PRINCIPLES AND PRACTICES OF TWO-LINE BREEDING IN RICE

Introduction 



Rice (Oryza sativa L.) is the prime crop grown in India in terms of both area and production. It is cultivated over 45 m.ha, with an annual production of 89 million tons.  Among various genetic options available for enhancing productivity levels, hybrid rice technology appears to be the most feasible and readily adoptable one.  The cytopolasmic male sterility (CMS) has been used for development of hybrid rice since 1980. The discovery of environment-sensitive genic male sterility in rice led to the development of a simpler and more efficient two-line hybrid breeding system.   The temperature sensitive genic male sterility (TGMS) is presently being researched since 1995 to breed two line hybrid rice in order to accelerate the rice productivity further.


The major limitations of three-line approach viz., restrictions on the availability of parental lines, negative effects associated with sterility inducing cytoplasm, limited yield advantage and complicated seed production process have prompted to develop a simple and more efficient two-line method for exploitation of hybrid vigour.  The experience in China indicated the yield advantage of inter varietal two-line hybrids over the ruling three-line hybrids to be in the tune of 5-10%.  Therefore, the development of two-line system for developing inter varietal and inter sub-specific hybrids appears to hold great promise.


TGMS  system can be successfully exploited in subtropics where the seasonal fluctuations cause adequate variation in temperature and in tropics where some high altitude induced low mean temperature area exists.  Tamil Nadu is fortunate to have adequate rice growing area under the average suitable TGMS 19-24oC in the hills of Nilgiris at the altitude of 1000-1400 metres.  Two-line hybrid breeding system utilizing environmental-sensitive genic male sterility (EGMS) has distinct advantages in raising level of heterosis of hybrids and making hybrid seed production cost effective (Lu et al.,1994).  Since first reported in China in 1973, 
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some progress in the study of rice EGMS genetics and breeding behaviour has been elucidated and thermosensitive genic male sterile (TGMS) and photosensitive genic male sterile (PGMS) lines were bred and a few of these commercially exploited in hybrid breeding (Yuan et al.,1994).


The two major two-line approaches include (1) the use of environmental sensitive genetic male sterility (EGMS) and (2) use of chemically induced male sterility.  In India research on these aspects have been initiated a few years back and salient findings are briefly discussed.

Comparison of CMS and TGMS system


TGMS system offers easy seed multiplication of female parent.  There is good scope for development of new TGMS lines and potential hybrids is this system than that of CMS system.

Difference between CMS and TGMS system in breeding hybrid rice.

	
	CMS
	TGMS

	1.
	Inheritance
	

	
	Male sterility is by interaction of recessive nuclear genes and sterile cytoplasm
	Male sterility is by one (or) two recessive nuclear genes

	2.
	Scope of new TGMS
	

	
	Transmission of CMS into varieties is limited to availability  of maintainers
	Transmission of TGMS gene into almost any adapted variety is possible

	3.
	MS breeding method and time conversion is by back cross method and requires only 5-6 generations
	Hybridization and selection may be ideal than back cross in order to combine and improve desirable traits.  Selection for fertility and sterility has to be made alternatively in each generation in the hills and plains (or) phytotron. So takes longer time. 

	4.
	Multiplication of female parent
	

	
	Difficult and involves crossing of A and B lines under strict isolation
	Easy and carried out at hills by self pollination.  Contamination is less due to self fertility under isolation

	5.
	Identification of pollinator
	

	
	Difficult, only the 10%of rice genotypes having restorer genes can be used.  So selection for high heterosis is limited
	Easy, almost 95% of rice genotypes can be used as male.  So high heterosis can be realized from the large number of hybrids available for selection.

	6.
	Environmental Influence
	

	
	The role of climate and temperature has little effect on A x B (or) A x R.  So, seed can be produced generally at any place and season.
	Female parent can be multiplied only during safe period of fertility (in the hills) and F1 hybrid seed only during safe period of sterility in the plains.


