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_ The phenomenpn of recombination 13 ‘one ‘of the
most 1mportan; in genepics. Although 1t has begn known s

rand studied ror a fong time 1t is not yetnperfectly

1
l., :

, understood. ) 't#*‘r,‘_ '.f., . ‘i?jj:“.‘ .] ' | : m" B
© The fungi‘have been very valuable in the study ' f f”) W

' vlor the mechaqiam of genetic recf/pfhatioﬁ. A species @

+

| ‘msuch as Néuroapora craasa permitting the recovery of

o nll the products of meiosis in a linearly ordered aacus?.
: o i oo

has been used 1ntenaive1y for tbis purpose.,

o Neqpospora stocka used 1n genetic studies .
g'have a number af and%ptﬂﬂs and quite early (Barrat o 'jé 

-~

195&) it had been noticed phat frequencies of ' N

”. recomb1naﬂ1on bgtueen speciric gcnes could vary between .

‘,)(,

stocks g f dirferent-@rigins, as shown in rigufg 1.
:m;';m'- Q?ST*';\*écr Ll me e

‘j.-'._]" : . -3.51:‘;;’6' A . ._i.,.% . ..-A A - . )

..» L ‘)- 17 u - . ;
.' mt 1 L - ,c‘r ) ,
" ) . “--lh}& -
‘. ) R '
° ?"w. " -

r'Pigure 1° Map or centromere proxinal région or linkage . PR

“group 23 or Neuro_pora crassa.' Various strains from var;ous

3'sources.fﬁjni aabi ; 6 ¢'ﬁ?



”vxThia suggesta thathgbnetic ractors could 1nfluence the

. recombination fréquencies., - '1 | Y

I
-1
e

‘3
+

o In fact, a numbcr of genea have been found to
! 1
affect recomﬁination at specirlc loci (Jessop and

| Catcheaide ’1965p Catcheside,‘ 966 Jha, 1969; Angel

ZAustin and CatCheaide, 1970 Smith 1966) These were
‘called the rec-gcnes‘(rec ror recambination). The rec
genes specirfcally arfesf 6éne locus- or.a short. region of
-chromooome.r Howé?er it 13 very possible that further

¥

P
analyses will ano& thdt each . rec gene arfects a ‘number-

.of loedi., scattered throughout the genome . ‘The dominant
g A

'alleles, rec » decrease the recombination frequencies at

, the sites the; affect. o -,:. . ' 3 ),.‘

. Tﬁio suggests that rec produces a substance
hav;ps a runction 1n thc recombinabion process. ‘ |
| 7 rec* could codc fo; an active repressor which
binds to a Bpecific site 1n or near the affectod genes,’

:

bhyﬁﬁgyeventing or reducxnﬁ'the frequency of access of

a recombination enzyme to the arfected site Or 1t

T#'could cdde uor a represaor of a gene specirying an

},enzyme concerned 4n, recombination and specific to-a

s

';site (Catcbeside, ;970) o .2; B L .

Both hypotheses requirc a recognition site .
nearsthe afrected site an operator-llke locus for the

: first hypothesis,-a:prompcqr-like Iocua for the secénd,
[first-hypothesis, a prof . seeo

P . . .

Y
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Operator 13- e term 1nbroducted by Jacob

Perrin, Sanchez and Hono (1960) ror the site ‘at one

f

end or an operon where a r pressor molecule binds'

- to fﬁe DNA and inhibita transcription.
| Promober s the term introdusgd by Jacob e
Ullman and Honod (196") ror the site at one end of an o |

@peron where RHA polymeraag binds to the DRA

L]

BOCh terms are also appropriate for the

-“correaponding sites when a gene ia not part ‘of -an .

S . €

operon.{, f"";;' e |
'- ot : [Operon {ﬁacob Perrin, Sanchez and Monod
.i960) group of closely linked genes which appear to
affect difrerentstepsin~a aingle biosynthetic pathway

and which appear to function as an 1ntegrdted unit e

-~

A gene which might function as a recognition

' sice ‘has’ been found-- the gene ggﬁ, situated near

: 15-3 and hjpostatic to rec-w which contr@ls the
recombination frequencies in his—} and betWeen his-g
' and ad~3 (Angel Austin and Catcheside, 1970)

SOme results or the effect of ¢ g and "ec-w
.'f . -" . . ‘

o

_are presented {n-Table 1.

!

: '




' A y g . ‘
- x L A "n: |
| ) 4
‘Table 1: Brtect or g and ‘rec-wt on recombination
between 13-3 (KBF4) and ad-g (K-ns),' S
(Angel Austin ‘and- Catcheside 1970) o '.-;. S =!§b_
'hisgj;-cog, nec-w _.htozi,,cog+,,rec—w
-._1 cog; .1:93-_! B A~ R
 ad-3, cog;, rf'ec-w* = S A+ ' ,

”

: g* is dominant and increases the recombination frequencies."

A factor showing characteristics similar to the ones of

‘and Kolbin, 1973) It controls recombination bet een :
-the a’gnd 8 cistrons or the B incomp&tibility fac or;

1t 18 situated between the affected cistrons and,bhe allele
increasing the rrequency of recombipation‘is dominant

©to the allele producing'low frequency. _

| fhese characteristics suggest a recognition

| (_J;) sibe. z'jf‘ " : ,-". SRR S . )
' It is a rather 1ong region and is divisib1e~- : A

‘;by crossing over, as. seen_gg_the heterogenei%y in the-

e @

; progeny or crosses heterozygous ror this Pactor. . The ' o-. ,‘.‘

P

e_‘bypothesis suggeqtcd is the presence of . severai -

consocutive ' g 5enes with additive\efrects.' A variable

number of 5 senes in recombinant progeny would proauce |

'lehriable recombination frequen\%es. Thia hypothesis 3

‘--._ﬁ "
I S

| :is illuatrated in rigure 2 o ‘ _', '“""T“ - o

: .
. N '
. T b
oL '- . - P L Ly b . T - . . . .
Lot B I, - ' . N . L L oL . P
[T o . . f . . : } .
] PR - . . P . i M N i
' . ot (38 LT . . L. .. L o
e v el A . R - LI i ’ < Py, .
. . a0 . . L . . . s L . - . ) Vo, ‘
B v L, " L e - . S s . . ) o TN - R
* Pl I St e ) T . I . N S
. - . o . Lo R o e L
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A recombination 5 . -.‘""'-,_-I- . ‘. L

' .'

with tester aCrain

(l699) S
.o . “' o L e . - C i
7.9.  Bab & & L 4 4 . . BB _ Yy
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?1gure 2. Expected grogeny Eenotypes
based on the hypothesis or segregacion of a number or
' recogni;ion sites 1ocated between Ba and BB.
. A
- + 1nd1cates the dominanti ‘aetive rorm of a recognition
- a4’
“site and - the recessive, 1nact1ve form. .
(Ssamberg and Koltin, 1971_ o ,':

R ._t

A mechanism has heen proposed to explain the action of -

. rec anﬁ; g,genesg, It is presented 1n rigurerB o B ;f
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e Product of rec-w, 1nteracts ‘with a contiol site (con)
to 1nterrere with the, spread of the effect of the / '

recombinase acting primarily at a promoter locus (c s)
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?1gure 3 . Diagrams to 111ustnace theories or ‘the’ mechanism
. ;J

-of control or recomhination by rec-w genes

.I

‘\(Angel Austin and Catcheside, 1970)

'qagg_- recognition site If¢-’ '*'_. .rec = recombination 7'-12ﬁﬁ

v comb\L_recombinase T ;nonr-chptrol .
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‘Ir figure 3(a) were the caae a very 1arg¢ number of

rec genes would occur. A limit in their'nuﬁber’;mplies.’

‘a 1imit. 1n the number or g_g genes, each. of ﬁhem_ﬁéiné' ')_5

‘preacnt several times 1n difrerent partn or;the:geéome{ . .
But it ia dirrlcult to see how tﬁéjdifféreny St

__5 laci which are able ‘to distinguish between the .

'products of the difrerent rec+ genes,'would all becognize
T o : ‘
one single reeombinase.

This mechanism also 1mp11es that ggg and g

reapond dinerently td the presence of rec w+ but not to 3

';ggg:!. In fact Just ‘tHe. contrary happens.' | _ .134"
| | If (b) were the.caae several comb loci responsible
- each for a recombinase would correspond to each of the |
'rec loci and the product of ench Hould be specific of o
.a 11mited number of 10c1~ L ‘-f . “'~ ,J A :*. C
. cog and ¢ __5 would be ‘expected. to respond -
dirrerently to a recombinane 1n the absence ar rec .
iThis was tound to be ao._

. '"-",-.-

The number or rec genes 1n this hypothesis could

S

be 11m1ted._~_ o

Ir (c) were. ‘the case a larger number of rec
_~_éenes is. required ‘as well as . a larger number of con .
'; sites. On the ouher hand only one recombinase is needed
if.all ¢ __E,and __5 1tes are assumed to react to it -
With dirrerent erticiencies. '.'-'13, o |

- .
?
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It mult be noted that a particular rec gene’ . \\

affects all alleles pf a.épeciric gene. - The speciricity
of the égg SEné‘iS'thénuﬁot due to.a.selective action’
of'ﬁhe recoéﬁiﬁation‘éniyme baséqrqn ceégain typeé of e .
‘allelic gifféfenceh (batchea;de, iQ?O); |
1 . The feé géneé"afe ﬁot-linked to the'sites they

een two strains dirrering

afrect and 1t 1is probable that their product is dirrusible.
If a heterokaryon is formed be

-

by thelr recombination frequencies, and the hébqyokaryon -ap

15 used in a cross, the prototrophwfrequencies for each

P

component cross are'decreased (Griffiths and Threlkeld
1966). This ‘can be due to an exchange of gene products
betwéen the nuelel in the heterokaryén, resulting ‘in

. - \ v . = .

. a mutuai*inhibitibn'of recombinatfdn - Y,
A comparison of recombinatidn frequenc*es .
.‘l

between the two species N. crassa and N sitoohilia

(’incham, 1951) 3uggested t?ac a possible factor (or

ractors) enhancing recoﬁb*nation near the centromere of

'linkage group I was present in N. itoghila. Sbe figure

g,
‘ : . L e | , '
Pk ‘mt Poe cr W gl AR
T 35 ¢35 22 11 26
b 28 6w o248 29
Pk — mg _er al g )

L]

'?1éure Y 'Cqmparisoﬁ‘or'ﬁ. sitoghila and‘H.’cnassalﬁapswar
the'centromere'region of linkage grodp!I. .(Fiﬁcnam, 1951)

e

L 4
r)
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The centromare itself-could be respdnsible for thia

effect or it could be due to a factor closely linked
/

-to 1t. - -

--'

- Crogsses weﬁeumade between wild type M. itoghila

o

iand his-2 N. crassa (the hiscidine 2 marker, close}y
]

" linked to'the centromere of M. crassa, was. used tqnw-'
L] [ . "\l‘-'.

follow the origin of the centromere region). Wil&'type ]

1sola§eé\?%re repeatedly EackchSSed to His- ertrains ot

N. crassa’.-. These 1solates were taken opi} ﬁ%dm Tebrads ’
//

shoﬁiﬁg firat divlsion segregatio€ for hgé-?, this
' . | '

N [

procedure edsuring that no crgésrﬁé/gyér separated the

-

marker from 1&5'centronere. - - .

! Thus strains rertiln An crosses.;ith i crﬁssa
bui carr;*ng the N..s 1tth11a centronere region'were'
obtalned {uewcombe and Threlkeld 1972) '

. These h;brﬁd strains were used in crosses to
™~

N. crassa ‘and 1t appeared. that the H. sitoghila factor
-’ o -

“as dominant: a cross of the type Cs x C¢c (Cg =
ﬂ}fuitogg;;a'centromehe proximal region in N. crassa
background, ﬁ&c - ail N. crassa) gave the n*gh
recombination rrequencies tjpical of M. sitoghila, and

so did Cs x Cé crosses, Hhile a -cross Ce x Cc showed the
lgw recomblriation rrequencxeslof N. crassa. The region [//

me to er on linkage group I had definitely increaéed

frequencies of recomb‘nation in pr#sence of rec-s, as

. can be seen in figure 3. The enhancﬂment of recombination-

e

/




nrequencles seemedijto affect the centromere - proximal .
.ﬁregion of linkage group VI, although this increasé was

not sigh&{h\ant (Newcombe 1969).

