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Goneral Suamary

This thesis congiets of twoe swincipal sectlong, The first
deals Wikﬁyﬁﬁﬁﬁiﬁﬁ on the phenomenon of Meélotie Urive., This fneludes
a raoading thesis, which fe largely & veview of the curvent llterature
on the subject, Results of vesearch on the effect of temperature on
Melotic Drive are pregented. Two stocks of P, melanogaster showing

Sesregation Distortion (5D) snd Nonvandom Segregation were used,

The seeond gection deals with the cyvtopenetice of aupernumervary
(B} chromosones foumd in the local population of short-horned

grasshopper, FPhaulacridium vitattun, The study includes an estimation

e carriers in the femsle population,

of the freguency of B chromostn
digrovtional segregation of the B with veapect to the ¥ chronopomes,

and algse the influewes of B chrommsones on chlasme foveation,
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PART I
READING THESIS ¢ MEIOTIC DRIVE

Sggragation of alleles in spernatogenesis end oogenesis, iz
governed by the Loaws of Mendelian Inberitence., Thus, s hetere
erygote for alleles & and a produces gametes of egual frequencles
of sack of the allsles, Howewver, thers ave inwtsnces when this
13l retio ig not observed awong the offspring of & heterosyeotia
although it is evidenc in the gemeiic population. This deviation
does not challenge the Mendellian Laws of Inhevitance, but mevely
confuses them, Sandler snd Fovitski (1957) proposed the ferm
melotic dyive for those lnstences ln which the sroduction of the

wo classes of gametes gve not equal desplte norwal welosls

Hoaesuch g pabtern of behaviour will drastically alter frequencics
of allelos in & populstiony where such a force, potentially vepable
aof altering gens frequencies, 12 & consequence of the wechanlcos of
melotic divisions, we suggest the name melotic dyive be agpplied,, "
Sandler and Noviteki also distingulghed weiotic drive frow the some-
what simdlsar phenomena of gewetils selection snd gametic competivion.
Meletic dyive does not depend on the gesobype of cthe gametss or
their fitnesn.

There are many known csses of melotic drive in natural popula-
tione as well ap iln laboravory stocks in both plants and animsls,

The flvat case to be vecovded Ls perhaps the “sem-yatlo® phenomenon
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General Summary

This thesis consists of twoe wrincipal gectlong, The flrst
deals Wiﬁﬁyﬂﬁﬁﬁiﬁﬁ on the phenomenon of Melotie Drive. This includes
a vaading thesis, which ig largely @ veview of the curvent literature
on the subject, Results of rvesearch on the effect of tempervature on

Melotic Drive ave pregented. Two stocks of D. melanogaster ahowing

Begregation Distortion (D) snd Nonvandom Segregation weve used,

The second gection deals with the cyiogesetice of supernumerary
(8} chromosomes found in the local population of short-horned

grasshopper, Phaulacvidium vitattun, The study includes an estimation

of the frequency of B chromogome carvieve im the femsle population,
digcortional segregation of the B with vespect to the X chromogomnes,

and alge the influence of B chrowmaomes on chissme fovestion,
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PART I
READING THESIS ¢ MEIOTIC DRIVE

Sggragation of alleles in spernatogenesis end oogenesis, iz
governed by the Loaws of Mendelian Inberitence., Thus, s hetere
erygote for alleles & and a produces gametes of egual frequencles
of sack of the allsles, Howewver, thers ave inwtsnces when this
13l retio ig not observed awong the offspring of & heterosyeotia
although it is evidenc in the gemeiic population. This deviation
does not challenge the Mendellian Laws of Inhevitance, but mevely
confuses them, Sandler snd Fovitski (1957) proposed the ferm
melotic dyive for those lnstences ln which the sroduction of the

wo classes of gametes gve not equal desplte norwal welosls

Hoaesuch g pabtern of behaviour will drastically alter frequencics
of allelos in & populstiony where such a force, potentially vepable
aof altering gens frequencies, 12 & consequence of the wechanlcos of
melotic divisions, we suggest the name melotic dyive be agpplied,, "
Sandler and Noviteki also distingulghed weiotic drive frow the some-
what simdlsar phenomena of gewetils selection snd gametic competivion.
Meletic dyive does not depend on the gesobype of cthe gametss or
their fitnesn.

There are many known csses of melotic drive in natural popula-
tione as well ap iln laboravory stocks in both plants and animsls,

The flvat case to be vecovded Ls perhaps the “sem-yatlo® phenomenon



in B, shecurs by Gershenson {19289, He observed that in certals
crosges of nales careying o special X chrowosome found in wild
pepulations, the number of females vecovered among the progeny fay
exceaded the number of wales. This, se Gershenson ghowed, was not
due 0 sypotic death, The sbuorwal behaviour of the & chronosoms
was due o cevtaln factor(s) present on the chromosome. This type
of wedlotle dedve fe veferred to as genic welotic dyive, Mwam
”g@m&a“ ave involved,

In wost instances, the degree of melotic drive rangss from
60% te 100%. It is genevally believed that this variation is

dependent o ¢ large extent on the scrion of wodifley genes,



1L, MEIOTIC DRIVE IN ANIMALS

Mogt lknown ceses of melotic drive ave found in aniwmels for no
apparent reanon, In Prosophila, wmeiotle dyvive is wostly confined
to the wale, The only known case In Drogophila female, ia the
preferential vecovery of the physically shorter wember of a heterc
morphle {structually diffevent) paiv of chromogomes in the egg
nucleus,  This phenonenon, koown asg "nonveandom dis juoction®; is
thevefore g chromosomal melotic dylve and no speciflic genetlc
factors ave hnown €O be involved, Husmples ave found in fenales
heterozygons for eberrations such ge deficiencies (Novitshi 1951},
translocation (Lismering 1933) and in females having amﬁﬁﬁﬁ&QQﬁ
chromosomes (Weltman 1954) and othey compound ¢hrowcsomes (Hovitski

and Bendley 1950%,

In Prosophila wales, a nunber of diffevent types of melotic
drive are known viz. sonvandom segregation, segregation-distortion,
deviant sen-ratio aud vecovery dlspupter, Recentiy, seg-raily
condition has been found to ewist in wild populations of the mogquito

Aedes aegypti. The geneticvs of these cases in Dropophila and jedes

wales will be discussed in consldereble detall in the followlng

pages.
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g,  NONRAMDOM SBG

The first case to be conpldersd is NHonvandow Begregation in

Drosophila melanoeasrer wales with o deficient In (1) s’ ﬁﬁ& X

chromontoe sud & noresl ¥,

This inversion X chromesome fg devived fvom two ¥ chrowosownes
&) In gg} @ﬁéﬁ & long fnversion of the X with wost of the basal
hetevechromatin fncludivg the locus bb snd Muller's Lleek A located
proximally sed b) In (1) @@gﬁ ailpo 8 i@@@ inversion of the X with &
iarge portiom of the basal hetevochromatin distally located, Their
distal breakpointe are 3&%&1&% and thelr prosimal breakpointe in the
basal bhetegochromatin ave such that the crosgover product is deficient
for the “&w@%@ﬁgk{%@} region and slse the Muller's bloek 4 heteroe
chromatin portion (Flg. a), This chrowosome, although only about
213 an long as a novmal X chrowosume physlcally, ig neavly sindlay
to the latter in genetic length, Included in the deficlency are
regiong which are normally iovelved in pelving with the ¥ chromeasone
{*collochores’ of Coopew, 1959, Thug males with the ilnvevsion
drve expected to produce non«disjunctional gemetes, nulls (no X oy ¥)

and X¥, This was wverifled by Sandler end Braver {(1954) who found

a high pevcentage of nulle and AV gametes, However, the proportions
0f complementary clagsses within dlajunctionsl (X and ¥) and nose
digjunctional (nulle and XY) gemetes were pot agual. X and O were
in oucess of ¥ and EY¥ zespectively. Morgan, Bridges and Sturbevant

(1925) puggested chromogome loss 1o be vespongible for the wnegusl
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Tigure a., Diagrasm showing the loversions amé » %ﬁ& o the
crossover product inversion scs sc®, The centromeve
is shown #e 2 civele and the crogsover reglon at %,

The extent of the loversion iv sach X chrowogows iz
indicated by broken lines (modiflied sfter Swanson, 1957).

frequencles of recovery of exceptional vales end exceptional Temales
in P, melenopsster. They believed that”.,,primaxy nonedisjunction
fe initlated by some wousual local difference in ﬁ@ﬁ@@@%@ﬁ@% ot
which the eynapged X's lag upon the veduction spindle and separate
fyom each other only with difficuley.”™ I wae asvgued by Sendler and
Braver that this peculliar result of unequal frequencies in the case
aof In{i) ﬁﬁ%& @@g was due to nelotie luse et anaphase I of the X and
¥ cheonwmoomes whleh wers unpalyed at metaphage 1. Thig loss

swounted te neaviy 42% in the ¥ and sbout 0,37 (not significantly



e

different from 03 in the ¥ chromgsome,

The idea of melotic loss of the ¥ chyomosome was further
tnvestigeted by Ziemerving (1963) who showed that wales careylng
Tadi) Sa&« S&@ A which bad been velsed a1 a lower Lempersture at
16% rather than st Qﬁmﬁg produced gasetes of X and ¥, e O and
XY in frequencles approgching equality, He suggested that this was
due o s decrgase in welovly loss of the ¥ chronosome st the isw&x

temperature, He slso obtained parellel vesults whoen he amploved

a speclally constructed ¥ chromosowe (an attached Yepartial %
B oL 8 ; , ; ;
chronsaone, X§¥L“? b This chrowosome had the baze of the ¥ and

both swwe of the ¥ and 1% was wivelent In prophase, since it lachked

a hemologue, Zlmmering inferved from this that {very cbviously)

the differvent vate of loss of the ¥ at the different Comperaturss
iz wot due to gynapels, He thue sugpested that a ¥ chronosone
underwent a high or low vabe of melotic loss and tﬁiﬁ loss wae
independent of @?ﬁ&?ﬁiﬁu

Hovitekl and Sendler (1957) made s rvemarkeble deduction fyom
thelr expevimental enalysis., They comcluded that pet all sperms

of Drogephila are functienal,  aAlthough working with males carevyving

; & . ‘ .
the trapsliocation T (1,438 , Movitaki and Sandler speculsted that

this condition wes not only limited to the tranglocation gstock, bus
could be genevally tvue In ali Drosophils males, belog vavealed only
when certeln ewpervinental condltions were sehieved. However, thie

finding wes not teken seriously gince some srgued that even enenplold



egpe and gperns from translocavion heteromygotes ware known to
function ivvespective of their chromogsowsl contents., Despite this,
the idea that sot all speyms are funcetiomal in Drosophlls, has been
ﬁuaaﬂﬁﬁﬁuiiy interpreved and consequently it has effected a wore
positive understanding kaﬁh@ wachantsm imv&lv@d in the peouliay
phenomenon exbibited by the In{i) saﬁm'saﬁ iV wales,  Peagock
g&%@ﬁ} ie mainly vesponsible for this, Studying the cytogenetics
of the malen, he found that there was no meiotic loss of the ¥

8 ¥ wan often found to be fncapable of

, &
ghrososomes, The sow g
ayngpeis with its ¥ howologue at W I. The probability of synapsis

reemed to be dependent upon the particular ¥ chromogows present,

the background genotype and ewternel factove puch gs culture teuwperse
ture, This fallure to gyneapse vesulied in the formstion of none

dis junctional gametes, From hie obsexvations, Peacock infaerred

that the frequency ﬁﬁ synepele at M 1 equalled the freguency of 4 %
digjunction and that the freguency of fallure of gynepse equailed

thaet of nopedisjonction,

When the ¥ and ¥ falled té synapse, thelr ansphase movensnt was
highiy oon-randoms uwsually both moved toward ﬂh@‘@ﬁm@ pole, The
frequencies of cowplewventary cilasses in both disjunctionsl and nopw
dis junceional gametes wera @guﬂi at the end of weivsis, typifyiog a
normal melotic process, Bach sperm bundle was found o cuntain 64
normal speyms and ne significant zygotie death was observed,

Genetic determinstions of the freguenciss of non-die junciional gametes

were in agreement with those frow cytological deterainations.



Hone-dis junctional gametes were found to vary over a wide range from
40% wo 0%, Desplte all these findings which showed nopwal meiotic
and post-meiotic procvesses taking place, theove was etill a significant
differente in the frequencies of complementery classes, These
frequencies ware welatively conetant in the wvarious cyosses in the
same physical envivoument and appesred to be independent of the amount
of nonedis junction,

In the light of these obsevvations, Peacock proposed that there
ie preferential segregation of uwopalred X ond ¥ chrowmogoumes, both

are urually included In the non-functional poles of Hovitski and

wiler, For an XY gamete te fenction, both X and Y chromosomes
must be iveluded in & functional pole.  Thiz expleins the grest
emcess of npullo penetes ower XY penetes. Frefevential segrezstion

into functional pumetes aleo accounts for the vatio of X to ¥ in

diz funceional gametep, The X chyomosome has o grester probability
of belng ovientated toward the functiomal pole thao has the Y when
both chromosomes are associated in a bivalent, This ewplanstion is
alee valid in sccounting for the resulis obtalusd by Zimmeriamg (1963).

At the lower temperature, thevefore, the wovemsnts of pailrved and

unpaeired chromopopes were vandow,

Although 4t is koown that the X Lo prefeventislly segregated
toward the functional pole and that the X and the ¥ when unpaired are
prefarentially cegregated toward the nonefunctlional pole, the astual

mechanism of thege processes Including factors poverning the



mevement of these chromosomes at aenaphase 1 etill unknown,
Nevertheloss, Peacock has shown that melosis ifuvelving the

Iali) ﬁm@w @@g /¥ is strictly norwal and this is sufficient
gyidence for the fact that this non-vandow segrogetion of X and ¥

chromosome {8 on exsmple of melotic dyive.



1g

The phenomenon of ﬁ@gf@g@&ﬁm&»&igtarti@ﬁ in Progophila Fivet
digoovered in wild populations in 1956, is snother case of melotic
drive, It is due to s locus referred to as Segregation-distorter
{d@gigmﬁﬁ@d‘ﬁwﬁg}g located neay the centromere in the right arw of
chromogone IL., The genetics and nature of 5,0, have been studied
in the laburatovy by Sawiller et al (1939) and Sendler & Hivalsumd
(1959, 19604,

The 5.0. bearing chyomosome Lo vevoversd more offen then Lis
homologue which carvies the gg@g In many stocks, the valuve of k
i.e. the propoviion of 20 searisg flles ip total recovered offs
apringe, iz guive constont and bas 8 value of 2,85, The phenowmenon,
however, tokes place only in hotevosygous males {ﬁh§$§®§g hnpss
gpyzous 5D wales snd all 8D femeles whether bomoszygous or heterge

#ygous do pot exbibit the phenoc

non, Lt appssrs that oyepsiz
between the 50 locus with ite homologue ﬁ@%\ﬁﬁ an essential pres
requisite for segregations-distortion, Thiz i belleved to be true
gince structeral sbaovsality in the ﬁﬁ% hesring chyomosome in the
50 repion reduces segvepations-distorition (in scee ceses, 12 usnaeily
gliminated sltogether), Thus, when 30 is hetervzypous with &
structurally vearvanged howologuwe, such sg the Curly laversion,
In (2LR)Cy, distoveion is greatly suppressed,

The fact that no distortion or sterility is obsevved when ED

bearing ohrssowones ave wade homogygous lo weles, sugeests that an



L1

5D beaving chrovesome in fnsengitive o the sction of another 81
alenent, Posaibly, the 30 elements sob on sach other with ehe sone
degree such that the net effect is xevo, and thus ne segregetione

distariiong,

ALl the 50 beaving ocbhrowceomts collected frow natural populations,
contein an dnversion in the vight aye of chromosone 11 which covees
a redustion in crosping over fn that avm (crossing over in the lafy
arm, 11L, f¢ nowmel)., However, ovcasional recoubinations occur

betwesn on {olonabar) and by (brown) locd in the LIR (ripght ars

of chromosowme X13. Such recowbinasnty that contaln cthe 80 locus

Wave warving b vwalues swong test @%&égg When the varistion in

k valuss is very large, the recoobinants ave classified se “wmatable®™,
and when Lt i smell, the veconbinents are claseified ae "gemie
gtable®, The owiginal 8D llue ig terwed "stable® line. The
difference in stability betwesn any two lines ig, h@w@v&x§ woR
detinet., Experiwsents lavolving selection of offsprings of stable,
wagtable and gemi-stable parente for bk valuas, reveeled that peithey
semistable nov unstable 80 line can be wade gteble merely by galection,

flowever, conversion of gemisteble to unsteble Lz possible {elthough

the reversze iz not) when the sendisteble 8D line is passed theough
both wales end females, The fgct that the conversion is pospibla
through males guggests that it does not reguive cressing over,
Consequently, the semistable 30 line doss pet differ from the
ungteble 50 elewent by & wodifier, Since nelther senlstable vov

unstable cap be wmade stable ov viceeversa, it 1s believed that the



12

stable o slesent ds Jdidferant from Lis uneteble and semistable
wounterperis by wmevely a single modifler., The presence of this
modd fler renders the §D line stable end in ite absence, the 5D is

sither swdetable oy unsieble,

Somdley and Wratsund {i@ﬁ&a} propeped thay {ﬁhxémgh gvidence
fron wﬁﬂﬁmﬁimmﬁiwm”@ﬂy&@im@ﬂm@ iavolving en and bw loci) this
atabliising m@ﬁifﬁﬁgﬁ designated Bt{SD), wust be locsted at the tip
af the right srm @f‘ﬁ%@ @@&wﬁd'ﬁhrwmﬁgﬁmg (EER),  SudsD) is found
o ba capable of Qﬁ%ﬁlﬁ%@&y stablllsing &émi@&&klm 88 lines but not

yastable lines, altheugh in the latter cage, Lt luacresses the dige

torting ection.,  Loeing S4(5D) by recombinants, convert them first

%

into semistable and then inko the uwnsiableg state spontanesusly,

The stroacture of 8D veplon was abullied by ﬁam@iﬁx and
Wreiswmi (1860bY. ‘They proposed that the 50 locus lies batweon
oo end pr (purple} loci with the 80 locus very close o the
centvomere, B Lg wory clopely liuked to s i&mu& soread Actlvatoy

of 50 designabed Ao(ED) which is Jocated to Liy vight., Hirslizunl

gl Hakasima (19673 found &haﬁ thin Ac{sn) fu 0.5«1l.0 unly avay from

the 90 lecus (Fig. b},  Both these elemwnbe thws lie in a very
gmall chromosomal sugoent {abereation}. This chromosomal sberration
cauges @ suppression Ly ovvesing ovey iu the 80 veglon, VYhen
erovsing over does teke pluce, the rare wecouwbinant 5D ae(sn)”

& ius

produces o weah dlatoriling effect with & aversglog 2 value of about

e ) e .
(1.8, The other recombinsnte 50 Ac{iD) shows no distovilng effect

%‘"i

at all, Thege recombinanis ave thevefore partlally and wholly



tngensitive to the avtdon of 9D, Bosed on these rare recombinants
and thely non-distorting neture, 10 1g concluded that the Ac(8D)
e wecessary for 5D to opovate end thet they sust be presgat in

the woupling state with 50,

L@

0.