Stages of TGMS line


The pollen fertility of TGMS line is determined by the temperature at the critical period of thermosensitivity (20 days) during panicle initiation that is from 5th to 25th day after panicle initiation.  Studies made in the TGMS line TS29, at Agricultural College and Research Institute, Madurai, revealed that TS29 is transformed into sterile stage when the average temperature is 25oC (29o/18oC for maximum and minimum) (or) more.  This is the sterility inducing temperature or critical sterility point.  This point varies for different TGMS lines.  A  high temperature  sterility such as  at 32o/26o C for maximum – minimum is ideal  so that the TGMS parent will safely remain in the sterile phase over a long period when grown in the plains where the average temperature is almost always more than 25oC.


The TGMS lines are transformed to the fertile stage when the average temperature during its critical period of thermosensitivity in the panicle initiation stage is less than 25oC. Studies carried out at Agricultural College and Research Institute, Madurai revealed that TS29 becomes completely fertile at the average temperature of 23oC and below.


Thus, the TGMS line becomes male sterile when grown in the plains where temperature is generally high.  Here it is used as female parent with appropriate pollinator for the production of F1 hybrid seed.  In cool places like hills (or) during winter, the TGMS line is normal, able to produce pollen and multiplies its own seed by self pollination.

Development and characterization of TGMS lines :


Environment sensitive genic male sterility includes, photoperiod sensitive genic male sterility (PGMS), temperature sensitive genic male sterility (TGMS) and the sterility induced by interaction between photoperiod and temperature.  Since, the required day length differences do not exist in the Indian sub-continent. PGMS approach may not be that relevant.  Taking advantage of temperature ranges available however, TGMS system can be effectively used.  Hence, the major emphasis was given for the identification and characterization of TGMS sources. 


The first stage in two line breeding is to characterize the  TGMS lines for their critical sterility and fertility inducing temperature regimes.  The work on characterization of TGMS lines was undertaken at different network centeres.  In the last eight years, several male sterile plants suspected to carry temperature sensitive gene(s) were isolated from germplasm collections, breeding nurseries, farmers field and mutagen-treated populations.  Some of these lines that showed seasonal fertility-sterility transformations under field conditions were studied critically under controlled conditions (walk-in growth chamber).  Various temperature regimes were created for this purpose.  In addition, the lines received from IRRI (International Rice Research Institute) were also studied critically.  The results of the various studies conducted at different centers over seasons and years are presented below.


The four TGMS lines received from International Rice Research Institute, Philippines, were evaluated over the years, by taking up sowing at fortnightly intervals. Observations were recorded on fertility/sterility of the spikelets at the time of flowering.  Summarized data are presented in Table 1.


All the four lines were sterile when flowered in June and July. From August onwards they started turning fertile till February, except the line IR 32364, which became sterile from the month of December onwards.  The other three lines flowering from March onwards were again found to be sterile.  Based on the similar data collected over couple of years, the hybrid seed production and TGMS multiplication programme will be undertaken.  The line IR 32364 is very stable for sterility and it was found to interact with photoperiod also, in addition to temperature for fertility/sterility transformations.


TGMS lines  received from IRRI and identified locally were evaluated at Coimbatore and Gudalur during rabi and kharif seasons 1995-96 for sterility and fertility transformation.  The results pertaining to Tamil Nadu condition as summarized in Table 2.

The TGMS lines viz., TS16, 18 and 29 which showed complete sterility at Coimbatore (CST = 28o​C) were found to become pollen fertile at Gudalur (CFT 22oC). Gudalur has been identified as one of the centres for TGMS multiplication because of the prevalence of ideal weather conditions for inducing pollen fertility in TGMS lines.


Promising TGMS lines identified at Colimbatore, based on observations made over the years, are listed in Table 3 along with their salient features. Some of these lines have been used in the development of two-line hybrids.


In order to develop two line hybrids with better yield stability and consumer acceptability, it is essential to develop parental lines with resistance to major diseases and insect pests and with good grain quality.  An attempt has also been made to develop TGMS lines with improved panicle exertion, through incorporation of Eui gene.

