

ribo adli4d
an prol pabal y
an prol y bil pyroé

ribo adl4 prol bil pyrod
ribo an pabal y

an pabal y pyroé

adl4: prol bil

ribo adl4 prol bil
ribo an pabal y pyro4
an pabal y pyro4

adl4d prol bil

ribo adl4 prol bil pyrod

ribo an prol bll pyr04
pabal ¥y \
an adl4d pabal y-

ribo adl4d prol y pyrod
ribo adld bil - 4

an prol pabal bil pyro4
an pabal y

ribo adl4d psbal y

ribo pabal y bil pvr04
an adl4d prol

an prol bil pyrod

ribo adld pabal y :
ribo an prol bil pyro4
pabal y pyros ‘

an adl4 prol bil

4-strand double exchange
within adl4 - prol

4-strand double exchange
within ribo - an.

d~-gtrand double exchanges
prol - pabal; y - bil and
pabal - y3 vy - bil.
4-gtrand double exchange
prol - pabal; pabal - y.

4~-strand double exchange
within adl4 - prol; single
exchange ribo - an.

d-strand double exchange
within adl4d - prol; single
exchange ribo - an

d-strand double eXxchanges

‘ribo - an; an - adl4d and

an - adl4d; adld - prol.
4-strand double exchange
ribo - an; adl4 - prol,

d~strand double exchanges
adl4 - prol; pabal - y and
prol - pabal; pabal - ¥.
d-gtrand double exchange
adl4d - prol; prol - pabal.

2~strand double exchanges
an — adl4; adl4d - prol and.

adl4 - prol; y — bil and
can. - adl4; y - Dbil.

2—-strand double exchange
an - adl4; adld - prol,
$-strand double exchanges
ribo - an; an - adl4d and
ribo - anj; adl4 - prol,



Table H/. cont?,

Genotypes

Number of asél Comments

Perithecium No.1l0 Dissected 19. 11 65. to 20.11.55.
1 Z-strand double exchange
- ribo - anj; adl4d - prol.

d~strand double exchanges
ribo -~ anj; y - bil and adl4
- prol; y - bil and pabal -~
y; v - bil. 4-strand double
exchanges ribo - an; pabal
- ¥y and adl4 - prol; pabal

ribo adl4d pabal bil

ribo amn pabal ¥y

an prol y bil pyrod

adl4d prol pyros

-y

ribo adld prol pabal y bil 1 4-strand double exchange
within adl4 - prol. 2-strand
double exchange prol - pabal;

ribo adl4 prol bil

an pabal y pyro4d
an pyro4

ribo an adl4 prol bil

adld prol bil

ribo an prol pabal y

1 Incomplete

1 Incomplete

ribo adl4 psbal bil (3 spores) 1  ABNORMAL
ribo adléd pabal y (2 spores
an prol bil pyro4 (3 spores

Types of asci.

Number

SUMMARY ,

of ascospores germinating.

0 1 2 5} 4 5) 6 7 8
Classifiable %
Selfed green - - - - - - - - 1/ 1
Selfed yellow - - - - - - - - -
Hybrid = 3 8 12 B 4.0 5l Val4 64./289
Non—cla551f1able .
green . - - 1 - - - - - -/ 1
Yellow T - - - - - - - -
No germination : I - - - - - - - -/ 1
Abnormal - - - - 1 - - 1 1/ 38
Grand Total 1 3 9 12 3% 40 51 78 _ 66/293




Table I/.

Cross prol pabal y//adl7 bil,

From streak inoculum on minimal

medium. Prepared on the 1.11.55. Only the genotypes of the
If there were only two spores
of any one genotype, it was assumed that they were the

result of the mitotic division.

germinated spores are given,

Number of asci

Comments

Perithecium Nol. Dlssected Delebbe

Genotypes

prol pabal ¥y
prol pabal y
adl? bil

adl? bil

prol pabal y
prol pabal y
adl? bil

prol pabal y
adl? bil

adl7 bil

prol pabal y
prol adl?7 bil
pabal y

adl? bil

prol adl? bil
prol adl? bil
pabal ¥y

pabal y

prol pabal y
prol pabal bil,
adl?” y

adl? Dbil

prol adl? bil
prol pabal bilk
adl? y
pabal y

prol pabal y bll 
adl? y

adl? bil

prol pabal bil -
adl7

pabal ¥

prol pabal y
prol pabal y

54

No exchanges

No exchanges
No exchanges

Single exchanges prol -
adl'’

4d~strand double exchange
within prol - =adl7.

