The variegated leaves of the shrub,
Acanthopanax.

Cytoplasmic or
Extra-Nuclear
| nheritance

genesof the nuclear chromosomesininheritance, cellular

metabolism, devel opment and mutation of the organisms
in which they occur. Though, the genes of nuclear chromo-
somes have a significant and key role in the inheritance of
almost all traits from generations to generations, but they
altogether cannot be considered asthe sole vehicles of inherit-
ance, because certain experimental evidences suggest the oc-
currenceof certainextranuclear genesor DNA moleculesinthe
cytoplasm of many prokaryotic and eukaryotic cells. For ex-
ample, bacterial cells such as E. coli possesses asingle main
chromosome in the nucloid and often extra DNA elements
called plasmidsinthe cytoplasm; the eukaryotic cells possess
amain complement of chromosomesin the nucleus and extra-
DNA molecules or chromosomes in their mitochondria and
chloroplasts. Qualifying also as extra hereditary elements are
certain viruses, bacteria, and algae (which live as endosym-
bionts inside the eukaryatic cells). These cytoplasmic extra-
nuclear genes or DNA molecules of plasmids, mitochondria,
chloroplasts, endosymbiontsand cellular surfaceshaveachar-

I n preceding chapters, we havediscussed different roles of
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acteristic pattern of inheritance which does not resemblewith that of genes of nuclear chromosomes
andisknown by different termssuchasnon-M endelian, non-chromosomal, unipar ental, mater nal,
extra-chromaosomal, cytoplasmic and extra-nuclear inheritance.

EVIDENCES FOR CYTOPLASMIC FACTORS

Traits with extranuclear basis are identified by the accumulated evidence from a number of
diagnostic criteriasuch asfollows:

1. Because the femal e gamete contributes almost al of the cytoplasm to the zygote and male
gamete (sperm or pollen) contributes only a nucleus, an inheritance pattern that differs between
reciprocal crosses suggests a cytoplasmic involvement. Thisis clearly the basis for uniparental or
maternal inheritance where the progeny always resemble one parent, most commonly the female
parent (e.g., shell coiling in Limnaea peregra).

2. Differences in reciprocal crosses which cannot be attributed to six-linkage or some other
chromosomal basis tend to implicate extranuclear factors (e.g., chloroplast inheritance in Mirabilis
jalapa).

3. The uniparental inheritance of a trait which cannot be atributed to unequal cytoplasmic

contributions from parental gametes may, however, in-
volvecytoplasmicfactors(e.g., streptomycinresistancein
Chlamydomonas).

4. Whenever trait fails to demonstrate the classical
segregation patternsand deviatesfrom standard rati os, the
conclusion isagain acytoplasm based type of inheritance
(e.g., mitochondrial inheritancein yeast).

5. When thetrait failsto show linkage to any known
nuclear linkage groups and assort independently from
nuclear genes, a cytoplasmic mode of inheritanceis sug-
gested.

6. Many types of mutants that fit the above criteria The green alga Chlamydomonas.
will show segregation during mitotic division. Thisisvery

common in variegated plants that carry more than one type of plastid (chloroplast) per cell.

The cytoplasmic inheritance, therefore, will be understood to be based on cytoplasmically
located, independent, self-replicating nucleic acids, which differ from chromosomal genes by their
location within the cell, and have their own nucleotide sequences. The smallest heritable extra
chromosomal unit is called aplasmagene. All of the plasmagenes of acell constitute the plasmon.

A. EXTRA-NUCLEAR INHERITANCE IN EUKARYOTES

Many geneticistshave studied variouscasesof extra-nuclear inheritancein different eukaryotes.
Certain most important examples of extra-nuclear inheritance in eukaryotes are the following :

1. Maternal Inheritance

In certain cases, it has been observed that certain characteristic phenotypic traitsof F , F, or F,
progeny are not the expression of their own genes, but rather those of the maternal parents. Such
phenotypic expressionsof maternal genes(genotype) may beshort-lived or may persist throughout the
life-span of theindividual. Thesubstanceswhich producethematernal effects intheprogeny arefound
to be transcriptional products (i.e.,, mMRNA, rRNA and tRNA) of maternal genes which have been
manufactured during oogenesis and which exist in the ooplasm of unfertilized eggs in the form of
inactive protein coated and late translating mRNA molecules (infor mosomes) or inactivated rRNA

and tRNA. Thesetranscriptional products of maternal genes produce their phenotypic effects during