Development and evaluation of two-line hybrids 


Multilocation trials of early (110-120 days) and medium (125-140 days) duration rice hybrids for May-June and September sowings 2000-01 respectively has been conducted in 10 important rice growing centers in Tamil Nadu (Tables 4 & 5).  The results indicated that hybrids ACMRH 1 in early and TNRH 21 in medium  duration has performed excellently  well over the local superior varieties viz., ASD 19, 39 and 43.

IRRI Method of developing TGMS line


This is a quick method and the segregating generation is advanced every season. Hybridization and selection upto F6 are carried out only in the high temperature environment in the plains without the need for selection in the hills.  Fertile plants are selected assuming that some of them will carry the recessive TGMS genes in heterozygous state.

· Hybridize and raise F​​​1 and F2 in the high temperature location.

· Select fertile plants with desirable traits in F2 grown in the sterility inducing period.

· Continue to raise F3 to F5 in the sterility inducing high temperature location.  In every generation fertile plants are selected, but these selections are made only from the progeny rows which segregates for sterility.  Thus it is ensured that some of the selected fertile plants may be heterozygous of the rececessive TGMS genes in every generation.  Selection in thus continued upto F5 when the lines become homozygous for all other traits except TGMS genes.

· Grow F6 again in the sterility inducing temperature and in this generation, select single plants which are completely sterile, thus making TGMS genes homozygous.

· Ratoon the stubbles of these selected sterile plants in a phytotron (or) transplant them in the fertility inducing low temperature in the hills.  Select the plants which revert fertility under the fertility inducing temperature.

· Collect seed and confirm the sterility of TGMS line by growing in high temperature location.

Chemical induction of male sterility


Inspite of many years of research in different parts of the world, chemical emasculators or gametocidal agents have not been used in practical hybrid rice development program.  Rice being a tillering crop and the gametic stage of the tillers vary greatly, the effect of chemical needs to be precise at a specific stage of the crop.  If a potential chemical is found and its application is optimized to realise desired level of selective male sterility, several of the advantages of Chemical Hybridizing Agent (CHA) can be made use of for a successful two-line breeding.


Encouraging results obtained on the gametocidal properties of ethrel and related chemicals on a variety of crops, prompted experimentation on rice, since early 1970s.  Their studies revealed ethrel a highly selective and efficient gametocide.  During the same period another chemical compound DPX 3378 was also tested on rice.  Unlike ethrel it induced partial sterility only.


The Chinese scientists found and demonstrated arsenates to be highly effective in rice on field scales.  Arsenical compounds like monosodium, methyl arsenate (MG-1), sodium methyl arsenate (MG-2) are now being used in hybrid seed production in China. Although these compounds have been reported to meet satisfactorily the key requirements of an ideal gametocide especially highly selective pollen sterilizing efficacy, they are not being favoured.  Carcinogenic property of these chemicals coupled with residual toxicity and some degree of phytotoxicity has necessitated the search for better alternatives to the arsenic gametocides.  Oxanilates and their derivatives have been found effective in rice.  Ethyl 4’ – fluoro-oxanilate is as effective as arsenates.


Based on these findings, studies were undertaken to :

· identify the most efficient formulation of oxanilates

· optimizing the treatment combination, and exploring the prospects of hybrid seed production using the most efficient chemical gametocide.

As for chemical induction for male sterility, 20 different oxanilate formulations were evaluated in comparison to sodium methyl arsenate, a widely used gametocide on rice in China.  All the formulations had the tendency to induce male sterility.  Yet they differed depending on the structure and position of the substituents.  Halogen substituted oxanilates, especially the substitution at 4’ position, proved efficient.  Of the four efficient formulations tested, ethyl 4’ – fluoro oxanilate applied at 1500 ppm at stamen – pistil primordia phase proved to be most effective with highest sterility, widest action spectrum and least phototoxicity.

Synthesis of two-line hybrid rice 


Studies on the two safe periods of seed production and evaluation of a large number of hybrids are necessary for developing successful two line hybrid.  This include 3 main important steps.

