GENETIC DIVERSITY AND HETEROSIS

Introduction


Gain in yield and yield stability offered by heterosis have prompted the use of hybrids in several crops.  This has become a major strategy of breeders all over to meet the growing needs of man for food and other raw material.  Genetic yielding ability has been increased greatly and thus total production has been increased with minimal dependence on chemical inputs and maximum use of biological power.  Heterosis in plants has been utilized on large scale for the past 75 years as carefully selected and reproduced hybrid cultivars.


Whatever may be the cause of heterosis, the breeders are interested in exploiting this phenomenon.  In plant breeding genetic diversity plays an important role because hybrids between lines of diverse origin generally display a greater heterosis than those between closely related parents.


Till recently the genetic diversity and phylogenetic studies were conducted for morphological characters using various statistical methods such as 1.analysis of variance and covariance, 2.canonical analysis, 3.Mahalanobis and principal component analysis.  All these analyses are mostly based on the quantitative traits which are highly influenced by environmental effects and require statistical procedures.

Role of genetic diversity in the expression of heterosis


It has been a general observation that the genetic diversity plays a major role in the expression of heterosis.  Hayes (1963) reported the usefulness of utilizing inbred lines obtained from diverse sources in the expression of heterosis.  He utilized three dent and four flint sources for the production of inbred lines and made crosses between the lines obtained 

from same group and also between different groups.  The expression of heterosis was more when the crosses were made between various groups than those between the lines obtained from the same source from both dent as well as the flint populations.


Andres and Bascialli (1940) working in maize have demonstrated the importance of genetic diversity.  They compared the yielding ability of F1 crosses developed between the inbred lines obtained from the North American and Argentina sources.


The data has been given below

	Performance of F1 hybrids
	No. of crosses
	Highest cross 

Kgs/ha 
	Average

	North American
	15
	5155
	3877

	Argentine x North American
	48
	5566
	3618

	North American X Argentine
	34
	5694
	4317


Shull (1948) while discussing heterosis observed that the physiological vigour of an organism is manifested in its rapid growth, height and general robustness and is positively correlated with the degree of dissimilarities in the gametes by whose union the organism was formed.  The more the differences between the uniting gametes the more would be heterosis in the hybrid. Atleast within certain limits the greater on the whole is the amount of stimulation.  Shull’s statement clearly showed that the idea of genetic diversity as a mechanism leading to expression of vigour of the hybrids was inherent in his preparation for the term heterosis.


Guffing and Lindstrom (1954) in their studies with cycled inbreds obtained from Brazilian and exotic maize sources with three crosses each within the group and nine crosses each between the groups have concluded that heterosis is related to some extent to genetic diversity in these crosses.


Moll et al., (1962) studied heterosis  using two varieties obtained from four  areas that is south and eastern USA, mid western USA, Puerto –Rico and southern Mexico They have reported that the extent of heterosis increases with the increase in genetic diversity within a certain range of divergence.  The extremely divergent crosses resulted in decreased heterosis.


Gomez (1966) studied heterosis on the varieties utilized by Moll et al., (1962) and made almost similar observations and established the existence of a limit of parental divergence for the occurrence of high heterosis in groundnut and brassica.


Heterosis for seed yield in fababean was not associated with genetic divergence of the parents as measured by Mahalanobis  D2 statistic (Ghaderi et al., 1984).

Contributions of various plant characters to genetic divergence:-

 Murthy and Arunachalam (1966) have widely reviewed and given an account of the contributions of various plant characters to the genetic divergence in a number of economically important crop plants.

	Crop species
	Plant characteristics
	Percent contribution to genetic divergence

	1. Wheat
	Flowering time 

Height of the plant 

Grain density 
	36.9

27.5

13.0

	2. Sorghum
	Number of spikelets
	68.5

	3. Brassica 

a. self compatible group

b. self incompatible group 
	Flowering time

Height of the plant

Number of secondary branches

Flowering time

Height of the plant

Number of secondary branches 

Number of seeds per branches 
	53.4

17.4

11.1

12.6

32.8

12.8

22.7

	4. Linseed 
	Number of primary branches
	78.4


(Arunachalam and Bandyopadhyay, 1984)

        Main and Bahl (1989) observed that parents with genetic divergence of medium magnitude exhibited higher heterosis for various characters in chickpea.


Gopal and Minocha (1997) observed in potato that F1 progeny means, heterosis and sca effects for tuber yield were correlated with parental divergence indicating that genetic divergence could be used as an indirect parameter in selecting parents to produce heterotic hybrids.


Joshi et al, (1997) identified that the changes of occurrence of heterosis was higher when the parents were chosen to have their divergence between m-s and m + s (m and s are mean and standard deviation of parental divergence values) compared with the crosses between the parents whose divergence fell outside this limit.


Alarmelu and Ramanathan (1998) reported that crosses between highly divergent parents recorded higher magnitude of heterosis in sesame for seed yield and number of capsules.


