
CÏTOLOGTCAI STIIDTES OÌü T}TE FERTECT

STACüS OF SOìVfr] SFECIIIS OF FUSARIUM

by

William Thornpson Horuson

Å¡eRÂRY

A Thesis

Submitted to

Faculty of Graduate Studies and Research

University of }danitoba

i-n Partial Fulfilment of the

Degree lvlaster of Science

April, 1962



crTqlûg$Å! ÉIgprys _gu_Iffi_ Isg¡'¡:qI_s.uçsË OE_go¡m _ ås c rEÞ gF J'[Þ_A&IW

by l{. T. Hor,¡son

The main purpose of this investigati.on was to study the ehromo-

sones with regard to number and morpholory of soue Fusar_iqm speeies.

This was found. to be possible r+hen the fungus is in the sexual cycle

or whaù is called the perfect stage, The proced,ure folror.¡ed. for
studying the chromosomes was to squeeze the asei out of the peritheeium,

mount them on a slide and. stain them, A r,¡id.e variety of fi:catives and.

stains rvere investigated. during the early stages of this work and. it
r,ras found that fixation in Carnoyt s sol-uiion follor¡ed. by staining with

aceto-orcein or aceto-carrnine tr¿s the most satisfactory,

The chromosome number of seven different species has been

deternined" Tn both the homothallic and the heterothall-ic strains of
HvpgpUpgg solaa-i- five pairs were found r.¡hereas four pairs r^rere found

in GilT¡efells zeag¿ g. grugggge, 9. qyerìea, G. stilþ_oid.es_ and g,

fuiikulqå, dd seven pa:irs were found in Cafggglrie liggfig. The

number of ehromosomes in the lat'i;er four specj-es had. not been reported.

previously,

ïn Gibþeqgl¿a cvqnggeng, exanined. at mitotic metaphase in the

ascus, there appeared to be one short, trvo inbermediate and. one long

chromosome with a length ratio of 1.0*1.2a1.5;I."/. No association

between homo- and heterothallism a¡d chromosome number r¡as found"
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The examination of chromosomes is of fi.¡¡damental significance

in the stud,y of any organi-sm as it is related d.irectly to inherita¡ce

by the elucid-ation of linkage groups and to taxonomic classj-fication

by the reveration of phylogenetie affinity. F\.z.thermore, sexrality

is often direetly related to the number and morphology of the chrono-

somes present.

The study of fungal chromosomes has been hampered. by their

nrinute si-ze r,¡ith the result thai relevant information is fragmentory

and. often eontradj-ctor¡r. Karyot¡rpic analyses are especially laborj-ous

and havebeen attempted rarely. The ehromosones of the asex-raI stage

of fungi are very reduced. in, size preeluding accurate stu-dy. rn

fact, it is still uncertain whether firngi follor¡ the classieal pattern

of nuclear division in the ase>n:al stage. Hot¡ever, when a. fungus

enters the sexral stage the chromosomes enlarge suffieiently to perrnit

mu-ch more detailed observation.

The widespread occurrence of fungi in the asexual stage has

necessitated the development of a taxonomic system based, enti-rely on

this stage in addition to the usu-al-, less artificia.l, classificati-on

based primarily on sex¡.al characters in r,¡hich phylogenetic relationships

are more clearly reveal-ed. As a conseouence fungi r^¡ith both stages

are classified. in two different taxonomic systems.

The purpose of the presen'b investigation was to determir:.e the

number and morpholory of the chronosones of various pez'fect genera of

-1-
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fungi (Hrrpgmtrces, Gibb_ere-ll¿ and. Calonectrig) whose asex:al stages

are includ-ed in the form-genus Eugg4iUm" The cytological di-vergenee

of fungi r,¡hose asexual stages are simj-la.r could thus be deternined,

Moreover, the nurnber of species available for investigation i-n the

genus Gibbqfçl-]e could provide some opportunity for diseovering a

polyploid series, should one exlst. The phenomenon of horno- a¡d.

heterothallisn a¡d its relationship to chromosome number couId. be

Ínvestigaied in HE¡egyces sol¿ni in rn¡hich both strains are presentn

-2-



Rxvr_E iü 0r _i,I IEBtrUlìE

Relatively fer¡ studÍes have dealt r¡ith the cytology of Fusarium

speci-es. For clarity in presentation each genus l-rilI be d.ealt r¡ith

separately.

