
GENENTIC BASIS OF HETEROSIS 

General Statements and Explanations of some 
Basic Genetic Principles. 

The crossing of unrelated individuals often 
results in offspring with increased vigor. This is 
called heterosis or hybrid vigor, and the genetic 
background for it is not known with certainty. 

There are two general modes in which het- 
erosis is expressed. The first is an increase in 
size or number of parts. It is the result of greater 
cell activity or greater number of cells. The 
second way is by an increase in biological effici- 
ency such as reproductive rate or survix-a1 ability. 
In addition to this, there may be a reduction of 
growth and/or survival rate. that is, hybird 
weakness, reversed, or negative heterosis. This 
is not common, however, it does occur (18). Stern. 
1948, has found one example of negative hetero- 
isis in  Drosophilla, Hemizgotes and homozygotes 
for a series of position alleles R+ and +3 possess 
normal venation. However, the heterozygote 
R+/+3 exhibits various degrees of deficient ven- 
ation. Thus the genotypic combination of the 
two, or the heterozygosity at a single locus de- 
ceases effectiveness (26). 

Heterosis has been utilized for many plant 
and animal improvements. 

Farm crops: Maize, sugar beets, sorghums, forage 
crops, and grasses. 

Horticultural crops: Tomatoes, squashes, cucum- 
bers, eggplants, onions, and annual orna- 
ments. 

Silkworms 
Livestock: Swine, poultry, beef and milk cattle. 
Vegetatively propagated plants (13). 

The greatest development of heterosis has 
been in Zea Mays (33). One hundred per cent of the 
corn now grown in the corn belt is hybrid corn(l3). 
Commerically, hybrid corn seed is produced by 
thz double-cross as follows: 
Inbred Inbred Inbred Inbred 

A B C D 
(AxB) 

(AxB) x (CxD) 
(double-cross) (25) * 

A paper presented in an Animal Breeding class 
at  Louisiana Polytechnic Institute. 

The expression of each character, as a rule, 
is independent of other characters. Thus. the 
plant will not be heterotic as a whole. Brieger. 
1950. reports that the heterotic characters affect- 
ed in maize, are: height, position of ear. size of 
leaves. chlorophyll formation, root system, resist- 
ance to disease, pests. and unfavorable conditions, 
size and number of kernels, width and length of 
ear, size and branching of tassel, and the amount 
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of pollen shed. Earliness, lateness, row number, 
plant and kernel color are not affected by het- 
erosis (3). However, Leng reports that row 
number is affected in widely different degrees by 
heterosis, and that number of kernels per row 
(ear length) is the only primary yield component 
in which large positive effects of heterosis are 
manifested consistently (20). 

Chambers, et al, (4), reported that in hogs, 
hybrid vigor is evident in number of pigs per 
litter, and litter weights at birth but it increases 
as the litter becomes less dependent upon the 
direct mothering ability of the dam. Vigor was 
expressed to a greater extent in the increased 
viability of pigs and productivity of two-line- 
cross gilts than in the increased growth rate of 
individual pigs. The extra number of pigs per 
litter in most cases was sufficient to account for 
a larger percentage of the increase in total litter 
weight. Therefore, since heterosis is expressed in 
both number of pigs survived and growth rate 
per pig, total weight of litter seems to be the one 
best over all measure of performance for compar- 
ison of lines or crosses (4). 

When a heterozygote A1 A1 resembles in phen- 
otype of the homozygotes AI AI or A! At. the 
allele A1 is said to be dominant or recessive. 
Dominance is when AI At. resembles A1 Ai 
Dominance is absent when A1 A: is exactly 
midway between A1 AI and A:! A ? .  Dominance 
is incomplete when A1 Ar is intermediate between 
AI A, and At. A?. Overdominance is when A1 A:! 
is more extreme-for example, larger-than 
either AI A1 or A. A? (25). 