BT R

SDpe(sD) .

Figure b, 4 diagranm showing the 5D reglon, The hesvwy lines

ghow hosologous reglons within 50 yegiony the wavy
iine 1z the abervant segment responsible for the
reduction in crossing over 4nd foy fnsensitiviey of
the origival Sh-bearing chiromosone, and 2, b, and ¢
are crossover reglons betwesn pr and on {after
Bandler and Hivaizuml 1964b),

Condikional-distortion
Rl e RS

fe wmentioned esrliex, Drogophils Zewmeles do not play eny part
in sepregation-distortion. However, &n {nteresting phavowenon ils
sssociated with them with vespact 2o 8D, It iz found that in
cargain lines, 1f the 5D element ie inherited from & female serent,
thes in & frastion of FL male sibshipe, only one half of the
heterosygous song produce segregetior-distortion, The other half

produce normel segregation. In the FI, ivvespective of whather oy



not thelr father showed segregation-distortion, all males show
abpormal vatio, Jendler and Hivalsuwl {1952} termed this
phenomenon “Conditional distovtion”,  And females which produce
heteyozygous song of which only balf exhiblt segregation-digtortion,
ave referved o as baing ”ﬁ@u&iﬁi@n@@*a Somwiler and Hivalewnl
{1961a) made further studies on this phenomenon el aleo proposed
an explanation to ite cawse, It is thought that in males carvylng
2 elenent, the elemsnt cavses the X chrowosome o be induwed into
a specific wodifier, This specific inductics somsy to be stable

& without phyveical contact betwsen 5D elament sad

pod comer ab

t%@ induced wmedifier of the X. The induesd X chromosome in turn
ﬁﬁg@?@%@@ﬁ t%@'@@ziwa of 5D, Hemce u conditionad f%@&lﬁ {which
o produced by 8 povmel fewale ond 5D wale recelves one induced 2
chrompgoue frow hey fathery hey ﬁthﬁr A is normml, ﬁ%if hay song
therefors receive an induced X and thus these wmales produce normal
segregation vetiss, When bhoth types of zome ave crosses to normal

le offapricgs produced will recelve & wormal X frem

foosies, all &
the normal wother and hence all will show segregationedistortion,
However, the exzct nature of the proposed conditioped state is

ussknown,

Oytogenstic wmodel of 8.0,

The ecytogenebic besle of gegregation dletortion was luvestizated
by Sandler et al (19359) who worked on the sssumption thet the %0 had
o lothal affect and se such would be eliminated duving melosis by

a special mechaniswm.  They poctulated that during synnpsis of 3B
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aned %ﬂ%kﬁﬁﬁfﬂﬁg chromosomes &t prophase I, the 5D element induces

a wleveplication {breakage) of the gp* besring chromosone o 4
vegion vpposite the 5D,  This break bevomes a sister-gtrand fusion
which at anaphase 11 produces a chronarid bridge, The chvowatid
bridge and Lie subsequent fragments foliowing breakage will be duly

eliminated (Fig, <),

Prophase I Anaphase I Anophase 1T Spermioganeii}

Figure ¢, A diagremavic wodel to sccount for segregations
distortion, showing the elimination of the 5
bearing chromosome {(Sandler et al 1959),

ypothesls was supported by some preliminary eytological
observations which were by no mesns conclusive, Sandler et al
{1959) reported that buridges and dicentrics wers conslstently
observed at metaphase II but no ascentrics were reported seen which
was yulte unusual, MNevertheless, data supporting the breaksge

wodel were available from studies by Crow et al {i962) and

Wiraleusi (1962},

The breakdown wodel hypothesis was ghovt«lived, due to work by

Peacock and Brickeon (19685) who found that cytological examination
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ravealed no evidence for the validity of the hypothesis, Peacock
and Brickson failed o obgserve the dicentyic lovps which Hapdler and
colleague conplatently found., Instead, the 5D systes wechanlsm
paralleled that of the nonvendonm segregation of In (1) &ﬂ&m &%8 int

that meiosis was normal, Studies on gperw bundles, waturation,

oS
i

CRR. 7 i 3 ed 3 . iy iy ”?
id ot show eny difference between 5D and 50 .

gransfer and stovape
Pescock and Brlcheon thus proposed that sepresation-distorvelon is

dua to preferential regregation of the SDebearing chromosome into the
fusctional pole and thus leaving the howolegous sp* baaring chronosone
to be included in the nonfunctionel pole because the 50 bearing
chyowosone always separvates veductionally from spt bearing chromogone
at first division and siuce nearly all fuwsctional gometes cuptaln 8D
bearing chrowosome (k 0,996 in wost instances), 1t is reasonable to
conelude thevefore that ome pule at first welotlc divielon produces
two functional sperms while the other produses two nonsfunctional
sperms . It follows that theve wust be some special wechanism
involved, probably an ovientation of the %ﬁf@ﬁﬁxhivai@ﬁ& at anaphase X
guch that the 2D complement, in this orlencetion, hes a greater
probabliity of going towavd the functional pole than has che ap”

complenment.,  However, nothing wore i hoowr about this orientetion,

Bex-ratio in essccistion with 8D

Hovitslkd and Bhrlich (1966) veported that when the nonesh
chromosomes are lonvolved fn a ¥ tvanslovation, the action of 5D may be

dyastically moedified or even rveversed, They aleo veported that
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gsavers guppression of 5D action wight aleo take place 1¥ the &)
heterozygous males carry attached X £ cheomosome, This is iu
faet a modificavion of 8D action by & non bomologue, Sandler and
Hiratzusl (1961} also vealised sindllar observations wvhen they
studied conditional segregation in Dyosophlla, Hiraizumi and
Nakazima (1967) also obsevved the ssazociatlion of S with none
homologuen., They found that 6D hetevosyspous wales showed slight
but consletent sexeratio devistion, When gﬁ/ﬁﬁ* males were nated
&0 the stendard test onbw females, in the @ggfm@f& femalies ware
tpooversd svong the swall onby progeny, while sore neles were Yae
covered among the large 2D progeny. However, %ﬁf&@% fenales did

not show similar gesuits,

Hivaizumi and Wakazise explained this nonerandon BagnLtnent
botugen the second amévth@ gexechronosones 1o the light of the
malotic mechanisns of the 5D and gex-vatioc as proposed by Pesceck
and Evicksom (1963) and Novitski st al (I9065Y, Tha 8D locus is
balieved to have gome sort of homology with gowe parts of the X in
such & way that between them theve is comperitlon to veach the
functional pole. When 8D poes to the functional pole, the probabllivy
wf the % reaching the same pole b reduced., Hilmllevly, when the X
ﬁhrﬁ%ﬁ@@&& reaches the functional pole, the probabllity of the 5D
reaching the ﬁ&m@ pole s in turn reduced. Both Ac{S8D) and Se(8D)
goem Lo "inactivate” the X chromosomes by veducing the latter’s

probabi lity of veachiug the functional pole,
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e URVIANI SEX-RATIO IN DROSOPHILA

Sew-ratio condition L.e. differential veécovery of ses, has boen
studied in a nunber of gg;s@szmé of Drosophile as in D. obscura by
Gershanson (1928), Sturtevent and Dobghanslky (1936) fouwd & wide
digtyvibution of sexeratio in wild populdvions of U. obscura proup
wvhich include B, affinis, D. athabasce, and D, agtecs, In all
these three species, the offsprings of sexevatio males conslst of
mainiy devghters and fow ov no sony, ropavdiess of the genetic
constitution of ube Femele pavents., Movivekl (1947) working with
B, affinis also found the pame phencmenon, Ton addition, he aleo
found in the save specles s vecessive gene which veversed the effect,
giving an emcess of wale progeny or male sex~yatio, Fevale sexe
vetio hag also baen found in 0. puvemelanica (Stalkew 1960) and
B. glumlans (Faulhnber 1967),

In females, sex-vetlo iz due to wales heterosygous for an X

chyomosome cavrying the sexevatio “gane™ whivh produce an eucess of

dwboaring sperme and vary few Y-beaving ones. Az & rosull, wove
females are recovered in the prozeny.  Sturtevent and Dobzhansky
(1936} made cytological studies of sex-vatlo in Drosophils

ppeldoobacura in dn attempt (0 account for the abnormal mechanism

lovelved., They supgested that at the fivat smeiotic division the ¥

chromogone in sex-vaiico wmale undergoes an extya veplicstivs thuy
foreing four X chrowatids., These are then distvibubted anomg the

four sperveatids apnd hence all speres arve Lebearing. The ¥ chrounssone

degenerates af the flrst division and Ly elimlnated in subsequent
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melotic stages,

fralker (i961) who studied serezatio in D, paramelanica found
that {u the natural habitats in which the gpecies oceurved, twe
- form were identlifled, the Horthern-type and the Southevn-type,
The Horthern-type sex-vatio could be suppressed by Southevynetype
¥ chromosones but wou by Lts own type ¥ while the Southern type was
wot guppreselble by elther type ¥ chrososowe.  Both bypes of sexw
vatio were, however, supprassible by o less effective suppressor
systen., Thig svstem of suppressoys were believed to be sutosomal,
The sex-ratio condition is due to & “gene® designated sy which is

located on the ¥ chromosome, Purther studiss by Stalker showed

that this ar gene iz velated 6o a systen of lavexsions in & fairvly
complex wanney, sinilay to the slivation veported by Sturtevent and
Novizeki (1941} o D. melenica and by Davlington and Dobshansky (1942)

in B, pseudosbscura. Im D, paysselanica, the sex-yatio X chrowssowe

differs from the “Standard” by having st least two luversions (4 and
By in the left arm and two or three (€ and BA complen) in the right

(Fig. 4). The two inversions 4 and B in the left are show vave

bw car SN

D @ oz enmED  cummEm

Figuve d. Sexepatio ¥ chromosonme of 0, paramelanica showlng
multiple inversions (Btalker 1061y,
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crossing over with each other awd with the inveveion € of fhe base
af the right awm., Crossing over way also oceour between inversions
¢ and the B4 complex., Inversiong 4 and B ave very close togethey
in the BA complex and crossing owver bebween them has nol been

obaarwed .,

Raconbination experinmente favolving these ifwversgions show that
sansratio X chromoscwes of both Horthern and Southarn-types caryving
inversions BA comples or € ag well ss BA couplex in the vight are,

do vetsin the sewevativ condition, This suggeste that the sv pene

ig in fact located in the right are of the ¥ in this vegion of Ba
gomplex, The suppressibllicty of Horthern-fype sexsratlio X by a
Southernstype ¥ 1&g found B0 be aseoclated with foverslions A snd B

in the left swm. Suppresgslon of sewevatlo in the Bouthernetyps

can be achioved by veplacepsuts of the left spm of Southemmetyve
semexatio X by "stendazrd® left arw. The Southemn-type can thus be
guppressed by 1te own type ¥i  in other words 1% lo trensferyed into
& ﬁ#ﬁ&h@f@wﬁyﬁﬁw This thevefore ﬁﬁgg@@tﬁ that the diffevence between
the twe typer liss on the penetic cheracteristice of the lef:t
{autosemally derived) arm @f the B, However, any siniler replaces
went in the iéf& arm of @ Northernetype will &@@@%@@& the gexe

ratio tvait completely., Thus, any bresldown in the inversion systenm
would Jdeprive the ¥ chromosome of welotie drive advantage., This is
why, in natural wild populations of the specles, such signs of
breskdown of the @y@ﬁ@m which ls veflected by the presence of recome

binents are very rave.
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In B. ginuleng, the condition of gexeratio is due to g
vecespive factor (oxp) lovcated between halrless (M) and pevit (pa)
on chromosone 1L,  Tine-temperature sensitivity @xp&rﬁm@ﬂ&&'@hww
that the primary sction of this eutvgomal recesslve factor starts
prior to welosis, the product of which interacts with & ¥ chrowocsone

factor during spermiogenesis. 4s in B, pseuloobscurs, priwsvy

nonsdis junctlon also occurs in U, gimslane,  The H0 weles produced
by w&awﬁiéguﬁaﬁimm do m@%’ﬁhww the worphological abnomalities of
@?@ﬁ%ﬁ@iéﬁ which are characteristic of the Y sew-vatio nalse

{powe spermatids in IV sexR-yatio miles have undeveloped heade).
This suggests that the abnormal spexm head developuent apparently

teguires the presence of the ¥ chromosome (Faulhaber 1967),

Gyviogenetic Basis of sewsrvatio

The model propoged by Sturtevent and Dobshansky to gceount for
sexsratic in Drosophila has been found to be imcoxrect, The X chromos
some has not been obsevved to underge sn entra veplication st figst
proghage, although such 8 unlgue gituation does in fact tedur in the
.ﬁﬁﬁﬁﬁﬁ Llaveills {(Huges-Schrader 1940}, Instead; Novitekl et al
(1963} found thet the X chrowosome in B. psevdocbecura i preferane
tlally zegregeted into the functionel pole at anaphese I, The ¥
chromosone is usuwally fncluded in the non-funceionsl pole ensuring
thar all progeny ave females., Paxallel yecults sre algo observed

in cytological snalysis of & velated specles, D. gthabasca,
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From population cages of B, ﬁg@@ﬁﬁ%ﬁﬁﬁﬁg (Wallace 1950), which
had been subjected to low intensity irradiation for about 200
g&ﬁﬁf&%i@m%» fwe Lines were obtained in which the chromesomes derived
from the ireadiated population were reuovered in %ﬁf@ than helf of
the offsprings, Noviteki and Hanks (19061), yﬁm@ of thew coutalved
&n i@f&ﬁi%@%ﬁ chronosons 11, which was found in %h%ygi i Wetepogygous
W&XQ‘ﬁﬁf@@tﬁ wigﬁ f%%@ﬁ@mﬁi@%’wﬁmgiﬁg §§é% 53% to 80%  This devia-
tion pervsisted for 4 consequetic genevations, ﬁaﬁ the line is
poglected and consequently lost., The @ﬁ&%@lﬁiﬁ@ iﬁ@@l@%ﬁ an

Lrralisted ¥ chyouosoms

. Uhen present in a parental male, 1t
sppeaved in 567 to 647 of hle offeprings. This line was inbyed for
about 20 pencrations, et the end of which the west vecovery of the X

chrososone wee found ¢ be & comgtant, approslmeting 67%. This

deviation In sex-28tic wae not slaply due o differéntial wortality
of the sale progeny caused by the irradiated X chromosons., Thie
was shown by crossing such wales (those producing diffeventisl sexw
ratio} to atteched-% femsles, In such & evops, the trasseission of
the irvadisted % of the father wae effected through his sons enly,

The progeny of this crogs were found to containm plgnificantly vove

males then females, veflecting that the {rradiated I chrouwssone was
vecovered in excess of the ¥, ond wore significantly, thet i¢ was in
the presence of the irzadiated X chrosesone that the deviastion in

pexs+yatic was cbpevved, Thizn new inbred line and ite thres compos

nents, autosuvmes, 4 and ¥ weve veferved to as Recvovery Disrupter,
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desipated RO, X7 and ¥ were gymbols for KD X and BED ¥ chroswsones
vespactively, and a® vepresented most of the RD autosomes, Honks
{19643, Previcusly, the line way named "29 @“khy Hanks él%&i}'a%d
Brickson and Hanke (1961}, The phenounenon, due to gome pre-zypotic
mpoband en, mond fegtad M:ﬁzmﬁ only in mﬁi@wﬁ

Honlen (1964) studied the nature of this Recovery Dlevupter and
made the following flndings, Bach of the throe components (X,

