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Male Sterility

Male sterility is characterized by nonfunctional pollen 

grains, while female gametes function normally.

 Inability to produce or to release viable or functional 

pollen as a result of failure of formation or 

development of functional stamens, microspores or 

gametes.
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Fertile
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Classification of Male Sterility

Kaul (1988) Classified  Male Sterility in three major groups

1. Phenotypic Male Sterility (Morphological)

 Structural or Staminal Male Sterility

 Pollen Male Sterility

 Functional Male Sterility

2. Genotypic Male Sterility

 Genetic Male Sterility (GMS)

 Environmental Sensitive (EGMS)

a) Thermo sensitive genetic male sterility (TGMS)

b) Photoperiod sensitive genetic male sterility (PGMS)

 Environmental non-sensitive

 Cytoplasmic Male Sterility (CMS)

 Cytoplasmic Genetic Male Sterility (CGMS)

 Transgenic Male Sterility (TMS)

3. Chemically Induced Male Sterility (CHA)



Genetic Male sterility (GMS)

 The pollen sterility which is caused by nuclear gene is termed as genetic

male sterility

 This type of male sterility has been reported in sveral crop plants such as

barley, wheat, maize, cotton, sorghum cucurbits, tomato and sugarbeet etc

 Male sterility genes are usually recessive and rarely dominant.

 This system consists of 2 types of lines, viz., A line and B line.

 Two types of male sterility is there:-

• Thermo sensitive genetic male sterility (TGMS):- The sterility which

is influenced by the temperature.

• Photo period sensitive genetic male sterility (TGMS):- When male

sterility is influenced by day length.



Genetic Male Sterility (GMS)

 Mostly governed by single recessive gene (ms) but dominant gene 

governing male sterility (safflower)

 Origin: Spontaneous mutation or artificial mutations (Gamma rays, 

EMS) are common.

 ‘ms’ alleles may affect staminal initiation, stamen or anther sac 

development, PMC formation, meiosis, pollen formation, maturation 

and dehiscence. 

S.No

.

Mutagens Crops

1 Colchicine Jowar

2 Ethidium 

Bromide

Groundnut, Maize, 

wheat

3 Acetone Barley



Cytoplasmic Male Sterility (CMS)

Determined by the cytoplasm (mitochondrial or 

chloroplast genes).

Result of mutation in mitochondrial genome (mtDNA)-

Mitochondrial dysfunction.

 Progenies would always be male sterile since the 

cytoplasm comes primarily from female gamete only.

Nuclear genotype of male sterile line is almost identical 

to that of the recurrent pollinator strain. 

Male fertile line (maintainer line or B line) is used to 

maintain the male sterile line (A line).

CMS is not influenced by environmental factors 

(temperature) so is stable.



CMS can used in hybrid seed production of certain 

ornamental species or in species where a vegetative 

part is of economic value.

But not for crop plants where seed is the economic 

part because the hybrid progeny would be male 

sterile.

This type of male sterility found in onion, fodder 

jowar, cabbage etc.

Utilization of CMS in Plant Breeding



Cytoplasmic Genetic Male Sterility (CGMS)

CGMS is also known as nucleoplasmic male sterility.

Case of CMS, where a nuclear gene (R) for restoring 

fertility in male sterile line is known.

R (restorer gene) is generally dominant can be transferred 

from related strains or species.

This system is known in cotton, maize, jowar, bajra, 

sunflower, cotton, rice and wheat etc.



S.No. Crop Hybrid Variety Seed Production

1. Maize Ganga 101, Ganga 1, 

Deccan, Ranjit,

Trishulatha, DHM-107, 

DHM-109

CMS

2. Sorgum CSH1 CMS

3. Bajra HB1 CMS

4. Sunflower BSH1 CMS

5. Rapeseed PGSH51 CMS

Male Sterility based Hybrids in Important Crops



Recombinant DNA techniques for disturbing any or

number of developmental steps required for the

production of functional pollen within the microspore or

for the development of any somatic tissues supporting

the microspores.

Transgenes for male sterility are dominant to fertility.

Also to develop effective fertility restoration system for

hybrid seed production.

Transgenic Male Sterility



CHA is a chemical that  induces artificial, non-genetic 

male sterility in plants so that they can be effectively 

used as female parent in hybrid seed production.

Also called as Male gametocides, male sterilants, 

selective male sterilants, pollen suppressants, 

pollenocide, androcide etc.

The first report was given by Moore and Naylor (1950), 

they induced male sterility in Maize using maleic 

hydrazide (MH).