Mutations constantly produce deleterious 
mutants. Natural selection quickly eliminates the 
dominant gene alleles but cannot eliminate recess- 
ive gene alleles because they are covered up or 
overpowered by good dominants. Thus in time 
the deleterious alleles build up in a population. 
Great loads of these deleterious recessive alleles 
are present in normally crossbred populations 
(25). This has been proven true by Dobzhansky 
in Drosophila pseudoobscura where a major- 
ity of the individuals carry heterozygous recess- 
ives. When these were inbred. the offspring were 
more highly homozygous but it resulted in a loss 
of vigor. This vigor was restored when the in- 
bred lines were intercrossed (8). - 

Inbreeding increases the proportion of ho- 
mozygotes in the population. For example the 
F.L of a monohybrid cross AA x aa is 25AA : 50Aa 
: 25aa. 50 percent are homozygous; 50 percent are 
heterozygous. Suppose all plants are selfed 
The entire progeny of homozygous individuals re- 
main homozygous, but only half of the heterozyg- 
ous, individuals remain heterozygous, the other 
half become homozygous. This is illustrated in 
Table I. 
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The Effect of Selfing on Hmazygosity. 
Fa 25 AA 50 25 aa 

1st selfed generation 37.5 AA : 25 Aa : 37.5 aa 
and. selfed generation 43.75 AA : 12.5 Aa : 43.75 aa 
3rd. &ed generation 48.87 AA : 6.25 Aa : 46.87 aa 

Selfing thus cuts the propoxtion of heterozgrgates to  
one-half of what this proportian was in the pre- 
ceding generat-ion. Even Mendel recognixed this 
fact (25). 

SeWg i the most exheme form t~f inbreed- 
g Mating between brothers and sisters, first 
cousins, and second cousins, also leads to  progress- - - 

ive homozygwity, though at a much slower rate 
as shown in the following graph (26). 

Self-PerLilization 

Brcther and 
'$0 "1' / /  Sister 

Pi6 1. Generations of InbmedLng 

It can be clearly seen that in self pollinated 
plants, deleterious recessive alleles are eliminated; 
but in crosspollinated varieties, they will accumul- 
ate readily. Thus heterosis is very important in 
corn, a normally cross-pollinated plant, but not 
in the tomato, a normally self-pollinated plant 
(32). It has been found that in plants where the 
flower is so constructed that self-fertilization 
takes place before the flower opens, there is no 
heterosis or no striking differences are obtained 
when they were forced to cross by artiricial hy- 
bridization. Inbreeding of these hybrids leads to 
no deterioration. It is therefore questionable 
whether or not there is heterozygosity in nomally 
self-polinated plants (25). However, Jones points 
out several *es that even though inbreeding 
does increase hmozygosity, a family will still re- 
main heterozygous even after many generations 
of inbreeding (18). 

According to population selection, if A1 At > 
Ar A 3  At A?, then eventually the A2 allele is 
eliminated to make the plant better adapted 
through A1. In heterosfs this is different. If 
A1 Ad A1 Ab AS At, then selection is for an 
quiLibrium of both AI and A* alleles. Biological- 
ly, this heterosis Ieads to a most interesting 
situation knawn as balanced polymorphism. The 
population will have dl three present, sin= the 
homozygotes will always be produced in equal 
numbers (25). 

If there is a hybrid superiority withiin a p o p  
ulation, it is plausible to image that selection acts 
in favor of heterozygates and so keeps their fre- 

quency on a high level. But when hybrids 
between unrelated populations, natural or atif i- 
cw, show an increased viability in comparison 
with the parental populations-as has been proved 
to be common in swmal species of Dmsophila- 
then it can hardly be a question of selection (2). 

In genera& increased genetic diversity of 
crosses results in increased superiority of pedor- 
rnance of these crosses over parmtd averages (10). 
This was shown to  be -true in swine by Sierk, 
et al, (241, where line crosses between breeds 
give greater increase in vigor than line crosses 
within the Paland China breed. The better per- 
forming hbred Lines produced superior crossbreds 
(24). 