Single exchanges pabal - ¥

4~strand double exchange
prol - adl7; pabal - y.

S-strand double exchange
pabal - y3 y - bil.

- &~strand double exchanges

prol - adl?7; pabal - y and
pabal -~ y; y - bil.
d-strand double exchange
prol - adl’7; y - bil.

Incomplete



Conments

Table I/, contd.

Genotyvpes Number of asei
Perithecium No.,l. Dissected 3.1.56.
pabal y C _ 2.
adl7 bil : o
prol pabal bil (1 spore) 1

adl? y (2 spores)
adl? pabal y (1 spore) -
adl7? bil (2 spores)

Incgmplete

- ABNORMAL Single exchange
pabal ~ ¥y

Peritheecium No.2. Dissected 5.1.,56,
prol pabal y . .I

prol pabal y
adl7? bil
adl? bil

prol pabal y 1
adl7? bilk
adl? Dbil

prol pabal bil 2
prol pabal bil

adl? y

adl? v

No éxéhanges

No exchanges

4-gstrand double exchange
within pabsl - y.

Perithecium No.d3. Dissected 7 1.56.

prol pabal y L 12
prol pabal y

adl? bil

adl? bil

prol pabal y - 3
adl? bil ‘ .
adl? bil

prol pabal ¥y . x 4
prol adl7? bil ‘

pabal y

adl? bil

prol pabal ¥y o 1

prol adl7 bil
adl? bil

prol pabal y ‘ | 1

prol pabal. blm
adl? y :
adl? bil

prol pebal ¥y 1
prol pabal y bil. .

adl?”

adl? bil

No exchanges

No exchanges

Slngle exchanges prol -
adl”

Single exchange prol - adl'’

Single exchange pabal - ¥

Single exchange y - bil



Table I/.

Genotypes

Contdo

Number of asci

Comments

Perithecium No. 3.
prol pabal y -
prol adl7? y
pabal bil

adl? bil

prol pabal y
prol adl?”
pabal y bil
adl” bil

- prol adl7 bil
prol pabal bilk
adl? y -
pabal ¥y

prol pabal y
prol pabal
adl? y bil
adl? bil

Dissected 7.1.56.

1

-1

prol pabal y (8 spores)

1k

S-strand double exchange
prol - adl7; pabal - ¥

2-strand double exchange
prol - adl7; y — bil

4~strand double exchange
prol - adl7; pabal ¥ y.

2=gstrand double exchange
pabal - y; ¥y - bilk

Selfed yellow ascus
MIXED PERITHECIUM,

Perithecium No.4.
prol pabal y
prol pabal y
adl? bil

adl? bil

prol pabal y
adl? bil
adl? bil

prol pabal y
prol pabal ¥y
adl? bil

prol pabal y
prol adl’”? bil
pabal y

adl? bil

prol pabal y
prol pabal bil "
adl? y :
adl7? bil

prol pabal y
prol pebal y bil
adl? bil

Dissected 8.

1.56.

5

1.

1

2

5

2

No exchanges

No exch ange.,
'No exchange

S5ingle exchanges prol -~
‘ adl”

Single exchanges pabal - ¥

Single exchanges y - bil



Table I/. contS.

Comments

prol pabal bil (3 spores)
adl? y (2 spores)

adl? (1 spore) 1
prol adl? bil (2 spore&;
prol pabal bil (1 spore

d~gtrand double exchange
prol - adl?; pabal - y.

4-strand double exchange
prol - adl?7; pabal - ¥y.

4-strand double exchange
within prol - adl?; single
exchange pabal - y.
Incomplete

Incomplete

Selfed yellow asci.
MIXED PERITHECIUM

Selfed yellow asci.
MIXED PERITHECIUM.