92 and A%} han o defindite {ofluence of vecovery of sax chrompownes,

¥ chromopomes ave somewhat diffevent in thely vecovery of mex
chyonsomes affact. Bince 28 fnfilusnnes vax chrompssue LYeotvary

rate, theve muet be vertain mechenien present which ¢guse thisg

intevehronosag

i effect, Hanke bslieved that the 677 recovery of
¥¥ 4o por the effect of any single BD ﬁaa@ar {L.0. ﬁ% or ¥° or &@}
but is do fact due o the interaction of all three compinents whose
gombingd effect is ﬁ@ﬂ@maﬁiy‘mm&&ipiiﬁ@@%%@n ‘ﬁh@ autive site on

ghe X° chroposose ie believed to be locatel between gar (carnstion)

atic

and su-f {(guppresser of forked) wear the euchromatic-hetevrochrom
junction, Becovarysdisvuplter @ffect le enbanced by modifiers which

are present oo the other chronowomes of the complement,

Cytoeenetic model for Revovery-disrupter

The mechanisw of RD action was studlied by Briekson (1964},
Unlike the three previoug cases of melotic dyive 4.e. nonvendon
pogregation, eegrepationsdistortion and sexevatio, the phenomenon
af Recoveryediprupter does not involve prefeventisl segregatlion of

chyomogsomes. Cytoleglcsl observations vevealed that it inwvolves a
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depression in the vecovery of the ¥ chronosome, sowewhat siwliar

to the oviginal wodel proposed by Sandler et al (1959) to secount
for 50, Brickeow proposed that thewe ig an sctlon agrlest the ¥
shrossgons duvlng an early stage, even before anaphase L.  Tises
tenperature sensltlvity experinents by Brickson aud Henks (1951)
ghow that the definlitive action ovours ab prophase I, ﬁ&mﬁ&i%ﬂ&iiyg
the ¥ chrowogoms breals, wsually in the long awve end this ¥ fraguent
vemadne on the splndle at enapbase L.  The swact mechanise fovelved
is wot fully wdevstoosd, It is gpeculated thut lreadiation causes
& pesvrangosment Iu the X helevochrosatin, At provhase 1, ¢this ¥

&

pynapses with the ¥ in & wanmer sush fher the vearvanged % hotevoe

L

chromatin 1 involved in palving with the jlong amm of the ¥, A

3

small deletion the X heterochromatin would effest a "hump" iu the ¥j
@ swall ingevtional translocation ov a g%@iﬁ@aﬁi@v of & sepnont
would cause stretehing of the ¥ in Eh& gorvesponding reglon) and

gn imvevsion of the ¥ would peoduce & loop in the ¥ vhich would cause
pome styess in the chrdmatids, ALl these three cazes would cause

& stretching oy & losgening of goils, This would occcasionally byesk
at snsphase I but nore §§§§%&&ﬁ1ﬁ@ the break takes place at anaphase
1%.  During the second welotis division, these ¥ fragmente protyrude
from the nucleus oz get isolated in the cytoplasmic contents of the
spermatide, These fragments lesd to lethal sction during epermlos
gonesisg, Obasyvetions of gpevm bundles showed that approuimsiely
48 goermy were countable as compared o 64 in mowpal control gpeinm

bundles,
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Rb activity,

G " . . : 'giug%ﬁ:g . 1 ’ I o i e rse a5 .
Bxporiments weing 27YY wmales, shoved that the normsl sene
e o b e e st - e - |
ratin ansoclated with BD wap obtedned when segregation of ¥ with
hegit i ~ i P
Y ook place. Here, B 50% (where R » the recovery valus,
defined as the percentage of females). When segregation between
@’g :é, 4 “EE e &‘5 g?, :\éﬂ 5 e i e i o B e
A" wicth U o WU with ¥ ocourved, a devient sexsvation was
also observed, But in thies latber casd, the vexevaclo wes veversed

1.0, sore males were found in the progeny (R 50%),  These obsexvas

tlone could be gccounted for by asgsuning thet in the lottey case,

; e s A
BOme of the A

%

fr;“‘ © m;f’iﬁ . 5 & Gy, A O S Y
¢" and ¥Y gavetes were lethal, This could be,
% =
post likely, duc to the "sction™ ggainet the ¥ and ¥ 4n the
N , 4 S onr s ;
respective gametes by the £, rvendering lethality to these pasetes,

The selitary ¥ beaving chromgssie was not affscted.



26

8. DEVLANT SES-RATIO TN ABDES

In the wosquite jedes aegypti, sex ig determined by 2 single
gene oy & swall chromvsounal segment, designated m., Femnles ave
howogemetic, um aud wales ave heterogometle, Mo, Hormal segregetion
ips wales would thevefora produse equal nunbers of M and w ganetes,
Chrigtopher (1960} vepovted that males weve found to be in excess
of feuales, with fyequencies venglng fyom 552 vo 69%. This high
male ratio is due to 8 hevedliayvy factor transwitied by males
{Cratg, Hickey and Van de Hey 1960), lMales which produce high nela
ratiosz, Jd0 go vegardless of the genvtype of the femalew they are
crossed to, Ganetic selection 1z vuled out and the phonomenon is
raferved 0 as amale-pyroducing or MP., This phenomenon lg another
enomple of welotic drive. Hieckey and Creip (1966) 4id wueh to throw

light on the nature and genetle basls of this male-producing phenowmenon,

The male~producing factor iv desipnated Dlstovver (U) apd {ts
absence as d, Thig foctor scte divectly at the locus for sexe
determination, w; thus the syebol D ov 4 is wyitten as superscript
wf M or m.

MP phenomenon ie found to be eshibited only by wales which are
¥ mﬁa The orizin of eithey chromosons %ﬁ ey mgg {whether trang-
witted by wale parent or fewsle parvent) is imm&t@@i&ﬁa Thus WP can
be Lost end vecovered in sequential genevations. The reciperecal

genotype %ﬁm& and the other two possibilities Wit and M&mﬁg all

glve the newmal 131 ratio, WP i» not obgervable in females,
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Diptovter (D) soemw to have vo distortion effect on auboptmes
of the complenent, bence chiomssomes 2 and 3 in Mﬂmﬁ mples segregute
norwally., However, sil loel on sewslinkage group 1 show segrepation
typleel of MP. Hlchey and Creig werve able bo eselect MP walse which
produced digtovtion as high as 854 we 0L,  Becauwse of the devient
segregation of locl wi the sen-linesge geoup, 1t Ls belleved thay
the discovter is pxm&a&iy located within the sex-linkege group
iteelf, somewhere to the vight of ved eve (ve), However, ite

precise location 4 vet to ba deserwingd,

Based on the varving levels of nele ratics obaevved, theve are
twe kinds of MP wales (1) these that produce 0 to 9% females and

{2) those that produce 20 to 370 fesalss, Whis diffeyence in

distortey action hag not yet bese aceounted for o terss of wodiflier
gystes gensdtivigy, Unlike the 5B eyveten, incrosse in sge of an
P male doss not alter sesevaticvasong its peogeny. VYarying tewpera-

pures bave & il lary effent on WY condition,

The mechoniem of action of digtorter Lg still wnbnown, However,
i% haz been shown that velatively lew femsle-beacing gewetes from MP
males succeed in feréilising egge, snd that ﬁﬁ“ﬂﬁlﬂﬁ‘ﬂﬁyiaﬁﬁ theliy
sppevw sariler then do nopual weles, This could elther be due to
meiotic lose of the mebeaciog chrowssose oy to the webosring element
bedpe preferentinlly seprepated toward the non-functionsl pole of
melotic ensphase I (11 there i such & thing as o nome-functional
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Unlike in animale, oaly & few cases of welotic deive in plante
gre knwm to thiz date, Perhaps the wost significant of these is
the case of preferential segvegation of certaln chrompsomes in Jea
maya, since Lt Le ﬁ‘gmmﬁiﬁa case of drive and that the mechanisn of

cytogenetic deviation involved is well understood,

Ao abnorsal chromosone 10 was £lret discovered by longley (1958}
who wae stwdying the kavyotype of a numbey of maize stvaing of the
Horthefmerican Imdians. This chyowosowms designated (Ki0) differs

from the normal chromogoms homologue (kiIDY by a variation {p chronge

gome patiern by the presence of & lsrge kuwb and eucheomatin on vae
e i éﬁ%viﬁﬁg arm.  These @%ﬁwa ?wgiﬁms hm@&’mﬁﬁ bt ﬁ@mﬁﬁ el
have homologous reglons eleawhare in the walse genome. When elther
af these chremosomes lg studied dn & howogygous state, segregation
ig nommal with respect W Hendelian vatios for soy lect on this
chromosone, However, Bhoades (i942) vepovted that plante heterss
sygous for the two chromosomes (RI0/KIN) produced approwimately 70%
v the gegaspores coarvyivg the sbaowmal KLO chrowpsome, Thiy
doviation from the 1:l ratio was net due to say particular gese bui
found to be influenced by the knobbed veglonm, Such deviant seprepss
tlon was aleo found to vccur for both chromosomes 6 and 9 in KIO/RID
plante, 1£f the homologues weve different in their lmeb ammg@i%w@iwm
(longley 19453, Hence in chromogsome 9, which has a knob in the

short awvm, and aleo the genes €, 5h and Wa with € nearest the distal




knob and Ws vearest the centvomere, the gene € gives waxiom degres
of %%g@&g%&i@ﬁu W gives the lesst segrvegation while th gives
gegregation value miﬁﬁw&y batwaen G %ﬁﬂ Wi, These results are in
agyeement with the prefevential sepregation of the knobbed mhw&&@m@m@&
vﬁh@é penss closest to the knobbed x&%ﬁ@m underge the greatest degroe

of segregation,

The chromosose K10, in addition to showing sbnormal segregation,
also shows othey cytogenstic effeckts. It is found that it effects
an imerease in crossing over and hence recombination (Khoades and

psey 1957, Kikudome 1959), Khoades and Dampsey (1966) reported
that the i@&y@éﬁ% in ?&&ﬁ@%ﬁﬁ%ﬁ%ﬁﬁ wan §%@%ﬁ%éykﬁmﬁ to the chromesome
BiD induecing very iﬁ%i@%ﬁ% gynapsis, Phoades and Dampsey alse
w@g@wﬁ%& that prefeventiol segregation wes not confined only to

chromosones 10, ¢ and 9, but also oceurred io sll the chromesomgs In

the couplement 1§ they were heteromorphic psirvs and the chrososone

K10 waz alzo pregent,

The size of the boob soems o bave an influence on abnowmel
pegregation, Kikudome (1959) found that the vecovery of the allele
Wd ranges from 68.8% in K10/kI0, K9/k9 plante ko 39,1% in K1G/KI0

%ﬁ%f%ﬁ plants, The %&% ig & ouch larger terwinal lmob relative o

g
the smaller K9, These results ave true when equal recowbinatior

takes place between Wd and Wx locl and equal nunbers of hefere

sryhlc
dyads arve formed, This, therefove, shows that the prester the kuob

i, the preater ig the degree of preferentiel segrepation,



Poarhaps the rost inleresting elfect the chromosowe K10 has is
that Lt induces the foxmation of "meoventromerss’ during the
anavhase of the flvst mﬁi@tﬁa division (Bboades and Vilkoneeson
1942} mhoades 1952).,  This effect of the chrowosome KI0O fovms the
bagle of the mechanisw of prefeventisl sepregation, Rhoades 1952
tavestigated the zole of the neccentyomeyes in melge homosygous for
KLD during wmelosiz, He fouwnd thet at MI, wh&&‘hﬁvm£@nﬁﬁ BUE GO
oydentated on the spindle, cevtaln chrowmosomes ewtend chyomesomal
fibres from their distal ends, These neccenteie veplons {(nowmally

pueh ahy

spomal fibres ave produced only st the true sentromerve)
move poleward in advance o the true centroueve, This dizect

ship between the precvcisus sctivities at AL and ths

heterochromatin koobs ave alse obsvrved in the gecond wmelotic ddvision,

Iu the Mght of these obpervations, Rhoadee (1952) proposed a
eytogenetic model {n an attewpl to sccount for the preferential
gegregarion ln K10 in wwize. Brlefly, the two spindlies of the second
meintic divigion of the megaspove mother cell in nedlze ave asrvanged

in tendem, The basal mepsspors develeps into the female pametophyie

while the remslning three degenarate sod ave thue lost, In maize

hetevomygous for luwbbed and kmoblege bowolo

es, oug aym of gomy of

the disjoining dyads at ALl possemsws precociously acting chro

fibres which are abgent in the howolopous aym,  Neoceniromeres ave

forme om Lhe knoblgss

Frow the hoaobbed arms vl le none ave fovesd £y
avms,.  These nescentric reglons nove beayd the pole in advence to

the true centyic weglons. In & dved congisting of one knobbad and
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one lobless chromatid, the hkoobless chrometid feaces the

equatorial plote while the knobbed chromatin lies closeyr to the

pole.  If this orlentation pewsiste until the second metaphase such
that the hoobbed chromstids face the two tevminael (outalde) poles
and the keobless chromatids face the Lwner poles, then only kmobhed
chromating are vecoveved in the teeminal poleg, one of which iy the
functional basal wegaspore. In the cege of hatevosygoete WIO/KIO,
prefervential segregation can osly sgeur when g crosgover taber ploce
between the koob and the true centrie weglon, If ne croseower tekes
place, then segregation iz espentislly L:l., Crosping over between

the haob and the Erue cenbyos

ave to produce hateromorphic dyeds le
an ezseatial qualificavion lov preferential sepyegation. Prefevens
tiel segragetion is not influenced by the wusber of emchengess
single and double cxoveovers give squel degres of prefevential
gegregation, If thie hypothesis iy valid, then the detesmining

factor of prefevential gagregatiny is the opientation of the dis-

e

joining dyad at AL, The presence ¢r sbgence of neocentylc fonmation
at MII hes no effect sloce origntatiosn has alyeady boen established

ab &%, This point iz confirsed by studies on deficient dvads whove

vandon sepgregation at MIL is indicated for hetevomorphic dyads in
which the deficlent lmobbed chyematld comes fyvom g di-centvic bridge,
Bmploving Ri0/K10 hetovozygpous for sevewval pavacentvic inmversions,
Bhosdes (1932) found thet at AL, & chyowatdd which e lnobbed and

goencric formed as & vepult of & single ¢.0. shows nevcentric

aotivicy, However, the same chrowmatid fatle to show any nedegntyic




Prehhed ehronosone

Veterenote H10/0010 rrecoeity b LI, knob
crossing over hehhving as a neocentromere

.

formation of
heteromorphic
dyads

[ ——

i N AN - Tunctional basal
mepaspore containing
knobbed chromogsome K 1¢

Miure e. Biagram showing preferential ceprepation of o knohbed

chromocome K10 inteo the functlional basnl mepaspore in wea miys.
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actlvity at ALY and thup lles on the equator, Rhoadss postulated
that the trus centvomere produces & aubstance (8) which i¢ essential
for the formation of chrompsomal £ibyes and in Xi0 plante, this
substance moves along the chrowatid srm towards the neocentyonave,
This substance le insufficient in quantity at ALL, since it is

beinz used up at al,



Gershanson (19283 who first vealised the phonomenon of sens
vabtio speculated thet since wore A-besving spevms ﬁhﬁﬁ Yebaaring
neg were f@ﬁaﬁi@ﬁ%ﬁg in the fextilisation of egus, the sexeratio
& chromoaoms would Increagse in the population and in doing so,
would veplece the novsal X completely. Should this heppen, the
species would be in danger of extinction because of the seareity of
malow., This epsculation ls of course logleal but 1t doss vos
aventuats in wild populations due to the complenlty of penetie

wystems in action,

Az ewpected, a locus, 8 chropssomsl sepuent oy o whole chromopone
which sxbivits wedotic drive, heg au &@ﬁ&ﬁﬁ%ﬁ@ by wivtue of is
digproportionabe presence Lo ganetes contributing to csch gensration,
and ar such can Incresse in freguency in 4 population, This fa
true even Lf the driven elesent iz gpsocigted with genes which Lumpart
an effect of veduecing the fitness of the opgenisw careylng the driven
glement. The fovce of welotic drive then, ic opposed by the fovce
of geiection, The effective direction the dyiven element tales
with respect to frequenuy; will depend on the wagnituie of the two
fovees involved, In men, certain dizeases are haown to be dus o

emio and gicklsmia (Dunn 19533, The

dominant genss, such ag thalsss
frequencies of these conditions weve found o be very high in wan
and could have arisen sz a vesult of un abnorsal peprepetion. This

gbnvreal segregation fn man bhas 0ot been fully wderstosd concerning
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Leve oyvtogenic propaviies. Heel (1956) sugpested that the high
frequency of thalassenia end sicklmeis in man could be due to high
mutation rates and not by abnormal segregation,  dnother possibillity
could be that it is & case of hetevosypote advantage {ov overdomlnance),
In wice, the freguency of the "pealleles” for talless (which ﬁé lethal
in the homomypous state) ils saintelned do wild populations at a high
lwvﬁﬁk@y abnorwel segregation, In both cages, wman and wice, the

abnormal segregation ls wet with by a veduction in fltness.