The phenomenon termed heterosis or hybird 
vigor is the direct result of achieving a high de- 
gree of heterozygosity in a hybrid (30). 30qaier 
(1961) found that there was a correlation betweq 
egg count and degree of heterozygosity ,in 
Dtoaophila melanogasier (2). Tantawy (1957) also 
using D. melanogaster found that the magnitude 
of heterosis is proportional to the degree of the 
inbreeding degeneration (29). 
Early Ideas of Heferosis. 

It is interesting to note how long it has 
been known to inan that inbreeding will reduce 
vigor. Many savage tribes long ago tabooed 
marriage with close relatives probably because 
they saw the ill effects of inbreeding. The Greeks 
outlawed these marriagw.. However, much close 
marriage did occur especialIy in royal blood. The 
Pharoahs married their own sisters so that god- 
like blood would not be diluted. The pedigrees of 
Greek heroes show an amount of inbreedhg 
similar to that of aur modern stud books for race 
horses. A Grecian heiress was nearly always 
married by her kinsmen so that her property 
would not be lost to the family. However, en- 
dogamy seemed to have ended More bad effects 
were seen (33). 

In 1716 Josef Gattlieb Koelreuter published 
a paper and described the first plant hybrid. 
Charles Darwin in 1876 a 500 page book on 
hybrid vigor. It was titled Cram and Self Ferfili- 
zat3on in h e  Vegetable K i d o m  in which in hh 
conclusion he said that the first and most import- 
ant conclusion from his book was that cross-ferti- 
lization was generally beneficial and self-fertili- 
zation injurious. His work was of great import- 
ance on heterosis since be did careful and accurate 
work on it. W. 6. Bed was influenced by 
Dawin's work and became the leader in Am&- 
can research designed to improve maize. H e  
crossed the stocks of the same type of corn grown 
100 miles apart and found that the hybrid seed 
exceeded in production as much as 151 to 100 (33). 

At the beginning of the 19th century, much 
cattle breeding was begun. Prize bulls were bred 
to their awn daughters. Breeders thought that 
selecting individuals and inbre- was the 
quickest way to improve stock. However, sooner 
or later inbred stock seemed to go sterile, but 

MARCH 



vigor was restored when outcrossed. They did 
not know what caused the sterility, but they did 
know the best corrective procedure. We owe our 
best stocks to this. 'l'hey Inbred to add up and get 
desirable qualities always selecting, then out- 
crossed to established vigor, repeating this process 
over and over (33). 

Near the end of the 19th. century G. W. 
McClure published a paper (1892) in which he 
made the following observations on heterosis in  
corn. 
(1) Sterility and deformity often follow selfing. 
2 )  Crossing imparts vigor. 
(3) It is impossible to tell in advance what 
varieties will produce corn of increased size when 
crossed. 
(1) The apparent best ears do not always pro- 
duce the largest crops. 
(5) All hybrid corn grown the second year is 
smaller than that grown the first year, though 
most of it is yet larger than the average size of 
the parent varieties (33). 

I t  was not until 1907 that the idea of a 
heterosis concept came into being. Before that 
time, outcrossing was done only to restore vigor, 
but when the heterosis concept came into being, 
outcrossing was used to obtain better crops. 
George Harrison Shull, working with corn at the 
Station for Experimental Evolution at Cold 
Harbor, studied the effects of cross-breeding and 
summarized his results in 1910. He first coined 
the term "heterosis" in 1914 (23). 

For over one-third of a century two main 
hypotheses have been accepted as the genetic basis 
of heterosis. One asumes that complementary 
dominant genes favorable for growth, and acting 
additively or synergistically, account for the 
phenomenon. The other postulates that heter- 
ozygosity per se is somehow responsible. The pre- 
sent trend, based on various lines of evidence, is 
believed that heterosis results from a combina- 
tion of both types of gene action (1). The general 
interpretation of these two hypotheses is that the 

. - first is an accumulation of the effects of favorable 
' - dominant genes at different loci and is known as 

dominance. The other is the result of an inter- 
action of different alleles at the same locus and 
is known as overdominance (19). The dominance 
hypothesis, stating that heterosis is due to the 
covering up of deleterious recessive allelcs, is 
also called the dominance of linked genes. The 
overdominance hypothesis stating that heterosis is 
due to the fact that the heteroz)-gote is superior 
to either homozygote. is also called the stimula- 
tion of heterozygosis. super-dominance, single 
gene heterosis. cumulative action of divergent 
alleles, and just simply as heterosis (7). 