Ce x Ce croaseﬁ

mt ad-5 . his<2 qr
11.9 "+ 2.3,3.2 3.8,4.0°
————12.2 ' '

~/
“~

——14.9,4,7 ———>

-

& —13.4 7
s x Cc crosses |
mt ad-5 ' his- 2 : cr
i : . ©5.,2,8.3,9.9 33.1, 32 0,32. 0

t————38736u3603u2——-9

Cs x Cs crosses

e

me / ad-

* nis-2 . ~er
32.1 ) . o -
& 37.0,37.1 Ed '
& - 46,3 >
P{gure 5: Recombination in Cc x Cc, 03 X Ce and Cs=x Cs j

crosses. (Hewgombé, 1969)
, "
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The terms Rec-s and rec-¢ werevapplied to that
part 6? ﬁhe genotype geSponaible.ror the chdbacteristic X
recombination frequencles on lihkagé group I of N. sit;ghila
and N. crassa respectively. -

By isolating ascl showing secoﬁd division seg;egation
for the marker his-# Hargrave ‘and Threlkeld (1973).showed
‘that Eég:g could be separated from 1ts centromere. )

ggé:g is srtuated between ﬁlﬂ:ﬁ and ad-3 and is
_cqgggﬂéﬁ of two reglon, Rec-sl and Rec-s2.

sl

\__Flgure 6 shows the locatlon ¢f Rec-s.

- , L
ﬂ”ﬂ)/- his-2 Rec=-51 " Rec-s2 Ad-3B .

-

(¢—1.u3""——"- 16.7 PE—g 4>

?igure 6: quel for the ﬁ%c-s genctype (Hargrave and

-Threlkeld, 1973). The distances are valid in preseﬁce

of Rec-s only.

T - o ' -

The possible nypothesis of a diffusible gene product‘ﬁgom
Rec-s was investigated bﬁ Perrarc (1571). |
A Rec-3 strain and a Egé:gjst;ain were combined
intc =& hete}oiarych whilch wa; qsed as a proﬁq?erltﬁecial
* parent (to avold the ﬁossibiiity of,excluding cytoplasmic
déterminants of recombina&ion{ in a cross with a rec-¢
strain~MNo effectiof the Rec-s component of the hetero-

’karydn_was otase d, the freguencies of recombination in-

‘pac-¢ x rec-c (het.) (he for component of a_heterokaryon)

<




. ] . . ' . ' !
4 . .

being similar to the 6nee found in a control rec-c¢ %

-rec-c cross, L -
This indicates the lack of any diffusible gene

product.

A check for aborted spores did not show them to

be in abnormally high num?ers, thus eliminating the

.

Wy -

possibility of a chromosome rearrangement which ccould be

)

‘ the cause or the observed effects. Also an aberration

would produce a low frequency of recomblnatlien in heterOm
zygous qrossgs and a higher one 1n both homoegygous crosséél

So, as oppose&.to the rec genés, described by :
Catcheside and his cclleagues, Rec-s has teen found to 7
affect a rath;r large segment. of linkgge‘group I, from the
centromere to cr and po;gakly also on the 6bher side of
the centromere. |

. It increases interallelic gnd intergenic‘frequencies'

of reédm;lnation and is dominant %o rec-c.which dépreases
them. B
- it 15 closely linked to the affected sites, being S,
Situated between éig:g and ad-3. Obviously a mechanlism
which would'exﬁlain all rec genes features would not be .
able to explain now Rec-a affects recombinatlon. In fact
ft has some characteristics of Fhe cog genes.

Rec-s is a rather lbng region and it i3 divis{sle
‘by crossing ovjr (Hargrave and Threlkgld; 1973). It ‘ -

-mn

could well be several genes closely linked to each sther

. — - - 3 .
- . '

and having additive efflects. ./

ot ‘Gf";
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The present work’looked at the effect of Rec-s

in interallelic and intergenitc crosses on linkage

group I de on. linkage group VI, in the two regions where ;

Rec-8 h&# been reported to have an influence.

- ' Other rec genes found in Neurospora;égé we;f as
the cog gene, affect mostly interallelic cros Red~s

has been éhéwn so far to affect a rather long reglon and
one could wonder what its effect on recombin?tion may be
tetwecen flleles or over very short ‘reglons.

. When recombinauion e:ents are studied over

LY

. short distances 1t becomes. possible ﬁo examine .the ac»ual

recombination process, In addition to 1ts effect, involved

-

in the-¢econb1nation event. Informatlon on the mpchanism
of reconblnation nay'beobtained in this way (Hcllidaj, 19ﬁu9

To study this tne gene ad-3 was chosen on rinkage’
14 -

group .I, {n the’ region most affected by Rec-s.
/

»

Althoubh the rdo ﬂutants chosen are ok alleles,

strictly speak’ng, (as s shown belou) thej aqe'ver, ¢
ool . .
close to each other and are;ccn?en*enu to use,

Complementaticn tests have shown tha%t ad-3
) hy —_—

mutants can fe divided 2nﬁ§wb grours, ad-3A and ad-32, -

. : @
sach of them a functiorally different unit (De Serres,

v

1954).
Howewer, ad-3A and ad-38. could be separateﬁ from

\ ! - X *
each other by a region x containing material of un¥nown

-



) P / ‘ J 4 -
I ] . .

L ) " ’ #
. ' ; ’ :
funCtion: using d-! mutants with 1rreparab1é vecessive

'mubationa, such as deletdons it was_.found that some g

adjza R and ad ?Bia (1B for irreparable. rqcessivé)-would

s

,not. complement.J' Thereflore they mﬁst;bave some genetic
damage tn commoﬁ The conclusisrk was that the-démage bo;k

place in a region situated between _;:;ﬂ and ég:ig,'called;
“x(Dé Serres, 1964). |

This 1s{illustrated in figure 7.”

iR A X B

Stradn-ad-3A° _ " * .
Strain ad-3al® I ———t——— -
- — A X B .-

. \ i
common deleted region

Pigure 7: Diagrammatic representatlon of the extent of

genetic gdamage in the ad-3 region In each componpn;'of'a

.o . [y ‘ ) .
dikaryon contalning homologous comblnatlons of ad-3A

and .ad-23 mutations.

'Lgdapted froé-DE Serres, 19364). ° , .

v @

dhromosome

Griffiths (1%70), Ianil&zing‘prototrooh freguencles

in a series of crosses between ad-3A and ad-33 mutants,

- provides an estimapc of the sizes of’ the three, regions,

it 1s shdwn in figure 8. - o | )
W o
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@ . ' . 5 . 9
,0.028 0.036 . 0.056 o
¥ v r- . :
\ A ,'= X, Ilf.‘rl ' B J'
L ' j J.I
€ '_cent:‘rfomere.. o o ';' _
' 1 N ' o . . o ! ' . . L
Plgur@”?: Approximate’ sizes, in map ‘units, of components Y —
" of the &d-3.reglon. ~ © - 7 a0 ]
(Griffiths, 1970) - EE P
P o
ﬁangrave (1971)»shows rrom her dqta that one’ of
the two component.s of Rec—s, Rec 52 could be situated .“"?ﬂ v '?
between ad-gA and ad--B' It ‘would then occupy'the X '
\gib*on of De- oer.es, as 13 illusfrated in: figure 9. #“ 'f.| .
_ rus-:e' Coniss3 . ‘ad-3a  adid2my
® - nOMEE ] - L J) . N N
_ He,c-'sl s . 'Rec-'s‘z g
. Plgure 9. Hap of the cantromeve - gdﬁﬁa region showing. '
.j)t'-:si't'.ions o!' ’iﬂc—sl’ ;md Pec-JE irx r»latio'\ to cfner Marxers. a
(HargvaveJ'IQTl) *'_ .f o o . :
h Y N 0 l B T
In splte of this the two marf¢rs ad-3A and ad 38
—
are . very clas* to eacn oyher and the distance between tnem _
o ) o L]
*s-P; zhe o;der c!‘*%au Jound be.wagn alléles
On llnkage group VI:an 1nvaralle11c cross
_uas stud 'using tdO alleies of thﬂ gene pan-2, to L N
. -._.____“'" ’ : ' '_'___,_,,.1 s i P
asecertalin he hﬂrthe erfect reported bJ Newcombe G1969) is
real ., , ‘
! ‘ ’ L} ll o ! T
a 3 ] , .;‘ , .I.II - :
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The 1nterest here is two rold does Rec 8"

i .

_arfect reoomb*nation Freq%encie; on . linkage groups other

'_*han llnxage group I, at least at the interallelic level

apd what type of recombination mecKanism might be assoclated

’ . . /
with the actlvit; of Rec—s° _ . - , . e

4.:

; . : This work also looked at the ability of strains

to perrorm dark repair of DNA damage,-ultraviolec

i

m:oenoitivitieo ‘of strains ca:ryihg qither Rec-s or rec—c

were’ compared. . ’ _: o | | IR P
| It has been shown by preoious workers that the’

Imutagenic and &ethal e?fects or ultraviolet light on cells‘

'ave ‘due to-the formation of *vrim dine Himnrs in DNA. '.\;.

(Setlow,z Boling and Bollum, 1965) The dimer produces

~".ﬁs or-.on Gf the DA GUplnx, a specific endonuclease

i recogn;zqa.t?e dimer or the disfortion- and cuts the DNA

sn the 5' aldé of it, - L - o .

Some mutants of Eacherichiacol!l which are

senhlﬁﬁfo to-ultravlolet-radiéiion-1adk“an enéonuclease

and oaroo excise the dlmers (howard-“landers, Boyce

~

ahd zherio 1965). ‘j, e : o : -

, <‘The enzyne DHA polymerase I then exotses the - .
' e - S
nucleotides a few at a t.ime and Lhserts new ones using '

the compienentary chain as a template (Kelly, ntkinson,
"Hpberman'and_qunBerg, 1969). A ligase clooeé “the gene ;

- - ' e CE— ?

‘ends.,
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- ' : . 4. '
This mechanism for t dark’ repair of radiation .

d&mase-fherefore requires a-minimum of three differents

Q?,

enzymes. A mutation in any of them produces a radiation

!

sensitive mutant Recombination deficient mutants of

E. coll, which exhibit a total lack or a decrease in
v

"écombination, show extensive breakdown or'DVA after’

exposure to ultraviolet light (Clark Chamberlin Boyce

and Howard- Flanders,

They.'lack deoxyribonuclease activity; the - P

1966). o _ I

recombination found in eome.strains could be due to an

elternative pathwey-not expressed normaily”(xushner,

'Waga4sh1 and Clarz, 1872).

‘The replication of n._coli containing dimers

as the consequenee of radiation exposure eould take place

as .seen in rigure 10.

o
Id
F AN
\ -~
—
o é ----- - o dn —
-? -------- -r---? )
':..
L]
£ R
- —7
¢ —————————— ————
 r— - —— i o ‘..-.? ’
¢
< —
)

gap opposite'the dimers

|

|

‘ S . |
dimers are formed in the nupleotide

’

chains a\ft-er exposure to ra'iiiat-ion.

the newly synthetlzed- ehains show a-f'
|

-

i

DNA poljmerase I requires ?n intact
chain es a template. A reFombination

event .takes place between the s.ster
!

~dup1exes to reconstruct &n 'intact chqin;

/.

.a aegnéo, of old chain is transferred

to. the new chaLn to f£111 the hap._




a8

.g;. --------- _:-:5--f' The new’gap fdrﬁgd 1n-;helold
———————eea a3y ' chains are filled by’ DNA Qynthesis
Fx ' uging the coﬁpgémentary chains és
: . . . a templete. K

T

‘Pigure 10;: Meéhanism of repalr of radiation damagé in.

. . ) \ .
replicating DNA. (Rupp and Howard-Flanders, 1968;

" Rupp., Wilde, Rgno'-and Yoward-Flanders, 1971)

-The‘raaia:gon sengitivity of éhe recohbination
deficient mutnhtéflélprObably.;;e to their inability to
garry on Ehis:kfnd of repair. | o | |

| 'In an31 the steps for the repair éf damage
caused bj radiation are the same as. 1n5ba¢ter‘
.‘ezcision of dlmers - ﬂingle strand degradation widening
the‘aap'left-by the excision - repalr synthesis using_
the complementary strand as temolate -~ rejoining of the
'phosahodL_ster links’ (dcllida;, 196?) o
.Among repombinatiqn deficient mutants of

» ”
Saccharomyces cerevisae there are some which are. sensitive

to x rays and UV .rays, soﬁe sensitive té-x rays only, but’
also sone thbh d?b ﬂdt‘ ﬁ3re sensitive than tpg non

re: cmbinat.on ‘deflclent strains. This éhp%s thatfihere'
is a‘dmlnk such as a comnon enzyme, betgenn récombinatiQQ'
and radis*ion repair but that there 1s also some steps

" specific o.,recombination ‘and not of nadia;ion repair

-




4

" (Rodarté-Ramori and Mortimer, 1972).