-3-

HYPOI'IITCES SOL¡I'NI

A pathogenic strain of this speci_es d.esignated f. .gg.gl]sþi!Êg

s. & H., which normally is heterothallie has been most intensively

stuclied,' The basis of the different sex t¡4pes in tkr-is strajn
(hernap6¡od.ites, ma1es, females, dd neuters) was proposed. by Ha¡sen

a¡d Snyder (Z) to be due to two loci each independ.eni;ly deterrnining

one of the sexes. Hirsch (s) concluded from her cytological obser-

vations that the sex t¡¡pes r,¡ere determined. by different chromosome

numbers, the hermaphrodites having ¡=/*, the males and, fernales n=3

and. the neuters n=2"

El åni (z) inremed. from genetical data that Hirschrs cor-

clusions r+ere unrikely and in the sane year (;) t.is cytological

investigaiion at various stages of ascal d^evelopment of a female x ma-Le

cross shor¡ed four haploid chromosomes consistently, Fl¡rther vrork by

the sanae author (/u) confirmed. these results.

HomothalLic strains of H" solani have not been studied cyto-
logically to the sane extent as heterothaLlie strai-ns, The earliest
reporù of the chrornosome number in the homothaLlie strains r+as made by

Hirsch (g) rono concl-uded that there rrere six haploid. chromosomeso

rn a later report, hor.rever, Er- a-ni (6) 
"wsusted that there r"¡ere n=5



chronosomes in this strain.

GIBBËP,NLLÀ SPiICIES

-

The chromosome numbers of a fer+ species of ÉþÞgælþ have been

reported but some of the conclusions reached. are contradictory' In

a sturl.y by Hir.sch et ¿. (9) the haploid number of chromosomes in $"

LateritiUg (Neesemendå S. & H. ) and in Q. roseqm (t¡. ) S. & I1. was

determined. to be n=6. Gord.on (personal comnunication) found ¡=/¡ in

G. Z%e and in G. çnA¡ggglq. A later paper by E1 ¿ni (/*) also s tates

that $. gJg4gggEe has n=4. This species is grouped. ta:ronomically

¿nder Q. roser:m by Snyder and Ha¡lsen (f6) as aïe q. c'e,'gê and g.

zè8.o. Q. sti&oidgs uould be considered' a synonya of g' þþggi!þ4'

cllLoiY¡rcTRI4 RIqIIIUSCULA (ee¡k. & Br. ) Sacc'

gêtgggg!$a rigidjuscula ïias reported by Hirsch et af (9)

as having n4. However, her photographic evidence i-s i-nconclusive.

The closely related species Calogeqüria 4jJgli-g has not been investi-

gated cytologically prior to the present stu-d¡r.

iTELLTIONSHIP ÞETl,iEEll CHROI/OSOIVE; NUIqER Ä]P SEX-UÀL BBlavrcun

Sex¡lal behaviour in fu.ngi is determined by two components,

sexral differentiation and physiological compatibility. OI-ve (B) t

in 1953, summarized our knor.iledge of the compatibility types in firngi

and more recently an extensive revier+ of this topic was given by

Raper (f¿)" Hansen and. Snycler (l) shor.¡ed that in E. ggle&i morpho-

+



logical se:mal- d.iffereniiation and pirysiological compatibilit¡- L¡sss

d.istinct and independent phenomena. McGinnis (fe) on the basi.s of
his ¡¡ork on speeies of Pucc:Lnia, hypothesized. that homo- ard hetero-

thallism may be assoeiated r.rith chromosome number" A similar
eonclusion ca.n be inferred from the r,¡ork of El Ani (/r, 6) ruho stated.

that the homothallic strain of Hypomyeqq sglani had n=5 ehronosomes

¡,¡hereas the heterothallic strains had n=4"

-5-

CïlOLOGIt¡t! TECHMQ@Ê

For the cybologieal stud.y of fungi the aceto-earmine and. aceto-
orcein squash techniques have been used. most commonly (6, rr, ri).
Hor'rever, Hrusehovetz (ro) reported using Giemsa staln suecessfully in
another ascomycete (coehlþþgrug)'hereas Lu (personal conmunieation)

has found propiono-carrnine to give satisfactory results on Neurospora

crassa Shear and Dod.ge,



STECIES

The naterial used in the present stud.y r,ras supplÍ_ed by Dr,

Gord.on (C"¡. Ðept, of Agric, Research Station, "Winnipeg, Irian" ) and

eonsisted of the seven follor^ring species:

Ilrrpomv-c_es soþni l{ke. and Berth. emene" S" & H" (homothaltic

and. heterothallic strains),

Gibberella cya.nea (Sollm. ) ttir",
Giþþelelþ cya¡lgåqsq (Desm" ) Sace.,

Gibþerella Egg (Scnw. ) petch,

GiþÞerellg stilboiÈes Gordon,

GiÞbqfetla tqjikqfg* (Saw. ) i,tr.,
Calonectqla nlyalis Schaffnit

All the genera studied belong to the family ilypocreaceae; the

distinction between them being based on only a few characteristj_cs.