· Study of safe period of seed multiplication of TGMS line in the hills.

· Hybrid evaluation and selection of suitable hybrid in the plains.

· Study of safe period of hybrid seed production in the plains.

Seed Production for  two-line hybrids


Selection of individual plants ( Treatment under low temperature or long day length and low temperature conditions ( Ratooning for core seeds ( Breeder’s seeds ( Foundation seeds ( Hybrid seed production.


The procedure is, selecting some agronomically typical individual plants and treating them under the conditions of long day length and low temperature (Critical day length and /CST) for 4 to 6 days in their sensitive developmental stages.  At heading each plant should be examined for pollen sterility under microscope.  All those plants with pollen sterility  ( 99.5% should be discarded and the remaining plants are ratooned under short day length and low temperature ((CST) conditions to restore fertility. The selfed seeds obtained from ratooned plants are called core (nucleus) seeds. Under strict isolation conditions breeder seeds are produced from the multiplication of core seeds. The breeder seeds are used to produce foundation seeds which are in turn supplied for the large scale hybrid seed production (Vijayakumar, 1996). 

Hybrid seed production


The hybrid seed production techniques involving P(T)GMS lines would remain same as in three line system which involves a CMS line and a restorer line.  But, the seeding date of ‘S’ line will be fixed for a given seasons depending on the temperatures that would prevail at the sensitive growth stage.  The seeding of male line only is adjusted based on the seeding interval.

Advantages of two-line heterosis breeding 

	1
	There is no need for a maintainer line.  This ensures larger development of hybrids.

	2.
	Any genotype can be utilized as male parent. This ensures greater flexibility in the choice of parent in a hybrid combination.

	3.
	Negative effects associated with sterility – inducing cytoplasm are avoided.

	4.
	The seed production program is simple and more efficient. The field area ratio between female parent multiplication, hybrid seed production, and commercial cultivation of an F4 hybrid is 1:100:10,000 as against 1:50:5000 in the three-line system (Ilyas Ahmed, 1996).


Achievements at a glance

· Commercial release of  promising TGMS lines like TS-29 etc. (Table 6).

· Standardizing procedure for purifying P(T) GMS lines.

· Successful development of the whole package for two line hybrid rice technology.

· Breeding for Super Hybrid Rice 

*  Yield potential of 100 g/ha/day  

* Grain quality equivalent to second class fine type rice standards. 

* Resistance to two major pests and/or diseases. – Ramesha et al. (1996)

· Strategies for developing super hybrid rice include the utilization of inter-subspecific heterosis, utilization of favourable genes from wild rices, development of two line system, use of biotechnology tools and utilization of IRRI’s new plant type varieties.

· In Madurai region, hybrids of TS 29 x MDU 5, TS 29 x ADT 43 and TS 29 x IR 50 were tested extensively.  The out come is hybrids of TS 29 x MDU 5 and TS 29 x ADT 43 were considered the best for farmer’s trials.

Innovative approaches in two-line breeding 


Development of PCR markers is an important molecular approach in marker aided selection (MAS) to accelerate breeding programs.  The gene tms-3 for thermosensitive genetic male sterility has been mapped with RAPD markers, at the IRRI, Manila, Philippines.  Two primer pairs, F18 F/F18 RM and F18/FM/F18 RM were found to be closely linked to tms-3 with a distance of 2.7 cM.


The development of PCR based markers for tms-3 has made  possible to use them in programmes for transfer of thermosensitive genic male sterility into elite breeding lines.  TGMS plants can now be selected based on PCR markers at seedling stage in segregating population, thus providing enough time for breeders to use such plants in crossing program in same season and also enabling them to select much plants in environments independent of temperature conditions.
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Table 1.  Sterility/Fertility transformation of TGMS lines from IRRI at Hyderabad (1994-95)

	TGMS

Line
	1994
	1995

	
	June
	July
	Aug
	Sep
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	MSS*

	IR 68945
	S
	S
	S/F
	F
	F
	F
	S/F
	F
	F
	S/F
	S
	S
	85%

	IR 68949
	S
	S
	F
	F
	F
	F
	F
	F
	F
	F
	S
	S
	85%

	IR 68294
	S
	S
	S
	F/S
	F
	F
	F
	F
	F/S
	S
	S
	S
	65%

	IR 32364
	S
	S
	F/S
	F
	F
	F/S
	F
	S
	S
	S
	S
	S
	20%


MSS* - Maximum seed set recorded during fertile period.