Thus, it could be seen that several researchers in different crops have observed direct relationship between parental divergence and extent of heterosis in the hybrids upto a certain extent and there after a negative relationship was found to occur indicating the existence of an optimal level of parental divergence for realising heterotic hybrids.

Measurement of genetic diversity


Genetic diversity can be measured in different ways.

They are as follows.

1. Morphological traits and pedigree records

2. Protein and isozyme  markers

3. Molecular markers

1. Morphological traits and pedigree records

D 2 statistics is one of the potent techniques of measuring genetic divergence using morphological traits and therefore extensively used in plant breeding.  Selected genotypes are evaluated in replicated trails and observations are recorded on various quantitative characters.  Computed D2 values are used to group the genotypes into different clusters on a dendrogram.  Genotypes falling in the same cluster are likely to be more closely related than genotypes of other clusters.

Although morphological traits has been proved to be useful for classifying different races of genotypes and population (Goodman and Brown, 1988) it may not be appropriate for elite breeding germplasm (Smith an Smith, 1989).  It addition, morphological characters can be effected by environmental condition.  (Goodman and Paterniani, 1969).

Pedigree relationship often serve as standards to test the effectiveness of morphological and biochemical markers in determining relationships among lines and predicating heterosis.  Nevertheless, estimates of distance measures based on pedigree have several shortcomings.  Some of the assumptions made in the calculation of pedigree relatedness may not be valid particularly the assumptions of equal contribution from parents and lack of selection in derivation of new lines (Smith and Smith, 1989).  Further more, pedigree relationship may be unavailable and erroneous (Smith et al., 1990).

2. Protein and Isozyme markers

Proteins, the products of specific genes can be separated by electrophoresis to determine the presence or absence of specific allele that is coding for the protein.  Isozymes are enzymes that exist with different structures but with same enzymatic activity. 

Limitations of markers:-
Low level of polymorphism, failure to detect polymorphism due to single base substitutions and expression of isozyme markers in ontogeny and environment dependent.

3.  Markers at DNA level

The availability of wide range of restriction enzymes has opened the door to carry out the genome analysis with great precision using cloned unique sequences as probes against gels of restricted nuclear DNA – the segregation of innumerable loci can be monitored and mapped.

The markers at DNA level can be broadly classified into two categories.

1. Hybridisation based markers

2. PCR based markers

The following are the list of molecular markers available at DNA level for genetic diversity analysis.

1. Restriction Fragment Length Polymorphism

2. Randomly Amplified Polymorphic DNA

3. Sequence Tagged Sites 

4. Sequence Characterized Amplified Regions

5. Variable Number Tandem Repeats

6. Amplified Fragment Length Polymorphism

Correlation between markers based genetic distances and hybrid performance

The use of inbred per se molecular data has been suggested as a means to

i. determine heterotic grouping and degree of genetic relationship among inbreds and

ii. predict hybrid performance based on molecular marker dissimilarity between the parents (Bernado, 1993).

The development of molecular DNA markers has provided tools to assess the genetic diversity among inbred lines and to assign them to different heterotic groups (Linni et al., 1992, Messmer et al., 1992).  
 Many studies have reported the estimates of correlation between marker based genetic distances (GD) and hybrid performance in different crops.  (Lanza et al., 1997 and Ajmone Marson et al., 1998).  However correlations have varied from one reports to another.

According to Melchinger (1993) three types of crosses could be distinguished for computing correlations of genetic distance and performance of hybrids.

1. crosses between related lines

2. crosses between unrelated lines from the same germplasm

3. Crosses between (unrelated) lines from different heterotic groups.

Crosses between related lines as well as intra and inter group crosses have shown moderate to high correlation of parental genetic distance with F1 performance (F1 P) and high mid parent heterosis in MPH maize (Ajmone maisar et al., 1998).  
Among crosses between related lines there is a tight association between genetic distance GD and MPH for yield due to their being a linear function of and one that decreases as increases.  Charcosset and Essioux (1994) unforced the fact that linkage between markers and quantitative trait loci (QTL) within heterotic groups are the key parameters for marker based prediction.   The presence of a linkage phase between QTL and marker loci in the material and paternal genetic arrays of intra group hybrids probably results in a positive covariance between GD and MPH.

Examples: The relationship of SSR heterozygosity and heterotic potential for eight vegetative and reproductive traits in 48 rice hybrids was examined.  These parental lines represented the breadth of genetic diversity in current phippplines hybrid rice germplasm.  Based on a least 40 percent genetic similarity at 43 SSR loci spreading the 12 rice chromosomes, the CMS and male parents clustered into 3rd  and 7th  groups respectively.  SSR heterozygosity and heterotic performance in the 48 hybrids were significantly correlated for the number of tillers per plant and leaf area mide  (Edilberto et al., 1999).

Conclusion


‘Hybrids’ are now being produced in self pollinated crops.  The national income from agriculture can be increased only by adopting the concept of heterosis in all crops.  To get a good combination hybrid genetic diversity should be assessed.  There are different ways of assessment.  Molecular markers are now commonly used to predict the variability and for correct choice of hybrid combination.  More techniques and biometrical tools should be found out to assess the genetic diversity which inturn can be utilised in heterosis breeding.