A sirnplifj.ed. taxonouric key (cordon, personal commr:nication) Í-s given

as folloræs

Perithecia red or yellow

.rlscospores l-septate ... ..... ... . Ilyeomyceg

Peritheeia bright coloured, pale, rvax-coloured.
to broi,¡n.

Aseospores 3-septate , " o. e. o ..... o... c Calonectria

Peritheci-a blue or violet

Ascospores ]-septate . "... o o. c o.. .... o Giþb_erella

The genus Gibþeqe}la has been subj eeted. to some revi-sion by Snyder a¡d

-6-
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Hansen QA¡t hor¡ever the older classification of species in this

genus by Ïdoll-eni.reber and Reinking (18) has been fol-lor+ed in thís

study"

cutTpRrNG

-7 -

All culturi-ng uas d.one in meðicj-ne bottles on sterílized r.¡heat

straw in sterile l¡atero the environment was uniforn having a consta¡t

light iniensity and a controlled temperature of about 60oF. and. uncler

these conditions the perithecia usually d.eveloped on the straw several

u'eeks after inoculation. The perithecia from each eulture r¿ere fixed

by transferring the v¡ho1e strarus to a test-tube of fixative and sub-

sequently stored in a refrigerator"

PREÎREATMFJNT OF FIXING IVIÁ.TERIAL-
0n1y one type of pretreatment uas attempted." This vias to

chill- the peritheci-a in ice water for 2/¡ hours before firing, a method

which is follor^red routinely in plant root-tip chromosone studies (tZ).

The purpose of this r¿as to increase the frequency of metaphasê corl-

figurations in order to facilitat,e coi:nting the chromosomes,

STÀINING TECHIVIQUES

A number of different staining techniques r{ere evaluated.

critically to determine which would prove most satisfactory in general.

It l+as hoped that a relatively short and simple nethod eould be used

for routine cytology to e:qpedite the study.



The fixative used for Giemsa stain consisted of 6 parts abso-

lute ethyl alcohol ; 1 part glaeial acetic acid. e 1 part laetic acid"

After 10 minutes immersion in this solution the perithecia LTere rinsed

Ln 95% ethyl alcohol and stored ín 70/" ethyl alcohol.

Prior hydrolysis is necessary for Giemsa staining. The peri-

thecia r¡ere cleaned with d,isseeting need.les under med.ium por,rer of a

dissecting microscope and uere placed. in cold NHC1 for 10 minutes;

hydrolyzed. in 3N HCl at 60oC for 7 minutes, r,'ashed in distilled water

and placed in phosphate buffer (pH 6.9) follolring the method. of

Ilruschovetz (10), the contents of the perithecia were squeezed out

rrith d.issecting need.les and. placed in fresh buffer in a small via1.

An equal portion of Giemsa stain (gritisn Drug Houses) uas added to

the buffer and the material was left overnight in the staining

solution (r¡hich was stopperecl to prevent evaporation). The stained

perithecialcontents were placed on a culture slide and removed. in

small amounts to a drop of buffer (to remove the coagulated stain) on

a microscope sIÍ-d.e.

Sj.nce this method proved to be inadequate, a r^ride variation in

hydrolysis a¡d staining time r¡as employed. in d.j-fferent combj-nati-ons

varying from I to 15 ninutes hydrolysis (in 60oc N Hcl) and s taining

time up to several days.

Because the trydrolysis weakened the perithecial ualls to the

exbent that they crurnbled upon manipulation (ttrus contarninating the

asci vj-th debris), a variation in technique rÀras attenipted. wTrereby the

1. ciegee_etaig.
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asci were squeezed ùirectly into a few d.rops of hydrolyzing solution

on a slide and heated for varying times (r¡itftin the range described.)

in a r¡arming oveno The acid r¿as vashed off r'¡ith a few drops of

distilled water a¡rd. finally rrith buffer. To this an equal anount

of Giemsa stain was added and the slide stored in a closed. petri

dish the bottom of r¿hieh r+as lined i¡ith a layer of paper soaked. irr a

solution of equal amounts of phosphate buffer and ethyl alcohol to

prevent excessive evaporation of the staini-ng solution. A cover

glass was then applied vith one edge elevated on a razor blade.