‘In Ustilago.maydis an ultraviolet-sensitive‘
mutation blocks melosis and decreasés mitotic recombipation

&

(Holliday, 1967).

Some UV sensitive mulants th N. crassa show. ‘. - -
no efféctlpn recombrnatién rpequenéy 1nfhetérozygodsi ' o .@a‘
'crﬁsaeé but ; bléock of meiosis in homqéygéus céosées
(Schroeder, 1970). o | a X

IniAspergillqg nidulans two UV sensitive

straihs‘have.an 1ncreasbd mitotic recomblnation but no
/

change 1n melotic reconbination Therefore'althbugh ‘1ink
be*ueen recombination ahllitj and radiation sensitiv*ty is.
'evident no simple relation 1is visible 1n many cases. ‘ ‘ " .

Rec s affecting the ﬂeiotic recombination it

was decided to see'%f 1t had any effect on the ultraviclet

F}
2

sensttivity.




CHAPTER 2; Materials and Methods - ' .~

. Sectlon I;. Stratins used in f:lfxis‘ study '4\
I I | -;_‘. - “ . . : . . .' 0 ' . .
The strains used during this study are li»s'}Led' ih
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Section II. Media;ee“'l:_:‘. - _ _ : o
' The media used were:ehpee commanly daedjinﬁ |
"Neuroapora'studies. L R SRR
They werelas rollows-
a. 50 x salt solution ; e ;i B - .' L
 Na, cltrate T s

L]

.KH PO anhydrous .f' o 256'

g

24

‘NH Np anhydrous ~H;j' © - ado g
Mg SO 7H O - '.‘3ig' A 510 g
Cacl, 2,0 R 5 g
”Tréce element solution |
Biotin: solu:ion (o 015) L 'fg.

Chlorororm (preservative)

b. Trace element éolution f Y

Y Y Y N

DLstilled water - L g8 m1 o
citric actd - 1H, o o sig t | I
~_oZn S0, 7H o N .
. Fe (NH); (30.)2 GB 0 . 1le e
Cu. S0, 55}0 o Cy 0. 25 8. |
Mn s0, 1H,0 .- - o 05 g
CmBo, s 00se
. Na, Mo 0g‘2n,d, L 0.05'g . ;
pg}e.wes taken to add the: next chemical only ‘when the -
’ ;pretieue.one.had d;ase;ved. The solutions were not heated
BTV - S , :
. -.'., .. Q‘
. ,:_:' 11 - .\. -




r

/
Both aolutiona were made 1n quantitiea large

enough to last several months and stored at room'temperature.
. O
Chlovororm was added to prevent growth 1n the

: golytionqu :
¢. Crossthg medium

R

All croades were made 1n.tubes éontéining-s ml

or Westergaard and Mitchell 3 (19"7\ med}um.

50 x satt solution ' . 20_m1_

. Sucrose . - 20 g

- Difco agar e - w15 g
| Distilled water. nf - " up-to 1;060' ml.

‘ Hhen*rehu§red the medium was supplemented‘withgao ﬁg each"

of the apbropilaie;chemicais. : .

-~ ey

e Veégtativa médium '

-

"
. - . . f.

Strains were grown vegetativelj on uubes

B

containing 1 ml of Vogel s medium f}9751 | -
. 50 x salt 3olution J*?' _ 20 ml |
N Glucose - u-‘j : .-26 _g’"
A - Difeo agar L L 15 8
| | Disti‘led Qater _ RO up to. 1,000 ml

80.. mg ot each ~hem1cal was added as necessapj. ', o _ —
e, ,Testing medium h . ST - .
I Testlng (as well as Lsolatlon of prototroghs)

N -
. was, done “on, Petri plates contalning a medium high 1n-




" sorbose. to 1hduc¢:ébionla1 growth.
( . Thé medium'confaihed-alao rructose and glucose .
‘? te .

. ag sources of carbon, bo minimise the variations in L

" sorbose. toxicity (Brockman -and de Serres, 196“) ' s

\50 x salt solution C .. 20 ml
: Sorbose o “jjj.' 10 g
. Alucose o 0.5g &
ey : Ffuctosg - | ,. 0.5 g )
Difco agar . 20 g -
Diitilléd-waier P hp to 1 OOO-m;

The medium was supplemented with 80 mg of the needed
f - L + :
_chemicals. y : -

T, All media were autoclaved for 15 mn at a pressure of

10-18 pounda and ‘a temperacure of 120°C. Thé tubes were’

- %

: xepf at a- angle whilemthe medium was solidifying so as to

have a slant increasing the rree surrace of the medlum.
Section III.. Methods o

a. Croases o A_, "y “‘ . o | )
. Crouaes were done 1n 150 x 15 um test tubes ‘on

5 ml slopes of medium. At rlrst an inoculum froh each .( | R
parent uaa put 1n the tube but lnter on it was round that '
r . - ,..-:-_".‘.

lnoculation or one parent (protopdrithecialyor remale o D S
h parent) rolloued 7 days later by the 1nocu1ation ir the Lo
other one (canidial or male parenc) yielded a better
: harveat or spares.‘ Fertilizatlan was efrected by pouring .‘

' ) .-"". .




, =

‘.' \1’”““:"’}.
2 or 3 drops of conidial suspension in the protoperithecial ,
parent. All croases wsre kept _in an Ilncubator set at

b. Isolation of random spores.

Three to rour weeks after making the cross the
-: ature'spores.were shot out ,of thg peritheclia orito the
'walls of the tu;: ‘

With a wire shapcd 1nto a 100p the spores were
transrérred to a drop of sterile water on a block of
NS agar. They were. let to dry until they could.be picked '
‘up easlly with a tungsten dire needle, sharpengd in |
_molten sodium nitritg, under 35_x magnification. -Each
" spore waa.tranéferred'to a i,m1 élqpe'of'vegetétivé.medium.
Thé 1éolates wefe immediately.heatshocked in N
| a 60°C water bauh ror h5 mn to 1nduce germination~and xil;
any conidia-that happened to contaminate the medium. The;
were groiﬁjag 2556. | . . | Y -

Isolation of psci ' ‘ n

'The_ isolation of ascil das”started when spores

were first noticed to be present on the walls of the cross

s : > :
tubes. - —_— PR

. . Perithecrh were 186}3ted 1n a drop of sterile
water on a block of 4% Mgar and torn open, using two sharp
tungsten.nirp peed%es. " ,' . o - a




The olumpalaf asci'kere divided 1ntolgfoups of
"4 to 5 asci each and left to dry for & while. Then:
‘indlvidual.aséi we}e'dragged away by their base.
They were left to dry some more 'before picking
the spores up in order under 100 X magnirication with a
sharp tungsten wire needle and ;ransferred to ‘a 1 ml
slope of vegetative medium |
The tubes were stored at 25°C ror ten: days before
heatshocking for h5 mn in a -60°C water bath. _
Occaaionally a tube would ‘show . growth before
> heatshock todk place. -This_waa assqmed to‘be.?ue-to

. . : /
contamifiation by conidia and the tube was discarded.

. * .
) . : v

4. Isolation of prototrophs o g

L

-

C Two different methoda were used, one in crosses

-y

involving a Pan matation and one in’all other crosses.
For all croases except thosé involving Pan the-
tWo methods'gave similar reiults'and therefore the most

convenient one was chosen.

For. crosses involving Dan there was 2a signif’cant

S

difference in the data provided by the two methods. The

more.direct although someuhau 1ength1er method was thought_

-

to be more réliable in this case. o ;
P urossas not 1nwolv1n5 a Pan mutation.

About rour ueeks atter rertilization the spores

: uére transterred with a. loop to sterile 0.1% agar. “The

[ -
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+
”

solution was shaken on a’JBFf§x mixer for homogeneizatioﬁ.
Spdre.concentrafioﬁ was estimatéd by counting the spores
in one drop from a sterile Pasteur pipette.

| .when,phe solution coﬁtained 2,000 to 5#000'spores
cer ml (depending on Qroshes)faliqﬁots of 1 ml were

‘tranaferred each to flasks containihg 20 ml of sorbose

Pl i

minimai medium. ‘5
A dilution 1/100 of the, solution was done and
aliquots df 1 ml were transferred each to flasks of 20 ml

e sorbcse conplenented medium. .

v

e

mhe flasks were heatshocked 45 mn in a water
sath at 60°C then the suspensions were poured.into petri
dishes and left %o sclidify.

~—

rlates were scored. . ~. -

L . | S S~ . - .

- .Crosses involving a Pan mutatlon.

After :hree‘dajs'ﬁha colonies on both types of

Only the platea of sorboese minimal medium Were
sone. The procedure was' the same as stated akave.
After one day the percentage of germlinatlon WaS

=otalned b, counting 'hﬁuge"minaued spores an several

v

flelds under the ﬁicrcscope. TwC daJ s. latep the colenies

. 4
were ,scored. |
) ! kl B .
-~ If an 'solate of the colonies was des!red, each colony

,
ul

uas‘ﬁcr@tched with a wire and the wire 1n turn touched %o X

‘a 3small slope of the appropriate medium.

I i

_—t
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e. Tests for auxotrophic markers c o
‘ The cdlﬁureé wefe’inoculated onto the | ’
- appropriate §orbose-media in Pepfi plates. The plates
were scored 3 dﬁys after %noculgtlon. ' ; ‘

-
£}

»

£. Complementation tests . -
" The complemeﬁtation testé were carried.opt‘in
snall slopes of g1u~ose ‘medlur, minimal with zi;:ect to -

the arkers being tested. Two tubes were incoculated .
with eaqh stra{n to be tested. . One tube was then i

: u . !
in.culated with.a ccnidlal suspension of one tester and

the cther -tube with a conidial suspensidn of the other:
. L v, ’
tester, Tubes were scored 4 or 5 days after. The

L)

"tester stralns ;é@d were ar177186A, 2 17-13%a, 2-17-114A .

and 2-17-114a..

g. Ha‘*ng type tests L C N

ot

The mating type tests.were made in 3mall slopes-
zf‘appropriapedly suppiemented ‘sucrose.medlum. Eaef ,

straln'to test was inoculated onto two tubes. One was
' “ . % .

=, . _ ' v
then fnccllated with one tester and the other one with

the other tester. 6834 and DRa were used as testers. The

tures were scored ten Jdays later for presence or absence
of perfthecia. . . R .

¢

-

4. Irradlation of conidia Ly ultraviolet ravs ) g oy

- The ultraviolet sourqe.was a 4estlnbhouse tjpe k

33-3b sterilamp.’ The samples, plaéed~aboqt 50 cm from the
" N : .

v




‘o

et ]

. ‘*._:he platea were kept ror 3 days in rb;ouritj at

-on-a gortex mi;er two drops of it were put on a hemacyto-

.po“bose mediﬂm. L e . .

4 2R°C bf.-!'ore sporing themn ;@‘ : ._1 SR N §

Section IV._ Cglculaoipns S

lamp received ‘a dose of 10. 5 ﬁgs. mmT 4", Qperations

were done 1n darkness to prevent photoreactivanion.-

Conidia rrom the strain to be ‘tested were. ;haken

[

.1n °c a 2 ml of 0. lS agar. After homogenizing the su3pension

" R O
e,

. meter And'che co \dla counted under mdgnification b4 100
i'Ir uppropria*e the suspen&ion was diIuted ‘to obtaln a .~

':count or about 50, 000 conidla/m

This was further diluted th obtain 4. suspensions

¥

of dlrrerenr concentrationa ' 0 1 ml » of the suspensions

were poured each onto Petrl pla»es of supplqmented

\u
K

-

The platgs Nere ‘hen exposed with thvir lids‘;.