Contents
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early cleavageand blastulationwhenthere 1 B ]
occur little or no transcription since, ma- 1}._ ..1
ternal and paternal genes of zygote re- 1 .

i
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main engaged in mitotic replication or F‘FF'I.- 11 -
duplication of DNA. There may beother | #%=
little understood. The materna inherit—
ance has been studied in some of the .
following cases:

(@ Shell cailing in Limnaea. In '-l.
the snails (gastropods), the shell is spi- mir
coilingof theshell isclockwise, if viewed | rFe { ' 1
fromapex of theshell. Thistypeof coiling Th‘e photo_graph |IIustrates mixture of right vs. left handed
iscalled dextr al. However, insomesnails |__C0led snais.
the coiling of shell may be counter clockwise or sinistral. Both types of coilingsare produced by two
different typesof genetically controlled cleavages, onebeingdextr al cleavage, another beingsinistral

reasons of maternal effect which are till I i ._ ._
i
r
rally coiled. Inmost casesthedirection of
cleavage (Fig. 17.1).

There are some species of gastropods
—= . in which al the individuals are sinistral but
I-'. = N . the main interest attaches to a species in
S o e W 5 5-i. L which sinistral individuals occur as a muta-
- = as " 4.1 € tion among a population of normal dextral
. A

I ¢ C."lTj.. g .I " |' S animals. Such amutant wasdiscoveredinthe
e L B | D . freshwater snail Limnaea peregra (A.
= Do . d A Sturtevant, 1923). Breeding and crossbreed-
A sinistral cleavage ", ° Bdextral | jngof dextral and sinistral snailsshowed that
- cleavage | he difference between the two formsiis de-
o i 2 i pendent on apair of allelomorphic genes, the
ot 4 ' --'-__h‘ o gene for sinistrality being recessive (S), and
Y gl T T B the gene for the normal dextral coiling being
1e _l " .t i3 dominant (S*). The two genes are inherited
" e . = _' . according to Mendelian laws, but the action
A' sinistral coiling of shell B' dextral coiling of shell of anygenlc_comb| natlonlsv!sblgonlylrlthe
next generation after theoneinwhichagiven

Fig. 17.1. Correlation of sinistral (A) and dextral (B genotypeis found. .
’ cleavage with sjnistral( (/)x') and dextrél : _ The eggs of a homozygous sinistral
(B") cailing of the shell in gastropods. |nd|V|dua|_ (S_S). arefertilized by the sperm of
adextral individual (S'S"), the eggs cleave

sinistrally and al the snails of thisF, generation show asinistral coiling of the shell. Thus, the gene of
sperm (S*) do not manifest themselve, although the genotype of the F, generationis S*S. If asecond
generation (F,) isbredfromsuchF, sinistral individuals, itisall dextral, instead of showing segregation
aswould be expected in normal Mendelian inheritance. In fact, segregation doestake placein the F,
generation so far as the genes are concerned, but the new genic combinations fails to manifest
themselves, sincethe coiling is determined by the genotype of the mother. The genotype of F; mother
being S*S, the gene for dextrality dominates and is responsible for the exclusively dextral coiling of
thesecond generation. Only intheF; generation doessegregationintheratio of 3: 1 becomesapparent,
sincetheindividuals of the F, generation had the genotypes—1S'S*; 2S'S, 1SS, 1/4 of them, onthe
average, produce eggs developing into sinistral individuas (Fig. 17.2).



220 GENETICS, HUMAN GENETICS AND EUGENICS

P L Fe -1
e B "I
Ll

-
n I s 4 r u | |
: e b
S*S* SS sS
dextral  sinistral g sinistral S*'S* .
i = i dextral =
S* ]
egg S sperm -
] S egg S* sperm
- u n - b | - - -
r
"
N .- s
e ™
5 :J f ki
F1 . i
S*S SS*
dextral dextral
" I~
.__.-' Lt il
I | | u
= ' 1y

le - .- "m o :I l....ll F-l ‘
= . -

S P ME RNk
e e L -.-.:_.'._._.__ " A
S*s* S*S S Stgt s*s ao "

dextral (1) dextral (2) dextral (1) dextral (1) dextral (2) dextral (1)

Ll ]
|}
= = -
L0 FT A, Sy oA
:.-.I...- .-'.-:I_' |:|..:-.
e 2 R |- = I|:

Lo

F3 -. B .- .bk .. - -I.L r a ‘l
S*s* S*S SS S*s* S*S SS
dextral (1)  dextral sinistral dextral dextral sinistral

Fig. 17.2. Maternal effect in direction of coiling of the shell in Limnaea.