Genotypes Nuribér of asci
Perithecium No.4.: Dissected 8.L.56,
prol adl? ¥y ; 1
prol pabal bik - -

pabal y

adl? bil {

prol pabal bil - ) 1
pabal y , D
adl? ¥y . S ‘
prol adi? bil 1
~pabal bil '

pabal ¥y

adl? il 1
prol pabsl y - - 2
prol pabal y (7 spores) 3
prol pabal y (6 é@bfes} 2
prol psbal y (2 spores) 1

ABNORMAL. Single exchange
pabal ~ y.

ABNORMAL

Perithecium No.b. Dissected 9.1.56.

prol pabal y 9
prol pabal y

adl? bil

adl? bilk

prol pabal y | 1
adl’? bil : -
adl? bii

prol pabal y 1
prol adl? bil ~
pabal y

prol pabal y 2.

prol pabal bil - -
adl? y
adl” bilk

No exchanges

No exchange.
Single exchange prol - adl?

Single exchanges pabal - ¥




Table I/. contd,

Genbtypesv ? Number of asci Commen%&
Perithecium No,5..-Dissected 9.1.56. - '
prol pabal y d. Single exchange pabal - y
2dl17 y - _
adl? bil 5
'prolhpabal y o - 1 Single exchange y - bil
prol pabal y bil : ‘
adl?
adl? bil
prol pebal y bilt 1 4~strand double exchange
prol adl? bilk = | . prol. - adl7; y - bil
adl’ oo .
pabal y-
prol pabal y 1 Z-strend double exchange
prol pabal bil pabal - y3 ¥y - bil
adl? '
adl? y bil
prol pabal y A 1 3-strand double exchange
prol adl? bil prol - adl?7; pabal - y.
adl? y
pabal bil
prol pabal y ~h[ 1 e~atrand double exchange
prol adl7? ¥y N prol - adl7; pabal - y.
pabal bil :
adl? bil
prbl.pabal bik . L 4-gatrand double exchange
prol pabal bik ‘ o -within pabal - y.
adl? ¥y B '
adl? y 7
prol pabal y - | Incomplete
prol pabal y 1 Incomplete
adl? bil -
Perithecium No.6. Dissected 12.1.56, _
prol pabal y e B No exchanges
prol pabal y D o .
adl? bil
adl? bil
prol pabal y 3? | "3 .No exchanges.
adl? bil , ‘
adl”? bil
" prol pabal y - o 1 No exchange

prol pabal y
adl? bil




Table I/ cont.

Genotypes ¢ Number of ascil Comments

Perithecium No.G. Dissected 1lk.1. o6 . .

prol pabal y ' R Slngle exchwange pabal ~ ¥
adl7? y A .

adl? bil

prol pabal y ) : 1 . Incomplete

adl? bil S : A

adl7? bil o 1 Incomplete

prol pabal y3(8 spores.) 1 Selfed yellow ascus.

MIXED PERTTHECIUM
Perithecium No,7. Dissected 12.1.56.
prol pabal ¥y P2 Single exchanges pabal - ¥
prol pabal bil o
adl? y
adl? bik

prol pabal ¥y i Incomplete
adl? bil

Perithecium No.8. Dissected 14.1.56,.

prol pabal y : 3 No exchanges
prol pabal y

adl? bil

adl” bil

Perithecium No.9. Dissected 14.1.56.

prol pabal y S 4 No exchanges
prol pabal y ’

adl?” bil

adl? bil

prol pabal ¥ 1 No exchahge,
prol pabal ¥y ‘ ; .
adl7? bil

prol pabal y A : 2 Single exchanges prol ~ adl?7
prol adl? Dbil .

pabal ¥

adl? pil

prol pabal y X Single exchange y - bil
prol pabal y bil x

adl’7

adl? bil

prol pabal y bil -4 x:57étrand double exchange
prol adl? o prol - adl7; y - bil.
adl? bil :

prol pabal y o 1 d-strand double exchange:

ggg$Apabal.bil N ‘ pabal ~ y; y - bil



Table I/, contd.

Genotypes

.. Number. of asci

Comments

Perithecium No.9. Dissected 14,1.56.
2-strand double exchange:

- prol pabal ¥

. prol adl7
pabal y bil
- adl? bil

prol pabal bil

prol pabal bil

prol - adl7; y - bil.