This reduced the tenclency for air bubbl-es to be trapped unclerneath

a¡ld al.so made possible further separation of the asci by gently

tapping the cover-gIass vrith a rubber-tipped pencil. The slide was

heated repeatedly over an al.cohol lanp and firmly pressed between two

layers of paper tor¡els. If microscopic e:camination was delayed the

edges of the coverglass rrere sealed wj-th r,¡ax. This technique uas

used r¿ith all the stains used in this study,

-9-

The fixative for this stain consisted. of 3 parts n-buty1

alcohole 2 parts glacial aéetic acid* 1 part 10fi chronic aeid..

2. Propiono-ca.rrni4e stain

Hydrolysis r¡as achi-eved. by exbrr:.ding the asei from a previously

clea¡ed. perithecium directly on to a slide in a few d.rops of a hydro-

lyzing solution consi-sting of 1 part 951" ethyl aleohol¡ 1 part N HC1"

The perithecial l¡all-s l.rere removed. and the hyd.rolysis accelerated

by heating the s1i-de repeatedly over a burner for about 2 minutes,



after i^rhich the asei r,¡ere washed in Singletonts solution (6 parts

95/" e1.hyl aleohol: 1 part glacial acetic acid: 1 part lactj.e acid).

In attempts to find a satisfactory degree of hydrolysis, the

hydrolyzing time was varied from 0 up to 10 ninutes. The stain

ruhich consisted. of r/z gram carnine i-n 100 m1 of 6a/. propionic acid

was then applied. and the coverglass applied as described. previously"

-10-

The fixative used for this stain r^¡as Carnoyt s 6: 3s I (6 ethyl

alcohol-a 3 chloroforms 1 glacial acetic acid). The ascj- from pre-

viously cleaned perithecia lrere squeezed onto a slld.e and hydrolyzed

in N IICI at 60oc for variou-s tines ranging from one-half to 10

minutes fol-lolsed by staining in leuco-basie fuchsin for various ti-mes

up to 12 hours.

3. Feulgenrs stai-n

No prlor hydrolysls rras necessaÍT¡ Lrith this sta-1n" The cleaned.

perithecia r¡hich had been fixed r¿ith carnoys 6a3r1 was placed. in a

drop of stain on the nicroscope slide, the asci squeezed out a¡rd. the

wa1l debris removed. rf the asci clumped^, as they frequently did.,

separation l¡as accomplished with disseeting needles after r¿hieh a

cover glass r^ras applied. This stain consisted of Zfi synthetic orcein

in 6u/" acetic acid.. Filtering every three d.ays was neeessary to

remove the preeipitates which formed spontaneously.

d" Aceto-orcein stai¡



5. Acg!9:eerm.L4e stain

The technique is identical to that for aeeto-orcein exeept

that filtering of the stain is not periodically required" The

seeto-carmine eonsisted of 7/2 gram of earmine in 1OO nI of /+5%

aci-tj-c acid; a small amount of iron acetate v¡as ad.d.ed. to intensify

the staining reaction.

-11 -

TECIil]IQUE TOR MAKING SLIDES FEPùIANENT

The slides lrere made permanent by a modification of the CO2

quick-freezÍ-ng method., described by Conger a¡rd Fairchild (1)"

Prior to freezing any sealing lrax around the coverglass had to be

removed. The slide r^rith the coverslip on the upper side i^¡as

positioned in the holder and the gas turned. on. Freezing \trâs corl-

tinued until the und.erside of the slide was white at r¡trich time the

coverslip could be flicked, off r^¡ith a razor blade. The slide r,ras

then immersed 1-2 minutes ínto 95/" ethyl af.cbhol then 1-2 minutes in

tertiary butyl alcohol, A drop of canada balsam l¡as then placed, on

the naked specimen a¡rd a clean cover slip put into place. This cover

slip r^ras centered in the sane position as the original by Í.nverting

the slide on a paper towel and ma¡ouvering the slide until the cover

slip fitted the stain outlíne of the originaJ-. The slide r^ras then

pressed firmly and stored. for at Least a r,reek in order to allow the

mounting mediun to set sufficiently to prevent the cover slip from

sh:ifting position l¡hen hand.led.



0BSERVAIIoITS Alrp PH0TOGtuIPHS

Detailed brightfield, observations r,¡ere made aL 1725 x r¡ith a
Leit'zrrDialuxn microscope fitted r^¡ith a 90x objective having N.A. =

!"32 and an oi1 i-mmersion cond.enser, N.A. = 1./rO, Photomicrographs

were nade at about 1300X on Kodak Contrast Process Panchromatic film
using the Leitz Aristophot microscope canera"

To inerease contrast in faintly stained. specimens a zeiss

Stand'a.rd phase contrast rnicroscope with a 1O0X oi.1 im¡nersion objective

having N.A. = 1"30 was used. Photornicrographs using phase eontrast

rn¡ere mad.e on the Aristophot canera usi.r:g the above film.