Itiseasy to under-
stand that the results of a
reciprocal crossthat s, of
the fertilization of the
eggs of a homozygous
dextral individua (S*S")
by thespermof asinistral
individual (SS)—will
lead to a somewhat dif-
ferent type of pedigree :
the F, generation will be
dextral (with genotype
S'S) and the F, genera-
tionagainall dextral (with
genotypic ratio of
1S*S*:25'S : ISS). The
F5 generation will show
segregation  among
broods, just asinthecross
examined first.

Thewholecasebe-
comes clear if it is real-
izedthat thetypeof cleav-
age (sinistral or dextral)
dependson the organiza-
tion of the egg which is
established before the
maturationdivisionof the
oocytenucleus. Thetype
of cleavageis, therefore,
under theinfluenceof the
genotype of the maternal
parent. The sperm enters
the egg after this organi-
zation is aready estab-
lished. Lastly, the direc-
tion of coiling of shell

dependsupontheorientation of themitotic spindleof first cleavageof thezygote. If thespindleistipped
toward the left of the median line of the egg cell, the sinistral pattern will develop; conversely if the
mitotic spindleistipped toward theright of themedian line of thecell, thedextral patternwill develop.
Thespindleorientationis, thus, controlled by the organizati on of ooplasm which becomes established

during oogenesis and before fertilization.

(b) Eye pigmentation in water fleas and flour moths. Like the Limnaea and Ambystoma
mexicanum, the maternal effect hasalso been observedin at least two very different invertebrates, the
water flea(Gammarus) and the flour moth (Ephestia kuhniella). The normal colour of the eyein both
invertebratesis dark dueto the dominant gene (AA or KK) in which the dominant gene K directsthe
production of ahormone-likesubstancecalled kynur eninewhichisinvol vedinthepigment synthesis.
The recessive mutants do not possess pigment in the eye (viz., kynureninel ess) and have the genotype
aaor kk. When aa or kk femaleis crossed with heterozygous male with Aaor Kk genes, only half of

Contents
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the larvae show dark pigment in the eye. But, a cross between Aa or Kk female and aa or kk male
produces all larvae with dark eyes. On reaching the adult stage, half of the offsprings (those of the
genotypeaa) becomelight eyed. Thisindicatesthat somekynureninediffusesfromthe Aamother into
all young (larvae), enabling themto manufacture pigment regardl essof their genotype. Theaaprogeny,
however, hasno meansof continuing thesupply of kynurenine, withtheresult that their eyeseventually
become light. This example suggests an ephemeral type of maternal effect.

2. Extra-nuclear Inheritance by Cellular Organelles

Chloroplasts and mitochondria are organelles that contain their own DNA and protein-
synthesizing apparatus. A widely held theory concerning their origin proposes that they were once
infecti ousendosymbiotic prokaryotesthat evol ved such adependence on the gene products of the host
that they are no longer able to function autonomously.

This theory has been supported by
the fact that the genetic components of
these organelle are often similar to those
found in prokaryotes. For example, the
chloroplasts of certain algae and Euglena
contain 70S type small ribosomes and
“naked” chromosomes or DNA which is
circular. Their protein synthesis begins
withtheaminoacid N-formyl methionine,
asdoesprokaryotic protein synthesis, and
their DNA-dependent RNA polymeraseis
sensitiveto theinhibitor rifampicin. The
genetic materials of chloroplasts and mi-
tochondriawill betransmittedtooffspring The four o'clock plant with a green branch.
almost exclusively viathe egg. Maternal

inheritancedueto chloroplast and mitochondria
iswell illustrated by the following examples:
(a) Chloroplast inheritance in varie-
gated four o' clock plant. The cytoplasmic or
extra-nuclear inheritance of colour in plant by

Ty plastidswasfirst of al discribed by C. Correns
LT in 1908 in the four o’clock plant, Mirabilis
L jalapa. In contrast to other higher plants,

Mirabilis contains three types of leaves and
parts: (1) Full green leaves or branches having
™ all white chloroplagt, (2) White(pal ) leavesand branches
branch having no chloroplast, (3) Variegated branches
having leukoplast in white (pale) areas and
. chloroplast in green patches (Fig. 17.3). Be-
. '.I'"... cause, thechlorophyll pigment of chloroplastis
related with photosynthesis of food and
' variegated main shoot leukoplasts areincapableto perform photosyn-
thesis, sothewhite or pale partsof plant survive