Chemical Induced Male Sterility



Male sterility system in Rice hybrid seed production

 Male sterility: a condition in which the pollen grain is unviable or 
cannot germinate and fertilize normally to set seeds.

 Male Sterility Systems (genetic and non-genetic):

Cytoplasmic genetic male sterility (CMS)

Male sterility is controlled by the interaction of a genetic factor 
(S) present in the cytoplasm and nuclear gene (s).

Environment-sensitive genic male sterility (EGMS)

Male sterility system is controlled by nuclear gene expression, 
which is influenced by environmental factors such as temperature 
(TGMS), daylength (PGMS), or both (TPGMS).

Chemically induced male sterility

Male sterility is induced by some chemicals (gametocides)





Two Commercial MS Systems for Hybrid Rice



TGMS and two-line hybrid

BASED ON THE 
DISCOVERY OF 
P(T)GMS MUTANT

MALE STERILITY 
CONTROLLED BY 
1 OR 2 PAIRS OF 
RECESSIVE 
GENE(S)

Fertile

S-line

Multiplication

Critical Fertility Point

Critical Sterility Point

Reproductive Upper Limit

Reproductive Lower Limit

Sterile

F1 Seed

Production

Partial Sterility

Model of Sterility / Fertility Expression for TGMS Rice

Temperature

low

high



Elite CMS line SOURCE NURSERY Elite lines from different sources

To evaluate parents and make testcross B & R line Breeding Program

P line Breeding Progam

CMS BACKCROSS NURSERY TESTCROSS NURSERY

BC2- BC4, CMS Evaluation To identify B, R & P lines R & P Line

Backcross CMS pairs (BC1)

Premarily heterosis evaluation, 2 rows w/ parent Hybrid Seed Production for OYT

Isolation Bags or hand-crossing

AxB Paircross RETESTCROSS NURSERY (OYT)

Breeder Seeds Re-evaluate F1 hybrids

Stage 1, 1 rep, 3 rows Hybrid Seed Production for PYT

Isloated Net or bags

AxB Increase Preliminary Yield Trial (PYT)

Core Seeds Stage 2, 1 rep, plot

Hybrid Seed Production for AYT & NYT

AxB Seed Production Advanced Yield Trial (AYT) Isolation Block

Foundation Seeds Stage 3, 3 reps, plot

AxB Seed Production National Yield Trial Hybrid Pilot Seed Production

Certified Seeds Stage 4, 3-4 reps, muti-location, 2-years Isolation Block

A & B Line Release On-Farm Trial (Strip Trial) Hybrid and R line Release

Flowchart of 3-Line Hybrid Rice Evaluation and Seed Production



Male sterility system in Maize hybrid seed production

Different ways of inducing male sterility in maize

I. Manual/mechanical emasculation (detasselling)

II. Genic male sterility

III. Cytoplasmic genetic male sterility

IV. Gametocides

1. Genetic Male sterility

Male sterility determined by single recessive gene 

40 loci involved have been identified (ms1 to ms52)

ms5 –cloned

Problem : impossible to maintain male sterile inbred

detasselling required



2. Cytoplasmic Male sterility

1. CMS-T (Texas) (Rogers and Edwardson, 1952)

 Highly stable under all environmental conditions

 Characterized by failure of anther exertion and pollen abortion

 Susceptible to race T of the southern corn leaf blight - (Cochliobolus

heterostrophus = Bipolaris maydis)

 Widespread use of T-cytoplasm for hybrid corn production led to 

epidemic in 1970 with the widespread rise of Race T. 

 Toxin produced by C. heterostrophus = T-toxin. 

 Fertility restoration is sporophytic

 Rf1 (chr. 3) & Rf2 (chr.9) are responsible for fertility restoration



2. CMS-C (Charrua) (Beckett, 1971)

 Mutations in three genes viz atp6, atp 9 and cosII- confer CMS 

phenotype

 Fertility restoration is Sporophytic

 Rf4, Rf5, Rf6 are responsible for fertility restoration

3. CMS-S (USDA) (Jones,1957)

 Sterility associated with orf355-orf77 chimeric mt gene

 Fertility restoration is Gametophytic

 Rf3 (chr. 2) are responsible for fertility restoration

 Plasmid like element S1 & S2

T-urf13 gene in T cytoplasm maize

 Mitochondrial gene T-urf13 is a unique chimeric sequence 

Effect of URF13 protein-

 Degeneration of the tapetum during microsporogenesis

 Disruption of pollen development leading to male cell abortion



Reversion to fertility

 The reversion of CMS 

strain to male fertility is 

based on genetic change

 Reversion can be 

spontaneous or mutagen 

induced

 S-cytoplasm revert 

rather frequently to male 

fertility (than T & C). 