-t2-



s laININc_ [E_E!il{ r QUES

Giemsa stain r¿as first used. on Ê. ggqeggeng r"¡ith unsatis-

faetcry results a¡d because of the number of peritheeia d.estroyed.

in investigating a variety of hydrolysis a¡d staÍning times, it was

not used. on the other species. The major criticism of the Gi-emsa

stain per se was the lack of d.ifferential staining of the cytoplasm

ar¡d nuclear material. Moreover both of the tr*o hydrolyzing tech-

niques used r,rere r¡nsatisfaetory. tlhen the l¡hole perithecium uas

hydrolyzed the perithecial 'nrall r¡as r¡eakened to such an extent

that it erumbled. upon further nanipulation and when the asci alone

were hydrolyzed a large fraction of them r"¡as 1ost,

The propiono-carm-ine technique Ì¡as not found. to be satis-

factory pqr se due to the very r^¡eak s'r,aining reaction. The hyd.ro-

lysis had the same disad.vantages that applied. to the Giemsa staining

method" The direct staining of the asci r¿ith propiono-carrnine ( j.. e"

r¿ithout hydrolysis) r+as found to have some va1ue. In the latber case

the iurmeùlate staining was exbremely faint but after the slides had

been stored for several rnreeks (r¡itnou'u being rnade permanent) :.t
deepened considerably. The image r,¡as further improved by using phase

contrast for observati_on, One of the advantages of the use of earmine

(either r'rith propionic or acetic aeid) was that it stained the nueLe-

olus well; this l¡as not the ease for any of the other stains in-
vestigated.

- 1? -
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The use of Feulgen staining 'oras investigated in a limited way,

Sinee hydrolysis is essential the previously mentioned criticisms

of this proced.ure are appllcable" Although some nuclear s',,aining

r¿as observed., usin1 5 to 6 minute hyCrolysis and. one-half hour

staining, the results Ìrere not consisteni. Nuclear detail uas not

apparent and a further disadvantage I'ras the com;olete absenee of

staining of the aseus. The outline of the unstained ascus l¡ras so

faint that finding the aseus (r¡hich r,¡as done under the high-dry

objective) t^*s difficult and. even obse::vations under oil i-mmersion

left some doubt as to its precise position"

0f the stains employed aceto-carmine and aceto-orcein r^rere

adopted for routine use in this study, beeause they gave by far the

best results. Not only r^rere they easy -r,o use (requiri-ng no pre-

lininary treatments) Uut the chromosomes r,¡ere also stained d,eeply

a¡d consistently. The most severe criticism of these stains is that

various particles in the cytoplasm r,¡trich are not nuclear may siain

deeply" The only d.ifferences found bet-r.reen these stains were that

carnine stained the cytoplasm more deeply than orcein ar¡d the former

alone stained. the nucleolus.

The cold treatment used r,ras successful in prod.ucing a higher

frequency of metaphase eonfigurations but the chronosomes ldere so

contracted. that reliable counts were not possible.



cYg0!æI_QF. $EEEIEË

In this speeies a number of crosses ïrere made most of r,¡hich

produced abundan',, peritheci.a" The observations made strongly suggest

that the chromoso¡ne number is n=5 as can be seen in Figures 1 and 2

illustrating rnitotie anaphase in ascospores. In each case 10

anaphase chromosomes appear to be presento This number j.s not in

agreement r"rith the find.ings of Hirsch (8) r^no, working ïrith H. solan!

f. cUcurbjtae, reported. n=/¡ in hermaphrodite, 3 in males and. females

and 2 in neuters or with El Ani (lr, S) o,tto found ¡=/, in all- cases.

In the 1atüer paper E] Ani nade a detailed. study of the karyotype and,

conelud.ed.s

rr Measuremenis of chromosome lengths at mid.-pachytene
r.¡ere for:nd to be 6.7c 4.5r 3"3t. I.5 and the approximate
ratio this l.¡ould. be 4.5: 3.0: ?r?: 1.0. Chromosome 1
can be recognized by its large si-ze and by its attaehment
to the nucleolus. One end of this chronosome is marked
by a eonspicuous heterochroma'bj-c segment that stains deeper
than the other. Another heterochromatic region is located.
near the other end. at r,¡hich the nucleolus is attached...
Chromosome 2 can be recognized. by a ùista1 and a proximal
heterochromatic knob and. chromosome 3 by its tr¡o hetero-
chromatic distal ends. Chromosome /t, ean be easily recog-
ni-zed because it is consid.erably smaller than the other
chromosomes.ll

Ilypgmyç_gp_ sola¡i ( heterothalhe )

The photographs r,¡hich El Ani presenì;s seem to bear out Lrls conclusions

quite fir1ly and h-is analysis appears to have been quite d.etailed.