4-strand double exchange
within pabal - y.

adl? y
adl? y
prol pabal y ~ Incomplete
adl? bil ' .
- SUMMARY.

Types of ascil Number of ascospores germinating.

- 0 1 2 3 6 7 8
Classifiable
Selfed green - - - - - - - - -
Selfed yellow - - - - - - 2 3 2/
Hybrid - - 3 2 4 16 32 43  B7/157
Non-classifisble
Green - 2 - - - - - - -/ 2
Yellow - .3 ~ 1 - - - - -/ &
No germination . - - - - - - - - -
Abnormal - - - - 1 - 1 1 -/ 3
Grand Total - 5 5B 16 35 47 59/173




Table J/.
Cross prod3 bil//prol ad15 pabal y. From streak inoculum on
minimal medium. Prepared on the 17.1.56. Only the genotypes

of the germinated spores are given.

If there were only two

spores of any one genotype, it was assumed that they were the
result of the mltOulc d1v1s10n.

Genotypes

Ntmber of ascl

Comments

Perithecium No.1l.

pProd
Prod

prolk

prol

pr05
Prosd
prol

prod
prol
prol

prod
Prod

prol

prol

Prod

bil
bil
adlb
adld

il
bil
adlb

bil
adlb
adld

bil
adlb
il
adlbd

bil

pProd y

prol
prol

prod
prol
prol

Prod
prol

prol
prol

prol

adlb
adlb

bil
adld
adlb
bil
adlb

adlb
adlb

adlb pabal

pabal
pabal

pabal

pabal
pabal

pabal
pabal

pabal

pabal

pabal
pabal

pabal

pabal

pabal

<o

<

v bil
y ¥

y
y
¥y
v

Dlssected 2.4.b6,

10

4

1

S

“bil
y

1

3

1

1

No exchanges

No exchanges
No exch ange

Single exchange prol - adlh
Single exchanges pabal - y

Single exchange y - bil

Incomplete
Incomplete

Incomplete

Perithecium No.Z2.

prod
prod
prol
prol

prod
Prosd
prol

bil
bil

adld pabal y
adld pabal y. -

bil
bil

adlo pabal y

‘Dissected 3.4.56.

5

4

No exchanges

No exchanges



Table J/.

Genotypes

contd.

Number of asci

Peritnecium No.2. Dissected B.4.56.

pProd
prod
prol
prol

prod
prod
prol
prol

Prod

bil
adld
bil
adlb
bil

¥
adlb

adlb

bil

prod y

prol

adlb

Prod y

prol
prol

prod

prod
prol

adlb
adlb

bil

bil
adlb

pabal y

pabal y-

pabal bil '
pabal y

pabal y

pabal bil
pabal y

pabal y

1

1
1

Comments

Single exchange prol - adlbd
‘Single exchanges pabal - y

Single exchange pabal - ¥y
Single exchanges pabal - ¥y

Incomplete

Incomplete

Perithecium No. 3.

prosd
pProd
prol
prol

Prosd
pProsd
prol

Prod

prol

prol

prod
prod
bil

prol

prod
Prod
prol
prol

pProd
prol
prol

bil
bil
adld
adlbd

bil

bil
adlb

bil
adld
adlb

bik
prol

adld

il
adldb
bil
adld

bilk
bil
adlb

pabal yi
pabal ¥y

pabal ¥y

pabal y
pabal ¥y

adlb pabal'@;i

pabal y

pabal y .
pabal y

pabal y .

Disaected 4

13

9

1

.A 6

2

4,56, to 6.4.560.
32 Nd No exchanges

No exchanges
" No exchanges

Single exchange prod - prol

Single exchanges prol - adlh

Single exchanges prol -
adld



Table J/. conte.