‘“rembvéd ‘to ult*aviolet light for difr ent lpngths of.

tiﬁe agcording o thn dilution used (times used were -16 mn,

L

i

'.TZ'Hn,_-u mn). The Iowest conren*ra:ion was used as: a_

b
con*rol and ‘was rot exposed to” ultraviole* 1ignt

’

-

[ " . —_— : C, ' g

Ll

B .
p « . Y o o " ) b .

s .'. The ..distarce between two markers ls glven by: =
T g e B 1000 L Ly
R - number of recombinanc random’ sporos ‘ b

| H = totgh numﬁer of’randdm sporﬂs,analjzed I
' .. ’ ’ o . . c-b
. ¢ ot ‘.:J_\ : :5’ [}
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If, in 5bme_crosses,fa differential germ;né&iod of the-

- markers 13 observed a correction factor can be used to
adjust the poorly gen@in&trng parental class:

“ \ . . . o
AN .
A\ o P, = Ry P,

. R,
P, -corrected'parental t}pe : , !

Py = number of spcres of the .other parental tjpe

sy
|

,-2 nUmber of recombinant spores aith >, marker under.
Qcon31gerat10n

. ] 1" . ) ‘l. ..:

R, = number of recombinant spores with P, marker under

o

+

¢on51§ebation.-ﬁ

1
H

The distance between a marketr and the censtromere. 1S: . e e
| I . <

4. sx100 0 hE
- 2 a

2 . . '
. N ' . ]
¥ '

N -

‘S = number of asci 5how1ng second d*vision segregapion for

N = total number of as¢1 analj*ed

When double crossing over #ere involved a borrgction‘was,
made and the distance was calculated from the formula: - L v o
(a-2b-c) x 105

-'U- .

. d ‘
L ’ H , PITe . .
_ . o _ R _ ! ,
a = number or_ﬁggi . with single or double crossing over
(:=number of agecl witb.twc;stband QQublé crossing“dvér .

¢ - number'of asct wifh-three-strand-%gggle crhﬁsing over
- -~ . - < ' ] . K s ¢ .
N = total number of ascl analyzed




Tﬁe‘standard error on the distance was calculéted‘from:'f
}

. S.E. _Vd. (100-4)

'y = total number of'ranqom spores or asci analyzed
In some cases the standard deviations were calculated,
using the formula:

b ' s, =\[Ee

5. N

.

d = devlatlon from the dé&n

N = number ‘of neasures»
wWhen inrerference Was looked at the coefficlent of

co*ncldepce was calculated

Coeff*cient of colncidenqe = obse?ved frequency

~

‘of simultaneous c¢rossing over 1n two linked rggdohs/etpécteg
}requénéy équéf ;J ﬂhe‘product of-single crossing over
| quenc es ln each region |

‘ The coefficlent shows what proportion of the
'coincidpﬁceg,ahiqp'qou}ﬁ haze happ@neq on pure chance
ﬂreally teok place. | | |

1 ©  negative fnter;e“ence

coerficicnt >
coefficient < ¥ : posiuive Anterre“ence
. coefficient = 1.  no 1nterference

To cdmpare crosses or. stralns or'"eolicaue expewinents, a

"

Gglfs'test for heterogeneity) was used (uokal:and Rohlf,

1969). - : . : .; ,




| . A O test was ppererredibecéuse 1t givés more ) >
exact probabilitiés than a X? test; Alth§Ugh 1t requires .
lengthier calculations it 1s more efficient and permits
 :cerua1n types of dntailed analysea which are 1mpossible
“with a X? test.
Let us“suppo;e we have set up a table (see Table
3) starting=from our data. )
de can calcﬁlate'GH as:’ : .-
F Gy = 2(a-b-ctd)
S _ :
b= XLnX+Y¥LnY
Ul 1
d.Q_T'ﬁn T
Degfees of freedom: d.f. = (C-1) (E-1}

Z = number of classes

L)

= number cf rep;icaté expefihénté
To teag the goodness of it to a hypothésis, the'followrﬁg
férﬁqla of the G tast was used:, N '

| 5= 20f% £y Ln £y - I £y Ln fy)
ry -m%bserved'v;lues o
iius expected vaiués
_Degreéﬁ_or {reedom: d.f._ = -1

Ll

C = nuabter af classes

[y

Thé critical values for the G tests. are 1ooked ﬁp in a table

ST & valués (ﬁchlf and Sokal, 1969 ).

'.??&} . ) | 3




' . ' - ' J f L
- ~ When comparing crosses or strains the data

*

of several replicate experiments were pooled-apﬁer it
_had been found that they were not significantly different.

'In some cases where a G test was not possible
P, T I L _
""(for example if one of the measures 1s 0, Ln 0 being ,

a

undetermined) 'a X?® test was used: - , .
" ' . - ‘ . - (

. Kz "'Ila (‘fi - fl)z : '
N .fi‘ . ' | . .

-

f{ = observed values

r, = expected values

-

Degrees of freedom = d.f. = (-l o o
- ' : L . ',

¢ = number of classes

The cr!tlcal,valueé‘were looked up in a taz}e'or ¥? .values.
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tlnvolving Rec-a are presented 1n table u

T o 3.-‘ T L e '
3 * By '
CHAPTER 3 .. . . Results . .
Sectioq I.JL;angé,gpéup ;' Sl
> ) o "
Crosses were set up uaing markers\ynown to be in the
regidn arrected by Hec-s, see: rigure 11.
I}“ ¢ a-‘. ) ‘ ‘ o
. ﬂ;t . ' -,'.‘ ‘ ﬁi§-2' ' hj;s_3 .ad—3ﬁ ) -ad-38 r";i‘c-,-z‘ .

.-

.

'?Igure 11¢ 'Refdﬁive positions'omehrkéﬁs‘uséd on linkage

. group ‘1. Distancea are not to: scale._ﬁ

"Rec-s haa been shown to be sisuated between his-z and

K d-} (uargmve and Threlkeld 1973)

A strain or N. crassa carrying his 2, ad 34,

<'nic-2 rec-c,'a (7&-YU-192~1) was crossed to a strain

carrylng: ad-i_, Rec-s,u_ (195-2&-7}.- |
k contral crosa was done usins strain T4- YU—192 l‘

and a strain having the maraébs ‘ad= 3B vec—c, A (195- 33- 5)

Both crosses uere studied by taking random
apores aaei and prototrophs (ror adenine lndependance)

Tne reaulta of the analysis of random spores rrom the cross

1_0! .




‘. 'I‘.éb'le—;.'.g'i-: B anal::rsis cf'."x"'andom Bpéréa. ‘ff.'dm cross 28

/

‘\.-\-

¢

Tn-yu-wz- X 1952807 L, .

‘his-2, ad 1_, nic-zr*rec c, 5," ad-3B, Rec-s A

/

. Number or spores 1aolated. 20h5 IR e

| Number of spores germinated 1595 - .3 3
°ercentage cr germlnation 77.98 . ;h. B .
. - o - P ,
Class ' j'. i . Gcnotxpc L - Number of spores
“?&nental'_, _"' ' 'h}s, ad;BA,’ﬁic_f. S -1595
ST éd.-?BB',: L. . t613
‘Reqombinant . his, ad,’+ - | . 189
o o '1)¥, ad}anicf o . 176 e
.':; | o ;-“c "f's}'sf_nici; | o 19
3 - L e
1o L ‘ O ro
or the data praaented 1n table h the 3 spores showing wiid
: phenotype wére rurther tested and round to be pseudowild
types. They will not be 1nc1uded Ln calculations of map1
distances. ‘ /l F"l. ; % -' rj,' L “q ' .iu | =

A GHVtept was donc and showcd that differences
between raciprocal classes were not significant. Thererore .
1t seems that there 15 nq prererential germination or any

particular marker and no correctipn factor had to be used




. 1 ot S i ~
- ‘ -\ g
: ) : ‘ 3T
. \ . “N .
§ . In ‘\Q\BZ way, ror each marker ﬁhe ratio‘ S
'g; yaa-nqt'signlfic \t1y different from 1; for his-2 A

d

1t was found Oy = 0:18-dnd for nic-2, GH- 0.076; with

Tm—

ives 0. 9 > P> 05. The distance

t

| _one degree or rreeqdm it
betueen his-2 and nic-? in presence of Rec-a 1s 2& 06 *
 1.07 map units.

\\ .

'Frbm,thé,dame crass, Ree-3 . x rec-c (cross 2?),

“ascl aere,iaola:ed. The results o? thelir analysis 13 in -

-

Tabie 5: Analystd.of asci from erdss .28 .

'.Humber of asci *solated 562_ ‘?27;' e

Humber of asci analyzed ‘269.

Percentage of germination (analyzed asci only) 76.6; ' ;f‘

' Ihéenvai '5_ Num@ér of siﬁkie;c:g;singjovéfﬁ - Map distance
-o;-his :,}f :' ‘ i  °'1:7 g : '1.3010.55 mﬁp units
-5--ns.c' " : o 135 | '25‘.0912,6ulraap units
his-nic e 128 0 23.79+2.60 m’a;:j units.
ad BA-ad—BB : - :‘12 _" 2.23&0,90‘map.un1fs

Crossing overs. between ad=3A and ad-38 are also included =~ - ¢

in the hisehicubggion;;f




A complementa:ion tést was done on the 12 asci
containihg a pair of ad spores;l The test confirmed that

“fchese asci were uhe result or a single crossing dver in

the region ad-}A - ad-}

One pair of double mutant spo"es was present in.

each of.them and there was a normal 4:4 ratio of the

T .

two alleles. .-
, | . .
Hone or the asci could have arisen from a

consersion at the site - of either ‘ad- 3A or ad-3B, such an

eevent would have produced an unequal ratio of the alleles
(6:2 or 5 3 ratio) in most cases. (about converslon

see chapter-h section Iv) o
| No double crossing overs were rourd. The
expected number or double cross ‘ng ouers in the réglon

.

" centromere - nic-afis 0.83..

"A mating type -est ~was done on some gf the ascl,

the results or 'which are'bresented"n table 6.
N The expected frequency ol double crossing over
in the 1nterva1,mt-gég:£ 1is calcula ed as 2. 208 x 10"

¥hich means that out of the 125 asci. analyzed 6.276 of
then are expected to show such a crossing aver. As'one
- was found the coeificient of coincidence is 3. 62. But

" the ssmple used here 1s too small to allow any conclusions

to be draun.a
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\ ' | -

In the interval mt-nic=2, the expected frequency .
of double crosaing ove{s 1s 4.0992 x 1072, or 5 124 asci
out or 125.. In fact phgre were 11 of them and the-
igﬁéficient of‘ﬁoincideﬁce is- 2.15, 1ndicating negative
chromosome 1nterfer;nce. ‘ '

| AG test/ﬁbr goodness of tic done on the data

for double crossing overs ;n mt-his-2 and mtsnic-2 gives:

G = 7.4750, d.f. = 2, 0.01 > P >.0.005
1ndicating a pignificant difference.

So, although the saﬁﬁies are small, ~ they
seem to indlcate ﬁﬁat a negative chromosome interference 1s
preséh;._ | ! | .
IE tgere is To- chnémapld interference the ratio
of nno—strand»éouble'érossing overs tq three-strand
double croasiﬂg overs to fourfstrandldoubié crossing overs
d'llbél&‘l."z | P ' - o
— Negative chromatid interference would produce

an excess or tuo-strand double ¢rossing overs while

positive chromatid interrerence would result in an excess

o+

of four~strand double crossing overs.

A G test ror goddness of fit was done on the
data)obtained for region mt-glg:g' ’ |
L G = 0.77g6, d.f. = ‘2, 0.9 > P> 0.5
qdicatea)that ‘the data do not depart

* signif qﬁtiy téom~theAe;pecﬁgd ratio of 1 bao-strand.

2 ihﬁéertrandE 1° four-strand ﬁouble crossing overs.
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Therefore no chromatid intérference seems to.

5 o v
. ‘ 1

‘be pre§ent.,}’ ’ | . . . . o .

- - .

, Crbss 28 was also studied by counting ad®

\
'

prototrophs. The distance between ad-3A and ad-3B can

thus be.calcﬁlated, as table 7 shows. .

1
. 4

° The replicate experiments were compared for

heterogeneftx by means sf a d test o
‘~761| dr - 6, 05>P>01

/

ﬁ25 mf the prototrophs were isolated and tested ror the

outaide markers h13-2 and .nic-2. Fo !