Maize-CMS Restoration of fertility system: 

different classes of pollen grains are produced, 

but not all of them are viable



A X       B

(frfr)           (frfr) 

ms mf 

AB

(frfr)

ms

X        C

(FrFr) 

mf 

ABC

(Frfr)

mf

Triple  Cross  Hybrid

C X     D

(frfr)        (FrFr) 

ms mf 

CD

(Frfr)

mf

A X        B

(frfr)              (frfr) 

ms mf 

AB

(frfr)

ms

X

ABCD

1

(Frfr)

mf

1

(frfr)

ms

:

:

:

Double  Cross  Hybrid



Types of Hybrids

 Single cross hybrid (A×B)

 Double cross hybrid (A×B)×(C×D)

 Three way cross Hybrid (A×B)×C

 Top cross (C×OPV)

 Hybrid blends

 Inter-population hybrids

 Chance hybrids

Male sterility system in Bajra hybrid seed production



Hybrid seed production using CGMS

 Depends on the cytoplasm that produce male sterility and gene that 

restores the fertility.

 Steps:

 Multiplication of CMS (A) line

 Multiplication of Maintainer (B) line and Restorer (R) line

 Production of Hybrid seed (A×R)

 Maintenace of A & B lines:

 Grow A line and its corresponding B line together in an isolated 

plots. 

 Isolation distance for A×B production fields is at least 1000m.

 A ratio of 1A:1B row is maintained.

 Pollens produced by the B line fertilize the male sterile plant (A) 

and seeds produced thus 

 Give rise to A line again.



Maintenance of R line:

Pearl millet R line could be either an inbred line or an 

Open pollinated variety which can be multiplied as 

variety.

Seeds of R lines are produced by multiplying seeds in 

isolated plots having distance 1000m.

Any plant in the R line plot appearing different from true 

R type should be uprooted or rogued out before anthesis.

Purity of the parental seed is very important because it 

affects the quality of the hybrid seeds that is generated. 



Scheme of hybrid seed 

production in pearl millet

Layout of hybrid seed 

production plot



Male sterility system in Brassica hybrid seed production

Cytoplasmic male-sterile

 Stamen (anther and filament) and pollen grains are affected

 It is divided into:

a. Autoplasmic

 Arisen within a species as a result of spontaneous 

mutational changes in the cytoplasm, most likely in the 

mitochondrial genome

b. Alloplasmic

 Arisen from intergeneric, interpecific or occasionally

intraspecific crosses and where the male sterility can be 

interpreted as being due to incompatibility or poor co-operation

between nuclear genome of one species and the organellar

genome.  

 Another CMS can be a result of interspecific protoplast fusion 



 Raphanus or ogu system

 Polima or pol system

 Shiga-Thompson or nap system

 Diplotaxis muralis or mur system

 Tournefortii (tour) system

 Moricandia arvensis or mori system

 Chinese juncea or jun system

17 systems are available, only difference is the use of male sterile 

cytoplasmic sources differs for each system

 Nap system– B.napuus cross b/w winter & spring var. 

 pol system – B.napus var polima

 mur system--Diplotaxis muralis x B.campestris cv Yukina

 tour system– B.juncea collections

Various CMS systems



Ogu system:-

 First discovered in Japanese radish (Raphanus sativus) by Ogura, 1968

 B.napus genome was transferred into the back round of R.sativus (mst) 

through intergeneric crosses followed by back crossing with B.napus.

 CMS seedling under low temperature showed chlorosis , because 

chloroplast  of R.sativus is sensitive to cold, it is governed by  cp-DNA  , 

but mst is governed by mt DNA.

 Protoplast fusion of R.sativus with B.napus carried out to have normal 

green plants with ogu CMS characterisitics

 This system now has been used for developing alloplasmic male sterile 

line  in B.juncea and B.campestris.