The Dominance Hypothesis. 
In 1910. A.B. Bruce offered a Mendelian ex- 

planation of hybrid vigor in purely mathematical 
terms (21). He. and also Keeble and Pellew, 
explained heterosis as a mathematical expecta- 
tion based on the combined action of favorable 
dominant or partially dominant factors (13). Thus. 

it is postulated that the increase in vigor after 
crossing 1s tne result or tne combination 01 many 
aiilel'ellL a o m m a n ~  alleles contllouted by eacn 
pareni. lnoreeamg prouuces numozygosis ror re- 
cesslve alleles cailslng a loss or vlgor (3). 

An appalent oujection to this hypothesis is 
that inbreemlg snuula also De a t  least as likely 
to lead to honiozygos~ty ror vigorous dom~nant  
alleles as for weak recessive ones present. How- 
ever, Jones m l u l /  esplalned thac several genes 
may be lmked. r or example, one chromosome 
may have ~ b C d E l ,  Lhe otner a6cUeY. To get 
all AbCIJXP' is hlgnly unlikely (25). This hypotne- 
sls ol Jones, or tne theory of aominant linked 
growth lactors, says that hyurid v g o r  is associated 
only ind~rectly with hclerozygosity. The maxi- 
mum degree ol' express~on 01 vigor occurs in in- 
dlviduals that have a max~rnurn number of loci 
with dominant tavorable alleles and it is practially 
impossible to get all loci with dominant favor- 
able alleles (13). Even though Jones formulated 
his hypothes~s of linked domlnant factors, assum- 
ing on the whole that dominant stimulating genes 
should be closely linked with recessive vigor-re- 
ducing factors, Brieger, (3), has suggested that 
such theroy as proposcd by Jones might represent 
an intermediate position between the dominance 
and the overdominance theory. If linkage be- 
tween dominant and recessive genes become so 
close that practically no crossing over occurred. 
it would be difficult to distinguish experimentally 
between linkage and the heterosis theory. This 
would be dealing with heterozgosis of chromo- 
some regions, instead of simple genes. If link- 
age is weak, the dii'l'erence between the simple 
dominance and the linkage hypothesis would 
practically disappear (3). 

Basically, the dominance hypothesis of hy- 
brid vigor states that a cross-bred population con- 
tains ~lumerous gene loci heterozygous for 
deleterious recessive factors and that heterosis is 
due to the result of dominant "beneficial" alleles 
masking the effects of recessive "deleterious" 
alleles in the hybrid. Inbreeding increases 
homozygosity and exposes recessive factors re- 
sulting in loss of vigor. The chances that the 
same deleterious alleles are made homozygous 
in two different strains are slim, thus when they 
are crossed many recessive genes will be covered 
by dominant genes in the hybrid. Since these 
genes are numerous and there is linlrage between 
them it is highly improbable that an inbred line 
will become entirely homozyous for beneficial or 
recessive factors ( 6 ) .  (30). 