Genoitypes . Number of asci

Comments
prod adlb pabal y 1 Single exchange prol - adlb
prol bil '

prol adld pabalk y

prod bil 1
prod adlb pabal y

prol bil

prod hil 1

prod adld pabal y
prol adlb pabal y .

prod bil 10
prod y :
prol adld pabal bil

prol adlb pabal y

pProd y 2
prol adlb pabal bil
prol adlbd pabal y

prod bil 1
prol adld pabal bil
prol adlb pabal y =

pro3 bil ‘ 1
Prod y
prol adld pabal y

R

prod bil

prod ,
prol adld pabal y bil
prol adl® pabal y

pro3 bil - 1
prol adlb pabal y bil
prol adld pabal'y .

prod adld pabal y 1
prol adldb pegbal bil
prol y -

prodé y 1
prod adldb pabal bil

prol bil :

prol adlb pabal y

prod bil _ 1
prod adld pabal y '
prol adlb psbal bil

Single exchange prol - adlb
Single exchange prol - adlb

Single exchanges pabal ~ ¥

Single exchanges pabal - y
Single exchange pabal = y
Single exchange pabsl - ¥y

Single exchanges y - bil

Single exchange y - bil

d-strand double exchange
prol -~ adlb; pabal -~ y.

d-strand double exchange
prol - adlb; pabal ~ y

d=-strand double exchange
prol -~ adlb; pabal - y



Table J/.

Genotypes

contd.

Number of asci

Comments

Perithecium No.3. Dissected 4.4.56.

to 6.4.56,

prod adld pabal y o] 4~-strand double exchanges

Prod y - prol ~ adlb; pabal - y.

prol bil :

prol adld pabal bil

prod bil 1 2-strand double exchange

prod y bil pabal - y; ¥y - bil

prol adld pabal

prol adlb pabal y

prod bil o -1 2~strand double exchange

prod adld pabal y bil prol - adlb; y - bil.

prol adld pabal ¥y

prod y | 1 4—strénd double exchange

prod adld pabal y bil prol - adld; pabal - y.

prol bil 3-strand double exchanges:
pabal -~ y; ¥ - bil and
prol - adld; y -~ bil.

prod adlb pabal bil L 4-gtrand double exchange

prol ¥y within pabal - y; single

prol adlb pabal exchanges prol - adld and
y - bilo

prol adlb pabal'§ 1 Incomplete

prol adld pabal y

prol adld pabal ¥y 1 Incomplete

prod bil : 5  Incomplete

prol adlb pabal y

prol bil ’ 2 Incomplete

prod adlsd pabal ¥

prod bil 1 Incomplete

prol adld pabal y Dbil

pProd y 1 Incomplete

prol adlb pabal y :

Perithecium No.4. Dissected 9.4.56. to 13.4.56,.

prod bil - 86 No exchanges

prod bil ‘ ‘

prol adlb pabal y

prol adld pabal y

prod bilk ‘ o) No exchanges

prol adld pabal y

prol adld pabal y



Table J/. cont?,

Genotypes : Number of ascl Conments.

Perithecium No.4. Dissected 9.4.56. to 13.4.66.

prod bil _ 6 Bingle exchanges prol -
prod adld pabal y ' adld,
prol bil .

prol adld pabal y

prod bil : 1 Single exchange prol -~ adlb
prod adldb pabal y

prol bil ’

prod bil ' 18 Single exchanges pabal - ¥
pProd y

prol adlb pabal bil
prol adlb pabal y

prod y 1 Single exchange pabal - ¥y
prol adld pabal bik
prol adlb pabal y

Prosd y 1 4-strand double exchange
prod y within pabal - y

prol adlb pabal bil

prol adlb pabal bil

prod y o 1 4-strand double exchange
pProd y within pabal - y

prol adlb pabal bil

prod bil . 6 Single exchanges y -~ bil
pProsd

prol adlb pabal y bil
prol adld pabal y

prod bi 1 Single exchange y - bil
prol adlb pabal y bil
prol adlb pabal y.

Prod y 1 d-strand double exchange
prod adlb pabal bil prol. - adlb; pabal - ¥y
prol bil .

prol adlb pabal y

prod y 2 4d-strand double exchanges
prod adlbd pabal ¥y prol - adlb; pabal - ¥y
prol bil :

prol adld pabal bil

DProd 1 4-strand double exchange
prod adld pabal y prol - adld; y - bil
prol bil

prol adlb pabal y bil



Table J/. cont?.

Genotypes : Number of asci

Comments

Perithecium Noe4, Dissected 9.4.56., to 13.4.56.

pPros. 1
prol adld pabal bil
prol adld pabal y

prol adlb pabal bil c1
prol adlbs pabal y_ ‘

S-strand double exchange
pabal - y3 ¥y - bil.