REFERENCES 


Ajmone Marsan, P., P. Castiglioni., F. Fusari, M. Kuiper and M. Motto. 1998.  Genetic diversity and its releationship to hybrid performance in maize as revealed by RFLP and AFLP markers.  Theor. Appl. Genet., 96: 219 – 227.

Alarmelu, S. and T. Ramanathan. 1998.  Genetic divergence and heterosis in sesame (Sesamum indicum L.). J. Oilseeds Res., 15: 25 – 31.

Arunachalam, V. and A. Bandyopadyay  detect. 1984.  Limits to genetic divergence for the occurrence of heterosis.  Experimental evidence from crop plants. Indian J. Genet., 44: 548 – 554.

Bernardo, R. 1993. Estimation of coefficient of co - ancestry using molecular markers in maize. Theor. Appl. Genet., 85: 1055 – 1062.

Charcosset, A. and L. Essioux. 1994.  The effect of population structure on the relationship between heterosis and heterozygosity at marker loci. Theor. Appl. Genet., 81: 336 – 343.

Edilberto, D., Redoni., S. locila, Moremo, A. Samuel and Ordonez 1999. Simple sequence polymorphism and heterotic performance in tropical rice hybrids. Plant and Animal conference VII. Sandiego, CA, Jan, 17-21.

Ghaderi, A. M., W. Adans, and A. M. Marsib. 1984.  Relationship between genetic divergence and heterosis for yield and morphological traits in dry edible bean and fababean. Crop Sci., 24: 37 – 42.

Gomez, A.A. 1966. Relationship of heterosis and genetic diversity in intervarietal crosses of maize. Unpub. Portion of Ph.D. dissertation of  author of North Carolina Sate Univ. Presented at the IIIrd  Inst. Asian corn Improv. Workshop, New Delhi.

Goodman, M. M. and E. Paternian:. 1969.  The races of Maize. III. Choices of appropriate characters for racial classification. Econ. Bot., 23: 265 – 271.

Goodman, M. M. and W. L. Brown. 1988. Races in Maize. In: G. F. Sprague and J.W. Dudley (ed). Corn and corn experiment 3rd ed. Agron. Monogr. 18. ASA, Madison, WI.

Gopal, J. and J. L. Minocha. 1997.  Genetic divergence for cross prediction in potato.  Euphytica, 97: 269 – 275.

Hayes, H. K. 1965. A Professor’s story of hybrid corn. Burgess Publ. Co. Minneapolis, 23 pp.

Joshi, S. S., S. Ramesh, E. Gangappa, D. P. Jagannath, and Chikkadevaiah. 1999. Limits to parental divergence for the occurrence of heterosis in sunflower (Helianthus annuus L.) Helia, 20: 95 – 100.

Lanza, L.L.B., C. L. de Souza Jr, L.M.M. Ottoboni, M.L.C. Vierra, and A.P. de Souza, 1997.  Genetic distance of inbred lines and production of maize single cross performance using RAPD markers.  Theor Appl. Genet., 94: 1023 – 1030.

Linni, C., P. Ajmone Marsan, M. M. Mersmar, A. E. Melchinger and M. Motto. 1992.  Genetic directory of maize inbred lines within and among heterosis groups releated by RFLP.  Theor. Appl. Genet., 84: 17 – 25.

Main, M. A. K. and P.N. Bahl. 1989. Genetic divergence and hybrid performance in. chickpea. Indian J. Genet., 49: 119 – 124.

Melchinger., A. E. 1993.  Use of RFLP markers for analyses of genetic relationships among breeding materials and prediction of hybrid performance. In: D. R. Buxton (ed.) Int. Crop. Sci., 1:  621 – 628.

Messmer, M. M. A. E. Melchinger, J. Boppenmaier, E. Brunkalusjung, and R. G. Herrmann. 1992.  Relationship among early European maize inbreds:  I Genetic diversity among flint and lines revealed  by RFLPs. Crop Sci., 32: 1301 – 1309.

Moll, R. H. W. S. Salhuna, and H. F. Robincon. 1962.  Heterosis and genetic diversity in variety crosses of maize. Crop. Sci., 2: 197 – 198.

Murthy, B. R. and V. Arunachalam. 1996.  The nature of divergence in relation to breeding systems in some crop plants. Indian J. Maharastra Agrl. Univ., 13: 39 – 42.

Shull, G. H. 1948. What is heterosis? Genetics, 33: 439 – 446.

Smith, J.  S. C. and O. S. Smith. 1989.  The description and assessment of distances inbred liens of maize II.  The ability of morphological, biochemical and distinctness between inbred lines.  Maydica, 34: 151 – 161.

Smith, O. S., J.S.C. Smith, S. L. Bowen, R. A. Tenberg, and S. J. Wall. 1990. Similarities among a group of elite maize inbreds as measured by pedigree, F1 grain yield, heterosis and RFLPs. Theor. Appl. Genet., 80: 833 – 840.

8








87
93