‘ 12 of them were . in fact pseudowild types, having ha

a wild pﬁenotxpe-sjpilar-to other spores found.in this
study previ?usly'whlph,‘ﬁrter tes;ing, were prbved t0"“
result from a non °*disjunction of chroﬁbsomés-rﬁther ‘than
fron a multiple recombination event.

The ﬂ13 remaining had the genotype + nic, .as
expected 1f they resulted from a single rgcombination
event between ad-3A and _g:;_ To distingulsh ad—BA‘mutanSSi
from ad-38 mutants a complementation test was done on the’ '

random spores isolated previousl; The results from. this

'test are: spown in tab}e 3. ‘ e . :

P

L ) ' s



 ;  1 ,;hé?
. ; . | -J
Table 8.. Gomplementation teat on random sporqs trom
" ' ross 2§ . , . "»- --,rrr" '

I

' CIagq_"‘ "‘:;?: }:-“'Qéhdtybéﬁ: o - Number of spores

[ Parental . . " hia. ad 3A wie 65 . -

Humber ot spores teated' 156 \uff?’c )
(Only the apores showing recombination between his ‘dnd |
nic were actually tested.h Others were assumed to haVe

"
-

the parental allale ) 1e; . 7.“1'”'.. o “F

P

e T

- [ -

. . . L . . .

" x_.“'. "‘g, _.‘ L. . u--."
ilr R ‘ . + ad-33h f. . - 59
 Regqmbinan€ ;..anw .hia, ad~3A S '
e ‘_;,3“vg.;ﬁ 8d-34, ;ni;ﬁ “e .13’
| his, ad- 33 4. .8
e *f~ 4 ad-3B ﬁyc 6

From -able ’8-‘the qistgnce between his-a and ad- A‘cén'

be calculated aa be;ng 13 HG + 2’73 map uni;a and the

'|7

distance betueén _d;3§ and n1c-2 as 7 05 + -2 OH map

':units, bgth meauured 1n presence of Rec—s..f o

_;fo}_,L A control ccoas homozygbUS ror rec-c, c%oss 33}'

|
uas set up and studied 1n—the aame pay as cross 28, o

"

”he data rrom che analysls of random spores 13 preaented_,,

in table 9.n_ : jﬁ;fii»jaﬂfifgﬁp”7?}.cj"f»{".'ﬂ 




LTl e ’
. o
’ o T
[ S
. [ 7
S -
. !

: Tablé'1§S]fhﬂhiysiﬁ.6ﬁffhﬁdom spores from . cross 33

7u-ru-192- X
his- .ad-l;, nic 25 rec-c, a

: 7'- 'u“‘w-\-"'. ¥ .
Number*or-spo*ea isolatdd¥-ﬁ97ﬁyf‘?

Number or spores germinated- .715'

'°Percentagg/0f germinacion'- 79 57

'Class ':'3.‘\\' Qenptype--

195-33-5
4d>38,

rec-c, A
ﬁh

' e
Number of spores

"

.. Parental = = his, ad~3A n1c

e e, ad- 35 #
)Y U '
. Recombinant - 'his, ad,

Cay ad ﬁic'

. N

367
376

14

18

Lo

*.

signxricant ditterenqes—betweenvthe aizes~of the reciprocal
classes and no difrerential germination or the markers. |

_ The distance between h{s-z and nig_a 13 " 13

0 71 map unica wheq ng:g‘is abseht rrom a- cross. |

'5{‘,‘ Asci from cross 33 were 1solated and’ the: results

j of tHeir analysis are in table 10.

T

“

_—
)

N

.
.

e~

In this crbss, as in crosa 28 there 13

i

\
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Table. 10: Andlysis of asci from. cross 33

.Humber or asci 1aolat%d 59" l ; : . o o ‘," .
Number of asci analyzed._ 15  : o -‘_ | ' L
?ercentage ‘of germination (analyzed asci only) 88.33
' Number of single . .

“Interval. - T au.L@rossfﬁg overs N - Map distence

P
)

)
- [}

-o=--his ! . c ‘ 0.
—o--nic @  BEEREET § T 7.33 + 3.01 map units
. Bls-nig . 1r . 7.33% 3.01°map units S

ad-3A-dd-3B -, . . 1. . 0.67 ¥ 0.94 map units

;Crossins overs in ad~3A -lad-i_ are also‘ihbluded ih

his-nic;. Ho double c?bssing overs were round and this 13 .
:expected 1n view or what was seen 1n crosa 28 - ;j'! MR
. i s

The disbance between 3 A and ad-gB was | ;

measured with -more accuracJ by counting ad prototrophs,

-as shown in cable 11._.~_,/’

(Y . . * . .
) s L - . . . -. . e - 3
-L.
: 3 .
BYH o
' *
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PR comp&rison or the rébi;céte”expefimenné bj -
'menns of a GH test 31vea°' ' "P: L
f—h [Ljﬁ','-*,- 5 121 d, r.,- ‘6, ©. 9 > P> 0.5
102 prototropha 1salated and tested ror their outside
'._markers were round to be + nic.' Thia can’ best be explained
_ as the result or a aingle recombination evenc between
"_d;:c_and_d_-_s_ |

No pseudowild types were round 1n contrast i.;

R

- with what waq aeen 1n crosa 28

A complementation teat: was done on the random

spores 1361ated erm cross 33 and 1ts results are in tabla lp .

*Tabléflé:* Compidﬁéhtdtldn testudd éandom spdieS‘lrom drosskgg'

T

-Number of’ spores tested-l'332

:(Only apores recombinant for the outside markers were . - "
) ! LI
' ‘actually-tested,-gOthers uere,asaumedhtq be of paggptal .

a

genotype ) ' : . ‘ L | _
o Claas o ' __f3 ilﬁeqbtypé- - .. Number-of spores

™

Parental. s . His, - ad -3, nic o © 7158
| ", 4, 8d-38, + .l . 165
Recombinant * . N hfs,ad-Q; + |
| B Y ad‘BA ni¢ ';*'_ i3
. ‘h1s, ad—BB J . o

e e aawa, nic. . SN A
) . 3 SRR PR :
.”. Ay i ' ' ' '
. oo . [
Lo i -! A -
' ..ll' e ’

[ L




e IR T PRI S
. g thas : hg Y
L] . . ‘ ,‘.-' , s . ‘l -‘.
”, ;' From tpgsg datd the distance his-z-ad 3A 13 -

h'l'o 904 '+ .0, 52 map’ units and the: distance ad-3a - nic-z.'
1s 1. 808 + 0 73 map units. A croas uaing the markers
A ad-3B and his-a, in presence of" Rec-s, was done ., -Ihe'"“\

pesqltsrrnqm thia_qroasyare pnﬁaqnted in table 13. o o

LT

S , - ) - : .
‘Table Lj:“*?rotobroph»rrequency from cross 57 . L
19§gaar7 Cex oastT e
‘ad-38, Rec-s,,& i““if'ff~ ;f his-3, rec-c, a

number of "cihﬁéfhge.:fiu_ ‘ B . ::". - | o
‘coIoniea on - number Y S ; kv;raée j - "Averaggg
completg L colcnies on B dilutipn percentage _" ' map*disﬁancer

fedium’ . ad lens medium factor " of prototrophs 1in mapiﬁnits
- - N . o

’ . a .
L . N . ) - A
' - B . . ' -

/100 .37 B.TH+0.93

L}

This distance betueen ad—j and his 3, measured - . ..

in the presence of Hec-s, can be compareq to\t e.similar

l

'disbance mbasured 1n the absence or Rec-s. Cr

J? as a control cross, comporting ehe same ma kers as cross

57 but homozysoua ror rec-c.',.ﬁ.

nﬁ?‘",7a5{ - The results or the: study of cross 11& are 1n
»ables b and 15 Mf{_;,“j E'f Lo e




'Table;lk Prototroph frequen g 1n cross 114

2—17-11“

ad;3B, Drec-c,-;

-Average :

number br '; Average
colonies on number of
complgte . colonies on )

medium = ad less medium ractor |
. ‘ : S ) JT"".‘ "

.

diluation. percentage
i -
"‘of=prototpophs

, 'h;ﬁfi@‘reé;C}“g

Average

>

Auerage: :

maﬁ.dIStance"

38

L

.‘}"

© 0.0654 40,086

Table 15: .Ahéiyﬁia'bf'raﬁdéﬁlsﬁdréﬁ fromfcrqss 114

m‘ f

Wumber oﬂ-apores 1aolated.\‘
Wumber\of apores germinated

-?ercencage of aermin&tion'

Y
L
[
4 ]
[+ ]

568_'_ L
us"?
| 76 ao

1.Gendtjpe-,

_ Number ‘of-spores

‘Parental

—‘ +, .Ia'd" -

229"

1235

Recombingnt;-g5q,' ghi§; éﬂl 2.
et .

.Ln'map ﬁn1ts

4




The data trom table 15 gives the disbance Fetueen
h 13-3 and ad-} ln abaencc-Of Rec-s, a;'pqlng,r
. 0. 6“2-&0 369 map unibs.~;.j__,;5'”~ nrgf;‘%‘_ i o L

1 . . A

L-4

: ‘_,' A eompnrison of; the maﬁtdistances found can' ’ ‘.;:
".be seen 1n table 16 The~map distq'ces 1n presence of 7'.u .
‘. ..Rec—a, in- éﬁbence of Rec—s and the. etrect on map dismances ///

,jdue to Rec-sz are 111ustrated respectively 1n fisures 12,

.‘- . ‘ X .

13 and 11: S
| ) N .
) . From table 16 Lt is seen that in all the 1ntervals
‘, studied there is 3 signiricant dirference between a crosi: - . -
fﬁ_involving Rec-s and a cross uithout 1t. -;w-“; T -a_' RN
The maximum efrect of Rec-s is found between _

L4

'n“ d-3 and d-§ The menetic nistance between these markers:.'

-13 verv smallg 1n absence or Rec-a.s The neXt hisher

Li’increases 1n recOﬁbinat&on rrequency are between his-zli-
@nd du}& and betueen 13-3 &nd d;g

Kention must be made here ‘of ‘the unexpected high ° R

B o

,‘:

_number of pseudonild'type ascospores round.in cross 28

‘~(his-2 adei_, nicyz, rec-c,,a x d—3 Rec-s, A)

Paeudo wild types tér 11nkage group I are relativel;ﬁ
. S

‘rare becauae or che presence o the mating type, acting




uith aborted sporea (Host of these asci mere not used- 1n
calculations foradirrerent reasons, one or them being
thgb only aaci having at least 5 germinated spores

' were used ). o |

In cross 33 (h15-2 ad 3A, n1c-2, rec-c, a X

-

adfjg, rec-¢, A) no pseudo Tild types were @ound..

ol X’ teat (a G test cannot be uaed ‘as ‘it. is

1mpossib1e to célculate Lno) 1ndicates Qhat the’ dirrerence . VJ‘ .

tn‘the occurence of pseudo w;ld types btheen the two

1. P
-

crosses 13 signiflcant. 3“ T L
Por the. random spores x’ - 2, 632“ d £. =1, 0.5 > P> 0.1
?or the a ci '.~"-'; X% =3, 7877 d. r. = 1 0. 05> P > 0.025

n
. w

Por the proto:ropns ;_x? -y, 0239, d. f. -»1; 0.05> 2> 0. 925
ggg:g could cause the non. disJunction or the chromosomes
at meiosis to ha;;en with an 1gcreased frequency |
doweven thia has yet to be verified for ‘other linkage groups

| than linkage group I.:-. .‘ I -'.‘}'“' | P
L . ‘Pour of Rhe pgeudo wild types¢f?om cross 28,

-

two rrom random spores*&ﬁd_nug_gggg~gfc1,ﬁj:re analjzed in
. some detail CGnidLaI isolates were taken from each of

them ‘and tested for their blochemical requirements

PUT 1'gave’ 12 ++4 contdia, 12 + ad+and 1 ++ nic.

PWT 2 yielded 16 e &nd 9 +- ad-fconidia.; h g

waaaproduced B 4++, 3.hts ad nlc and 13 4+ nic conidla.

?wT 4 gave 11 $ee, 94 ad4ran3 3 + ad nic conidia. S Rt
The pseudé wild types were allowed to self; all , et

. L




four of them bpoduqqd pefithécia but thede.éontalnéd

~very few spores. . °
- The pseudo 'wild typea were crossed to bester -
. - o
strains or each mating type; 1n each case a pseudo wild . 7~ '
type gave perithecia 2""'It:h bpth testers bu; spores witn
only one ot them, perithecia rrom the other cross . o

'concained very few ripe spores.