Several experiments indicate that Heterosis 
is due to the dominance hypothesis. Straus, 
et al. 1943, has shown that two inbred strains of 
Drosophila meianogaster had egg production of 
almost 100 percent above the average of its par- 
ents. Genetic analysis demonstrated significant 
amounts of heterosis were contributed by each 
chromosom~ pair. Total heterotic increase equal- 
ed the sum of individual chromosome effects- 
that is, no interactions or combination effects 
could be detected. This relationship is therefore 
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definitely linear. Heterosis due to individual 
chromosome proved to be proportional to their 
"active" length as measured by band numbers in 
the salivary chromosomes and by crossover units. 
The physical length of the salivary and metaphase 
chormosomes and the percentage of visible loci 
showed significant but not equally close lit  (28). 
Gowen reported another example of heterosis due 
to dominance. when Drosophila melanogasier were 
analyzed by degree of heterozygosity in relation 
to egg yield. Flies homozygous for all loci in 
chromosomes I, 11, and 111, or 0 heterozygous pro- 
duced 38.2 eggs on the average. Those 1/3 het- 
erozygous produced 51.5 eggs; those 2/3 heterozg- 
ous produced 62.6 eggs, and those all heterozygous 
produced 76.9 eggs. The differences are additive, 
about a 12.9 eggs increase for each 1/3 increase 
in heterozygosity. This suggests additivity of in- 
dividual gene action on egg yield. This is an 
important point but does not necessarily follow. 
because the dominance or recessiveness or inter- 
allelic interaction could be balanced by the 
mass of gene pairs comprising one-third of the 
heterozygous loci (12). Sierk, ei  al, (24) found 
that some vigor in swine is caused by the fact that 
unfavorable genes in the parents were suppressed. 
This relationship of genetic diversity to heterosis 
tends to favor the "multiple allelic series" 
hypothesis (24). 

Comstock and Robinson (1948) pointed out 
that nonallelic interaction or epistasis could in- 
flate measures of interallelic interaction (domin- 
ance) and later sugested that epistasis might be 
partly responsible for the heterotic effects. Hay- 
man. (14), tried to find a relation between epistasis 
and heterosis. He found that i t  appears that the 
relationship between epistasis, whether duplicate 
or complementary. and heterosis is a product of 
genotype. environment, and scalar representation 
and varies like any other character of an organism 
(14). 

The dominance hypothesis, however, fails to 
explain everything. First of all, it will not ex- 
plain the small increase in vigor that results when 
two already heterozygous strains are crossed. 
Furthermore. it cannot account for the increase in 
vigor followed by the crossing of artificially in- 
bred strains much beyond the level of the equili- 
brium population from which the inbred strains 
were derived. I t  has also been formulated. as- 
suming that all beneficial genes are completely 
dominant and all deleterious recessive, that the 
average decrease in selective value due to homo- 
zygous recessives is equal to the product of the 
number of gene loci and average mutation rate. 
Prevailing estimates show that this product is un- 
likely to be larger than -05. If one assumes that 
vigor is measurable in terms of selective value. 
then .05 would be the maxium possible increase 
in vigor under the dominance hypothesis. Thus 
any hybrid having a larger increase in vigor must 
be explained otherwise (6). 
The Overdominance Hypothesis. 

Overdomjnance is a situation where the 
heterozygote is more favorable for growth than 

either holnozygote (1). Shull, 1911, and East ana 
Hayes, 1912, proposed this hypothesis in vague 
physiological language but it was put in modern 
genetic terminology by East in 1936. Different 
alleles combine in the heterozygote, to exert a 
con~plementary physiological action, resulting in 
hybrid vigor. Overdominance is essentially this 
(3). East presented a Mendelian concept of the in- 
teraction of alleles at the same locus to explain 
heterosis. where two alleles of a particular gene 
pair had each developed a divergent physiological 
function (13). Thus the excessive vigor of hybrids 
is due to the cumulative action of many loci of 
divergent nondefective alleles influencing vigor. 
at ar is more vigorous than a ~ a ~  or aza:! due to the 
expression of the specific physiologic effect of a,  
plus a2 (15). This hypothesis, based on the as- 
sumption that heterozygotes resulting from two 
alleles, for example a, and a? in combination is 
more "vigorous" than the respective homozygotes 
AI A1 and A? A! is more than just an assump- 
tion. It has been noted that in certain allelic 
zeries, antimorphs will produce, in heterozygotes, 
phenotypes unexpected on the basis of their action 
when homozygous (30). 

Ovcrdominance may be produced in two 
ways. In the first place when two alleles function 
as complements together. They result in a better 
effect in the heterozygote than each of them in a 
homozygous state is able to produce. Secondly, 
one of the alleles may be without effect. may even 
be a deficiency, the other allele has an optiomal 
effect when in single dose but is an overdose 
when in homozygous state (2). 