-Incomplete

Perithecium No.5. Dissected 16.4.56. to 20.4.56.

prod bil ‘ . 20
prod bil -

prol adld pabal y

prol adld pabal.y

prod bil : 6
prod bil
prol adlb pabal y

prod bil 4
prol adlb pabal y
prol adld pabal y

prod bil 3
prod adld pabal ¥y

prol bil

prol adld pabal y

prod bil ’ 5
prod y : :

prol adld pabal-bil

prol adlb pabal y

prod bii . -1
prol adlb pabal bil -
prol adlb pabal,y.

prod y ; ~ L
prol adlb pabal bil
prol adlb pabal y .

pProd y . il

Prod v
prol adlbd pabal Pbil
prol adld pabal bhil

prod bil e 1
prod pabal y

prol adld bil

prol adlb pagbal y.

No exchanges

No exchanges
No exchanges

bingle exchanges prol -
adls.

Single exchanges pabal - ¥y

Bingle exchange pabal - y
Single exchange pabal - ¥y

d-strand double exchange
within pabal - y

Single exchange adld -~ pabal _



Table J/. cont.

Genotypes - - Number of asci Comments

Perithecium No.5. Dissected 16.4.56. to 20.4.56,

prod bil _ N Single exchange y - bil
pProsd '

prol adldb pabél y bil
prol adld pabal y’

prod bil ; 1 B=gtrand double exchange
prod adld pabal ¥y prol - adlb; pabal - ¥
prol adld pabal bil

prol y L

prod y o . L i 4-strand double exchange
prod adld pabal ¥ prol - adlby pabal - y
prol bil ' '

prol adlb pabal bil

prod 1 d-gtrand double exchange
prol bhil prol - adlb; y — bhil
prol adld pabal ¥y

prod bil 1 2-strand double exchange
prod y bil ‘ pabal - y; ¥y - bil

prol adlb pabal
prol adld pabal y

prod adld psebal bil 1 e-strand double exchange:
prod < ' prol - adlb; pabal - y.
prol y : 4-strand double exchanges
prol adld pabal y Dbil prol - adld; y - bil and
' pabal - y3 vy - bil.

prod adlb pabal . . 1 d~strand double exchanges
prod y Tl prol - =adlb; pabal - y and
prol bil N ' pabal - y3 ¥y - bil, RIrgXs
prol adlb pabal y bil Ad-gstrand double exchange

prol - adld; y - bil.

prod bhil - B Incdmplete
prol adld pabal ¥

Perithecium No.6. Dissected 23.4.56. to 27.4.,56,
prod bil ' 98  No exchanges
prod bil : '

prol adlb pabal y

prol adlb pabal y

prod bil : 4 Nd exchanges
prod bil
prol adlb pabal y.

prod bil 10  No exchanges
prol adld pabal y
prol adld pabsl y



Table J/.

Genotypes:

contd.

Number of asci

Comments

Perithecium NosG. Dissected £3.4.56. 10 27.4.56.

" prod. bil
prod prol
bil

prol adlb

prod prol

bil
prol adlb

prod bil
prod adld
prol bil
prol adld

prod adlbd
prod adld
prol bil
prol bil

prod bilk
Prod y

prol adld
prol adlb

prod y
prol adlb
prol adlb

prod bil
prol adlb
prol adlb

prod y
pProd y
prol adlb
prol adlib

prod bil

. L
adld pabal y E

pabgl.y
adl5 pabal y 1

pabal y -

pabal y
pabal y

pabal y 1
pabal y

23
pabal bil
pabal. ¥y

pabal bil .
pabal.y .

pabal bil
pabal y

pabal bil
pabal bil

prod pabal y

prol adlb
prol adld

prod bil
prod

prol adib
prol adlb

praod bil
prod adlb
- prol y
prol adlb

bik
pabalty

pabal y bil
pabal y

pabal bil

pabal y

14

Single exchange prod - prol

-Singie exchange prod - prol

Single exchanges prol -
: adlb.