Hor.æver, in the present stud.y several preparations t¿rere sufficiently

clear (".g, Figures L and 2) to leave little doubt that the chromo-

some nurnber T,¡as n=5. Obviously further investigaiions au'e required

to deter¡rine whether or not vari-ous strains of I{. solar¡i differ in



chromosome number as it ï¡ou1C appear that more than one basic chromo-

some number exists in tkris species.

The several strains used. prod.ueed perithecia in large nuroberso

From the observations rnad.e it r¡as concluded that the chromosome

number for at least some homothallic strains for this species is also

n=5- rn Figure 3 an ascus can be seen in ¡¡hich there appear to be

5 bivalents at metaphase r. This figure is tyoieal of most of the

preparations mad.e in the study of the hourothallic strains of this
species" Some doubt as to the actual chromosome number still exists

so thaÌ; additional detailed stuùies should. be conducted.

The first attempt to determine the ehromosome number of this
species uas mad.e by lfirsch (8) 

"fro 
conelud.ed from observations on

four different homothallic strains that the haploid number r*as six.
The only other study of this species rnras mad.e by E1 Ani (6) r+ho, on

the basis of a l-imited. number of obserr¡ations, coneluded. that the

number uras ñ=5" The present stud.y supports El Anirs findings,

Hygom¡¡ceg soþni ( homothallic)

-76-

Caloneclria nivalis

This is a homothallic

r¡hen selfed.. The number of

but there appeared to be n=Z

bivalents at netaphase 1"

No previous cyiological stud.i-es

species whieh produced perithecia readily

observations on this speeies r.¡as lirnited

chromosomes, Figure { illustrates ?

of tLris species ha.¡e been mad.e



but Hirseh É Af. (9) rorlcing with

Ca,]one-qlria ri&l4iuscula (Berk" et

n=7, but the photographic evidence

nu¡nber is not eonvincing.

-n -

In this homothallic speci-es tr¡o strains r^ere used., Ðd peri-

thecia rrere produced readily" 0n the basis of a large number of

observations there ean be no d.oubt that tbis speeies has a cltromosome

number of n=/s (figure 5). this number was previously found by Gord.on

(personal commr:nieation) .

Accordi-ng to Snyder and Hansen (f6) Cibþ,eqelþ ry should

actually be grouped, with a number of other species, into Gibbefelþ

roseumo Hirsch et- al. (8) cbimed that in 9. ros-qug there are n=6

Gibbqrella zeae

a closely related species,

Br.) Sacc. (homothallic) found.

d.emonstrating this chromosome

chromosones, but the photographic evidence presented is vague.

Si-nce a haploid number of d appears to be characteristie of the genus

Giþberellg it must be assumed. that the number reported by llirsch is

incorrect.

This is a heterothallic species in whieh only one crcss, out

of many, was satisfactory. 0n the basis of a number of observations,

it r.¡as concluded. that there are ¡=/, chromosomes (see Figure 6).

No previous r¿ork has dealt precÍ-sely vith this species bui;

Hirsch g! al. (8) postulated. that n=6 in Gibberella lateritluru and.

Gibberella stilboides



accordi.ng to the elassifieation of Snyd.er a¡d lfansen (f6) tfr:.s species

r'¡ould. includ.e Gibberella stllboid.es. The photograph-ic evid.ence sub-

mitted by Hirsch is far from concl-usi-ve and the present stud.y l-eaves

no doubt that four represents the true haploid number in Q. stifþoid.qg.

Gibberell-a fujiþroi
rn this species only one cross roas used., 0n the basis of a

number of observations iü was conclud.ed that n=/r (see Figure,l),
No previous report on the number of chromosomes in this speeies

l¡as fotÐd in the literature.

-18-

This is a heterothallic species in wh:ich only one eross r,ras

used' a¡ld the haploid chronosome number L¡as conclusively shor,rr to be

n=4 (Figure 8). rn ilris figure a prophase rrr configu::ation is
apparent in which the relative lengths of the chromosomes and. sonre of
the primary constrietions are visi.ble. Although the chromosomes are

too contracted for precise rneasuring the values obtained indicate

approximai;ely the relative lengths, These values rrere found. to be

1.9; 1" 3¡ r.3z and.0"8 to the nearest tenth of a micron resulting in
a ratio of 2.6t I.8a 1.2: 1.0 (using the original data),

No previ-ous cytological study of tiris species has been found,

in the li.terature"

Gibberella cyanea



À large number of crosses \^'ere made i.n this heterothallic

species and the resulting high fertility was condueive to i¡tensive

eytological stud.y.