It will be vecalled in the discussion on seseratlo (page 19} that

elanica are found in wild populations in two digtinet forms viz.,

Southern-type ser-ratio and Northern-type semervatio, and that Southerne
type ¥ chromosone is able to completely suppress the Novthernetype sesgevatio
gene, Hence {f & Southern-type Y chrowmosome iz found among Horvtherne
type populetions, theough wigration of Southern-Uype sex-ratio flies

inte che Horthern-type populations and thyough interbreeding betusen

the two, the Southern<type ¥ will suppress the Rorthemietype sez-vabion
gene. Consequently, the fvegquency of &@K&Wﬁﬁiﬁ‘x will decrease and
gimultaneously, the fvequency of %@m%&&xﬁmﬁygmyy will lnervesase. The
Horthern-type ¥ 12 constantly lost due to melotlie ﬁwiv& against 1t and

it does not have any suppressing sctivity of the gex-vatio gene ag 1is
gouthern ﬁéﬁﬁﬁﬁ%@&yﬁ haa, ﬁ%@@ﬁﬁ& of thig, the Bouthernstype ¥
chresosome will ﬁ@ found %&@iﬁéiﬁg the Hovtherne-type ¥, io the Hortherne
type populabions. gralker (1961} 4id in fact detect g certain frequency

of Gouthern~type ¥ chromogome among Hovthewnetype populations,




However, the freguency was low and did not spesm to incresse L.o. no
replacenent of Hovthernetype by Southerns-type ¥ was observed.  This
suggests that the two types of ¥ chyopesomes differ in some way other
than their guppressing abilicy. It isg this other diffevsuce (probabiy
a reduction in flitness sgsoclated with the Southevnstypa ¥ chrongwsones)
that renders the Horthernetype ¥ sufficient adaptive advantage to rvepel

the negative selective foree,

Hiralzumi et al (1960) investigeted the evelutionary effects of
welotic drive of segregation-distortion in population cages of

Bo

s

lgnogaster, 4 wathematical model was presented based on wmodels

ag propesed by Prout (1953} and fandler wnd Movitekd (957, A

o

]
Jeit

ete mathematical tveatwent of population dypanice of weistic
dyive is cowplicated since the phenoweron is effective only in one sex.
The folilowing wethematical trestument sssunes welotic dvive beling eifective
in both gemss o the ssne degres.

Considey two alleles, & and A, which ave the drliven element and
1Es pormal allele yegpectively., Voo, Wol and 1 ave the flevess of

ﬁwzﬁﬁ ﬁ&& and 88, and g Lo the frequency of Ao,

genolbype proporcion fivnean fu
s et e

o 2 .,

A o Woo q Woo

A A Zq{leg) ol 2e{lmg el

s

Ad (legg)” i iiwﬁﬁz
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The averasge fliness of the population is
W= Z (W
g Woo + 2glleqiWol + {leg) : b4
If bk = the segregation vatio of the heterozygote, then it can be

shown that the change in the frequensy of g f.e. A q, s

Dg = glsgq) [g,;;{w@ w 2Wol + 1) o+ (AWolk - 1) } 1L
“ . A ‘
® o« (2ol o Woo o 1} g (leg){q-q) Iy
| E
A o ‘ : "
whare ¢ % 2Wolk « 1 1w

ZHol « Voo « 1
When the driven element Ao, first appears in the population, its
frequency ¢ ils very small and, to 4 good approwimation, equels to
mrm Prom eg LI, Aa;g} O is pnly true when 2Wolk - 1y 0,  Thus, the
@ﬁ:@:‘wm@mmm 5,, ot chromosomal gegment or locus subject to selotis drive,
will be incovporated into the population when ZWolk » L Y O, as proposed
by Bandler snd Woviteki {1957).

When Ag » O (L.e., at equilibrium), q #» % in eguation IIL. Hence

_— , . , y 5 e AHOLK - 1 ‘
! Foamunney i g ; : S iR, 5 in
the fregquency of the driven element is egual to [y e S in

eguation IV and wmuat lle between O and 1,

4 driven element, wdey certale elroumgbanoos, con becones Ffixed

(L.2. vesching a ﬁsa*@g@ms::y of 1} in the populastion, Heve, the driven
element can become fiwed under thyvee conditions

(1) In equation LIL, when 2Wol » Woo - 1 > O, the equilibrium le stable
since Ag s +ve when q (% and «vo when g2 %@ Btable equilibrium ig

atbained, m@:mmmg when ZWol « Woo « 1 ) 2ol « 1 > 0, ov




bwWoo » k » & . VUWhen kpleWoo 5 1

i

ol 2l ol Iwol
tewe k> 2Wol « Wou « 1 » 0, & g i +ve for any value of g { &,
Flration of the driven element will tele place when this condition is
gatiafied.
(i1} The driven element can algo be fimed under unsteble equllibrium
i.e. when ZWel « Woo ~ L 4 0, The &@ﬁdi&iﬁm& for this are the

veverse fov steble equilibrium, hence ZWol « Woo » L { kel - L L G,

or L e %oo bk (L . Under these conditions, th& driven sleneng

fhal 2Wsl
Gy will becows [ixed when ﬁﬁ@ infelal fgﬁﬁm@mmy 4 > q s The wicusnb
will be leost, howewver, 1f < % N
(234} Pimation ﬁf 4o will slso vccur when 2Wol « Woo « | @ LR

Bave &4$a$§ be @%ﬁ&&%g than 1 { %1 «¥os ), The deiven element

dvol ol
will be lost howsvew, 18 W{ L1 __ { » I~ Woo ).
Tl Wl

Vader random wmabing conditions, the effect of & driven eloment
which is pot gesociated with beneficial genes, is wo veduce the mesn
fltness of the population., Frowm eguablon I,

e

W %g@m@ 4 gl = ol + (L « %Ez

éﬁ L [Qﬁ%ﬁ@ w 2Wolg + gy + (ol « 1) ]

«z%gg ,
w3 [M:;{ﬁ%‘%@l . Woo = L) b (W0l - 1) ]

for a4 to be waxinum,

P

ﬁﬁ; w {)
fo@, m@véyézﬁa « Vo « 1Y + (ol « 1) » ¢
henca " YWerd w 3 )
o g%imé TPl e Bon-oe )
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Thus ¢

; A X X .
Lo is only egual to q (ae in equation IV) when k » I, ¥For

1 ,; et
any value of k)% i.e, when under melotic drive condition, Uy 8

A
always smaller then g .

laboratory stocks of 8D show that the value of ¥ is faiyly
consletent et approwimately 0.9%,  Thisg h@gﬁ‘k‘V&iu@ i not, however,
- maintained in wild populations of 80 (andler et al 1948}, The
obgerved allele frequencies were within 2,37 and 3,3%.  ¥Fronm population
ceges sbudies, the equllibrium frequency was about 0% (Rlealsuml et al
19607, Hence, le the wild populations, there wmust be o spoeial

mechenion which suppresses this 8D allele froquencies,

4 driven elemen

t can become fiwed in a populatien 1f its £itness
is as high as ov highey than that of its aliele, When this situastion
exiots, the vole of meiotic drive iz to acdelevate the rate of increase
of this driven element. The flitness of the whole population wiii
increase if the driven elewent has a higher selective advantage than
the other alleles. Hew mutants im wild populstions, veuwslly have
lower [itnesuyes rvelative to alveady existing ones, Thus new inetancés
of weiotic drive will nopnelly have m@g&ﬁi@@ selection., The overall
fitness of a population will hence be reduced, whan the scowsulation of
the driven alement cabes place, Becsuse most cases of selotle deive
are associated with & reduction fn fituess it is generally thought that
the vhenomenon s detrimental to a pepulation pospessing it in mature,
Helotie deive, woder cgrtely oonddtions, can inoresse the $ioess of
an equilibrium population even though it ls assoclsted with veduced

fleness. This is poseible when the driven elewment L Linked to zome
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beneficlael geves,  Tndtlally, the dyiven elewent wlil increase the
frequencies of the beneficial genes thus incregeing the fituess of
tha ﬁ&@mi&ﬁiﬁne 4 stage will come when the sccumulation of the
daleterious driven element bas veached such & level that it is h&rmé@%
tiy the pmyul&&immg the population fltness will fall, But 1f, at

ghis point & wechanism hag evolved vhich overcomes the deloterious
affuot of ﬁh@yﬁéiwﬁn aloment, then the beneficial genes would have
been incoyporated into the population wmore vepidly than thay would

hove been in the sbheepos of welovis drive,

The &@%ﬁa%&&iﬁ% %&t@%@ﬁ sbooranl segregation énd beneficlal genas
is ﬁiﬁaﬁttﬁﬁﬁﬁ in the case of supernumevary chromosome filiue
callosun which exhible prefevential segresation iﬁ the enbrys gae .
mother vells (Mimure and Bavane 1961). The superoumerery chromogone
designated ﬁ% (meaning long telocemtric Lragment) when present in a
single dose is belioved to be deleteriouvs and thus ﬁn&w@ﬂ@%w yiabilities,
With two ﬁi@gg the viability ia &%%mﬁ 0%, and wgﬁﬁbmmr& than twe ﬁggg
viability 4s vivtually %@r@,' The maintenance of these chyoncsomes io
the p&?ﬁi&ﬁi@% isyaffﬁaﬁﬁﬁ m@w&iy by vroferential segrepation, In
this gystdm, wodl fiers which Sprove #ﬁ&%ﬁé@@i@m in combination with
ﬁ&ﬁ@ﬁ&%%@?ﬁﬁ? @%K&mﬁéﬁmﬂs ﬁi*@ gre move sdvantageous when othey factors
sre pqgual, than those which iwmprove viabilities @it&uuﬁ @&y@ﬁ%ﬁ%ﬁx&ry
{8, ﬁiﬁﬁ@ the B chromosomes have grester "travewlssion coefficlent™,
ﬁh@u%ﬁkgu@h & system porslet, the £ltness of individuals with oge B will
become grester then that of these without B%s.  Consequently, the fyge

guency of the supernumerary B caryders will lscyesse and Lo conhunciion with
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thie, the deleterious effect of the supermumerary chromosomnes {(l.e.

veduction in viability) will be diminished,

A& special case in which welotic drive is adventageous ig in an
already axi&iiﬁg balenced lethal, I wmelotie delve causes an excess
of one of the two alleles in the pewetes of cne sex and at the same
time couses an sxcess of the altewnative allele in the gewmetes of the
othey sex, thes the sypotes produced will contailn an excess of the
heterveypotes, Thus the proporvions of the two howosygotes ave
veduzed, In this wmanner, lethal hewomygotes are reduced in ﬁwwq@@m@y

gnd lethalicy will be thus disnlaished,

The &iﬁﬁ@%@&a@;im frequencies ¢of 6D between wild populations
Camed populations In the laboratovy is believed te be due to the assvo.
fotien of 8D with deletverious genes., In the wild populstions, out
of the 6 chyvomppoms bearing S recovered from & total of 181 second
chromosonen, 5 weve fowd te contaln & recessive i@mh&i,‘ The gane
lethal genus srve not found in labovatory etocke,  Apother factvy which
reduces 30 in wild populations e that in the wild populations
containing 40 heve scounulated inzensitive Eﬂ% allelen, - These
alleles pvoduce the efficiency of the segvepsting wechanisw and thus
the equilibyium fraguency of §D, It is possibie that thie 9o
insenszitive slleles bavome widespread in the population and when this
happans the 50 locus could be eliminated completely, Thevefove, in
wild populations of Dyosephils which ave devedd of 8D, ne such

insensitive alleles are found because thely presence would be



unnecessary.  Such populations have been ebserved o ewlst in Jepan,

The reduction in fltness associated with welotic dyive has been
referyed to as Motortional Load and ite measure i¢ the propevelon
- of individuals which have to be eliminated to malntein the driven
alement in the population (Rlwiare, 1960). Dlstortional load de well
illugtrated in the case of Ytealleles™ fownd in wmice,  Thie t allels,
which 48 probably a4 aystem of multiple alleles, is & vecessive gens
on an autogomal chrowosowe and 1t couses complote stevllisy when

homosyzous, bue to preferentiel segregacion of the ¢ sllele in

hetercaygour males (4/t), @s high as 95% of the gpermes funmctional
during fevtilisation may carry the ¢ allels coupared to only 5% which
garry the normal aliele, 4+, However, the fregquéncy of ¢ allele is
only batween 25% » 50% in the wild populations (Tutikewa, 1953

D, 1PE5:  Duon and Suckling, 19563, Thus, although deletarious,
the ¢ allele {s weintained in the vopulstion through shnormsl segregas

tiom, in itz faveur,

T2 {1y k €5 0.9) 48 the segregation propotion of ¢ anong the
gametes produced by a h@@@xﬂ%yg@ﬁ& male, (L1) male hetevozyeotes and
famales heteropygotes have normal veproductive abliliiy, then Lt can
be shown (Rimuvas and Kayano, 1961) that the equilibrium progoriion of

t alleles awong the wale and female gam
Mm%fm;mw N | vmmmw%m
koo W K{Lek) and ﬁ;g [E‘; - mi%a%‘zma}]

4 4

Bles &res

The propotion of sygotes which ave lethal will be the product of the

above twoe functiones f.e.
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This is the pxagmxtiam-mf individuale which are eliminated from the

population in each generation and hence a messure of distortionsl

load, &$m§

therefore Lgﬁ Wi% [ 1w gdk%@»k}i]
In the wild populations studied by Dunn (1957), k was found te lie
batween 0,89 and 0,99, Fron thig, the dlstortionsl losd is found to
iie hetween 0.19 and 0.40. Hence, it is geen that im these populations,

gven disvegarding possible effects of heterowvgote advantage of ¢ alleles,

the load due to maintsiniog the deleterious t alleles; awounts to

betwean 19 and 40 perceant,

- HMelotic éwiv@, therefore 18 2 wedium thyough which the freguancy
of an element can increase in g population, Genervally, welotice ﬁr@v&
is associated with a §éﬁu@ﬂiﬁ% in ﬁiﬁﬂﬁ&é and this %@&ﬁ3%ﬁ%ﬁ salection
%%&%%%%@ &@@?@ the ﬁxi&aﬁ eloment at a iéw fw&qw@m&y“ However, when
the element i associated with o linked: £ 0 gome veneficial genas, oy
with certain modifiers which neutralise ite deleterious effecrs, the

element can be eignificantly wnaintained in the population,
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V.  CONCLUSEON

48 ewamplified by ggﬁgﬁﬁﬁﬁﬁ pogenesis and wegasporogeassls result
in the abertion of three of the four melotic productsy the remaining
nucleus bacomes the ﬁum@tiﬂﬁ&i BEE %wéé&u@o‘ In the m&iﬁﬁg ﬁhﬁ%
becomes the basal megaspore and metotie deive is brought about by the
proeforentlial sepregation of the koobbed chyromogome ifnto the pole fyom
w&iﬁﬁ this wegaspore avdsas, In speraatopenesis and nleroppovoes
gonesie In which all four spevwatide sod wleyospores ave functiongl
{axcept in Progophila in which some of the products of gpermmtogenesis

-functional) distertion sesms valilely to pueur except in those

easas invelving

post melotle desth due to lops or lethmlity., 45 a

vapult, madotic drive chowld be empected 0 be moves ctwwon in feoalues

then in wales.  However, this ls net so,  The only wnown cage of
melotie deive dn Duosophlle female Lu the shanowenon referryed $u ag
Yoonvandon diplunceion®. The feact that weloetle drive is cowson in

Drogophils mele fe not surprising either, IL ghould be noted that

metotic drive lavelives the unegual gegregation of heteropygotes and
in most of them, ewcept in the case of 5D, the segregation ie between
% oand ¥ cloomsgones, Thig Lo tvun in the case of sexsrabio, wms

vaodon segregation and vaecovery disrupter., In these giveumetences,

males cen be eonpidered as hatevosygetes with respect teo sex chromesvmes.

Fomales arve howssygotes and for this resson, welotle deive is vere
Although this explenation ls not difflcult to accept,
the fact that only hetevoeygous wales exhibit segvegation dlatoveion

{50). 48 seill pussliang,
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In the wale Drosophila in which two kinds of poles, functional
and nonfunctional emist, prefevential segregation wmush %ﬁ@g@ﬁwm@ be
yr%a&&@éﬁ by some epecial orvientatlon of chromogones on the Metaphase 1
%1@@% during wedopis.  Bo fay, there Lo no councluplive mya&imgia&i
@Vi&&%@% {%%ﬂ&@& in maize) to suggest ﬁ&@‘gﬁiﬁﬁﬁﬁﬁﬁ of ﬁﬁﬁ@ spaolal
akﬁﬁ&&&%im&. Howevew, thera le little doubt that meiotic drive is

due to prefevential sepregation of chrompowes into funetionsl poles.