Table 2.  Sterility/Fertility of certain TGMS lines at Coimbatore and Gudalur

	Location/TGMS line
	Sterility/Fertility

	Rabi 1995-96
	

	Coimbatore (Mean Temperature 28oC)

TS 7 = (IR 62829A/O.nivara/B)

TS15= (IR 32364-20-1-3-2)

TS16= (IR 68945-33-4-14-40)

TS18= (IR 68949 -)

TS29=(CTGMS)  
	Completely sterile

       “

       “

       “

       “

	Gudalur (Mean Temperature 22oC) 

TS 7 

TS15

TS16

TS18

TS29
	Pollen fertility (%)  25

       “                       55

       “                       80

       “                       63

       “                       77

	Kharif 1996
	

	Coimbatore (Temperature 31/21oC)
	

	TS 16

TS 29
	Pollen fertility (%) 0-20

Pollen fertility (%) 0

	Gudalur (Temperature 29/22oC)
	

	TS 16

TS 29
	Pollen fertility (%) 50

Pollen fertility (%) 77


Table 3.  Salient features of promising TGMS lines identified at Coimbatore

	TGMS line
	DFF
	HT
	PN
	PL
	TS
	SFP
	TW
	Remarks



	TS 16
	85
	90
	10
	22.1
	129
	70
	-
	CST : 31.2/21.7 and CFT 30.0/19.5 with low out crossing potential

	TS 18
	92
	80
	8
	16.2
	120
	65.0
	-
	CST : 31.7/20.5 and CFT 30/19.5 with good out crossing potential

	TS 29
	75
	55
	16
	19
	110
	87
	-
	CST:31.8/24.4 and CFT 27.9/16.7 with very good out crossing potential