All the observations mad.e on thi-s species conclusively shor¡ed.

that there are ¡=4 ehromosomeso This is an agreement r^rith the

earlier r¿ork of Gord.on (personal commr:nication) and El Ani (4).

Figure 9 shol"¡s an ascus at prophase IfI in r^rhich the r.elatíve

chromosome lengths in one of the nuclei are elearly visible and were

found to be 2.2, I"9,1.6 and I.!, to the nearest tenth of a micron

resulting in a ratio of 1.6t l./,ra 1.2¡ 1.0.

Figure 10 also shorus a¡ ascus at prophase flf in r.¡hich the

chromosomesof the most d.istinct nucleus have a length of 2.8,2.5,

2.0 and 1.7 microns and. thus a rati-o of 1.7c 1.5a l-.2¡ 1.0.

Figure 11 is a phase contrast photomicrograph of an ascus

stained lightly wiüh aceto-orcein, showing four bivalenis in dia-

kinesis of prophase 1. Although the lengths cannot be measu¡ed.

accurately at this stage it is obvious that the relative chromosone

lengths are one 1ong, tr¿o medium and one short,

Snyder and Hansen (fe) reclassified Q. cyanogcna into the

speci-es 9. roq-et¿m to r,¡hj-ch Hirsch et al. (9) ascribe a haploid ch:romo-

some number of six. The recent evidenee inelud.i¡g the presant in-

vestigation casts much doubt on the valiôity of the earlier work of

Hirsch et gL (9).

Gibbelella cyerogeqa

- lq -
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sex¡al behavi-our in some fungi has -bwo components; sexral
differentiation and ccmpá,tibility. sexual differentiation in
higher organisms is usually d.etermined by a heteromorphic pair of
chromosomes a¡d a sinoir-ar conùition may exist in some fungi.

The r.¡ork of Hansen atrd SnJ¡der (Z) an¿ El Àni (2) shol,,ed that
sexral differentia'bi-on in the heterothallic straj-n of H. Folani,
designated f. cg-c-urbi.tae, is d.epend.en-r, upon tlo linked. 1ocÍ- (one

determining maleness, the other, femaleness) and that a third loeus,
independent of the above t.i,ro, determines the compatibility group"

Each of these three loei has only one pair of al-l-eles.

Hansen and Snydet (Z) investigatecl the rtdual phenornenonr in
Itregre-gg g,of'æå and fot¡rd. tr,o norphologically distinct types, C(conÍ-
dial) r^rhich ca¡ function as a hermaphrodite or a female and l,Í(mycelia1)

',¡hich can be ma] e or neuter. rt r.r¿s found that c types mutated. con-

sistently to ir{ t¡rpes (although the reverse mutation .iras ne.\¡er observed)

thus indicating the relative instabillty of sexual differen.i;iation in
th:is species- rn Fusariugr sambqgiÐuq f. 6 the asexrar stage of
Gibber-elk greågg-ege, El rini (zr) observed the mutation of a herma-
phrodite to a male strain r+hich in erosses r^¡ith a compatible herma-

phrodite gave a ratio of t hermaphrod.itea 1 male. This suggests that
the inherita¡ce of sex in GibÞe{g_l_le is simil_ar to that in HyÞgrytr.
rt appears therefore that sexral- differentiation in these firngi,
alt,hough profo'nd. in its manifestations, i.s simply inherited. and has

qrii'lEP,At DIS CUSS ION
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no particular relationship r,¡i,r,h chromosone number.

The phenonen of compatibility is much more obscure.

(13) to**ecl up compatibility as follo'..¡s;

'Physiological heterothalti-sm (compa.r,ibility) is,, o
differentia.ted. into bipolar a¡rd tetrapolar typàs, a single
aLlelomorptric pair of factors controlring hetè"oin"ri"ñ in
the bipolar types and tr,'o pairs controlling it in tetrapolar
t'¡ryes. The bipolar t¡rpe is found. to charaãteri-ze heteró-thallie {*gi in the phyeomycetes, aseomycetes, rust and
snu-ts. . . I

The heterothallic species in this stud^y had. bipolar compatibility.