Fig. 17.3. Leaf variegation in Mirabilis jalapa, the by receiving nourishment from green parts.
four-o' clock plant. Flowersmay formonany | ooy ensreportedthat flowersongreenbranches

branch (variegated, green, or white), and :
these flowers may be Used in crosses produced only green offsprings, regardless of

all green branch I
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the genotype and phenotype of pollen parent and likewise, flowers from the white or pale branches
produced only whiteor pal e seedingsregardlessof genotypeand phenotypeof pollen parent. Theplants
developing from the white or pale seedings die because they lack chlorophyll and cannot carry on
photosynthesis. Correns further reported that flowers from the variegated branches yielded mixed
progeny of green, white (pal€) and variegated plantsinwidely varying ratios(Fig. 17.4). Theseresults
are summarized in Table 17-1.

Theirregularity of transmission from variegated branches could be understood by considering
cytoplasmic genes (plasmagenes) of plastids. A study of the egg during oogenesisin Mirabilisreveals
that the ooplasm contains plastids like cytoplasm of other plant cells. If the egg cell is derived from
green plant tissues, its ooplasm will contain coloured plastids; if derived from white plant tissues, its
ooplasm will contain white plastids; if derived from variegated tissues, its cytoplasm may contain
coloured plastids only, white plastids only or amixture of coloured and white plastids. A study of the
pollenogenesis, however, reveals that pollen contains very little cytoplasm which in most casesis
devoid of plastids. Without the plastids, the pollen cannot affect this aspect of the offspring’s
phenotype.

Mitotic segregation. Variegated branches of Mirabilis jalapa produce three kinds of eggs :
some contain only white chloroplasts, some contain only green chloroplasts and some contain both
typesof chloroplasts. | nthesubsequent mitotic divisions, someform of cytoplasmic segregation occurs
that segregatethechloroplast typesinto purecell lines, thus, producing thevariegated phenotypeinthe
progeny individual. This process of sorting might be described as “mitotic segregation”of thisisa
pure extra- nuclear phenomenon. In mitotic segregation since both segregati on and recombination of
organelle genotype takes place, so it is called cytoplasmic segregation and recombination (its
acronymis CSAR).

(b) Maternal inheritance by
iojap gene of corn. Another example
from higher plantsal so suggeststhe exist-

ko d varlegated

:l white

Fig. 17.4. Plastid inheritance of Mirabilis jalapa. The cen-
tral circle represents the type of branch that pro-
ducesflowerswhich are pollinated. Intermediate
circlerepresentsbranchfromwhich pollenisused
and outer circle shows the progeny.

_."_}_-1'-._ ence of plastid genes controlling plastid
.__-' S "_'._ integrity. A geneincorn plant callediojap
3 - "l._': — (ij) has been mapped by M. Rhoades
) . - — b (1946) to nuclear chromosomes 7. Plants
1 . Fa 2 1— = '..I homozygousfor ij areeitherinviablewhite
F . II . - "I - |-|_ seedings or variegated with a characteris-
o — I_| == tic white striping, the phenotype being

P [ o known as striped. When the variegated

plants serve as females in a cross, they
giverisetogreen, white, and striped prog-
eny, regardlessof thenuclear genotype of
the paternal parent. Thus, if the pollen
derivesfrom anormal green lj/1j plant as
in Figure 17.5 b, the resulting progeny
will be lj/ij heterozygotes, but many will
exhibit abnormal plastid pigmentation :
the presence of the “normal” |j gene has
no curative effect. In the reciprocal 1j/lj
female X ij/ij male cross (Fig. 17.5). On
the other hand, the Ij/ij progeny are all
normally pigmented.
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Table 17-1.

Chloroplast inheritancein variegated four o’clock plants.

Branch of origin of Branch of origin of Progeny
themale parent thefemale parent
Green Green Green
Pale or white Pale or white
Variegated Green, pale or white,
variegated
Pale or white Green Green
Pale or white Pale or white
Variegated Green, pale or white,
variegated
Variegated Green Green
Pale or white Pale or white
Variegated Green, pale or white,
variegated

Theiojaptrait, thus, exhibitsclassical maternal inheritance onceit hasbecomeestablishedinan
ij/ij plant. Moreover, once established, it becomesindependent of theij gene, as can be demonstrated
by crossing F, 1j/ij variegated femalesto Ij/1j normal males. Asshown in Figure (17.5c), amixture of
green, striped and white progeny again results, even though some of the striped and white plants now
have an 1j/Ij genotype. Thus, the iojap trait, once established, is permanent.