9HT2 and PWT . 3 gave spores wWith tesber a,

°iT 1 and PHT ‘4§, with tester A.

»

Por all pseudo wild types vegetative growth co

was slower than ror euploid strains.

T

SummaryadT-results-rromfsection“31.

]

: . ;o ~ :
' .. When Rec-s is presentlin a cross there 1s an

incréaae ln the recombination rfequendies between thgl

cehtromere and'n1c42‘oﬁ linkage group I. This increase
. ‘

1z not unlrorm akong this region. . oo

> I

“The cross 1nvolv1ng Rec—s produces pseudo wild

‘types with.an 1ncreased frequéncy. R




~a51a 16: Comparison of map distances between Rec-s x recle crossfs

and rec-¢ X rec-c crosses. . ~
. Interval with Rec-s Qi_t.hout Rec-s Increase G d.f. P
-l-~-.°-‘ 18.‘“0. l ' - - - ’ -
wongs-2 23,60 - - ,".[‘- -
- .. I ' ’
=tenic-2 37.60 - . - - _}-
-:--his-2 . 1.25 <0.2° x>6.25 - - -
~i--hic~2 '25.09 . 7.33.°  .x3.42  105.54 1
‘ts-2-nlet2 . 21.55 5.73 x3.76 245.9 1.
ta-7-ad-3a  13.46 0.904 x14.89 ~ 33.88° 1
! ‘ ) ' ce e
21-3A-2d-18 4.78 0.230 x20.61  gau.1u _1
-3B-nfe-2 - 7.05 1.808 x3.90 7.96. 1
tte-3-ad-38  8.74. 0.648 x13.49 ~213.47 1
‘ ’ ' i '
Prom Newcombe., 1969 o _
. | i N

-




g | 54 ‘
'
m o his-2 his-3  ad-3A ad-38. rmic-2
T18.0. Cil.25 - - T 7.05
¢ 23.60 —> &— 21.55 7 >
¢ N T — — 37.60 > |
R — 25.09 — >
G 13,46 —_>

Figure: 12: . #ap

4

distances on linkage group I when Rec-s 1s present

+d
ot

. his-2 his-3 . ad-3A 8d-38 nfc-2
<0.2 o . 0.23 7 1.808
E 5.73. —
C & 7.33 - , >
) . ¢ 0.904 > |
: | Y €——o.eu8 ——> " o,
-.-Figure 13: Map distances on linkage group‘I when Rec-=3 1is abéent
, o ) e ¢ ‘ !
B : L
at - ""his=2 - his-3 ad-3A ad-3B alg-2
v x>o.25 - ~ x20.61  x3.90 - .
& - x3.76 —> |
& A ‘ _x3.h2 >
S e xi4.89
N e & %1349 >
Figure li:  Increases in map distances due to the presence of Rec-s
. e | T
Distances -are not to scale.



Section II. Linkage group VI

Some pfevioua works“(Newcombe; 1969) seemed tﬁl
1ndicatq that~;here~mightﬁbe an 1ﬁ¢rease in recombinatiqn
rpequency.in thefcebtfomere pfoxiﬁal-region ﬁf linkége
;group'VI wheﬂ'égg:ilis presént- Thia possibility Was -y
Iooked at by comparing the recombination frequencies between
gan-?(g' and pan- S§ in the presence and in the absence

orq&cs. o
A strain uith the markebs;adAS pan-2(3)

Rec-s, A (strain 01198A3 u) was crossed to a strailn

adll, an-2(5), rec-c, a (5train ﬂ67) The control cross
a N .
used a strain tryp~2, jlp—l; ggn-2(3), rec- c, A (straln

469) and strain 467.

The results for botn crOsses are presented in

tables 17 and 18.

g




table 17: Prototioph Prequéncies,trom crogs 98° .
' E ' N : '

C1198A3-4 x 467 o ¥

\

3d-5, pan-2(3), Rec-s, A ;_. 'fad-l;lpan;z(S), rec-c,.g

e ’

Average ‘number of average number avérage p¥rcentage averagé map

ge%minated spores of colonies'-l fof'pan_ _ o . distance -in .
.per plate _ _"perhblaée - | ppototroﬁhé ‘ .: _ map units
- . . L q ‘
¢ e S . . . o i
10,150.50 - 60.6 : -'q.597 . g 1%199\: 0.107
1,932.56 © - 180 0356 . 0,712 3013
2,949:94. 21.7 - 0,738 1.476 £ 0.221
1,600.00 - 13.0 ) 0.813- . * 1.626 + 0.315
293.02 1.2 T p.kog ~0.818 + 0.525
. : .

L3

A heyerogeneitj GH test on the values from these replicate

ayxperiments . gives
?

G;= 6.6, d.T. '-.u,o'5>P>01
The average distance between Ean-z(i and gan-z(S) 1n presence

of Rec-s, calculated frod the data in table 19, is 1.Q16ﬁ

]

'+ 0.07B¢map unlts. B o - . _ .

U’\_ w

e




e e S U,
‘Table ;8 ProtobrOph rrequencies rrpm cross 69 R 3 ,;* |
~ . ~Lﬂ'g.‘,¢ S . ‘ :
_ # #69 ‘ hf-'x-;ﬂ' ' 'jdsv o B .
» ' 'o‘u: " ' ’ ‘,. . o . . . '

erp-E ylo-l pan-zcl_ iﬁéﬁ&ifﬁf'-faa:}}ﬂpan-zfﬁ);'vec-c; a J

xﬁverase number of average number*javer&ge percentage -, aqerage map
4 [ A ) ’ ¢ .h" '." -'l _‘{ H
 berm1nated spores ot coloniea ~ of pan..: ¢ distance 1w :
| 5 '_.. ; B . . | . - . ....'.‘ . . ol
. per plqtg‘l‘ per plage .. prototrophs/ ‘ " map unitsf

T 7 . g -
R A L t, r N ; :
i . P . : . . .

LSS T 5 SO 03T 0,878 + 0,226
1,264,880 3.0°% 0 0.2334 .. 0.466 0?190
1,256.38 ,'5'61”f.511 T osdws T 0,890 0,265

1.256138 > W2 0.33 .. l0.668% 0.229

I+

-+

!.

'+

0.160

1.971:?3'_1, s 2.8 ‘;f1j; o 190 ° o 0.380 4.
. e .
v . .‘.~i o b' P \ ‘ ' . R v
A;?H test tor heterogenelty ngueen tne replicate experinents
givest Gus'. 2,46 Q. R 09 50,87 . |
- ‘ - A S

'J-,;i}: ;5‘ ?rom table 18 the average dfstance between the, v 7

'*an—  allelea used 13 0 656H + 0, 096 man units 1n the'absence

of Pec-d . n GH test was done to compare the two sets of

"data'f]}y-f_ N 6 33 d r =, L0, 01 P > 01005 D

be diﬁ!erenge round betuﬁen the rec = x rec (4 cfcss and the

o

rec-c x Rec—s cross 1a signiricant._u Rec-§ appears to. have

- an: eftect dh tho recombinatiogbfrequency hetween g___gg;l o R

l

e

and Ean-2{§ 1n linkage group VI-.' 5.,. S f‘ ) ﬁ-..,}pﬁ
The 1hdrease uhen Rec—s 13 present 1s x O. 61 - L

) .
o> @
. A - - i
. . T . \
. g .
. 2. e )
co ) L.
o v S P <
. : A



- -
L R

ITThis is very small and in no way -éﬁmparduiéiip-ﬁhat has

4

been round ror 1inkage gpoup I. g“‘.vt:._ . 4:

| L The g_g:g prototrophs were not tested and there
is no way to 3ay ir the increase s due to recodbination
‘between the g__:g alleles or if, as was seen in linkage

.group I there has been an increase in the tnequency

or paeudo wild types

-

Ir Rec-s pxodubed 5y general ihcrease in non‘
disjungtion or the chromosomes at meiosis when it is
present 1n & cross, a high rrequency of pseuab wild types.'

‘:should be fauhd ror all the linkage gvoups,-'ij“ '_1

' Summary of reaults from section BII
—,-- ST B

There is a\small but significant increase of .

: gan- p"btotrophs in a cross uben Rec-s is present T

-

o

_ Séct.i‘oif!,'*III .z.gz-adi’g;i}:h;\\i_t_b ﬁ;trgviqlerz- _ii’ght

Br'S

Two 5trains ‘were conpared ror their percentages-
.J

.
of survival arter irradiationr 3nrain 195-28 7 (ad 33

Rec-s, A) and strain 195-33 5 (ad 33 rec- c, A) * The

o results\are presented 1n tables 19 and 20.

A graph tor each replicate experiment i1y seen

L]
il

in rigures 15 and 16 The very variable and sometimas

"high standard deviations (shown 1n tables 19 and 20)
-]

i
'_made a: ;horough statistical annl;sis unre}iable.

KIS

v i LN} eorre T H " v R - . . I‘ . . -
By T T T g g T T
. et ! : - Ve H ’ I




However, by looking at figures 15 and 16 one f;'

: can suapect that ihcﬁg might not be any signiricant

b’

dirrcrenceﬂbebween the behaviors of the two atrains | _ !
This is even more evidcnc when oneflooks at table 21 and

f!gure 17..,: L L |

o One of the experiments with strain 195-28-7 ) “}'
(experiment l) givea unlikely résults (112 SS survival 13

one of. the meaSuren) . This was thought to be due to a

p mlstake durlng manipulation. &Iuprnative calcalations,
éxcluding this, expertment are provided in table 21 and‘

figure 17 | '\w R ? '._, S

Thefé k? variations between replicate experiments.
One reason for this could be- either an 1nhib1tion or a~ |
rocs fbedlnéviqyntrophy) E*rect or conidia upon uh
neighbops nhen the density of conidia on: a plate is high
a cdnid¢um auld release In the nedium compounds nhicﬁ
would eithe“ lnﬁibit the growth or other conidia, or BeJ - :?

i usnd ns a substrate by*conidia unable to sxnthetizg'this

i

par*icular compound. ;;"

In.these cases eithe" ‘a negative correlaﬁ*on or’
a posit've correlabion would be found betueen the number .

nf coﬂidia on & plate nnd >.he *ercent ge.ol survival

LI

h uoweVer ‘the:- dssa.pres“nted here do not show any such

correlation.jfﬁ?w 2
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."Tablé iQd:.'éuﬁviQal;to'uv'eradiatibn of Qtfain 195-28-7
.l g A . . . . N N ]

"-‘,‘ld'mnhiiﬁosuée " to'‘radiation

Average number of  dilution '~ Percentage standard

colonles per plate = factor .~ of survival deviation . B

Caskz o o1 2.9 . 20002
| 1211.9' 1 i‘o,".'s'--__. © 33.87 .
L ea2 e 63 R
82.8° I EETI U U
}_1§u;7_- "51 ‘ 'Iu,z?‘”a v 20.5f_' 
T : “ _ | -
T I ‘
' ?abiéf19b: wSurvaé{ tp“uQ-iﬁ?aﬁigfion"dt sFraih 195-28-7 .
| .L“ 12_mn:gx§6sure-'1éo rédi&tion‘ - ' e

-,Aberaggﬂnﬁmbéf of ,'diluELQn‘-LRercen;age ,-sgahdapd\

4

-

tplonies1§éffgiaség "fac;or‘_ _of sdrvi&a} - deviation

'
[

1760 - 1100 L 2nS |
2 er2r - e ooara o\ 267 -

-

12.58

39.6 . 1710 ~ 32,57 w02 e

s2.4 . . T15c 385 985 T
Ci08.7 . . /5. o w9+ 11.25 :
R TR AR .
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.able 19d Survival to uv’ 1rrad1ation or strain 195- 28 7

.‘!,'

h mn exposure; to radiation

Avtrage‘hndbez 6f--_'dilunion"uPercehtage‘ Standard
L . L ) . . . e R 1 )
‘ colonies per plate . factor of survival - deviation . *

o

68.4 ui ' *a-fixioo 25 -‘l .22
B0 . oa/s6 . eBLS 6.
B X SRS V- S i , f?u6[ . 9.90 T -
'57,u,<”",-“,:?1/10.- L59.T 3.2 - . J
L S66w T 110 o832l 185 . 3
8.3 .- 1107 728 7 6.2 -

« . “" .. ]

‘| -

©duple 19d:  Suprvivil to uy. 1r"adiation of s*rain 195- 28.7"

Z. u.*',id mn'éxpds&bg to radiation
': ’ e v L o «’ .

Average nunber of ;rdflpiibpw.‘ﬁercentage f ‘St§3dgrd
colonies per plate‘.ifaﬁ:bg t--'of-sgryiv§1. 'déV1at1on ‘

N
.:‘\].'
3

6.4 " 1171000 100 209

0.6 71250, L A
1200 0 1/100 - Lo 100 T 595 *
136, 0 ‘.5'1,450: PRTEUE I BLC

225 .- wse .. 100 7 L70
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rasle'zoa. Survival or uv irradiation of strain L95 33 5

’?_?T J& mn exposu"e to radiation _ ; L Lo
Average nimber of . glluttbn-' Percentdge  Standard.
colonies per.plggé" . rthpn :: or survival deviation

e

"106.6

169.8
= ;243;0-
%15

RFER

1.1 . 5.08
B cara
| ‘15.1j 14,55

H o e e
0
o

{
,,a .