In a nusber of specles of both plants end wnimels; @ special

enon regembling welotic drive ewista, Hpawples ave those

cages of “meiotic drive” of pupernumerary (B) chyomosowes, In

Lilius callosun, (Rayeno 1957, Rimure and Kayano, 1961), a supernume

arary chromes

ghows preferential segregation in the eswbyyosszag
m@%ﬁﬁx celis in such 4 way that is plants with a single B chrosopoue,

it

moves to the m&a@ﬁ@yiﬁw side in sbout B0% of the cassg o be
included dn the egg cells. This phencmenon has not besn obzsrved in
the wsale 14 1iwn. 5@&%@@% and Cheung (1967) found & wnigue wods of
segragation of chromogomes, They found that in the grasshopper
Phaulseridium vitattum, the supernumerary chromogome and an X chropos
gome po to the same pole at o frequency of sbout 30 vercent, Thisg
leads to an unequal fregwency of supernumerery chrompgome carriersuin the two

sexes (see Section Twe of this thesis),

fn chapter IV, 4t was ghown that under certaln conditiong, a
driven elament could be Incovporated, ov could lacresse in fregueney
Gy even beeowe flwed in s population.  Hiph freqguency of such an

slewment L8 vewy vere In natuve, let alone its fixerion. Xt o thus




apeculeted that there ave othey furves acting i natvral populations
whoge interplay with melotle dyive proceeds in such 2 way that the
latter®s effectivenses is checkad, A question arises, ls meletic
driva an advantage ov o dizadventage te the ovganisme exhibitivg i¢?
It geeme that 1€ would be a digedvantage sluce i¥ is genevally asgogs
iated with e reduction in fitness. It only bucomes en advantage when
the deiven element ip assoclated with some benefilclal genes, snd thig
is 8 veve situation, Unfortunately, weiotic deive iteelf is & rare

phey

wan and thig webes the question regavding lts significance

nore Aiffieniy o o

WO, se enanples vhich heve so fay been

gtudied sugzest that mediotic drive iz 2 recent phencwenon, IL could

algo be that ity signifiecant evolutionary consequence h

s yet to be

aifected,
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PART 11
RESRARCH: PEFRCT OF TEMPERATURE ON MBIOTIC DRIVE

I. 108

Mozt cases of melotic drive ave most affective at the optilmum
temperature for growth and development of the orpanisn exbibitlag. it.

g‘@lﬁ N

sohils epecies, this optlwum tenpersture lles in the vegion

of 25%C,  In & mumber of ceses tha intonsdity of nelotie deive hap

been lmown to be affected by eulture st higher ov lower tesporatures

than the optimus., Zlemeying (1963) showed that in the case of nons

rvandos segregation, the frequencies of ga

matic Sypes produced by

saﬁ @ S$§i¥7%@§ﬁ@ could be comsiderebly changed 1f the msles were
ralsed at a Jower tesperature as at iﬁﬁﬁm Billet (1987) reported
that both loweving and incvessing of tesperatuve decyeaged the awsunt

of segregation distopeion and that the effect wus wore pronowiced in

& mavied line of 8. 4lthough the results obrtalned by Blllet were
atatistically not slgoificant, they did show o tyend of chenge dus o

the effect of cempevaturs, Recovery disrupter in Dropophlle has slao

been shown to be tempersture sensitive, IBrickson and Hask (1961)

phowed that the high recovayry vate of Jschromogome could be aullified

o

ring the tempevature to 10°C. They also found that the stage

du the life cyele whlch wes sencitive Co this chenge was 1a the vrocess
of spernatogenssis,

The aifeoct of tompersture on soeneratio hop been studied as early

as 1942 in D, psendoobseura by Darvlingion and Dobzhanshky who reported
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that the proporilon of males dyopped when the temperatuve of develops
ment was lowered,  Faulhaber (1967 repovted siwmilar results in

pedy temparature does not affect

Do plomlane, In the mosquito &
the expression of sexeracle (Mckey 1965),
The primary alm of this work Le 2o investigate the effect of

temparature on two cases of mefotie devive, vie,, Begregaticn Disioriien

md Honrandom Segrogation in Dy mey




1T, MATURIALS AND METHOD

(L) Segrepation-distortion.
Too srocks were used a) Sioek heteromygous for Shw72
chyomoaome, Thie stock i alyo heteyoeygous for on and bw,  Heneo,

genotype of male hetevoeygous for 80 le 8P + 4+

I

4 on bw
b) Stock hetevemygous for SD-72 bw chwimosene. The second stock is
different from the previous one in that ik ig homosygous for be

l.e, the fDebearing chrompgoms ls labelled with bw i.e. 80+ 1w .
+ o by
{ii} Honerandowm Segregatiom.

lk%

The stock used was In(l) s¢” so”v/¥8° X yEemfyy’,  This
eroas produced die junctional and nonsdis junctional offopringe, end
the stock was walnteined by sslecting two of the disjuetionel

, ol B e -
affsprings viz., Iafl) 60w S v/¥y walep and vi ewf P8 fomales,

o these two generations L.e,

5

The iine. therefove altevnatod bet
‘ b : ;

s - s@gyf%ﬁ% % yﬁsmfﬁﬁ@

& i g x
st 5Pyt w yeewrus®
(944} ‘West feanales,
#o Btock homosygous for on end bw which were peusitive to

5D setdon. Hence, femsle genviype 4 en bw .
+ e b

e Yellow body strein, howobyeous v//y {(Free-% females).
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Hond wedive
The vonposition of the feod medium uged in all crosses was: that
of Whisken (1965), It consisted of,

P8 wl, btroscle
850 nl. of wabker
7.5 gm. sgay (OZ0LD aper no. 3)

&5 gm, vompressed Liwvg bokex®s yesst

&0 gm, Bemolina
2.0 ml. propienie acld

Thiz quantity of food wes sulficlient o £411 abou 30,4 2 L ineh tubes
with about 3/4 inch of wedium., Esterfosn bungs were used as tube
gloppers.

In all cvogeen, ewcept spoeifically stated, four walss were
matsd to five femsles, AL} ewliwres tn 1870 and 28% Lomparabure

sontrolled vvans were contioususly Lilvsivated with Flusrescent lanps.



.

IfL. SHOREGATION D

filx tubes conbalning 0+ + masles which had been ralsed for

ob o by
several gonevations at 230  awl 4 eo bw
| ‘ Jboen bu
mainkained at vhese towperstures 1870, 25% and 28%C for thuee

vizgin fensley weve

succesgive gomerations, Flies were vewoved snd couated at Laivly
regular intervals after firet eweygence, A sinllay exporiment wag
alge conducted for the wavked stock f.e. fow 5D+ by wales,

. ‘ ooan By
Rasults ave shown in flgurss L and 4,

Prom the yesults, 48 18 seen thet both fpevessing and lowening of

1 not alter the value of & for elthey 50 stocke, In

t@%g?‘@?%ﬁﬁﬁgﬁg o
the wmlabeliled 40 ﬁ%ﬁﬁ&@&@%@ stock, k was conutant st 109 4o all

three geverations at all thres tempavatures, showlag o efifect of
tempereture on segregation Jlsbovelen.  Io the case of (he e labelled
gioek, k wag insigaliicently decrgeped frow 1,00 to §.900 in the fivet
generation {G13 at 187¢ and 20%.  But in the pucscesding penarations,

k was sgain congiatent ab 1.00.

The above vesuits are thovefore not in agreement with those weported
by Billet (1967}, It should b smphagieed that the resulis reported
by Blllet for the uwailobelled stuck were stetlatically not signlficant,
Despire this however, the rosulis did ghow o treml due to o change in
tomperatare. The stoeks used in thde lovestlgacion were swoh swge

stable and this stabliity to tewpevatuxe change could be dus te the

gtabilislang wodilier 5{6D).



18% 25°C 2 ¢

1.00
385

Figure 1. Effect of temperature on SD, All crosses are

between 5D + + males and + ¢n bw females. Upper
+ cn bw + en bw

figures are values for k and lower figures are values

for N ( = total progeny ).



18°¢ 25°¢ 28 ¢

11.00
182 )

figure 2. Bffect of temperature on 3D. All crosses are
between males carrying SB-bearing chromosome labelled

with bw, SD +bbw and <+ _cn bw females,
+ ¢cn bw <4+ cn bw
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TV, DEVIANE SEX-RATIO IN ASSOCIATION WITH $D

In #ll crosses between SO + + males and cn by  females,
, * en by en  bw

chere were more males found anong the 8D progeny than females, This
deviation {o individual progenies bordered on significance aud was
congistent between progenies. This preliminary observation suppovts
the repovt of Wlralzumi ond Nekezima (1967). Hireizumi snd Nakazina
also reported thab more ﬁ@m&l@@ weve found among the awall en by
progeny, However, this polnt wag nel obgerved in the atock used
since the percentage of en bw among the ﬁﬁf@pwi&g% was negliigible,

Ihe sex-ratic associated with 8D was found to be fnsensitive to

temperaturs change, see Table 1, 'The temperature/sexsratio inters

action )ngﬁrwm @h@ 282 contingency has a value of 0,17 showing no
aevidence of luteraction (0.7 » ¥ > 0.5), The inﬁivﬂdm&l progenies
vaised at 25°C and 18°C show a stmtlar ﬁiaﬁ@r%amm@ of the gensratioge
53.2% and 54,67 of wales vegpectively., The deviation fyom 13l zatio
borders on slgnificance im each (P ) 0,5). The combined gemeratio
disturbance, however, gives o devistion 'X%f’@ﬁ 5,55 indiesting &
slgnificant deviation fyvom 1el (0.02 > ¥ > 0.01), Thus the bordering
glgnificance of semeratio devistion in the preliminary observations

was due o the small wmuwber of individuale swong the progeny.

From the above repults, it appears thevefore that like segregation
diatortion, the deviant sexeratic apsociated with 1t is also terperature
insensitive, This polnt gives support to the model proposed by

Hirvplzund and Nakazima who proposed that theve ewilgted a direct



a5

TABLE 1

Bffect of Temparature on Sew-Ratio assoclabed with 5D

g

Tewmp. LA 1] Total 70

294 L9 2,67 G L>2> 0,05
‘ ‘ Bopdering slgnificance

B3
i
g
Agn

195 62

L3
o
=
w
&

=
Y

.19 70,05
Bordering significance

e g
Total 854G 436 966 .85 Rl Da Pl

Interaction ), ° €195 x 294) - (335 x %3} % 986
0 ; T

ij@? ) @ ) ﬁm&; %’3*;@”
oy albempatively,
Heterogemeity Y, © = (2,67 + 3,08) « 5,55

] ;
w 0,47

m%mmm)ﬂ w5, 55

Gl > F O 0,04




s

o

relationshiy between 5D and seweratio {(see page T }. Sinee B0 ig

not affected by temperatuve, on the basis of this nodel; sexerstio ig
alee not expacted to be affected by tewpevature changes. The above

vogules showed that this o go,



e
=3

Jr the malntenances of Lhe stock, ah@ o al&@r@w&@n@ parents,

e w Sa&yfﬁy%gﬁ'x g %f%ﬁ’ §@é?y@ﬁuié; ﬁiéﬁgﬁtyy&@ m% offapring,
only half of which were viable. An acourate estimacion of XY and
U/8Y ratios was therefore not poseible., To get rveliable figuves,
the wmales weve crossed to free.% females yv/ly. This gave only four

clugses of offspyings, two of which were disjunctional and the @@h@f
vy were non-dishumcetional, and all were viable, Bstlmation of /Y
and OFf8Y wes wade divectly thyough the corxesponding ratlog anong |
the sfispringe.

(i3

itivity to tempevature change

4 prelisinary experiment showed that meles ralsed at the optiowm
tompergture ot 2§Qﬁg produced gemetes which conslated of twiee as wany
¥ ag theve were ¥ pemetes, aond nulle genetes were in preel excess
Gyer XY gametes (X/¥»2 and O/XY » o£ ), The percentage of X end ¥

tes f.e2. of dipjunctional gemebes, was aboub BUY showing & high

percentage of nopsdisjunctiovel gssetes of about 20%.  This gonervatlon

ia wade as the flvet peneration (G1) in the whole teapevature superie

ment sehens, {ﬂ@% Flgures 3 svd &Y.

To srudy the effect of temparature on nonrandom gepregation, six
k8B b B b
tubss contalndng s¢ « so ¢/ oy se « s¢ y/¥y wmales which had besn
rvaised for several geperations et 25°C and vivgln v//v femsles, were

N T - O W . SN
malntained 4t three Lemporabures, é%gﬁﬁ 25°¢ and 287C for three
gupcesnive generikbions.  Fllos wave rvewoved aund counted ab vepulay

intervals after fivat smergouse,



i,

18°C 25 C 28°C G

1

2

3

2.03 4
17.0

Figure 3. Lffect of temperature on Nonrandom Segresation
In(i)scn~scg.Upper figures are X/Y ratios and lower
fiures are 0/XY ratios among the progeny of crosses
between sc4~808/YBS males and y//y females ( free-X )

in five successive seneratiens.
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0 0
18 C 25 C 28 C

13.5
341

Figure 4. Bffect of temperature on the percentace of
R . 4 8
nondisjunctional gametes of sc -sc /Y males which showed

Nonrandom Sersregation. lower fisures = N,
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In the second penevabion, thore was wo signlficant change in

sliher vatio of XY or O/8Y (Table 2), At the control temperatuve

L
{213

¢, ;‘%{ w 2,48 and OfXY = 18,7, Although O/XY hed inevessed

frowm 12,3 dn GL to 19.7 in G2, the fact thet nullo gumetes were in
great excess ﬁ%&x'ﬁ? ganetes was evident, A the lower temperaturve
at 18%C, 1/¥ = 2,18 &%%&mxﬁngg o slignificant change fyom the /Y ratio
at 25°¢ at G2 D(,‘g = 3x10°%, P> 0,999, 1.5, ] and /%Y = 27,0 also
aly wmg@ a0 vignlficant @“ﬁmgﬂw From the coyvesponding wvalue o 25% ar
o2 D(f = 0,193, 0.7 > 0.5, N5, ] . similarly, at the higher
tenperature at 28” ¢, ¥Y =2, 02 and G/XY = %’3% theve was no glgnificant
change although the ratio 0/%Y had incressed fyos 12,3 bo 97,0

[y/g e {}#?ﬁ‘f@gg {}o% > ?\ ) {}Qﬁi& gggyg mgﬁ )(/j L g@?ﬁ«?gf g?vﬁ > Xﬁ > @mi@

%z]

I the thivd peneration ap 2% 2 {Tablae 33, XY » 3,10 and
OI8Y » 20,1 ghowiag o signdfleant 448 ;%’%%mm@;& from the eorpagsvmding
yalues in %D{ w068, 0.8 > ¥ ) 0.7, N8, and }(, w 0.0005,
iy G/ R¥

%4%3 ) ? ) %a%g :%stgt] & faﬁ‘& vfziéﬂ i:g; &&f?&k o ﬂwué@‘ mﬁ% {WW L gﬁn&-ﬁ

) ey
D(,g a 0,617, 0.7 > P > 0.5, N.8. and 7(, ® 8,7, D.OL> Py 0,001 ]

Y G5y
Hore agaln, there vas no slgnificant deviation except in the case of
G/3%, Thie was slmply due to the sowll number of XY class recovered
o G2, Meverthelegs, nulle pametes were still in groat encesy over
LY gevoten. Howevey, at 1% Uy there wag o signdficant changs in
ghmetic ﬁ'm@u@m:mﬁ of malegs /7 dropped fyow 2,18 in 02 ve 1,08
in 63 D(, e 45,29, PCOOOL ] sl O/XY dropped from 27,0 to 1.3

oy

[)C w 6,40, 0,02 > P > 001 W] o At the lowsy teopapature,
175+ 4
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therefove, the frequencies of ¥ and ¥ and also of 0 and ¥
(1.6, the freguenvies of gametes within disjuctional and noge

diejunctional classes wespectively) approached equality,

Thiv equality in frequencies of X end ¥ and also of 0 and
% at 167 persioted in the folloving genervation (&), ses Table &.
j‘i

iy

Here /¥ = 1,09 and O/XY = 2,02 Dg
and 7&g w 2,27, 0.2 2 9> 0,1, ﬁgﬁg‘1 showing no real diffevence
a/ax

w (3,0006, P> 0,95 H.8,
from the vorvesponding velues in the previous genevstion, 63,
The lnequality of the frecvency of disjunctional and nonedisjuncticual
ghnetes st 25%¢ and 280 wae alse maintained in @4, 48 Eﬁaﬁa
X/¥ = 2,03 and O/XY = xm[’ﬁ = 0,07, 0.8 > P > 0,7, N5,
e
and )(? ® 0,065, 0.8 > P) 0.7, m] and at 2870, B/Y = 2,37
ofxY 2
and O/XY = m@,zf;D{,

g LA
){, w 0,73, 0.5 P ) 0.3, %%,&@]a
afxy

w 0,004, 0.8 2 % ) 0.7, B8, and

lowering of temperature from the optimum growth and develope
ment temperature at 25% o iﬁﬁﬁ therefore, decreused the affectives
ness of welotlie drive in Nonpendon Segregation » In (1) @mﬁwgﬁﬁﬁ
Incressing of tempovabure fyom 25% g0 28% produced no siwdlar
change in melotic deive, It should be noted thet the vatip /Y in
all fouy genervationg ot the control temperature vewmained congtant
(5/% » 2). adeo, in all four generations at Xﬁ&ﬁ, nullo gametos
were in great ewcess over XY gewetes, The mh&n@@.ﬁm Y and G/5Y
from G2 to €3 at 1870 wag thevefovs, due to temperasture sffect and pot

due to other fectors such as diffevences in line stebility.
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An sxperiment wae done to detersine whether or wot the effect
of temperature was reversible., Biv tubes containing @u T i%&
males valeed at 18%C aud vhrgin y//y fowales, weve hopt at 25%,
The results ave shown In Teble 5.  In the fivst @@%&ﬁ%%&@mg CUPTHD

ponding o G4 dn figuve 3, &MY » 100 and OF8Y = 1,56 which did oot

B

ditfier &i%miﬁﬁmawﬁiv Eyom the m@%ﬁa&g@ﬁdi&y valugs in @3 &@ 87°¢

D(/'i' = 0,68, 0.8 > Py 0.7, W8, and ;)c s 0,0089, 0.957970,9,
%/¥ 0/%%

%agg] . However, in the follewiop genervation {C5), tha frequencies

of zaveten within digjwetional wnd pondisjunctional classes were

typicel of mejotic drive in He i Begrogation at optlswes Cempovature
. . z et
with X/Y = 2.35 and O/XY = mefﬁ[j,z = 36,64, P ¢ 0,001 and
%%?7’?;

o e ‘ ,
?( y w1549, P 0,001 } s %ﬁ%ﬁ§ the effect of tempurature
o/%

n Hourandon Segrepation was vevewrpible,

fm duteresting point wae obuerved vepewding the pexcentege of

by $@&w$$&!% malos, In conjunction

nonsdils junctional gasetes forsed
with /Y and O/%¥ vavios, the peveentage of nonedisjunctional pametes

were also gfifected by tempovature ol

Waon BV end Of ¥

approeched equality ag in 63 at 187, 1t wae found that the pereantage

of non-digjunctionsl gawetes 1.0, g%¥ docresged sipgnificantly frowm

ghout 15% « 30%, to neavly 3% QF&&%@% &4y, Thug, lowering the temp»
erature from 25°C to 1870 decreassd the parcentope of nonedds fwootional
pemetes, or alternablvely, incyessed the peroontege of disjunetionsl
gometes, This effect, ke that of tespervatuve on XY asd O/8Y was
alse reversible d.e, incvessing the teoperature from 18% o %§@$$

incressed thoe pevoentapge of nonedisjunctional gapetes, oy slternatively,




TABLE 5

Progeny of crogieg betwesn mg%m%?ﬁ males f{uhleh hud
been vatued at 150) and gﬁy fomalas (fxee «X) and
culture transferved to 25%C, in generations & and 5,