Theiojap phenomenon has been explained by two hypotheses. Onehypothesisholds that theij/
ij genetic constitution could bring about or permit, frequent mutationsin the chloroplast genome that
result in the production of lines of abnormal plastids. Another hypothesis suggests that certain
cytoplasmic elements other then chloroplast mutations come into being or residenceinij/ij cells, are
later inherited in the absence of this “susceptible” or “permissive” genotype, and bring about the
bleaching of chloroplasts.

Thistype of maternal inheritance by plasmagenes of chloroplasts hasbeen al so studied in many
other higher plants such as barley, Oenothera sp., rice, etc.

(c) Extra-nuclear inher-
itance by mitochondria. The
most important work on the ge-
netics of mitochondria done in
yeast which wasinitiated by the
discovery of petite mutants by
B. Ephrussi (1953). Subse-
quently mt DNA was studied in
several organisms including
plants and animals.

() Petitein yeast. Yeast,
Saccharomyces cerevisiae, are
single-celled ascomycetesfungi.
Inthelife cycle, diploid and haploid adult alternates, the former reproducing by asexual meiospores
called ascospor es, thelatter by isogametes. The petitemutantsin yeast fail to grow on carbon source
such as glucose and produce smaller colonies (the “littles”) when grown on sugars such as glucose.
Since this difference can be observed only when such yeast cultures are kept in a oxygen-containing
environment; soitisconcluded that petite mutantshave adefectiveaerobic respiratory mechanism. In

A comparison of normal vs. petite colonies in the
yeast Saccharomyces cerevisaiae.
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other words, slow growth of petite can be attributed to yeast cells utilization of less efficient
fermentation process. These petites differ from wild type, called grande and are characterized by (i)
their insensitivity to inhibitors of aerobic pathways (such as cyanide), (ii) absence of cytochromesa,
a,, b and anumber of other changesin mitochondrial respiratory enzymes; (iii) incomplete devel op-
ment of mitochondria; and (iv) lack of stainability of petite mitochondria.

@ 1j/j X ij/ij
Green (Female) l Striped (Male)
1j/ij
All green
(b) iifij X 1/
Striped (Female) | Green (Male)
N2 N\ N
1j/ij 1j/ij 1j/ij
Green White Striped
© 1j/ij X 1/
Striped of F, of b (Female) | Green (Male)
v v v v N7 N2
1j/j 1j/j 1j/j 1jlij 1j/ij j/ij
Green Striped White Green Striped White

Fig. 17.5. (a) Cross between green (normal) and striped (iojap) plants. (b) Reciprocal of cross (a) (c).
Cross of F, striped females (of cross b) to normal (green) males.

Thepetite mutants can be segr egational, i.e., they follow mendelian segregation and, therefore,
presumably controlled by chromosomal genes. They may also be vegetative, i.e., non-segregational
or extra-chromosomal. Thegenetic basi sof petite character isacytoplasmicfactor p+ (rho) whichmay
be absent or defectivein petites. Thus, avegetative petite can be neutral (p®) which completely lack
p* or it may be suppressive (p7) having adefective p*. The neutral petites are not transmitted while
suppressive petites are transmitted to a fraction of vegetative diploid progeny. In various strains of
yeast, thesuppressivenessvariesfrom 1-99 per cent petites. Thefollowingtwolinesof evidenceshave
suggested the association of p* with mitochondrial DNA (mt DNA); (1) Ethidium bromide, which
induces petite mutationswith 100 per cent efficiency, causes degradation of mt DNA after prolonged
exposure of cells. In fact, neutral petites have been found lacking in mt DNA. (2) Supressive petites

contain mt DNA whichisgreatly alteredin
base composition with respect to wild mt
DNA.

(if) Poky strain of Neurospora. In
fungi, Neurospora crassa anumber of mu-
tationsof mitochondriaareinherited viathe
female parent. The best studied of theseis
the poky strain of N. crassa, first isolated
by Mitchell and Mitchell (1952). A poky
mutant differsfromwild typestrain of Neu-
rospora in the following aspects : (1) it is
slow growing; (2) it showsmaternal inherit-
ance, and (3) it has abnormal cytochromes.
Of the three cytochromes—cyt a, b and ¢

Micrograph illustrating the growth of the pink
bread mold Neurospora crassa.
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foundinwildtype, cytaand cyt bareabsent, and cyt cisinexcessinpoky mutant. Inreciprocal crosses,
poky character shows maternal inheritance:

poky (female) x wildtype(male) — al poky
wild type (female) x poky (male) — all wildtype