4~strand double exchange
within prol - adlé

Single exchanges pabal - ¥y

Single exchange pabal -.y
Single exchange pabal - ¥y

4-strand double exchanges
within pabal ~ ¥

Single exchange adlb ~ pabal

Single exchanges y - bil

e-strand double exchanges
prol - adlb; pabal - y.



Teble J/. contd.

Comments:

Genotypes Number of asci
Perithecium No.6., Dissected 23.4.56. to 27.4.56.
prod bil . “ A 3-strand double exchange
prod adlb pabal y ' prol. ~ adld; pabal - ¥y
prol adlb pabal bil
prol y
pPro3 y ' 1 3-strand double exchange
prol bil - ' prol -~ adlb; pabal - ¥y
prol adld pabal ¥y
pro3 bil - o1 2-strand double exchange
prol adlb pabal - S pabal - y; y - bil
prol adlb pabal y -
prod bil- : P 2-strand double exchanges
prod y bil pabal - y; ¥y - bil
prol adlb pabal
prol adlb pabal y
prod adld paba y bil 1L d-strand double exchange
pro3 adlb pabal y within prol -~ adlb; single
prol exchange y - bil.
prol bHil '
pro3 bil (3 spores) . 1 ABNORMAL. Single exchange
pro3 vy (2 spores) pabal - y
prol adld pabal bil (1 spore)
prol adlb pabal y (1 spore)
prod bil (2 spores) 1 ABNORMAL. Single exchange
pro3d (1 spore) y — bil.
prol 8dlb pabal y bil (1 spore)
prol adlb pabal y (3 spores)
pro% bil. ‘ - 1 Incomplete
prol adlb pabal y " :
prod bi ' 1 Incomplete
prod adldb pabal y
pProd y ' 1 Incomplete
prod adld pabal y
prod L- Incomplete:
1 No growth
Perith801um No.?. Dlssected 30.4.56., 1o 4.5.56.
prod bhil B 60 No exchanges
prod bil -
prol adld pabal y -
prol adld pabal y-



Table J/. contd.

Benotypes

Number of asci

Coﬁments

Perithecium No.7. Dissected 80.4.56. 0 4.5.56.

pProsd
prod
prol

pProsd
prol
prol

prod
Prod
prol
prol

Prod
prod
prol

pProd
Prod
prol

prod
prosd
prol
prol

prosd
pProd
prol

prod
Prod
prol
prol

pProd
prod
prol

prod
prod
prol
prol

Prod
prol
prol

prod
prod
prol
prol

bit
il
adlb

bil
adld
adlb

bid
adld
bil
adld

bil
adlb
adldb

bil
adld
bil

adlb
adld
bik
bil

adld
adld
bil

bil
y
adld
adld

bil
¥
adlb

bik

adlb
adlb

adlb
adlb

bik
adlb

y
adlb

pabal

pabal
pabal

pabal

pabal

pabal
pabal

pabal

pabal
pabal

pabai

pabal’

pabal
pabal

pabal

pabal
pabal.

pabal
pabal.

pabal

pabal

y

o g e

g

bil

y bil

Yy bil

v

Bil

y

16

10

o

30

No -exchanges.

. No exchanges

Single exchanges prol -
adlb.

Single exchange prol - adlb
Pingle exchanges prol -
adlb.
4-strand double exchange
within prol - zdlb.
d-gtrand double exchange
within prol - adlb.
Single exchanges pabal - ¥y

Single exchange psbal - ¥y

Single exchanges y - Dbil

Single exchange y - bil

2~strand double exchanges
prol ~ adlb; pabal - y



Table J/. cont?,

prol adld pabal

Genotypes Number of asci Comments

Perithecium. No. 7. Dlssected 30s4.56 H0 4.5.56.

prod bil . . SN d-strand double exchange
prod adld pabal y ‘ prol - adld; pabal - ¥y
prol y

prol adlb pabal bill

prod bil o ‘ 1 4-strand double exchange
.prod adlb pabal y . prol - adlbd; y — bil
prol adld pabal y bil

prol : \

prod bil L d-strand double exchange
prod y pabal - y; ¥y - bil

prol adlb pabal y bil
prod y hil 1 3-gstrand double exchange
prod : pabal - y; y - bil
prol adld pabal bil
prol adlb pabal y
prod ‘ 1 d-strand double exchange
prod adlb pabal y bil within y - bil., Single
prol adld pabal y bil exchange prol - adlsd.
prol
prod bil 4 Incomplete
prol adlb pabal.y
prol adlb pabal bil 1 Incomplete
prod adld pabal y .
prod y _ 1 Incomplete
prol adld pabal bil ‘
prod adlb pabal bil 1 Incomplete
SUMMARY: .