Gametes formed by wale

S N 1 W xY ofx Y

&
b

o4 297 g8 25 12
381 156 13 11

53 406 12 »

1101 142 S 32 295 1,06 1.5 96,4%

&7 16 10
78 2% 16
16 10

H
LS Bl

268 87 &7 344 5,35 23,8 86,5%



G

decraased the peveentage of Jdisjunctlonal gametes (Table %),

Another interesting polnt observed was that, fn Plgures 3 end 4,
the effect of tenperature, both increasing and lowering, hed a lag
of vne pensvation. This observetion led to the balief that, there
was o cervaln phese in the development of the ﬁa&mﬁagfﬁ malsg which
was sengltive to this changs in temperature, in consequence of which
the zatios of /Y and O/%Y and alsv %ﬁ@ %@ﬁ@éﬂﬁﬁg@ af digjmesional

and non-disjunctionel ganwetes weve accondingly effected,

(44) Tiwe of Teuperature Sensitivity

s

The time of temperatuve sensiziviiy or the tise of wesponse o

ge was determined by tranefevring waeles fyom a highey

@mperature b

to & lower tewpevature and vicesversa and flnding the frequencies of
all four pavetic types uwbilised in succeseive broods, Twenty
ﬁﬁéwﬁﬁgfgﬁg pales vaiged ap 25°C which weve between O and 2 days old
were mated singly o five y//fy vivgle fomales aleo of O g0 2 days old,
The twenty tubes weve kept at 18°C. lHvery four daye, the males were
vemaved singly to further five virgin 9//y fenales in fresh tubes and
kept at 18%C, The five original y//v females were vetaimed in the

old culture fubes and labew discovded when lewvee appesvred, Seven

broeds wers maintalned and the vesults ave shown $n Tables 6, 7 and §,

Frowm the twanty wmales employad, only theee (nes. ¥y 14 and 15)
produced offsprings in at least siz hroods,  Bix wales falled ko
produce amy offepring in all seven brouwle, Ratie of X/Y aneng the
offspring of the three males ave pletted sgaingt broods in Plgure 3

and the pusled date ave showun In Flgure &,
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TABLE ©

Ratlos of /Y in @uau@@gﬁ@@ bGoday broods snong the
%§§d§$ %%% o petegab % males vransferved from
25%C wo 18%C at the beglnming of Brood I,
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TABIE 7

Beties of O/3Y in sugcesgive beday broods awong

the offsprings of se “IEB® wales treveforved

srom 25°C to 18%0 at the beaginning of Heood I,
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TABLE 8

Pereant disjunctional, offsprings in successive
ieday byoods from s wsc®/YES males transferved
from 25%C to 18%C ar the beginming of Brood 1.

Wain
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el e
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il
i2
14
15
16
18
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i

WG
45

&t
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68,5

187

86,7
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88,9
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312

81,0

Bhe?
88,6

89,1
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8l.4

198

86,2

18,9
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93,1
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1B6
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76,3
98,6

9,7
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_— . o ; Y. P
Sonteol experimenks wers alse conducted at 1070 with deday

browds and ot 25°C with Lsday broods, Results gre given in

Tablos © and 10 vespectively., Unfortusately inm the contvol st

ﬁ, W E e i E " . s B s
E%gﬂg ne velisble dute were avaliskie for beowd VII sives the

eifsoring produced in thie brood were boo emall in meber, Hatlo
ol WY ave aleo plotted topether with tempavature decreasing

evperiment data du Figare 6,
Yhe vetdios of #/Y at the contrel tewperature ab &ﬁ@@@
fluctuatad about & wean of 1.246 je §,058 for 959 confidence limit,

od I, B/¥ = 1,15 which was slightly outside the lowe

in Bro v iimit

of the lavel of 9590 confidence, The value, however, lscressed to
1,29 in Brood 1X, which was slightly outpide the upper limit of the
95% confidence level, The walve of ¥/Y iv Broed IV sleo showsd
gignificent deviation, The vempiuing B/Y vabtios showed no slgndflcant

differences gt cunstanl Cenperaturs,

4t the higher contyol temperature at zﬁﬁﬁﬁ the ration of %Y

gave o mean of 2,16 * 0,187 for 95% confldence level of significance,

Brespt in the case of Brood IIL, theve were no sigenificant diffevencos

ig 2/Y¥ vatios. Like the cese at the iﬁw&%y%&&%@ﬁ%ﬁﬁgﬁg it is
veasonable to coneclude that R/Y ratios st the highey constant tempaige
ture, remained constant, It 42 slso reasonsble to comglude thatb
paternal age »f parents had no effsct on vetlos of /Y st both constant

teemperatures 18%¢ and 35@@@

The tlwe of senpitivity o gn incresse in tewmporatuze from 18%
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1 g g‘ % # & g, ;
Progeny of oo -go /¥ sales in euccopeive deday

braods ai congtant cenperabure contrel of 189,

Byroad
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g

A

¥

S

31

N

&Y

afuy

i
244

iy

Wi

gid

196
191
181

L7

148

150

16
17

N

Li

- 2

ko

360

369

174
232
&4
257

1,13
1,29
L&}
1,21
1,47
l.258
1,20

1448
Gy b5

kB

2.5

1.67
1,79
1,36




s o o B B e
Progeny of ae »se /¥ males ia

TABLE

sugcergive iwday
broods abt constent towperatvee control of 2370,
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Gametes formed by male
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te 2570 {the reverse ervevinent) wes stuwdied in a slelley monnex,

However, in this ipcresse temperature experiment, the brood peried
was two doava,  The change lu yatiow sweng the progeny of tuelve
mzéz’e@m%f%g males were followed, Results ave shown dn Tables 11,
1% and 13, Ag in the decrease tewperatuye expevlment, cowpslete
revapdsof all mele progeny weve not available, Two meles failled
to produce offsprings while only fouy pave neay complete record.

The %/¥ vatios of three wales (nos, 5, ¥ 10) ave plotted spainst

sods In Figure 7 end the pooled date ave shown in Piguwe 8.
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The Ciming in the cloe of tenporatere semeliivity experiments
la based on the sutovediogvaphilc atudy of spermatogencals by

Chandley avd Batemswn (1962). At the lower tenpsrature of iﬁﬁﬁg

spermetogenesis tekes piace a2t o vate of gbout one half o thet at

25% and the brood paviod at 16°¢ was thus four daye lnstead of two
gl . T , e fe e e

we ok 25°C, The velastionsbip bebtwesn spermatopenesie (fov eerly

and lake willisation of spevws) and tiwe do sbown Ln Flgure 9,

From Figere 10 in the temperature ingvease owperiwent, Seeod IV
i the fivst iﬁ‘wﬁﬁﬁ%‘ﬁﬁﬁgmﬁ utilized responded to temperatuve change,
Aseveding te the eprly wbildivetion scale dn Ploure 9, the coyresponding
etoge in spermatogevesds ie lote prieary spevmatocybes. Howsvey,

pwe cedla did ohow some weeponod to touperasture as late o in spernetid

wood IXL.  Prom the sevevse swperisent, Brood IIL shows

response by cells av en sdvanced stege of gpormebids, However, the
figures available for this veverse esporiment wers nut larze snough
te be gulte veliable, In both experiments, the vatio of /Y did not
vesech the values st the control tespersturves. In the incvesse
gemperatures experimont, even im Brood VIL, X/Y is only egual to 1.5,
well outside the meen of 2,15 at 25%, o the decvease temperature
puperiment, the lownet value of XY veached 1o 1.32 in Brood ¥ as
compared o the mesn of 1.2 at the 18%¢ eontvol tempevature, In

Broods VI and YIL, XY 444 uob differ from that in Brood V.




sperm spermatids spermatocytes
ejac | testis (primary) Early utilization

w|9als|7]els]als]2]n

meigsis

sperm spermatids spermatocytes Late
gjac testis (primary ) utilization

pay 1211w |9 8|7 65 tal3]2]1

meiosis

1 I1 1 IV \ VI vilt BROODS

Figure 9. Time of spermatogenesis in B,melanogaster (after
Chandley and Bateman).
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Fipure 10. Time of response to temperature for Nonrandom
segregation. Broken line~represents decrease temperature
experiment and continuous line represents the reverse
experiment.



In the above discuasion, no wentlon ie made vegavding the
vatio of O/3Y since the figures obhialoed varied greatly sven al

cuttant fomperaturas.

The viwe of tomperature sevsltlvity ewperluents, thus show that
there Lo gomewhat pavtisl sensitivity te tempevature change. This
could be partly due to speve retention by wales. The rooglt of thess

enpaviments 1o not guite sccurate since the /Y rabdo Luself varied

at conptent Ceuperatures. Wevevthelesy, 4t does show quite conglue
gively that the time of sensitivity o temperature change lles within
speruatogenwipie betwsen the stages conlaining spermatocyles and

Yowever, the ewsct metuve of the physical ov chewical

gpernatide,

basie of this tewpevsture wffect iz uot lowown.

Byere mo

Cytulogical gtuldy shows that there g no diffevence botween the
worphology of spevee of neles velged st 18% ana 25%, Bperue were

morphologically normal gt both tewperstures, This cboervation

paral lels that veported by Andevgon (1267) vhe vede an electron

microseople atudy of spermiogenesic in D, melavogaster vultured al
18% and 26%. He reported that there waz ne appavent moxphological

basie for steviiicy observed st elevated venperatures,

Thie obeervation suppowis the hypothesla that the effest of
kﬁﬂmﬁﬁﬁﬁﬁﬂwﬁ on ponrandon segregation i merely to bring sbout vandom
gonorteent of complementary gemetes (X and ¥, O and XU into functiomal
and sonfuwsctional poles and this change is thevsisrs wot due to any

form of styuetural abnoroality.
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VIII.  RESUME

1, The expression of Segregation Distortion 1s not affected by

elthey decressing or inoveaslng of tempevature,

2, The slight but consletent deviaut sevevatio esgsoniated with 3.0,

ig also not pensitive to tempevabuce changes,

3.  Vonrandom Segregatlon is t@m@%ﬁﬁﬁmwm sensltive, Lowaring the

tonperature fyom 25% to 18%¢ vesules in the ?&@ﬁﬁﬂ&iﬁﬁ of egual

ﬁ%@%ﬁ%ﬂéi&ﬁ of funetional ﬁ@ﬁpﬁ@%ﬁﬁ%ﬁwy‘gﬁmﬁﬁﬁﬁ Sovmed by aﬁéwﬁmgfﬁ

males within disjusctionsl and nondisjunctional ¢lasses, lowering
the tesperature alss vesuliz in & decvesse of the frequency of none

dizfunetional gavetes.

by The effect of tewpereture on Nonvesdom Begregation 48 reversible

andd dn both cases, there Lo & lag of one peneration,

n time of &

5, emperature sensitiviey in Nonyandom Begregation is

located between spermatocyts snd spermatid steges lu guernatogenesis,
6, Yo paternsl age effect on Nonrandom Sopyagation iy cbserved, at
both lewer and high temperatures.

7. o appavent nmorphologlenl differences ape obseyved belwoon testes

% b o eatE — o ,
of s¢ -0 /¥ vules wvelsed at IB87C and those valsed ar Eﬁﬁﬁn



oo g

&

fry

Be

Gy

e

P

16,

i1,

2,

@ﬁmmﬁﬁfﬁ Amﬁzgy @3:%;% fiv geﬁﬁ

87

AMDERSON, W.&, 1967, &yk@ﬁ?ﬁf&%ﬁmti&@ﬁ@m of Spermatozoa in

Drosopbila pelanogasters the Zifest of Elevated
Temperaturd on %g&xmiag%ﬂ@ﬁi&ﬁ Holoo, Gen,
Genmetdcs 993 257-273,

ﬁ%&@ﬁ?a WM. 1967, 3»&@»%@%%- ﬁ%&ﬁiwg ﬁmiv&w&i&y of Tesvania,
Bobave §

genasis in Dros ‘V'ig mﬁiﬁﬁﬁ%_ ﬁgg ﬁ&i&@
eritiated thysidine, Rature 19331 299-300,

%mﬁgﬁﬁmﬁiﬁ %uﬁ&g é%@@e bane {i!o}g ﬁ%%% %@3 Hpsa
Hosguitoy 1Its iife ﬁi@@@xyg Blonomios
btructure, Cavbridge University Press,

sdon,

LOOPER, H.¥., iﬁi%@ ﬁytﬂ %ﬁﬁﬁﬁﬁ @m&iﬁ%&& oi %ﬁgﬁf %@%&2&&@%@%&&@&

An iﬁﬁﬁﬁi@%ﬂnﬁﬁiﬁ%yfﬁﬁﬂgimg f&&ﬁﬁ“ %ﬁ wﬁéﬁﬁ aegyptd.
fielence 1327 1887-1889,

Zeldense that the
%@@ﬁ%}@%iu%@@é*

ﬁé&%ﬁ@%@ i«laiﬁﬁ & m*‘é fﬁw .
“@@ﬁw@ﬁgiﬁ% in

Tawperature and
‘ gﬁ@@%ﬁaﬁyag Proeg,

i, &, op 1983, Varistions lp the segregetion vatic s causes
of @%ﬁwéiim@a 3@ gﬁﬁ@ froquency. Acta Genol,
et Statist,Med., 43 139147,

1955, Widespread distribution of mutant sllales
{t-alleles) in populstions of wild housze mice,
Heture 1763 1875.137%6,

WM, LG, and J, SUC G, 1956, Srudies un the gevetic

grlebliiity o wild sopulations of hese slize,
I. inalyeis of seven sllales st lecus 7,
Genetics 411 344-3352,




1z,

13,

14,

L&,

7.

15,

12,

20,

28,

23,

bt

86

DU, L.C., 19857, Bvidence of evolutionsyy forces lesding to
the spresd of lethal genes iw wild populetlons
of house mice. Proc.Natl,sced, Ja%@ a8,

431 138163,

BERLING, H.H.y 195D, Peeferenzisl sepregetion @ﬁ‘ﬁtgwaauw&ily
modlfied chyromosomes in malze. Genstics 4by
528045,

BRICKBON, J., 1964, Drosephila Infoum, &@yva 3z 76,
1965, Melotle drive in D la invelving
chroppsoune breskegze, Genetics 513 558571,

BRICEAON, Jop and G0, § s 4861, Time of %@%@@?&* & %%ﬁ%ﬁ?ivi@?
uf welotie drive in ﬁwﬁgmyﬁiiﬁ s 2
ﬁ%ﬁh %@&g & g‘f% £ Eﬁ@?wﬁ ﬁﬁg‘

ABEE, S.M.y 1967, 4v sbuormal ses«vetioc in Dresoshils
slmulaps, Gemetics 563 169213,

OH, ﬁgg 1@3& & new sene-ratic %%%@%%&1%%? in Dyogophila
‘ . Cenztles 133 488.307,

HARR, 6.0, 1964, The ﬁ%&gyﬁﬁﬁ %f & case of welotic drive in
ste: senetics 503 123130,

i @%%&1%@ af

1965, 4Are ﬁ&%@a%@ &%ﬁmﬁ@giaﬁ‘ﬁa %ﬁ
Brogophils
Genetics §ﬁ ﬁ}?wﬁéﬁ

HICKEY, W, A, L0653, Dilstertion of seweratios im jedes senyptd
(i ptava; ‘jiiaé@a@§n ™h.D, thesis, University of
Hotre B s, ullena.

WIOENY, Wehey ond G.8, CRALG, Jr., 1966, Genetic distovtion of
sexezatlio in o sesquits, Aades segyoti. Cenetics 833
13771196,

oy dnduction by the |
e : whnary wote.
Ly o ﬁ@ﬁ?m a6 4 ??@

bl on

HIRALEUME, Y., 1862, low v&%ﬁgﬁ*
distorier L

HIRATAUML, Y. and £, BARAZDHA, Deviant sawevatin sgeocisted with
segregation distortion in Drosophily melanogsster,
Genetics 358 GBL-607,

HIRALLE, Y.y b ] Rk, 1960, Heiotic drive in
i T %@@ﬁ&&ﬁ%ﬁ%% ef Drospbils welanopaster, IIL
Population inplicstions ¥y ;%g @%gﬂﬁwﬁﬁi@ﬁﬁﬁﬁﬁﬁﬁﬁi@x

locug, Dvolution lép 433444,




a6,

36,

37.

&5

HUGHES ~BOHRADER, 5., 1940, The selotic chromosoaes of the male
Llaveielle teenechnia Morrison (Coccoldae) sud
the qu&&?iwg of the t tertiory split, Blol.Bull 78y
312337,

JACKSON, W.D. and Db.8,M. CHEUNG, 1967, Distortional melotic
pegreogation of & supernumerary chromosoue producing
diffeventlal fvequencise lu the senes in the
shore-horned grasshopper Qﬂ vitattum, Chromogoma 234
ﬁ*@“#ﬁ?e

KAYANO, Ha, iﬁﬁ?t II%.

6@%@@%&@&2@ Q%ﬁﬁi&ﬁ im

ahrw ® §W&@¢ ﬁ&@&@ &%%ﬁ* 33¢ %ﬁﬁm@%@

(b, ©., 1959, Studies on the phenomenvn of preferentiul
segregation in maize. Genetics 443 815-831,

ic behaviour of & knobbed chromssoume
Science 1343 WG6-1007.