However, there are other marker nuclear genes (ad*/ad—) which show 1 : 1 mendeian
segregation. Thefollowing evidencessuggested that poky trait may belocatedin mitochondrial DNA:
(i) slow growth may be due to lack of ATP energy and source of this energy is mitochondria; (ii)
cytochromesinpoky straindiffer fromthoseinwildtypeinquality and quantity and thesecytochromes
arefound in mitochondria

(iil) Malesterility in plants. In plants, the phenotype of male sterility isfound to be controlled
either by nuclear genesor plasmagenes (cytoplasm) or by both. Therefore, thetrait of male sterility of
plantsis controlled by the following three methods :

(a) Genetic male sterility. In this type of male sterility, the sterility is controlled by asingle
nuclear genewhichisrecessivetofertility, sothat theF, progeny would befertileandin F, generation,
the fertile and sterile individuals will be segregated in the typical 3 : 1 ratio (Fig. 17.6).

(b) Cytoplasmic male
sterility (CMS). In maize and
many other plants, cytoplasmic
control of male sterility is
known. In such cases, if the
female parent is male sterile
(having plasmagene for male . - L :_J
Sterility), theF, progeny would F me:le st-erile ' m.aEertile
awaysbemalesterile, because ! " .
thecytoplasmismainly derived -—
fromtheegg whichisobtained I ._Mr£| !

2

.

| ‘ e n -m I. n
parents I Imm & II
I. u

Evm e

from the male sterile female

parent (Fig. 17.7).

(c) Cytoplasmicgenetic
malesterility. Incertainplants,
thoughthemalesterility isfully
controlled by the cytoplasm,
but arestorer gene if present
inthe nucleus, will restorefer-
tility. For example, if the fe-
male parentismal e sterile (due
to plasmagene of male steril-
ity) then the nuclear genotype
of the male parent will deter-
minethe phenotypeof F, prog-
eny. Thus, if male sterile fe-
male parent containsrecessive
nuclear genotype rr of restorer
gene and male parent is RR,
having homozygous dominant
restorer genes. Their F, prog-

male fertile

a4 oI - "
I 8 ChY
.!:Mm i . Mm i
Ry F

| | |2 | J
male fertile ‘ male fertile

Lt

intercross
or selfing

. wE ——
- " = o e
F L — | | — l..- L} : I | B ] .L
|
a CUIIYR = il :ﬁ'
Pt = e d of
"s - "= b
b o
50% male 25% male
fertile hybrid sterile pure
Fig. 17.6. Inheritance pattern of genetic male sterility.

25% male
fertile pure

eny would be malefertile Rr. However, if the male parent ismalefertilerr, the F, progeny would be
malesterilerr. If theF, malefertileheterozygote(Rr) istest crossed with malefertilerr male, aprogeny
with 50 per cent male fertile and 50 per cent male sterile will be obtained (Fig. 17.8).
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Since, inmaizeexpression of malesterility dependson aninteraction between nuclear and extra-
chromosomal genes. Ma esterilelinescan bear seedsonly after cross-pollination. For thisreason they
are useful in raising hybrid seeds, especialy on large scale.

Later on, inmaizethefollowing four typesof cytoplasmshave been recognized : thenormal (N)
cytoplasm and threetypes of male sterile cytoplasms(T, Cand S). Therecent studiesof mitochondria
in these cytoplasm reveal ed that the factors responsible for cytoplasmic male sterility are located in
mitochondrial DNA (mt DNA) and mt DNA of N, T, Cand Scytoplasmsarefoundto bedifferent. The
cytoplasmic male sterility (CMS) of C and Stype can bereversed by nuclear storer genes, however,
the CMS-T cannot.

3. Extra-Nuclear Inheritance by Endosymbionts

Certainintra-cellular parasites such asbacteriaand virus particles maintain symbiotic relation-
ship with host cells. They are self-reproducing and look like the cytoplasmic inclusions. Sometimes
they exhibit an infection like transmission with a hereditary continuity of their own. Generally such
symbiontsare coined by letters of the Greek alphabets (sigma, kappa, my, etc.). The varioustypes of
infective symbionts are asfollows:

(i) Sigmavirusin Drosophila. L. Heritier and T eissier foundthat acertainstrainof Drosophila
melanogaster shows a high degree of sensitivity to carbon dioxide, where asthe wild type strain can
be exposed for long periods to pure CO, without permanent damage, the sensitive strain quickly
becomes unco-ordinated in even brief exposureto low concentrations. Thistrait (extra-sensitivity) is
transmitted primarily, but not exclusively, through the maternal parent. Tests have disclosed that CO,
sensitivity is dependent upon an infectious DNA virus called sigma, found in the cytoplasm of CO,,
sensitives Drosophila. Theseinfective particlesaretransmitted normally viathe egg’ slarger amount
of cytoplasm but occasionally through the sperms as well. Carbon dioxide sensitivity may even be
induced in normal flies by injections
of cell free extractsof sigmaparticles Fi- -
from CO, sensitiveflies. g m -

(ii) Spirochaetes and mater- Fafn® ..'. X " 1
nal sexratioin Drosophila. Females § 0Sw I N |

. . (L | "t
of many Drosophila species can i
harbour a population of spirochaete m'ale st-eme —
bacteria known generaly as SR. -
When SR spirochaetesinfect theeggs e
of the host and when these eggs are F, 3 I
fertilized, virtually all XY zygotesare 54 SI|
killed early in embroyonic devel op- il _-lJ
ment and XX zygotes survive. Thus, e _
the spirochaete can be considered as elte S
an endosymbiont of femal e but not of
male Drosophila, and its presence in
the femal e givesrise to the condition
called maternal sex ratio, in which "
the progeny areexclusively or almost
entirely female. o

The SR spirochaete is infec- r o |
tious, for when isolated from the i

parents

male fertile

haemolymph of female carriers and
introduced into normal females the
latter become carriers. Why the fe-

o

male sterile

Fig. 17.7. Maternal inheritance of cytoplasmic male sterility.

Contents



CYTOPLASMIC OR EXTRA-NUCLEAR INHERITANCE

227

Contents

mal e genotype permitstheir retention, and conversely, why XY cellsare sensitiveto their presenceis
not yet known. K. Oishi and D. Poulson (1970) have reported DNA-containing viruses in these

endosymbiont spirochaetes of female Drosophila.

(i) Kappa particles. In 1938, T.M. Sonnebor n reported that
someraces(knownas“Kkillers” orkiller strain) of thecommonciliate
protozoan, Parameciumaureliaproduceapoi sonoussubstance, called
paramecin which is lethal to other individuals called “sensitives”.
Theparameciniswater soluble, diffusible and dependsfor itsproduc-
tion upon cytoplasmically located particles called kappa. Electron
microscopic observations have shown that kappa particles are about
0.4u1ong symbiotic bacteria, Caedobacter taeniospiralis; 20 per cent
of kappa bacteria of the killer strain contain a refractile protein
containing“ R body” andarecalled“brights’. They areinfected with
avirusthat controlsthe synthesis of toxic viral protein, the paramecin
(see Gardner et al., 1991). A killer Paramecium may contain hun-
dreds(e.g., 400) of kappaparticles. Thepresenceof kappaparticlesin

T.M.Sonneborn (1905-1981).

the killer Paramecium is dependent for their maintenance and replication on the chromosomal
dominant gene K. Parameciawith nuclear genotype kk are unable to harbour kappa particles.
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Fig. 17.8. Inheritance of cytoplasmic male sterility and effect of restorer
gene in making male steriles into male fertiles.

When aParameciumof
killer strain having the geno-
type KK or (K*) conjugates
with the Paramecium of non-
killer strain having the geno-
type kk, the exconjugants are
all heterozygousfor Kk genes
(Fig. 17.9). The Kk genotype
suggeststhat both exconjugant
should be killers. But thisis
not the case. If conjugationis
normdl, i.e., lasts only for a
shorttime, and noexchangeof
cytoplasmtakesplacebetween
the two, both killers and non-
killers (sensitive) are pro-
duced. However, rare or pro-
longed conjugation (i.e., last-
ingforlongtime) permitsmix-
ing of cytoplasm of both con-
jugantsandresultskillersonly.
Thekillertraitisstableonlyin
killer strainwithKK genotype
and is suitable in sensitive
strain with kk genotype.

(iv) mu particle. An-
othertypeof killer traitknown
as mate killer has been re-
ported in Paramecium by
R.W. Siegel in1952. Themate
killer trait is imparted by a
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cytoplasmic my particle and a Parameciumwith amp particleis called matekiller because when it
conjugateswith aParameciumwithout any mu particleiscalled mate sensitive, thenitkillsthelatter.
Themu particlesexist only in those cellswhose micronucl eus contains at | east one dominant gene of
either of two pairs of unlinked chromosomal genes (M, and M,). The mu particles are composed of
DNA, RNA and other substances and are symbionts.