Hull's orignal argument for over dominance 
is that the hybrid yields more than both parents 
combined. This would not be possible if dominant 
genes acted in a pure additive manner, but the 
validity of this argument depends on the un- 
importance of epistasis in corn yields. Evidence 
on this is incomplete and contradictory (7). The 
main reason for the reluctance to accept the 
heterozygosis hypothcsis seems to have been the 
scarcity of recognized cases of such type of inter- 
action; however. today many cases have been des- 
cribed. For example, flower color is often more 
intense in the heterozygote than in either homo- 
zygote. Several cases are known where mono- 
factorial or even bifactorial segregations occurring 
in barley and Drosophila have a higher survival 
rate in the heterozygote than in either 
hoinozygote. (3) 

In Neurospora, heterosis is evidently the re- 
sult of the coexistence and interactions of two 
unlike whole nuclei operating in a common 
cytoplasmic mass. Increased activity may be the 
same as the result when two unlike nuclei fuse 
and rearrange their unlike elements in the organ- 
ization of a single nucleus. In either case, the 
result is assumed to be due to the fact that ele- 
ments of unlike constitution are brought into 
sufficiently close association that effective inter- 
actions can and do take place (22). Sometimes 
complementary gene action influences growth. 
In a number of these, for example in Neurospora, 

(Continued on Page 12) 
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HUNTSVILLE Char 
HUNTSVILLE - Historical Huntsville is 

preparing a welcome-of-tomorrow for the annual 
meeting of two agricultural associations set for 
April 5-6-7. 

While not in official sessions. the National 
Association of Colleges and Teachers of Agricul- 
ture and Delta Tau Alpha Honor Fraternity will 
have an opportunitv for tours in an area that is 
fast becoming the leading tourist attraction in the  
great Southwest. 

Meeiings will be held in Sam Houston State 
Tecchers College's glamorous new $1.8 million 
Lowman Student Center. 

Conve~ition delegates will enjoy a tour oi' 
the historic campus. The Austin College Build- 
ing. built in 1851. is the oldest building west of 
the Mississippi still in use for educational pur- 
poses. Thc newest ol the college's many facili- 
ties is the Farrington Science building. Students 
study here under ideal conditions in well-equip- 
ped laboratories. Just one of the many advan- 
tages for study that the science students have is 
Lhe planatnrium. 

The Graphic Arts Building houses the only 
complete graphic arts department in the world. 
Along with studies in journalism, photography, 
and photo-engraving. the complete Southwest 
School of Printing is housed in this building. 

The modern new agriculture laboratory will 
be of interest to convention delegates. The 891- 
acre Country Campus offers agricultural students 
splendid opportunities to demonstrate and study 
in agronomy. horticulture. dairy. livestock. and 
poultry farming. Country Campus is also the 
home of Sam Houston's excellent 9-hole golf 
course in the rolling hills of Walker County. 

Historic Huntsville is the home of the State 
Prison. The well-kept buildings of both the 
main unit and the farm units. are a clear reflec- 
tion of Texas' advanced prison system. In tune 
with their striving for rehabilitation. the prison- 
ers are entertained each October by well-known 
performers at the annual Prison Rodeo. This 
rodeo staged for the prisoners is visited by hund- 
reds of rodeo lovers from the Lone Star state 
as well as other states. 

Across from the prison, on the shortest high- 
\vay in the state. is the grave of General Sam 
Houston, first president of the Republic ol' Texas. 

Nestled in the tall pines of east Texas is 
Sam Houston Park. The serene park grounds fea- 
ture a museum in Sam Houston's honor. Adja- 
cent to the museum is the small home of the  
farnous Texan, a vivid example of how the great 
man lived. A small log cabin houses the  law 
books he used in his practice. Behind the white 
frame house is the newly built War and Peace 
House. A tribute to Texas' own soldiers is shown 
here in World War I and I1 relics. 
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ber of Commerce 
Overlooking the park is the i~ostalgic Steam- 

boclt House, the two-story home fashioned after 
a lMississippi steamboat in which the Texas Gen- 
eral spent his last days. 