Table 20%: Survivai to uy- 1rrad1ation or strain’ 195 33 -5 -,

* . '

e
-

12 mn exposure _ %0 radi&tion : ] "! .
I . ™ ' e T L ’

. A?e"age numuer of °  ~dilution “ercentage ~ Standard

bolonles per plate‘ factor or survival deviation -

1056 - 10 C.13.6 1558 0

:8ﬂ.8° D SV, AN ) O3 . 8.56
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Table 20c" Surviva} o uv 1rradiation or strain 195-33 -5 " ,
| u~mn eXposure B to radiation ; | !
. ) - -_L-”. .., .‘ o e '. . e . ! . _ ‘
Averdgg numberuof”'”.diiﬁtioh VPercentgae . §pandard
colontes pérfplhte ' racﬁar flﬂofjgurvival “deviqﬁion‘ |
719.8.- 1/50_.f',f3’5i,h T 8.06 .
©'61.2 a0 62 6.8y - LT
190.6 . 110 - 73.9 | 19.63
12206 0 T oi/100 ¢ 73.6. 1 15.80
5.6 . iz10 = - 700 1.85
: . - %
E o | h
Table 20d: Surviv&l to uv 1rbadiac1on of stra*n 199 33-2
' l‘ N -, N i n
- o 0 mn exposure 3 rad;atiqn . '
Average nmeeﬁfbrzi-'dilution Percentage. Standard
- cbibniék-ﬁer!p&éte;._ﬁacbor" of aurvival de:iation
310 . azzso L f1060 L 7.137
CLo S SO :
19.6 -« w50 100 5.24
51,6 - 1750 .. .10 - 6.71 :
8,0 e W20 - v 100 . 2.19 -
| ! -“-‘ : . - -
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dTéble 21{. Average percent&ge of survival 16 ultraviolet

-y A}

‘Iradlation,or atrains 195 28 ? and 195- 33 5.

" Length of exposure . 195-28-7 .. ';95-2317 .~ 1952335
| to uv --'. “ﬂ'_inciudﬁhg ept;'lr.exclud;ng expt;‘l'
L CT 1 _

A . . e
. o -

~
.Y 16w . 9.95 ¢ - 932 ) . 10.70
" 12wn . - 32 . 3720 7 27.40
. _ . e . ',‘ : ot ‘.- ‘_',. . “ -
fen 0 0257380 .
0'mn . 190,00 7 100.00 100,00
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"The présence of Rec-3. does not affect the uv
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7fgure 16: Survival to uv irradiation of strain 195-33-5 !
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CHAPTER q : ‘ Discussion
Section I: Effect of Rec-s

_;’ It has been found, as reported in chapter 3,
that Rec-s seems to afrect the - rqgion between the. .
centromere and gig_g on linkage group I, and pan-2
on linkage group VI. | o

On linkage group I the h‘ghest increase in
Tecombination frequencj, ; 20-ﬁold increase, 1s seen
between gg:}_ and 'ad-38. This distance measured in
preéencaﬁbr ggg:g.happens .;0 be very small {0.230 .
magp units) | | .

‘ ) The next highe" increases in recombination

frequencies are between hisr2 and _g;lﬁ'and between Qiili_

and ad—}Bj both distances, when Rec-s 1s absent,rafe

" small, although not as much as ad-3A - ad-=33 (0,304
\map units and 0:648 map units respectively.). . ,

“Then . the effect of Rec-s sharply decreases %o
0 ® N 0
give only a H4-fold lncrease for lexample {n 2d-38 - ' "
nic-2

Therefore it could te that 1he smaller <he
' | B . .

dAlstance between the markers, the higher 1s the effect
. ‘5 . . ,

"of Rec-9.

PAY
s 3]




But it must also be rehembered that Rec-g2

"~

is a;buated'in ad-3A - -38, where the maximum effect
of Rec-8 1is seen, and’ Rec 51 is 1n his-2'- nis-3,

according to Hargrave (1971) o

From her work Hargrave '(19?1i also
conc/ludes that' Fec-sZ 13 more ‘efficient than Rec-sl'.. G

‘The -effect ;n the reglon cen;romeie-ad-}ﬁ wquld be

due to Rec s1 while Rec-s?2 would affect ad-3A - ad-3B

and a d-3 - nie-2.
P ’ [
The present study = supports these conclusions.

’

Qn.link;ge 3rdup VI the'data éresentgd‘in chapter 3 are
A4n favor of a significant'increase of recombination

. frequency dus to 35323 1n the geﬁelggﬂlg. However ~ thls
increase 13 very small fgbm 0.6564 ,mﬁp‘ynits to .
"1.0764 map units,,on1?1a 0.61 fold imecrease. This 1s 1n
no way cémparable to ;what has been found for
Iihkége.group I. '

...?rev;005 studies on linkage group VI regorted
that égg:g ¢1d not significantly increaselre;ombination
’requeﬁcie; (Ferrarb,'197ll. The results. f{rom
different types of crosses are Shqwq in - table 2.

Rerraro only looked at recombination betwzen -

gdnes, not betwsen alleles.
i ‘ ' '
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MT S If as séen 1n the present study for linkage )

group g, the)@Pfect of Rec 8" 13 more’marked between |

s alleles or very closély linked genes, the increase on n- ". T
“linkage group VI could be so slight as to be unpé&eeived

except 1n interallelic recombin&tion._ Indeed dven . -

e LR o : : -

* 3 there 1t ts very small as' mentloned berore.'

0

:\The presence or another Rec-s 1ike* factor,

T $

coming from ﬂi,sitoghilg; on linkage group \£9 1s not -

likely to be tﬁe explanation. thip Rec S strains were

construcced by selection on linxag group ‘I only and 15.
) .‘I‘ ‘_‘ ..

15 righlj i robable that a certain factor on linkage
'~J
group ?I would consistantly,segregate with Rectg after

a.

a nqmbeneaf backcrosses to N 7cra

.-n . : L
_ . ‘ ,‘J

could hav ~been dntroduced by chance from one of the .
3"4<3. cras¥a st“ains uaeq 1n,the ancestry of st"ain CIIGBAB b,
ST - -

v c.
A .

'“:Q,ﬂstrain k69 which has a.dif’erent origin

fIt seemsathat Rec-s could arrect'pnar_
e RS
'between very closely gynked markers

(ad-} and g an-2 presémtlj) - ' :‘fn;f
' *afﬁ;cﬂed’%egions.._;, f“?ﬁ‘;_.‘- e
i 3

‘Eeral f;*”:croases using markers sudh N




o, De Serres (1960) reports rinding one °

' pséudo wild type spore 1n 16 339 spores for- ‘erosses

| involving an<_g:3_ strain . o£‘7hA‘background 'and one; < .5
1n 5,f256 with -an _g:ig*etrain of another origin o |

_The d—3 strain was the same 1in all the crosses. -e

Lo

The d-} atrain 'used in this study

being also the eame 1n ‘bath- Rec -3 X rec-e and rec-c x

N t—f

fggg:g -crosses, any difference between the crosses

must be attributable ta the gg;lg strains Both of
'“Jghese,Q 195-28 7 and 195-33 5, originatid-from a, cross
30JA 5. x 0162 RSLR.:; .*?'5-' . ?y- S

7

sitoghiia X

)

L~

';f 5 30JA 5" came°from a hybrid N.

J..crassa backcrossed five ﬁimes to N. crassa n‘(350.1‘66?' o '71;
— 1 —===Z - P
,c1§2«n613 has ror ancestors ORAI 1, chc5667 and 2-17- 11u

o

lthis 1ast having been inducedﬂdn 0R7hA R
, 3 . .
Therefore the ad~3 strains used here can be |

considered as being of 1un origin and are‘expected to
‘:jield one pgeudo wiId type per 16 339 spores. ; ‘
o The Rec-s strainrgave 12 pseudo xild types. ;f  :' :

}<'out of “25«pr6totrophs, or. l? 932 spores.‘ e Cy
: o " . o e
e'; ”[‘ A ?oiéson dustribution was used to. calculate "

the frequency af bhis event happening aﬂd a G test for>

}

1i goodness of fit to test 135 significance . ‘u- e
c . u 9682, 4. = 1, 10, 0575 5 > o 025

'fu{”” It seems then"hat strain 195 28 T produces‘- oo Ay
[N

. ,' _.w;'-,,‘\ t T o “r-u LT g

more pseudo wild tjpE" than 13 expected and more than




_straln, 19543345 U Both strains have the same origin and .
] o

.dirfer only 1n thq Rec—s reglon

Pseudo wild types tor linkage group I would

v

 be expected tu be self rertile and to cross with strains -~ -

of either mating bype, as they presumably contain both

alleles of the mating type . ‘ ¢ r, - : ) .

'.i

0

: Squ pse\do wild type spores were found but

it was seen that 1n\ract they are truly fertile with only °
one mating tyﬂe.. Crosses wgth the other mating type ‘and |
.selring produce uerixhecia containing very few ripedspores :
(Gross, 1952 Martin, 1959 Newmeyer, 1970) Self
. Zreruilitj 1s lost after two or three subcultures _ _
(Harmin, 1959f\e It has been shown thab the disomic nuclei

v . a

of pseudo .wil& types break down and conidia of parental
tjpes are recovered eome mitotic recomb*nants can’ also ,
«‘be Found (Michell Pitgquer and Mitchell 1952) _The._
e;our psebdo wlld t;pes scudied in this work (see Chapter
71 behaved as: expected. _' -

| ' The vqry ‘small. 1ncrease in g;_‘ spores seen 'in |

”the pan-2(3) x pan-z(S) cross when Rec-sqﬁe presenu

could be due tc.twd phenomena.f an increase 1n

' reconbinacion 1n the gan- gene an 1ncrease of-non

dlsjunction'or the homologous:chromOSOmes at meiosis,,

-uproducing pseudo wild types- or an 1ncrease or both

'“?pes or eventa, .aa uas round rﬁr““linkage sroup I.‘.

ST e
g o '



r

' HoweVer because the erfect'cn linkage
group VI was so small it conld be, for example, an
Anprease 1n the frequency of pseudo wild typés alcne,
without 1ncrease 1n recombination frequency
The recombination Irequency on linkage group

I Qas 1ncreased rour Lo twenty fold depending on ‘the

" -

'_markers, while on 11nkage group VI there was only a

10.61 fold 1ncrease. Other linkage groups should be
tested for peeudo wild type frequency It might be found.

r:that when_ggg;g is present in a cross there s a general

1ncrease in pseuda wild type rrequency, for all 11nkage

groups, but an 1ncrease in recombination frequencj qnlj

“n

in a speciric region, on linkage group I.

2
i,

: JSeEtion-IIe"Héde of'ection'of‘ﬁgc-s-

PO

Several modelé for the nechanism of action of
Rec-s have been nroposed but none of them 15 entirelj

satisfactory to explain all the facts kncwn about this
'factor, - .5*. ; N U

»

"A‘"desynaptic model" was prOpoaed by Ferraro

.'(1?11)-' It is shbwn 1n figure 18. In this model Rec -5

. ) .
, Iimits the desypapsis_berxeen - the’ homologcus chrqmosomes
at meiosie‘sc that recombination Has more time to take

. place.. e St R -

i
.a -
N
-
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'In‘rec'é‘i‘reé-C'crOSse5f separation of the .

i"‘
homoioéﬁbe starts before recombination has ceased bhus

- .