Some elucidation of this problem has resu-l-ted. from the work on

P.uccigle by McGinnis (U) *ito found a relationship betr.reen sexral

behaviour a¡rd the number o-f chromosomes" He conclu-d.ed that ilo..the

sex.ral behavj-our may be d.ependent on chrornosome number since all the

homothallic speeies studied thus far (i,¡hich consj-sted. of forp) have

n=d chromosomes while the heterothallie species (r,rhich totalled six)
have either Ð=3 or n=6 chromosomesr. rt has been poi.nted. out by the

sanne author that the heterothallic species may constitute a polyploid

series r^rith a basic number of 3.

Unfortunately the present i,ork in H. solani has confused rather
than elucid.ated the problem of homothaf-lism a¡d heterothallism. rf
the heterothal-lic has n=4 and. the homothallic has n=5 as suggested by

E1 ani (6) one could surmise that the chromosome carrying the com-

patibiliiy gene is preseni twice, each carryíng a distinct opposite

eompatibility allele" Horoever, in view of the present i^rork r,rhich

indicates that both strains have a common chromosome nunber such a

hypothesis is unr+arranted."

-?) -

OLive



It appears that homo- and heterothall-ic d.ifferences can oecur

betr.reen closely related species r,rithout obvious eytological eha.nges.

In the genus Gibþe¡Cll,A one of the species studied (9. zeae) ltas

homothallie and. had n=4t as did the remainder of the species, all of

l¡h-ich were heterothal-lic. It is possible that the homothallic speeies

has a transl-ocation bearing the opposite compatibility allele" one

could also theorize that the compatibility locus might contain multiple

alleles one or more of each conferring self-compatibitity wlrile only

the tr.¡o i'¡ould deternine self-incompatibility. If these h¡lgothetical

self-fertiliiy al-leles r¡ere incornpatib]e l¡ith the recognized bipolar

alleles, the, former would never be recognized"

rn all five species of Gibþgrellg stu-d.ied. a haploid number of
four was found, suggesting that this number is characteristic of the

genus. The degree of homology betr.ieen the chromosomes of each of

these species r,ras not determined except to note the qualitative
similarity in chromosome lengths betvreen g. qaÌÌeg.-and. S. cr¡a¡ogcng,

The measurement ratios made from both figures of Q. cyanoEele are

fairly consistent and could be retied upon with considerable confidence,

The minuteness of fungal ehronosomes has necessitated. observation

tempered. i,rith a considerable degree of su.bjective interpretation, often

resulting i¡ contradictory reports on the nunber of chromosones within
a species. Late prophase and early anaphase ïrere considereid. to be

the most useful- stages since in the former the chromosones are relatively
large and in the latter case separate chromosomes and bivalents are

usually distinguishable' I'fetaphase is unreliable because i¡ size alone

-33-



at tttis stage a univalent is üiffieult to åistinguish from a bivalent

and disjunction of the ehromosones is often irregular.

There is some controversy in the literature over the type of

nuclear division r^'hich oceurs in fungi. rn the present study no

attenpt was mad.e to follor¡ precisely the suecessive stages of nuclear

d.ivision in the ascus but it is apparent that the figures shor,n re-

present various stages in conventional nuclear division and conse-

quently it is felt that meiosis and mitosis in the a.scus is iclentical

to that found in Lrigher organisms. It is very likely that a similar

type of nuclear division occurs also i.n the hyphae.

-34-



0f the variety of stains u-sed. aceto-orcein and aceto-earmíne

gave the best results.

The present liniting factor in chromosome studies in the

Aseomycetes i-s primarily the inad.equate resolu-tion of the light
microscope. At many stages the chromosomes are reduced. to a síze
approaching the absolute Liurit of resolu-tion of the light, microscope.

Although the haploic. number of chromosomes varied considerably in the
species stud.ied, seven in calcnç_c_t_cla niya}is, five in }l¡¡poggqes sglanÍ
a¡d' four i¡ the genus Gibberell-a, the asex:al stage of each species is
includ,ed in the form-genus rtsaligg" From this it could be i_nferred,

that the chromosome differences represent a basic genotypic d.iffer_
ential r.¡trich is e>qgressed. primarily in the rnorphologr of the sexral
stage.

The eharacteristie chromosome complement of Gibbetefl_a is
comprised of one Iong, two med.ium and. one short chromosome.

In the one speeies stuùied rvhere homo_ and. heterothallic strai.ns
were present no association betrnreen this phenonenon a.nd chromosome

number tras found.

From the observations mad,e in this study it appears that nucrear
division, in f'ngi is simila.r to that fo*nd in higher orgarrisms.

-35-
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