CIMpLA, M., L9860, Gepetic load of 2 population and ius sipndficance
in evelution. Japan J, Geneties 35: 733,

KIMURA, Mo, and B, KA¥ARD, 1961, The W%iﬁﬁ@ﬁﬁﬁ&@ of &%%ﬁfﬁWﬁﬁfaﬁy
chromosomes in wild populations of Liliws gellosum
by preferential %%g@@gﬁﬁiﬁﬁﬁ Genetics %&ﬂ 16991713,

e G0, 1955, Topslotion Genetics, The Wiversity of Chicago
Proas.,

LORGLEY, Acl,., L1238, Chromosomes of nelse fres Porth Auerican
indians, Jour, 4gric, Res, B0¢ 177-19%,

ormal segregation during megaspovugenesis
Gepavien 30 00113,

HANGE, B.J., 1961, Heiozie dyive lvn natursl populgticns of
%w@%@wx&éﬁrm@ sgaster. Vi. 4 prelisinary report
g  of gagregetion~digstartion in &
ﬁﬁga w@%if@?ﬁi& population, &u.Hat, 953 8V=%6,

MORGAN, T.H., C.B, BAIDGES and 4.H. STURTRVANT, 1

1925, The Genetlcs
$f,§if hila. Bibliegr., Guaetics 2@

109129,

WEBL, J.V., 1955, The gesetics of humen hassoglobin Jdifferences:
Pioblen and pevomectives. Ann, of Yoo Jenet,




90

38, WOVITSKL, B., 1947, Qevetic snalysis of su anomalous sex radlo
eondition in Drosophila affinie. Cenetics 321

526w534,
3%, 1951, Homerandom digjunction in &raamghiia»

Genatlcs ?ﬁ. 2ET-280,

4, BOVITSRI, K., &m& Beo Eﬁﬁ%@@ﬂ 196&, Segregation in aales ecarvylog
© oyavious chyome arrangesents and the Begrezation.
Distorter chromesone, Drogophila Inform., Serv, 414184,

4%, MOVITSRL, ¥., and G.D. BANES, 1961, 7The snalysis of fyradiated
Drogophils populations fov instances of welotie drive,
Haturs 190 909-%00,

4%, WOVIYSKI, R., W..J, PEACOCK, and J. ENGEL., 1965, Cytologidéal basis
of Ygemeratio” in Drogophils pseudoobscurs
Gclonee 1483 316=3517.

63, BOVITSEL, B., and L. SANDLER, 1856, Further sotes on ths nature of
won-randos J 'ﬁ@}%ﬁﬁﬁiﬁa iﬁ Drogophi ia uelanogaster,

Gemaiics &Ly A% w&ﬁ*@g

G4,  BOVILERL,, B.; and L. a@ﬁﬁ&ﬁkg L1957, twe all products of ppornatos
gerpelis repularly funetional? Pree, Hetl., dosd,
g%im gg&!:v;ap 55?35 ‘zi« é"‘??"@e

hG. PRACODK, W.J., 1965, Nonvendonm segregalion of chroussomes in
Drosophila males, Genetics Jis 573-503,

4G, FEACOCE, W.J., end J. ERICESOH, 1963, Segregation<distortion and
vegularly soulenctional products of gpermatogenssis
in Drogophils velsnogaster, Genetics 51 313-328,

&

47, FROUL, L., L1933, sSowe efiecte of v&yiﬁaiﬁﬁ& iﬁ g&@
paric gwd of zelectiorn upon
Acta.Genet.et Statist, %ﬁ»@@ b3 i@mwaﬁi

44

%3
]
w
B
E
%
®

48, RHCADES, WM.M., 1942, Prefevencial segramation in
Gueperlies 273 395407,

49, 1952, Preferential segregatien in maize pg. 66-80.
Hererseis. Edlted by J.H. GOVEN, Iows Siate College
Progy, Ames,

50, REOADES, M., &ﬁﬁ H, VI 801, 1942, On the anavhose movenent
£ chyomdsomes, Prog, Batl, Soad. 8cl. U.5. 283
’%ﬁ’ﬁ‘w*@w# o




>
Lo

Bl. RHOADES, M.M,, and B, DEMPEEY, 1957, TPurther studies oo
cpreferential sogrogation, Malsze Genat, foop,
News Lotter 31: 77-80.

1866, Ynduction of chromogomal doubling at
mediosis by the elongated gene in meine.
Genetles

53, 966,  The effect of sbanormal chromogome M0 on
pm@i@Wﬁntimé gegregation and cyossing over iv
maine, CGenetlcs 333 ?é%miﬁﬁae

S84, BANDLER, L., 1962, & dizected, permanent, g@ﬁﬁgi@ change involving
' the Segregation~distortion gystom in Drosophila
pelanogaster. Am, Hat. by 161.1565,

s 80

55, GANDIER, L., snd G, BRAVER, 1954, @hﬁ mﬁ%@ﬁi@ logs of unpaired
ehromosomes in Drosophile pelenosester. Genetics 393
365377,

S, RANDLER, L., ond HOVITSEI, 1987. Melotic drive ss an evolutionary
Fores, Am. Bat, %lz 105134,

5%, GAMDLER, L., snd ¥, gﬁﬁ&&&%ﬁis iﬁﬁﬁa, %@ﬁ@%&& drive in natural
crpan g ol Uroeopnll _*%ﬁ%»@$¢ 31 Genetic
rerlatio SBEY tionedlstorter jocus, Proc,
Batrl, sced. Bel, %I}s,ﬁ., 5£5y 2@3@2%.}@%&@
58, 19608, Helotic drive in natuvel sopulations of
] ‘=\*x__$mgg I¥., Inetability at the
ar locus, Oenetics 45¢ L269-1387,
59 iﬁ %a\ugﬁm sopulationeg of
Y e the narure of the
By 16711585,
60, i@@i&. %mia&i@ drive in natursl popelations of
: "iﬁﬁt&&. ?&EQ Condivional Segyegatione
i ﬁi%.
{»ﬁ%ﬁ@ gLl ’%f 34 %méfﬁ@ “
61,

Canad. J, Qéﬁaﬁ@ @?t%; 33 3belil, M

64, SANDLER, L., Y. HIRADZUML, and I. SANDLER, 1959, Meiotic drive
in satural populations of Prosopbils selencgaster. I.
The &§%$@@%§%iﬂ basis of Segregation-distertiom,
Genatics %‘éﬁ'; £33 Eﬁf}s




b6,

67,

72.

22

STALEER, W.D., 1961, 'The genetic pystems wodifyiog weilotic drive
im Drosophile psyamelanics. Gemetles 405 177202,

CTRICKBERGER; M.W,. 1962, Ewpeviments in Genetics with Drosophila,
John Wiley and Zens, Ine,

STURTEVANT, A.H., and TH. DOBZHANSKY 1936, Ceographical

distvribucion and eyveelopy of Ygemsratlo®™ in
Drosophile pseudoobscura and related species,
eties 248 473-490,

GUANBON, C,P., 1957, %y@wiﬁ v oand Cytopenetica, PronticewHall, Inc,

TUPLK WA, Koo 1935, Purther studies on the ¢ iocus in the Japanehe
Wild House Hus %ﬁ%&ﬁi%ﬁmmﬁiﬁaﬁzmﬁﬁ. In “Hational
Inseitute of Geneticg {Japan) somual Regort™, 53
}eg*ﬁlﬁ S

WALLAGE, B,, 1956, Studies en irvadiated ?ﬁ%%i%ﬁi@ﬁ% of Drogsophila
melancgacter. J. Genet.S543 280.293,

s wih fomales

S die junc ! o e By e
Iﬁga Berv, 283 166,

of B, mﬁ%&ﬁ@%ﬁ%@@ig ﬁ?%&@p%&i

%ﬁ*

-mahaids dn
Thenla, Unlversity

M.d. 1965, CGenstiosl apalveis of ¢}
Brogophila welancgaster, Ph.D,
of Taswania, Hobary,

TANDERS, 4.0, 1963 i paternal

é;&

2

RING, B., 1935, 4 gesetic stwdy of segregetion in a
trans location hetercmygote in Drosophila
403 809-825,

a4, Genetice

LA




SECTION WO




93

1. EBEYIMATION OF PREQUENCIES OF SUPERNUMERARY (B)

CHROMOBOME CARRTERS

a, INTRODUCT

The pregance of a mi@ﬁiﬁ&iiy gtable supernumerary (B) chromosons
in the local populations of the shovi-hoyned gresshopper FPhaulacpidium
vitattws was flvat detected as eavly as in 1936 in the Hobart Botanicel
Gavdens, The iww@mﬁmay of carviers of these B chronosomes in this

Lo
population w@éﬁ sstinated for ¢ successive years by Jackson (in Cheuag

19663, In 1965, three new populations were studied and the frequ

By

of thelr B carviers estimeted (Cheung 19663. In all instances abis

the estismation of the fregquency ol B carviers was mede through the
ghudy of seliogls in the nale grasshopper, The aim of thig puare of
the work is to estimete vhe freguency of B carvisrs in the femais
population,

The precocliy and posltive hetevopienvcity of the B and X chromo-
gowes velative to Lhe sutopomes o wedotie divisions allow cerriers
to be easily vecognised in melotic prophase, Hence an acourete
eotimation of the fregquency of cevriers of the B chrowosoms in the
males can be esaglly mede, In the female, the study of welotic stsges
i technicelly difficuly although this haz been done (White, Chesey and
Koy 196543, Bven though prepavetions of welotic chromosomg can be
wade frowm fenales, unly a fow cells at the vequired stage can be
obtalned fvowm one female, Henve the zesulis obieined sve likely to

ba insesuraie. In any case the labour Involved iz very greal.




e

i bave thevefove decided to estimate the frequency of carviers in the
fomale frm# a study of witatie divisions of the primavy gexe cells

and oogenia fn the permarium of the ovary. Two to three ovaricles
wive apsut twe to three dozen cells in witotle wetaphase From which
chromesone counbs can be nade wore reliably snd with lews labour than
by a stwdy of melosis. Te ds interesting to nove that it iz noi
neceseary o make a total chromesoms count of a velly the B chrososone
ia very large veletive to the rest of the complement awl 1ts presence

can be reliably detected (Figuve 2).

b. MATERIALS AND METHOD

100 females weore sampled from the Berenical Gardens population
within & peviod of twe weeks, 0.2 mis, of 0.04% colchicine in

Ringer selution A weve injscted into the sbdomen of the fowsles ueing
a &i&r@mﬁ%%& gyringe. The fewales wore then left for five hourve,

at the end of which the abdomen was dissected, the ovaries rvesvved and
immediately subjected to hypotonic treatment by placing them in
distillied water for flve minutes. The overles were then fized in
Carnoy (1886) comsisting of (v/v) 100 absolute aleohol, 6 glacisl
peetic acld and 39 puyve chioreform, The fixed overles could be stored

B : forn Fote s v o ; . .
ar 06 in the fiwmative for g periocd of at least teon wmonkhs,

fquash preparations of the germarium (Pigure 1) containing the
primery gerw cells and goponls wers made in oroein, dn avorage of

10 colls wevs scored fvom each female grasshoppev,

96 male prosshoppers were aleo sampled frow a diffevent popelation,
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Figure 1. Diagram showing reproductive organs of a female
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Woolden Place., Testes wers removed and placed in distilled watew
foy hypteonde tyeatment.  They were thes fixed in Cavnoy {1888) aw

above, Sguessh preparations were made In orcein.

[F :A.’s;ﬁwi‘af P

Date for the fveguency of +8 femaies in the fenale pupulation in
che Bovanicnl Osvdeus and also of 48 males i the male posulation in

Woolden Place ave given in Table 1.

Tabie 1. Frequencies of +B individuals in two populstions of

F. vitsttum, dawmpled in sarly i9¢7,

; ; «B +8 ,  Freeuvency of
Ry § T ) s ) B . . £y i ) j * A .
Fopulation BER imdgvidusle individuale "% up individusis
o . & . ) . e
Botentosl Gordens G4y & g R
Woelden FPlace d &7 g 96 G004

Raxyotyps @@ P, wia@iaum fomels

Hori kB

In F. vitsttum, the nopwal fewale complement le in = 22 + 24X

At witotic metaphass, the two X's are not disiline

puishable from the autosomss., The worphelogy of the @utwaﬁmﬁﬁ'ié
similay eu Lhat of the vale suiosones, throe paire eve sxbtremely amall,
veduced to little blobs in the coichlelue treabed cells, Four palrs
are of wedion elue while the remainlug four ave falrly lerpe (Figeve 2),

441 menbers of the cosplewent &ve scroventric,



da DIBCUBHION

Cheung {1966} caleulated & theovetical value for the frequency of
B carriers in the Ffemale population of P. vitattum, This caleulation

e

was baged on the 7:3 ratlo of the wovement of X and B chromosomes at
doapbase T, He found that the frequancy of a ﬁi%@&@ B carriey among
the ﬁ@mﬁi@& wmm&d be 0,0L55 in the 1965 melotlic season end thiz figure
would decroase at the vate of 0,0235 pev g %%%xaﬁ&ﬂﬁq Baged on this
ﬁﬁi@ﬁi&ai@% {tkiﬁ ia i opical sinee the 730 vatleo of the wovement of ¥
and B ﬂ%@@mﬁ&ﬁ%@&‘ﬁaﬁimg fnaphase I pereisted fn the 1967 melotic

phastm, 206 100}, the freguency of +8 individeals swong fenales

ia the Botanical Gavdens population in &% z%&? melotie seavon would
e w 0.0585, (It iz aspumed that there 1s oaly one generatlon per
sy ) ,

The frequency of 48 fewslos 1y found to be(, 060 showing & deviation
from the ewpected Figuve by 0.0205. The B chyowosome thevelovre, seems

2o be mainceined in the population 2t a higher frequency then expected,

g

Thie, ¢ Cheung hed resliped Lvn the cere of the nalss, sugpesdy that
the presence ¢f the single B chyrowcsome in association with certain
backgrownd genotypes and also certaln environmental conditions renders
the +B femsles their fitness, which enables then o be slgnificently

maintained in the population,
The frequency of the 48 wales in the YWoolden Place phpulstion in
the 1967 meiotlc season i 0,094 s comparved to 0,1680 in 1965, The

fraquency should inovesse 3¢ the vate of 0,018 per peneyation
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{(Cheung, 1960}, The fact this did not take place sugpests that
there might be o sbyong selection againet the +8 male carvievs, or
alternatively, B chyowosomes appeer to effsct o veduction in fitnes

of choge saley vhich popgess them. Howsver, 2 wuch lervger sauple

i weguired for study to confiow tbis,
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1L, DISTORTIONAL SECGREGATION OF B CHROMOS

in spermatogenesis, definite agsociations between B and X
chromos omes during late Prophase I ave observed. Cheung (1965)
found that theve were three categories of B ond X associations,

ﬁ%m ﬁw@‘zﬁgﬁm&ﬂﬁmﬂﬁ could be found either together (endetoeend ox
glde~by=zide} ov separete frowm each other, It waes obssrved thar

tha fregquency of &h@ two chromosomes found in an endstoegnd and sideo
bysgide asszoclations was o~ 0.7,  The B &ad X chromosomes ave alse
vhearved to heve o Jdefinite Anaphase I sovesent, Cheung found bhat
the freguency of then going k@ the opposite pole wes ~ U7 wnd chet

te the sane pole »n 0.3,

& attempt was wade to test the stebility of these sesvclstions

2

betwaen B end X cheomosowes of late Propbess I ond alss st fmaphdse I,

The vesulis ave ehown dn Tables Had,

jx;g tests show that both adsocistions do not differ signdficantly
in the twoe selotic geasons. I seems thevelors that the trassmission
of B chrosocsomes from one generation to the next fe falvly constant,
and hence further variation in +8 fvequancles in P, vitatiue populations

could be due to other factors, such as selection,

From the frequencies of the assoclations of B and ¥ chronosomes
during Prophase I and during late dnaphase L, 1t sppeare that theve is
& divect reletdonghly bebesen thesse twe asssociations. It can be
somfidently inferved thet when the B and the ¥ cheonosumes do synapae

during Prophase I {elther endeend oy gide-side), they wsually 4isjunct
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duping deaphase L and conpequently sepregabe into opposite poles)
the frequency of syaepsis to the frequency of disjunction is o 0,7:0.7,

Thig situation in which synepale wsvally leads to diajunction ie
k3 ; s, P < . i # % N x Y A i P
comparable to that found Lo Honvandom Segregation shown by im@%}&x%wﬁﬁ&fw

wales v B, melapopaster (see page 4 J.