Types of aséi:

Number of ascospores germinating.
0 1L 2 3 4 3 6 7 8

Classifiable
Selfed green
Selfed yellow
- Hybrid

— — . — — - - — — ——

- 2 9 12 33 7l 136 164 176/603

Non-classifiable’

Green
Yellow

- No germination = 1

Abnormal
Grand Total

- 1 - - - - - - -? 1
- - 2 2 - - - - -/ 4
1




Teble K./.

Cross pebal y ad8//y pyrod dp (dp =

duplication carrying

ad20 bil). Prom streak inoculum on minimal medium. Prepared
on the 15.3.54. pa = point of attachment of the duplication
to: the "white " chromosome. adl20x2 indicates that two ad20

mutants are present.

Ascus numher

Genotypes
Perithecium No.,l. - Dissected 25e5.b4.
pyro4 (5 spores) 1

pyro4 (2 spores) 2
ad20x2 bil pyrod : (2 spores)
¥ _pyro4 (2 spores)

Comments
No exchanges

Single exchange pa - ¥

Perithecium No.2. Dissected 25.5.54,

pyrod (4 spores). . 3
y pyro4 (1 spore) 4
bil pyro4 (2 spores) 5
y pyrod (1 spore)

pyro4 (2 spores) 6
ad20x2 bil pyro4 (1 spore)
pyrod: (6 spores) 7
bil pyro4 (2 spores)

- - 9
- : 10

Incomplete

Incomplete

Incomplete

Incomplete:

Single exchange ad20 -
il

No growth

Ascus with 2 small shriv-

elled spores and 6

normal spores.

Ascus with 1 small shriv-

elled spore and 8 normal
gpores.

Perithecium No. 3. Dissected o7 5. 54.

pyroéd (6 spores) A 11
bil pyro4 (2 spores)

pyro4 (4 spores) : 12

¥ pyro4 (3 spores)

pyro4 (7 spores) 13

ad20x2 pyro4 (2 sporesd 14
bil pyro4 (2 spores)
pyro4 (2 spores)

Single exchange ad20 -
bil

Single exchange pa - ¥ in
both pairs. 7 -spored
ascus.

No exchanges. 7-spored
ascus.

Single exchange pa = ¥;
single exchange ad20 - Dbil

¥ pyro4 (2 spores)



Table K/. contl.

Genotypes © _Ascus _number

bil pyro4 (4 spores)
ad20x2 pyro4 (2 s ores)
y pyroé4 (2 spores
pyrod (8 spores)

pyrod (5 spores)

pyro4 (4 spores)
bil pyro4 %

pyro4 (7 spores)

Perithecium No.5. Dissected
pyrod (7 spores)

pyrod (6 spores)
bil pyro4 (1 spore)

y pyrod ( 6 spores)
8d20x2 bil pyrot (2 spores)

Perithecium No.,6. Dissected
pyro4 (6 spores)
bil pyrod (2 spores)

pyro4 (2 spores)

ad20x2 bil pyrod (2 spores)
vy pyro4 (1 spore)

-—

- Comments.,
Perithecium No. 4. Dissected 350.5.54. ‘ ,
15 d=strand double exchange
o pa - y3 adl0 - bil,
"Single exchange ad20 =
Pbil in the other pair
16 No exchanges
7 No exchangea
I8 Slngle exchange ad20 -
1.spore bil,
19 Ng_excganqes
246454, '
20 No exchanges
21 Single exchange ad20 =
bil.
22 Loss of one duplication.
Single exchange pa = ¥
5.6.54, |
25 Single exchange adl0 =-
bil.
24 Single exchange pa - ¥y
25- No growth
26 No growth
o7 Single exchange pa - y.

pyro4d (4 spores)
adR0x2 bil pyros (2 spores)
yro4 (1 spore) -

pyro4 (8 spores)

No exchanges.