(v) Milk factor in mice. Bittner foundthat femal esof certainlinesof micearehighly susceptible
to mammary cancer and this trait was found to be maternally transmitted trait. Results of reciprocal
crosses between these and animal's of low-cancer-incidence strain depend on the characteristic of the
femal e parent. When the young mice of alow-incidence strain are allowed to be nursed by susceptible
foster mothers produces a high rate of cancer in them. Apparently this is a case of infective agent
transmittedinthemilk. Thissocalled milk factor resemblesin many respectswithavirusand hasbeen
discovered to be transmissible also by salivaand semen. The presence of milk factor also dependson
nuclear genes.

4. Uniparental Inheritance in Chlamydomonas reinhardi

Likefungi, algaerarely have different sexes, but they do have mating types. In many algal and
fungal species, therearetwo mating typesthat aredetermined by allelesat onelocus. A crosscan occur
only if the parents are of different mating types. The mating types are physically identical but
physiologicaly different. Such species are called heterothallic (literally “different bodied”). In
Chlamydomonas, thematingtypeallelesarecalled mt*and mt—(inNerosporathey are A and a; inyeast
aand o).
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Fig. 17.9. Conjugation in Paramecium and the killer trait. Progeny of sensitives are killers only in rare
situations where conjugation persists for alonger period so that kappa-containing cytoplasmis
introduced into the conjugating sensitive. Kappa particles, however, are maintained only in the
presence of K-nuclear genotype (after Burns, 1969 and Gardner, 1968).




In 1954, Ms. Ruth Sager isolated a streptomycin - sensitive
(sm-s) mutant of Chlamydomonaswith apeculiar inheritance pattern.
In the following crosses, sm-r and sm-sindicate streptomycin resis-
tanceand streptomycin sensitivity, respectively, and mtisthemating-

type gene:

Here, occursadifferencein reciprocal crosses; all progeny cell
show the streptomycin phenotype of themt* parent. Likethe maternal
inheritance thisis acase of uniparental inheritance. In fact, Sager
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mt* sm-r x mt— sm-s— progeny all sm-r
mt* sm-s x mt— sm-r — progeny all sm-s

now refersto the mt* mating type as the female, using this analogy. Ruth Sager.

REVISION QUESTIONS AND PROBLEMS

1.

10.

11.

(@) Whatisthebasictest by which cytoplasmicinheritanceisdistinguished from nuclear inheritance
in amost all organisms ?

(b) What specific properties do chromosomal genes possess?

Answer each of the following as briefly and completely as possible :

(@ Which do you think would be easier to identify, the effects of plasmagenes or the effects of
chromosomal genes? Explain

(b) Why isit often difficult to distinguish between cytoplasmic gene (plasma genes) and viruses?

(c) What conditions must be satisfied to provethat cytoplasmic genesare present in the chloropl ast?
Discuss.

Discuss the role of chloroplasts and mitochondria in the cytoplasmic inheritance.

Write short notes on the following :

(i) Plasmagenes; (ii) Maternal inheritance; (iii) Malesterility; (iv) Kappaparticle; (v) ‘ Petite’ inyeast.

Suppose that a snail had adextral coiling. Upon self-fertilization, it produces progeny all of which

showed sinistral coiling. How do you explain results.

A male and female Ephestia moth, both coloured as larvae, were crossed. About half of the adult

progeny were coloured, half were white. What colour did the male and female parents possess as

adults?

Most strains of Chlamydomonas are sensitive to streptomycin(s). A strain is found which requires

streptomycin in the culture medium for its survival (sd). How could it be determined whether

streptomycin-dependence is due to a chromosomal gene or to a cytoplasmic element ?

Exposing a culture of white yeast to the mutagenic action of mustard gas produced some red

individuals. When the red mutants were propagated vegetatively, some white cells frequently

reappeared. How can these results be explained ?

Given seed from a male sterile line of corn, how would you determine if the sterility was genic or

cytoplasmic ?

A four-0' clock plant withthreekindsof branches(green, variegated and “ white”) isused inabreeding

experiment. What kinds of progeny are to be expected from each of these crosses:

(a) Green female X White male, (b) White female X Green male;

(c) Variegated female X Green male ?

Determinewhich of thethree paramecial phenotypes (killer, unstable, or sensitive) isproduced by the

following combinations of genotype and cytoplasmic state.

Genotype Cytoplasm
@ KK Kappa
(b) Kk No Kappa
(©) kk Kappa
(d) KK No Kappa
(e Kk Kappa

() Kk No Kappa
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