Genetic Male Sterility 
GMS is governed by two genes either recessive  or 

dominant genes(Kaul,1988)

One more dominant gene is associated with 

development of male sterility in B.napus type  by 

means of transgenic male sterility

Chemical Male sterility 

Enthrel – Brassica juncea

Zinc methy arsenate- B.napus

GA- B.oleracea var capitata



B.napaus

F1 interspecific cross

xRhapanus sativus

F1 Sterile

G-Rs

C-Rs

G-Bn 

N-Bn  

1/2G-Rs

1/2G-Bn

C-Rs

mftmst

Doubling by colchince  

Fertile amphidiploid

1/2G-Rs

1/2G-Bn

C-Rs

mst

Development of Male sterile B. napus from R. sativus



1/2G-Rs

1/2G-Bn

C-Rs

x G-Bn

N-Bn  

G-Bn

C-Rs

B.napus

mst

BC3

Male sterile B.napus

mft



Genetic Male sterility (GMS)

Complete male sterility

 ms1-ms5 = male sterility in sunflower recessive gene

Two types of g-mst

Type 1-gmst-Bloomington type

Type 2-gmst-Modern type

Cultivated Sunflower variety Karlik-68(Dwarf 68)- two 

recessive genes msi1,msi2 (Stable and complete male 

sterile)

Partial male sterility –p mst

Male sterility system in Sunflower hybrid seed 

production



CGMS

H.petiolaris × H.annuus Repeated backcross of H.annuus

results in cms1 which is extensively

used mst in hybrid seed production of

sunflower all over the world

H.giganteus× H.annuus Cms3( S cytoplasm source)

H.annuus subspp lenticularis ×

H.annuus CV commander

Indiana 1



 Genetic   Male   Sterility   (GMS):  

 Reported in upland, Egyptian  and  arboreum cottons.

 In   tetraploid cotton,   male   sterility   is   governed   by   both   

recessive   and dominant genes. 

 However, male sterility governed by recessive genes is used in 

practical plant breeding

All three types of male sterility occurs (g mst,c mst,gc mst) in cotton

 Sixteen different genes in tetraploid cottons (13 in  G.  hirsutum

and 3 in  G. barbadense) and two in G. arboreum have been 

identified for genetic male sterility. 

 Sterility is conditioned by dominant alleles at five loci viz, MS4, 

MS7, MS10, MS11 and MS12 by recessive allele at other loci 

viz. msl, ms2, ms3, ms13, ms14 (Dong A), ms15 (Lang A) and ms16

(81 A).

Male sterility system in Cotton hybrid seed production

 G. hirsutum line   Gregg   (MS   399)   from   USA   is  the   basic   

source   of   GMS   possessing  ms5 ms6 gene for male sterility. 



CMS System

In case of CMS, the originally discovered CMS sources involving G.

arboreum and G. anomalum cytoplasmic systems having interaction

with ms3 locus were not found effective or stable under different

environments.

The only stable and dependable CMS source under varied environment

was developed through the utilization of G. harknessii. The complete

genome of G.hirsutum was transferred into the G. harknessii cytoplasm.

A single dominant gene ‘Rf’ from G.harknessii is essential for fertility

restoration.

Fertility enhancer factor 'E' for this CMS restorer system was obtained

from a G.barbadense stock.

The harknessii system is reported to contribute to good agronomic

properties and attraction to honey bees.



Sources of Male sterility in Cotton

Source of ms cytoplasm Nuclear genome

G. anomalum,

G. arboreum, G. harknessii

G. hirsutum

G. anomalum, G. arboreum Heat sensitive , less stable

G. harknessii × G. hirsutum Stable cms all over the environment

New sources of CMS

G. aridum Skovt. × G. hirsutum (D4)

G. trilobum × G. hirsutum CMS 8 (D-8)

G. sturtianum × G. hirsutum CMS-C1



Mutation

 G. arboreum, the first spontaneous male sterility mutant was identified

in variety DS-5

Chemical based male sterility

 FW 450(Sodium B-Dichloro-iso-butyrate)

 MH-30 (Maleic hydrazide)

 Ethidium bromide

Male sterility based hybrid Production

 GMS system. CPH2 (Suguna), First hybrid based on GMS released at

CICR, RS, Coimbatore

 G. harknessii based cms with fertility restoration gene sources were

used in developing the hybrid CAHH 468 (PKV Hy-3).



Cytoplasm Nuclear genome Reference

S.acaule (4X) S.tuberosum Lamm,1953

S.chacoense(4X) S.tuberosum Rammanna and Hersmen(1974)

S.phureja(2x) S.tuberosum Magoon et al.,1958b

S.stoloniferum(4x) S.tuberosum Ross (1961)

S.Verrucosum(2X) S.tuberosum Abdalla (1970)

Inter-specific Hybridization

Male sterility system in Potato hybrid seed production