Only nine miles from the Sam Houston Park 
is Huntsville State Park. Thousands of Texans 
flock annually to the 21.000-acre recreational 
area. Pleasant holidays are spent fishing, camp- 
ing, boating and skiing. 

Driving back into scenic Huntsville. NACTA 
and DTA delegates travel through part of the 
155,000 acre National Forest. Driving through 
this beautiful wooded area. they end up back on 
campus under the tall spires of Old Main. 

News Bureau. Sam Houston State, 
Huntsville. Texas 
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GENETIC BASIS . . . 
(Continued From Page 9) 

the interaction can be described in terms of the 
ability to synthesize specific metabolites. Emerson 
decribed this Neurospora heterocaryon (physio- 
logical apprcximation to a heterozygote in a 
diploid organism) with a one-gene difference be- 
tween the component nuclei showing superior 
growth to either homocaryotic strain. Biochemi- 
cally, it appear that one homocaryotic strain 
synthesizes too little vitamin para-amino benzoic 
acid, wheress the other produces an excess that 
promotes a reaction deleterious to growth. The 
heterocaryon achieves a proper balance that is 
enough for growth and not to the extent that it 
is deleterious (1). 

Bonnier, (2). concluded that the single 
assumption of overdominance will make many 
accessory assumptions unnecessary. As long as 
there is not biochemical proof to the contrary, 
the assumption of overdominance seems to be the 
simplest explanation for heterosis (2). 
Other Facis and Ideas on Heierosis. 

The simplest kind of true heterosis--euheter- 
osis-is the result of a superior dominant allele 
sheltering a deleterious recessive mutant (9). 
Thus heterosis proper or euheterosis is a product 
of mutation and selection pressures. Luxuriance 
of heterozygotes is an evolutionary accident (8). 
Luxuriance is observed in some hybrids between 
normally self-ferterlized species, races. or strains. 
This luxuriance is not due to sheltering of deleter- 
ous genes nor due to overdominance. Luxuriance 
is from the evolutionary standpoint, an accidental 
condition brought about by complementary action 
of genes found in the parental form crossed. These 
cases do not seem to be better adaptable and also 
are more frequently found in domesticated species. 
Luxuriance is, really. pseudoheterosis (9). 

I t  is interesting to note in the roport of 
Wellhausen that Chalqueno corn. a hybrid of 
Conicc and Tuxpeno: two distinct races of corn 
will not outdo either parent in their respective 
location as measured by yield. yet in a new 
environment it has an excess of vigor. Certainly 
the genotype is no different. The difference in 
this case must be due to different interactions be- 
tween over-all gene action and environment (31). 

Jn Drosophila paeudoobscura both of the two 
kinds of heterosis are reasonably well known and 
understood. First, there is the presence of deleter- 
ious recessive mutant gene being sheltered by 
their normal dominant alleles in a population. 
Accumulation of these deleterious genes is a by- 
product of the mutation process. Secondly, there 
are complexes of linked polygenes which give spe- 
cific "heterotic" interaction effects in heterozy- 
gotes (overdominance). This kind of heterosis is en- 
gendered by natural selection and a form of 
adaptation of species to its environment (8). 

Hayman said that heterosis is a composite 
phenomena: possible causes are epistasis. over- 
dominance, and accumulation of favorable domin- 
ants in the heterozygotes (14). 

Many factors may influence hybrid vigor. 
Genes that have no dominance may be the ones 

that have a major effect on heterosis. Then too. 
chromosomal deletions may occur which is the 
complete elimination of a normal locus. There 
are also dominant unfavorable genes present. 
In the homozygote, they are not completely lethal. 
but seldom produce seed or pollen. In the heter- 
ozygote there is a marked reduction in size. 
growth, and reproduction as compared with either 
parent (18). 