LT

Tabie ¢, Asgociavion bevwesn B aud ¥ chrowosomes during late

AR e

Frophase X,

Type of ation Bumber of cells Froguency

gt
L
£
k-3

g
&
o
SR

Beparste

Lk

Bnd ot

Bt

s
18

Blde-Side

Poval ity 10000

ﬁ 3 -, ; ; N ;
Table 3, )@ for sgreement of freguenciss of B and X association

with 73 watlo,

Beparete End-Bud or Slde~lde Total

ab, 75 88 264

Bxp, 78 182 260

T

}[;‘ w00, 1648 af = 3
[
P> 0.5 N.8,




of B cheomosongs with rospect

Tabla 4,  Freguemeles of nwvens

AL

o that of X chyonosowes at labe Apaphase 1,

Game Yole Opposlie Pols Fraguancy Total

Db, i Wy 0, 3366

Bxpe 81,6 : 1904 0,605 272

=54

){; s 1,847 a4 w1
]

Foyo.2 Weldo
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I, CYTOGENETIC BYFECTS OF B CHROMOSOMES IM
PHANLACRIDIOM VITAYIUM - LRIFLUENCE OF CHIABMA

PCIGAATION

fond

Stvce the time they wera flvet discoveved by Wilson fn 1905

in the hesdptevan ingent Mata secessoyy chromesvnes {as they

wars oviploalily called) had been uwndey Intensive study.,  They differ
from the nowms chromcsome complements vot only in that they foam 8
gyatem of muiation and recombinstion of thelr own, bulb alge in that

they defy the Lawe of Yer

deltan Inheritence gnd selection.  Although
much have been dliscovered sbout thely beheviows, ovigin, distyibution

amd gignificance ip population dypewics, the sawe cen hawdly be said

about affects, eliher cytological oy gevevic, on the {wdividuais

which poessar them,

o

Mantzing (19593 found ther B chyowosouse yoduced the fertilicy
and vigour in vye, end this effect inevessed with the nunber ¢f B
chrompsonss present,  Siadlar vesults were vepovted by Kayang {1255,
1957y and Risuve snd Bayeoo (1961), On the otbey hend, B chyomosones
were found to be advantageous fo certuin plents, This is Lilusivated

T

wa pracensie (Bocomark 1937a and i957b), Centeuria

SR A

=

in the case of Fagl
pesbiose (Froat 1956}, Fyillium spp (futizhavger in Munteing 1959) and
dchiiles spp (untedng, 1959) in which the fevviidty of the carvier

nlants wee enboncsd. B chrongeomes have slzo been known to affect
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developnent, Thus in Polyeells benuis, & fveshwater turbellaris
(Melander, L950), the vate of developnent and genual mabturily were
decroased cauvsing veproductive isolatlon, However, in the mealy

bug Pgeudococeus obsourus, developmental time was found to incresse

in the males with 2 slogle B chronosowe (Nuy L966a and 18966b), &t
the same time, there wes a veduction ip the number of spewew produced.

W such affects of B chromosomes were obogrved in the females,

Many of the genstic effects of B chyvomesomes have been found to
gucur ot the endophenctyple level gs spuggested by Lewls and Jobn (1239).

Thue in | rphia disper, it was Found that & chrowssomes weve wore

subject to mmerical error in -B individuals, On the other hand, &
divect effect of B chromosomes on the stability of A ohyonssomes has
been observed in dcuhilles (Blwendovfer in Jolm and Hewity 1905) and

also dn Trillies and Crepels (Rutdzhouser in Jolm and Hewltt 1963),

Jackson end Mewmark (1900) found that one of the two types of B

chromseoses found 1u Hapl  gracilis brought sbout the production

wf pigments in the schene wall,
The inflvence of B chromosomes on the level of chiloswa formation
wag first imvestigeted by Baker {(1960) vho found that in the mottleds

grapshopper Myrmelgotettix maculatus, +8 individualy have significantly

higher chiasma frequency than -3 individuals, In this part of the
thesis, o8 attempt is made to compare the levels of chiaswa foynmations

among <B and 4B individuals in the shoit~horned grasshopper, F. vitattum,
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0f the four populations sampled in the 1965 melotic seasvm,
the chiasma frequencies of only two of them viz, Botanicsl Gavdens
and Woolden Plage populations were patlsfactorily sstluated,
Slides of the other two populations were availeble but too few fovy
the puvpose of this work. The chiaswa frequency of one population
in the 1967 welotle sesson 4.0, Woolden Place population, wes sloo

astimated,

In the male P. vitateun, the autopomes ave made up of thres %@%ﬁi
and eight fairily lavge chromosomes., Preliminary observetions
revealed that each of the three small sutogomes did not have wore than
one chiesma, Of the sight lavge sutosomes, only four seemed to ghow,
gquite comsistently, two or wore chiagma pey sutogome. Dach of the
remaining four, ugually had a elogle chisswa, Chlesms formations
were not easily observed in the B and X chyowosomes. This was due
to their precocious meiotic behaviour, In view of all these cbaey.
vations, it was decided o wmale ohiagms counts of valy the four
largest autosomes, Ten diplotene cells per dndividusl male weve
geored, The dats ig given in Table 5, Only males with opne B

chromogons were seorved,

¢, RESULES

Frow the vesulte, shown in Tables & « 10, the following conclugione

can be wade?



Table 5. ‘hiasma frequencies of the
P.vitattum in theee populations. Xa =
cells per individual. Log V=the log
frequency within an individual.

four largest chromosomes of
the average value of ten
of the variance of chiasma

Population 3otanical Gdn.| #oolden Place Woolden Place
1965 1965 1967
Frequency of ‘ )
B carriers 10.53% 16.5% 9.37%
Xa log V Xa log V La log V
4.4 ~0.5735 4,0 -0,3%279 4.3 ~-0.h326h
4.5 ~0.5560 4.5 -0.5229 4.8 -0,2061
-B 4.5 ~0.3251 4.6 -0.5229 4.8 -0.7496
4.6 -0,1972 4,8 -0.7799 4.9 -0.4921
5.4 -0,5735 4.9 -0,1152 5.0 -0.3526
5.0 -0,6578 5.1 -0.2644
5.5 -0.5638 5.0 -0.3119 5.2 -0.3979
5.5 ~0,2434 5.2 -0.3979
5.5 ~-0.5560 5.2 ~0.7496 5.2 -0,3979
+B 5.8 +0,2270 5.3 ~-0.6144 5.4 ~0.5735
508 ""001046 504 “‘On 5735
6.1 -0,4921 5.6 +0.0233 4.9 -0,2644
6.2 ‘007496 5;6 wO-5735 501 —0.1152
5.7 -0.6234 5.5 ~0.5560
5.8 -0.3979 5.5 ~-0.0250
6.8 ~-0.3979 5.8 -0.3107
5.8 -0,7979
6.2 -0,2061
6.2 -0,2061
Mean chiasma -B4.68 4.67 4.99
frequency +B35.77 5.68 5.60
Population 5.32 H5.2L 5.26

mean Xa freq,

Variance -B
between +B
individual

Bopulation
variance
between
individual

Mean log V -8
+5

PYopulation mean
log V

0.1670 0.2680
0.0857 0.1982

0.1182 0.2261

"004451
-0.2118

~-0.73089

0.1283 0.2959
0.2479 0.3247

0.1927 0.3114

-0.4626
~0,4885

-0.4764

0.0996 0.2472
0.2171 0.,1713

0.1493 0.2140

-0. 4465
~0,73102

-0, 3359
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1. 1In all the three populations, the mean chissma frequencies among
the +8 individuals ave significantly different from the mean chiasma
frequencies among the -B individuals., In all cases, +8 individuals
have a higher wean chiasma frequency (Table 6),

2, The mean chissma frequencivs amomg the 4B individuale ave not
algndflcantly different in the wo w@ymlaéi@ma in the 1963 melotic
seagon (Table 7).

3. The mean chiapme frequencles among the -8 individuals axe aleo net
gignificently diffevent in the twe populations in the iﬁﬁﬁ seazon,
Hers, a2 test of eignificance is unnecessary since the two means ave
4,68 and 4,67 with a very small deviation of 0,01,

4, In the Woolden Place population, the mean @ﬁi&&m& frogquencies

individuals in the 1965 season do not differ signifie

amnong B and 4B
cently from the corresponding valuss in the 1967 season, The chisena
frequencies among »B and +B individuale were thevafore velatively
constant at lesst for the two weiotlc seasons, 1965/1967 (Table 8),

5. The population mean chiasma frequencies of the two populations

in the 1965 season do not differ slgnificantly (Table 9),

6. The population mean chissma frequencies of Woolden Place pupulation

do not differ in the yosrs 1965 and 1967 (Table 10).




o
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Table 6. A comparison of wean chissme frequencies between «B

and +8 individuals in three populationg in 1965 and 1967,

Population Hean chiasmys freq. 4 af ¥
wB +B

Bot, Cavdens (63) b, 68 5,77 5,62 o
Woolden Place (65) 4,67 5,68 5o bB 1%

Weolden Place (67)  4.99 S.60 Bed3 16

S
NN
’?ﬁ
o

Table 7. A comparison of mean chiasswe freguencies between +B
individuals in two populations (Bot, Guvdens snd Woolden

Place) in 19635,

Mean chiasia freq. | ¢ at P
B.C. W.P.

8,77 5,68 0,418 ' 13 > 0.5 H.5,

SR

Toble 8, 4 compavison of wean chlamma frequencies botwsen
(1} -B tndividuals and (i1) +B imdividuale in Woolden Place

population o two veavs 1965/67

Mean chiasma fireq. b df B
1965 1467

B 4,67 %, 99 1,964 15 > 0.635 8.3,
“5":& f’sﬁﬁgﬁﬁ ﬁg%%& ﬁag‘»ﬁ"% .é.*fi» ) @a? E%ag’g@




Table 9. A cowparison of population wmean chlissme fvequencies and

population varience, betwesn twe populations in 1963

B.0. = W.P & VR, df, b

Chimsma freq. 5,34 B,24 G.710 3 > 0.3 N.B,
Variance 0,182 ©.1927 L.63 13/10 > 0.2 N.8,

Table 10, A comparisoun of population wean chiasme frequencies

i 1965 and 1967 Woolden Place populations.

Pop. mean chiasma free, ' & af P
1965 1967

5.21 9,26 0,548 29 > B.7 W8,

Prom the above analysieg, it is veaponable to vonclude that B
chromosunes seen to vaise the level of wean chissme formation of
individuale possesaing thew, This influesce of the B cheenosomes
ie found to ewist to the pame degree in the two %%@gw&%@i@@iiy jsolated

populations studied and 14 conptent {yom one pgenevation e the next,

A comparison of varisnces betweon individuals, of -8 and +B
individeale leads to the following covelupiong:
7o ‘Theve is po sigolficent difference found betwesn varience of -8

and +B {ndividuals in all the three populations (Pable 11).
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&, Theve ils aluwo no significant difference between (a) veriance of
=8 individusle b)) verisace of 4B individuals in the two populabions
in the 1765 welotlc season (Table 123.

%, ‘Ihe population varlance between the two populations in the 1963

melotic seapon do not differ significantly (Table 8},

It appeave theveforve, that although the B chromvsomes ralsed the
lavel of chissms formation, thay did not have any influence on the

vartance between imdividuals with vespest to chissws frequencies,

Table il. & vomparison of between-imdividual varistion between

ol and 48 individuals,

spulation Yariance ¥R, af. ¥

" 4B
Bot. Gardens (63)  0.1670 0.0857 .08 476 S 0.2 .8,
Weolden Pi, (65) 0, 1283 0,247 1,93 776 > 0.2 H.8,
Woolden PL. (67) 0,0096 00,2171 1,18 79 > 0,1 M4,

Feble 12, A conparison of between-individual veriation between
(1) «B and (143 4B individuals in twe populations in 1965

moatotic pesson

Variance YR, g ©
B Wa B,
B g, 1670 4, 1283 Ly 38 4f6 > @,4 W8,

+B 0.0857 0,247% L.89 76 > 8.1 .8,




The log variance {(log V) of chidsme fragquencies is calculated

for each B and 48 fodividual.

Thie leg v i setuslily the dogree

of within-individual varfation i.e. the degree of stebility of chigane

Foroption within an Individusnl,

conciugiong gre noted:

From Tables 13«17, the following

8, In all the three populatlons stulied, the wean log v among «B

todividunss do not differ signlficantly fyow the covvesponding values

among +B individuvals (Table 13},

1l, The wean log v awong B fndividuels do not differ signlficentiy

between the two populations in the 1965 meiotic season,

fimdlarly,

the wmean log v among +B individuals are pot signiflcantly different

between the two populetions (Table L4},

12, In the Veolden Plave population, the mean log v smong the -8

individuals Jdid nov change fvom the 1965 to the 1967 seasons.

save 1s alzo tyue for 48 individuals (Table 157,

The

td. The vopulation wean log v smong all thyee populations do not

differ significantly (Tsbles 16 and 17),

in three populations in 1965 and 1967,

& vomparleon of mean log v betwesn B and 48 lndividuals

Population

Yoan log v

wf

+H

daf

3“;&

Bot., Gavdesy
&5
Woulden PL,
45
Waulden Vi,
67

“’&w @fti@‘}%‘

«F, ALk

wll 65

o}, 2116

w4865

wily 3402

0,858

0.,0897

G621

> 8.3 H.8,

S 0.9 K8,

> @aﬁ% ﬁkﬁ’;&
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Zable 14. A compaxison of wean log v between (1) «B individuals,

{14} 4% individuale in two populations in 1965

Mean log v af & P
B.G. WP,

B W}, 4451 wid, b2 L0 0,056 > 0.9 W.n.

+B =0, 7818 wil HBES i3 10050 > Ui B8,

Table 15. A compavigon of mean log v between (1) »B individuals
| {11) B imdividuale im Woplden Place population in twe

yearg 1965767

Hean log w ' aF # P
1965 - 1967

wf ol 4626 wfl, bbb 5 L% .04l > 0.9 w8,
“%‘:% 4}%%}« "%’ﬁ’%g ‘“”"{} & ::3 3»{};?3 3%‘ {3 ] ?é%} > @g :ﬁ %ga ;;Ef &

Table 16. A comparison of population mean log v between two populations

fn 196S.

=

Population mean af t
iog v
B.G, WP

ki AOBY R {1, 8615 7 U3 W.B,




S,
Bt

Rable 17. A cowpavison of population mess log v betwesn 1965 snd

1967 Woolden FPlace populations,

Population mean log v &f t 14
1965 1867

wl), G704 w(h, 3859 L 0,527 > 0,5 N

&
k-4

B chromonomes do oot seon to influence the within-individugl
variation with vespect to chisema formacion in the P. yitattunm male,
{However, ig two populatibns {,e. Bobt, Cardens 1963 and Woolden ¥i,
1967, 4B individuals have @ slightiy higher mean log v although these
differences are not veally sigeificant, It is only in the Voolden
¥i, 1965 population thet the wmean log v smong +8 Ladividuslse le
lower than thet of swong -8 individusle., Bwen then, this dilference

ie extyemely samlil},

d. DISCUSSION
The ¢ffect of B chronssgonas on the level of chlaswa fovnation ie
showsn in Figure 2. It can be sesn that the %ﬁ individuales have a
mach bhigher mesn chisgema [reguency then the -8 individuals, it s
alego clesr that the between individual wariation is somevhat equel in

the two populations (4B and -B),

lgotettix wasulatus

Baker (1960} working on the gresshopper Myrme

reported that B chromosgomes ralsed the chissma frequencies of
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Frigure 3 . distograms showing chiasma freguency in 22

-B and 23 4B grasshoppers.
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individeals which possessed thom,  Jobn and Hewitt (U065 vl vevised
the work of Behkar, polatesd out thet this was nobt secessarily tous,

They fousd thet B chromospones warely valsed the mean chissmg Frequency

4

wf B dwddvidunley and #hat sope +B dedividuals 414 heve lower chilesmn

than o nunbay of -8 fadividusis, Seudieg of the B

frequenc
chromogone ﬁyﬁt@m’iﬁ . vitabbum suppert the view presented by Johm
and Rewite (Zsble 5).  Tha %ﬂﬂ@&'wﬁ chiasme frequencies in 48 indivie
duals da 4,9 « 6.8 and in B individuale {8 4,0 » 5.4, 48 in

M. waculatus, the B chromosowes of P, vitattum seem to cause the
broakdown of the control mechanisw of chiasme formetion wesulting in
an incresse in the mean level of chiassa fovmation In individuals

pozgessing then,

and Hewlte (1965) alss found thet the populations studisd

Lfleantly Ln mean chiasme frequency aod that L +8
individuais were smitted from the snalysis, the diffevences weve stlil
gvident. Similar sltuations aze not fownd in ¥, vitattum., The

three populations studled ghow no slgnificant diffevences in population

wean chiasma frequesncies and this slrustion persists when 43 individuals

are omicced from the anslyals.

Berwson-individual varlations with vespect to chiavme fovwation
Lo pot eignificantly sffscted by the présence of B chrowgsonps, This
sugpests the stebllity of the Lulluence of the B chromosome on the
level of chiseme fovmation, Thig yesult ie in contrast to that of

Jobn and Hewltr (L905) who reported an incresse in the between~individual



variation agsoclated with B chromveomes Ln M. maculatug,

In P, witattun, B chyomogomes do not seem to have any effect on
the within-dndividual vayiation with vespact to chiasma frequency,
Hevertheless, the vesults (Table 5) do shew a trend of luwcresse in
this within-individual vavietion anong 48 individuals although this
increane e not significant, Jolm and BHewitt (1963) veported that
the within-individual weriation in chisana frequency showed an iﬁ&g&aaa
in the presence of B chrousomes.,

The frequency of 4B individuals in a population does ﬁ@ﬁ seen Lo
have any influevce on either the mean chiszsma Frequency or the withine

individual varistion with respectt chissma froquency,

wmore populations arve vequived fovr study,

Iy 4 %&% ‘

be The freguescy of 48 individuals suong femsles in the Botanicsl
Gardens population in the 1967 welotlv season e found to be about 0,06,
L. Associations botween B snd X chroscsowmss during late Proshase 1

&nd slso Dlstortionsl fegyvegatiom of B chromopunmes with respect to I
chronssones at inaphese I have been fairly coustant, &t leset in the
two welotle seasons studied {(1965/1967). |

3. B chrowosones appear (o ralse the wean chlaswe freguency of
individuale possessing thewm, This effect iﬁ watutadned in the

folloving genevstions,



is

4, B chromosowes have no glgnificant influence on the batugen-
individuel vaviation with regpect to chiasma frequency.

%, The wicthin-individual varlation dn chissma frequency i.8. the
gtability of chlapuwa forvation within an fndividual, ie Bt inflvenced
by the presence of B chromosomnes.

6. The frequency of 4B individusls in & population does not influence

the wean chiasma fyequency or ity betwesn-individwal vaviatiou.
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