-

~1nh1bit1ng recombination near the‘oentromere.

-

’W . This model could explain the high rrequency of

,pseudo wild types found 1n,presence of Rec s. " Rec-s
"‘keeps 1t:he homologues together, even arter separation and

.ascension ‘to the poles has etarted.,' ‘In some cases this.

- hbnd would not break in time and’ the ‘two chromosomes . .

o

“would go together to one pole of the cell. In this way
'a nucleus with n + 1 chromosomee disomic for linkage .

group I .wonld form and give rise to.a pseudo wild type

spore pair.“ ',j'-‘ . - S ' '
. ‘ 1) . . _a ) \ . ..
\\ . .

S, However this model explains the increase in

oecom inac on "equencies andfin non—disJunct;on (oroduc*ng

-

-

peeudo wild types) on linkagé)group I only 1. . ‘=.

r"he increase 'seen for 1inkage group V-, hh&uher

.....

or pseudo uild ﬂ?pes or of both is not expla*ned.u-'

This model elso requires that his-z be distel to

Rec-e bu* "argrave 61971) found that “ec—sl 18- distal to

B e

- . o
! hls-? and ﬁ“&—qﬂ distal tm; d-i A A _;
“'ﬁfiif" Anoéher nodel p;aeible fo“ Rec-s is one sini‘ g

*

'to’the model proposed for cog by Angel Austin and

LCatcheside (4970) In this model Rec-sl and Hec-s2 are‘i
1 re affinityeiz'll ,i;;i

*,binﬁing sitee-tnr_g recombinase and_




-~
- A

g,
B

"for 1t than the corresponding regions in N. crassa,

_As bhe recombineae travels on from 1ts original binding"

from _tire So RhA bencs for “heir 5-C coctent.

'hahd Rec-sz 13 eprcted to be telt between bhe genes on

=
L3

‘thus producing an 1ncrease in recombinatioc rrequenciee

in the surrounding regicn. The fact that this. 1ncrease

is" not uniform can be explained in thé following way.:

5

'site itehas a tendency to fall’ orr the chrcmosome.,

This couldihappen mainly while the- enzyme is- 1n one of

'the "spacers" fcund-between genes. Brown, Wensinck and

Jordan (1971) have shown that DHA coding for -

SS RNA in Xenopus laevis contains spacers, sequences

whlch do not code ‘for any molecule, between each of. the

!

58 RHAAgenes.r These spacers are very heterogeneous 1n

zheir nucleotlde sequences anﬁ they differ signiricantlf

&

J

In Drosoghil& melancgascer spacer lehgths or

at lemst 0. 5 un were found between branscripchW units.
: e

| amxalo and Hiller, 1973} ) The, dirrerence in composition
at| bhe 1evgl of the spacer sequences could be the cause

‘of the reconbinase leavins che chrcmosone. xherefo”e

' tﬁe mofe specers :here are between a certain poinc G,
' the chromasome and Becrs, the lesé'molecules ef reccmbinase e

fﬂifl be able to ‘reach tnat po*nt and the jaaller.will

- be the 1ncreaSe 1n reccmbination frequency. . ’ Iy

In—this case the maximum erfects of Rec-sl
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either side of theee two factors- thus ‘Rec~sI would ‘

#

produee a maximum 1ncrease in recombination frequency

betweenlhis—2 and 13-3 whil - the maxIMum 1ncrease T

'A and d-3B. This

last expectation has 1ndeed been found to be true, ‘as -

e

for Rec-s2 would be between .d-

-

ts reported 1n chapt;r 3

In these cases there'is a minimum number of

spdoer'sequenees between ;he tuo genes end_consequently ;

a maximum nunberiof reconoinase molecules oble:;o -

spénothe regf&ﬁi..',;- | ) b S Lo . D
" As the. number’bf inferceiarf genés'(and spacers)

R

jnereases, the effect of Rec-s decreases- “vwhile a d-=3 -

_g:;_ shows a twenty-fold 1nc"ease, there 13 a fourteen-.-ﬂfgﬁvf“é
fold 1ncrease in his-z - ad- 3A° and in hisfj - ad<38 both’ E
of which have cne gene separating the markers considered

and only a foqr-ﬂbld 1ncrease in his 2 = nic-2 (with - '. | T

betueen five and seven 1nterca1ary genes) |
Or the propensity of the recqmbinase molecule
’ to fall ofr the chromosome could sfmply increase proportion-

: ally to the diotance travelled by the enzyme. . The '

rarther apart two markers are, the less will be the 7 |
‘* - e

PREE

-

efrect or Recps.w

:5 ”he deta presented here also aghﬂf yith this '

explanationﬂ In fact both can work concurrently, However,.-

1n this quel Rec-s arfects only markers 1n neigrbouring
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~ : '
. T : -
‘peéions,;on 11nkage group I.« Its effect on 1linkage |

¥

group Vi 15 not explained
. Heterochromatin 15 known to undergo little or
.nOrreEOmbination.- (Mather, 1939; Hannah, 1951).. ! By

1

", Ree- sl and Rec-s2 could be regions of euchromatin'
-.while the corresponding reglons 1n N crassa are heterOm
'chromatin. "An 1ncrease in non disJunction of the X and Y

chromosomes was seen in Drosophila melanogaster when

the x h“omosome was dericienb for ng&_g{_gﬁaneptrie
_getepochrdmatin (Peacock 196533 ‘Mention was made before
. of“the high occurrence of pseudo wild types for llnkage
group I Yhen gggzg_was present in a cross. But again. f
>th15 model would explain the 1ncrea3e in recomb*nation a;
rrequencies and in pseudo wild nypes rrequency on linkage > .
group I only. It does. not' explain ﬂhe effect {ouhd on
mlinkage group VI. In summary, three possible types of

Y
‘ models were looked at. Hone"*f then satisfactorilj -

explaine hox Rec-s can affect linkage group VI, altho@gh

there is no concldsive evidenpe demonstrating 1t 's Rec -3
'.gbﬂgragfectsftinﬁage_grpup VI,."

ISection'III."Ultraviblet sensitgvyty ' : -
No difrerence was found tetween a Rec-g strain
-;and a rec-c strain for: sensitiVit; to ultraviolet radiation

.VTherefore the mechanism by wh*ch the recombination B : .
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Il -~
V.
L

'frequenby 1§‘arfeqbeq.1h,these.ﬁtrains‘does_not'involve
the élemepté of ﬁhe repalr to-d@maged DNA; rec-c ;Erains
would hot be deftciént-inioné of the three.enzymes néeded
for'}epair:' endonuclease, polymerase and tigase. In_ ~
fact this 1is nof.surpfising; as "égg:g" {s the normal
conskitution of ,the N. crassé-épéciesl o s

| "If ggg_g synthetized a product which excludes

.repair mechanism from DNA with mismatched base pairs a

re¢=c X rec-c cross would show a decrease 1n allelic

-

recombination but no change in non allelic recombination

It would a}so hgve}anﬂipcreased frequency of ascl with -
':unlike sister a'.p::?r‘e‘s'..‘L i |

‘i o Thg resul;s'presented inichapter 3 do not

SUppértﬂghis hypothesis. e : '
. S \
SECti&n'IV‘ﬁ Note on c¢onversion

,-Recombihation.béﬁween alleles can arise from a

reciprocal event (crossing over) or from a non reciprocal

event. (gene conversion) A mechanism accounting £ar coth™

. was presented by Hollldaj (196h) ana Lt is shown in

u R

figure 19. .+ - : e v
| - - Prom this moffel it is evident that recombinatlon
ol - . ‘ . s
between the gutsidé markers 1s often linked to a conversion

'af the sites'of‘tﬁé élle%ﬂ??‘ . C -

J',..: | ‘ . .. : .




——

’ This will prodgce‘spdres with a recombinant
composition ﬂbf'the alleLes which will belong to all
Pcur'classes for outside mﬂrkers composition {two
'parental and Ltwo recombinant classes) In asci 1t
will be seen as tetrads with unequal ratioiﬁpf‘ mutan*' ‘
to sild type allele, such as Sm:3+, 5+:3m, 6m:2+, 6+:2m.

'If some of the 425 ggi.prototrobhs isolated and tested:

from cross 28, and spme of the 102 from.cross 33 arose ]
from conﬁersion of eithes ggéilalle;e to wild type,

we would expecf cpe.rdlids;ngroutside marker_compositioss
to be present: his nic,'4 'his +, +.nic. Thelsize

L .
of the classes would depend on the frequencies of k "y

?
LY

'converslon of each allele to wild typer ‘these might be
_1nf1uenced‘b; the molecular nature of the mutatigns "It
will also depend on polarity; an extreme case of thils

phen&menon has been.reported in Ascobobus,*mmersus

(Lissouba and Rizet ;960), ln crosses between alleles of -

series 46, 6n 2+ asel always- resulted from converslion

-
' . "

of the right hand mutant to wdid type.

: The only classes of outside marker compositicn

' found among the prototrophs from cross 28 .were +nic and ++.

Even 1f it 1s supposed that oply 2d-38 is converted to

-wild type in this cross, the conpositfon his + would be

POCH Fl

expecned to be found. Among the pretotrophs from cross "

o

13 only the;cpmposi»ion + ni¢ wag seen.




Among the asci; all the asci containing a pair
-of ad*lspores also hed a double mutant pair and a 4:b .
fatio.of the two alleles; they resulted of a crossing
over betneen EQ:l_ and ad-3B, Therefore we can say
that none of the ad+ spores found resulted ‘of a conversion

-..

event : They were produced e@ither by a’ reciprocal }

. C
recombination or by non disjuncbion (pseudo- wild types).
'From the present data-1t 1s impossible to say if Rec-s

affects non reciprocal recomblination-and reciprocal

recombination equally.

Section V. MNote on ‘Interference )
. -, | L

’ There 1is contradictory evidence concerning
1nteirerence in E.icrassa. Positive chromatid interference
1n the'prdﬁ}mal_region'ef an arm %as been reported {(Lindegren
and Lindezren, 1952- Whitehouse, 1958) ' éut Scbtt-‘
umuakpor (1965) found n;gative chromatid 1nterference
across the centromere in llnkage group I, and Eerraro
(1971) positive interference in the same condition nith
Rec-3 present. Hegative chromatid 1nterference was
zeported di“hin'an arm and across the centrowere (Bole-

‘Jowda, Eerains and Striekland, 1962; Perkins,’ 1962
Prakash, 1964). o - g ”
: As for chiaaga interference De Serres (1971)

found Qifﬁerences according to the origin of the strains: )
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. . . . Ce _
some strains ‘have a-poSitivé“interferéhce, some a °

\ ' .
.

negative one and stiil others do nat show ant;intgrferénce,,:

for 11nkage grgup I. . 3 ' N

. | Pepraro (19?1) foundva positive chiasma ' e

4 L

interference wiﬁhin'chromosome'&r@s Betyeen short - . -
9 ‘. ¢ ' . ~ '.L . ' .l . ';.

ladJacent fntervals,’ and Hargréve.%l??l) a negatlve chlasma

! ~ ‘ — ! Y

;nterference ‘across the centromere vl IS

i - * . TE *

In the present worh a. possible negative chnomosome

»

¥

interference aoross the'pentromqne was seen, while ng’
L%

chronét:d 1ntnrference see&eﬂ toJ?e, hesent, bgth when H" ",
o -~ - < N
d d‘ N - . 3 ‘ N
Reews was 1n a cposs. ) ) o , -
"\\ fe ." al ) . ' . . ‘_l
Conclusions _
L =3 . . N

Rnc -5 *ncreases rﬂconbination’*raquenciﬂs on

" -

llnPaé% group I behween ‘ther centromere and niz-2. *ha

L

k]

maxinum effert isi}een betweea ad—BA nd«ad ad-3B, where
Repc-32 !3 p“Obelj Located o

b It also 1ﬁcreases the frequency =f pseudo wi;d

types for linkage group' I. ’
- - Rec-8 fncreares -he frequency of pan-2

pro'ouropha 5n linkage g“ou’ VI
Thbre ts a nepahivp “~fMasma interfdrernce and
Y : - :

no chromatid tnrerference Across the centromere on

linkage group I in a cross invalving Rec=-%, | .

T There is no difference b2tween Hec-5 and rec-c
: e N : ~
strains 4n ultraviolet sensitivity. '
. . . ) . . .
[ ‘e
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