In choromosomal resrrangements, such as 
inversions and translocations. genes without alter- 
ation are placed in different spatial relations with 
other genes. In altered position they have differ- 
ent effects (18). Dobzhansky and Rhodes in 1938 
suggested a method of locating genes by paracen- 
tric inversions. In plants heterozygous for such 
inversions. the crossovers that occur within the 
inverted segments are only rarely recovered in 
viable gametes. Thus. the inverted segment is 
inherited as a urlit and all genes contained within 
the segment are completely linked with very few 
exceptions. In plants without inversions. where 
crossing over breaks up favorable combinations 
of minor genes. the existance of them is difficult 
to demonstrate. Thus. if the same characteristics 
show up in all followinq generations. then it can 
be assumed that these characteristics were located 
in the inverted section. Sprague, 1941. used this 
method and found that plants with heterozygous 
inverted segments were superior to homozypous 
inverted segment in yield and kernel weight and 
the difference as significant. Chao, studying in- 
bred lines of corn by this method, found that genes 
increasing ear height in most of these inbred lines 
were present in chromosome 6 of the ln3a strain 
and in the long arm of chromosome 3. These genes 
did not show overdominance (5). 

Loci are known that have different effects on 
the different parts of an organism. These genes 
may be so close together that they never show 
crossing over or they may be compound genes 
with multiple effects. That a chromosome is a 
linear arrangement of loci. each of which is a site 
of a single gene with a one-effect-function. is an 
over-simplification. There are also single genes 
with multiple effects. This has been proven to be 
especially true in growth production illustrated by 
chlorophyll formation (18). However the develop- 
ment of cholorophyll is affected by many genes, 
all, in this case. involved in the development of 
.this heitable character. Each recesive allele 
when homozygous allows formation of partial or 
no pigmentation resulting in an albino. I t  is 
generally believed that the majority. if not all 
genes for albinism, a f f ~ c t  different steps of 
chlorophyll production. Thus if one step fails to 
go to completion. albinism results (16). 

I t  has also been suggested that heterosis may 
be the result of the interaction between genes and 
cytoplasm. Within species, differences in recipro- 
cal crosses are rare; however, in two different 
flowering types of tobacco, crosses show a mater- 
nal effect (18). A. I?. Shull preferred the 
explanation that heterosia was due to a stimulus 
resulting from a changed nucleus on a relatively 
unaltered cytoplasm. 
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Whaley reported that heterosis is associated 
with the ability of the hybrid to  synthesize or 
to utilize one or several specific substances involv- 
ed in fundamental growth processes of organ- 
isms. Much evidence indicates that primary 
heterosis effect is concerned with growth sub- 
stances whose predominant activity is registered 
in the early part of the development cycle. Many 
hybrid plants gain their advantage a few hours 
after germination. The primary growth activities 
at this stage involves the unfolding of the 
enzymatic pattern. Here the hybrid has its ad- 
vantage (32). Gartner,et al, (1953), found that the 
degree of heterosis in the experimental plants of 
Ani i r rh inum majus L. (snapdragon) was greatly 
influenced by the amount of solar radiation. 
Heterotic ability of the F1 to retain the indol- 
acetic acid has been demonstrated. The greater 
ability of the hybrids to retain and utilize growth 
substance under high light conditions permits 
greater expansion of plant tissue and thus gives 
the additional growth increment that can cumu- 
latively result in heterosis (1 1). 

Cases are reported where a deleterious re- 
cessive gene caused the heterozygote to be no 
better than the homozygous normal. These genes 
are lethal or nearly lethal. They are all unfavor- 
able (17). Sternei al, (26), tested the viability 
of Drosphila melanogasfer for 75 sex linked recess- 
ive lethals. It was found that on the average the 
viability of the heterozygote for lethals was .965. 
a decrease in viability of approximately 4 percent 
(27). 

By way of a summary, it can be said that 
heterosis can involve only recombinations of al- 
ready existing alleles, unless by rare chance 
mutation occurs. We are thus concerned with an 
interpretation limited to different types of re- 
combinations. and to different kinds of gene action 
resulting from these recombinations (32). The 
basic principle of all explanations is that different 
gene combinations from the same restricted pool 
of genes will give many different phenotypes (30). 
In conclusion, heterosis is apparently not due to 
any single genetic cause. 
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