Table 4.  MLT-Hybrid Rice – Early (110-120 days) May – June sowing 2000-01

	Entries
	Grain yield (kg/ha)
	Mean
	% inc./ dec. over

	
	ADT
	ASD
	CBE
	TIRUR
	KKM
	MDU
	TRY
	KRL
	GDR
	
	ADTRH 1
	ADT 43

	ACKRH 1
	5802

119
	4680

102
	7663

105
	5955

114
	4583

106
	3790

115
	3389

105
	6300

124
	4000

122
	5129

112
	-2.9
	5.5

	ACKRH 2
	3343

111
	3956

95
	6386

105
	5817

115
	6250

100
	3810

112
	2923

108
	6860

113
	5611

115
	4995

108
	-5.4
	2.8

	ACMRH1
	3212

109
	5969

98
	5277

101


	5983

101
	5500

101
	4739

105
	3098

109
	6960

113
	5861

122
	5178

107
	-2
	6.5

	SSRCRH1
	3545

108
	5866

101
	5022

104
	6054

114
	4166

111
	2791

111
	3093

105
	6600

115
	5917

118
	4784

110
	-9.4


	-1.6

	SSRCRH2
	4182

107
	4730

101
	5109

105
	6033

119
	4333

106
	2957

116
	2610

110
	7340

122
	5194

119
	4721

112
	-10.6
	-2.9

	ADTRH1
	6250

117
	3706

108
	6120

119
	5445

116
	4250

111
	4481

111
	4603

121
	7700

124
	4972

125
	5281

117
	-
	8.6

	ADT 43
	5600

113
	4723

108
	6215

113
	5478

116
	3833

106
	4432

119
	3407

116
	5140

114
	4917

118
	4861

114
	-8.0
	-


Note : Results not reported from Bhavanisagar

           Figures shown below the grain yield denote duration in days

           ADT – Aduthurai; ASD – Ambasamudram; CBE – Coimbatore; KKM -            

           Killikulam; MDU – Madurai; TRY – Trichy; KRL – Karaikal; GDR - Gudalur    

Table 5.  MLT – Hybrid Rice – Medium (125-140 days) September sowing 2000-01



	Entries
	Grain yield (kg/ha)
	Mean
	% inc./dec.over

	
	ADT 
	ASD
	CBE
	TIRUR
	BSR
	KKM
	MDU
	TRY
	KRL
	
	ASD

19
	ADT

39
	CORH

2

	TNRH

21
	4527

127
	2090

129
	9000

140
	5750

140
	6818

126
	4722

133
	4425

133
	6044

123
	6333

132
	5523

131
	2.4
	16.9
	0.2

	ACMRH 2
	1990

116
	1904

118
	4333

122
	5625

132
	5640

125
	5388

120
	4022

124
	4910

122
	5889

135
	4411

124
	-18.2
	-6.6
	-20.0

	SSRCRH

3
	4012

125
	2097

123
	5500

124
	5083

130
	5472

123
	5138

120
	3444

125
	4141

121
	6611

133


	4611

125


	-14.5


	-2.4
	-16.3

	SSRCRH 4
	4183

125
	2112

121
	7750

133
	5228

136
	6061

123
	5388

125
	3555

125
	5954

123
	7250

132
	5276

127
	-2.2
	11.7
	-4.3

	ASD 19
	4012

134
	3398

135
	7330

142
	5437

134
	6313

131
	4383

135
	4351

133
	6841

135
	6472

136
	5393

135
	-
	14.2
	-2.1

	ADT 39
	3944

126
	1678

116
	7160

128


	5440

131
	6145

126
	4027

125
	3184

122
	5064

126
	5861

125
	4723

125
	12.4
	-
	-14.3

	CORH 2
	4562

127
	2719

123
	7500

127
	5875

132
	6397

126
	4616

134
	4481

131
	7608

123
	5833

131
	5510

128
	2.2
	16.7
	-


Note : At Gudalur, the trial failed due to low temperature and very high spikelet sterility

            Figures shown below the grain yield denote duration in days

           ADT – Aduthurai; ASD – Ambasamudram; CBE – Coimbatore; KKM -            

           Killikulam; MDU – Madurai; TRY – Trichy; KRL – Karaikal;  BSR -      

Bhavanisagar                 

Table 6. TGMS lines released in India

	TGMS line
	Source

	TS 1
	Mutant from BG-850-1

	TS 2
	Mutant from BR-1728-26-1-1-5

	TS 3
	Mutant from IR-1579-1633-55-26-42

	TS 4
	Mutant from RP-2095-5-7-34

	TS 5
	Mutant from RP-2095-5-7-344

	TS 6
	Mutant from RP-21611-106-1-1

	TS 7
	BC, F2 of IR 62829A/O.nivara/IR 62829B

	TS 8
	Mutant from AST16

	TS 9
	Mutant from IR 50

	TS 10
	Mutant from C12/Japonica purple

	TS 11
	Mutant from C12/Japonica purple

	SM 2
	Variety Pramava

	SM 5
	Germplasm

	JP 2
	Breeding line of unknown cross

	JP 8-1A-12
	Breeding line of unknown cross

	SA 2 (FAS)
	Sodium oxide induced mutant of IET-11990

	F 61
	Sodium oxide induced mutant of IET-11990

	J 24A
	Pusa 33-64

	TS 15
	Mutant of IR-32364-20-1-3-2

	TS 16
	Selection from Norin PL12/IR 36 (IR 68945)

	TS 18
	Selection from Norin PL 12/BG 90-2

	IC 10
	--

	IC 2A
	--

	IR-68948-12-3-7
	Selection from Norin PL 12/IR47686-17-2

	IR 68292
	-

	UPR 195-140
	Spontaneous mutant

	TS 29
	Selection from Chinese source

	Nongken 58S
	PGMS line from Nongken 58

	Annong S1
	Spontaneous mutant identified in Hunan province of China
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