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Introduction 

Generally plant reproductive systems are classified as sexual and asexual. Asexual mode 

of reproduction will produce progeny identical to the mother plant. On other hand, sexual mode 

of reproduction presents different degrees of crossing rates, which are: more than 95% 

(outcrossing), from 5% - 94% (mixed mating), and less than 5% (self-fertilization) (GNIECH 

KARASAWA, 2015). The species mating system present direct effect over the genetic 

composition of its populations (HAMRICK, 1982), because is it who defines the way that genes 

are spread from one to other generation. Plant species falls in one of these four reproduction 

mode: allogamous (cross-fertilization/outcrossing/panmitic), autogamous (self-fertilization), 

mixed mating (self-fertilization and cross-fertilization), and asexual (apomitic or vegetative 

reproduction).  

 

Picture 1: Frequency of Angiosperms reproductive systems according to Fryxel (1957). 
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In Angiosperms the different sexual mating systems adopt different reproductive strategies 

(Picture 2) that in certain way will optimize these systems. The great majority of the 

Angiosperms present hermaphroditic flowers (72%), being only 11% unisexual, 7% monoecious 

and 4% dioecious while the intermediary forms of sexual dimorphism (ginodioecious and 

androdioecious) will represent 7%, and the plants with both bisexual and unisexual strategies 

comprise 10% (AINSWORTH, 2000).  

The knowledge of plant reproductive system is not only important for plant producers and 

plant breeders but also in germplasm conservation issues because the mode of reproduction of 

the species determines how the genetic diversity will be structured (Picture 3) and maintained 

along the generations with none action of external factors. Still, it will establish how the product 

of breeding is maintained being determinant in the choice of the breeding method (ACQUAAH, 

2007).  

 

Picture 2: Angiosperms reproductive strategies (Ainsworth, 2000 modified by Karasawa, 2005). 
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Plant reproductive system (sexual or asexual) present the greatest effect on the patterns of 

polymorphism (GLÉMIN, BAZIN & CHARLESWORTH, 2006) being the primary factor in 

establishing how the genetic diversity will be distributed (within or between populations) 

defining the population genetic structure (Picture 3). The reproduction mode will define if the 

gametes will be produced or not (sexual and asexual mode, respectively) and how they will be 

joined in the next generation (by outcrossing, by selfing, or by mixed mating). The control 

produced by both will affect the distribution of genotypic frequencies and the potential of 

population recombination, being able to reduce or accelerate the way in that new gene 

combinations are produced (ZANETTINI & CAVALLI, 2003). For example, species with 

cross-fertilizing systems will retain a big genetic diversity within populations (FRANKHAM, 

2003) while self-fertilizing species will maintain the diversity between populations with family 

structure completely homozygous. In this last one, the fixation of specific allele’s can reduce 

and/or stop the response to environmental changes, and in extreme circumstances, the loss of 

diversity can drive the population to extinction (RICHARDS, 1997; HOLSINGER, 2000; 

HEDRICK, 2001; HERLIHY & ECKERT, 2002). Nowadays, evidence has been shown that 

the transition to self-fertilization is driven by genetic drift (SQUIRRELL et al., 2002) and by 

speciation being considered a dead end (WRIGHT, KALISZ & SLOTTE, 2013). 

 

 

Picture 3: Genetic structure of different reproductive systems 

 Considering the final step of different reproductive systems presented (Picture 3) and 
evaluated in Table 1, we conclude that the observed heterozygosis (Ho) within each population 

is different, but the (He) genetic diversity is the same. So the difference is achieved in the 

population’s genetic structure.  

To understand better what is going on, we will compare the examples of different mating 

systems (Picture 3 and 4). Looking to them we can observe that it doesn’t matter if we let all 
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sexual populations with the same genetic structure at the beginning (ancient population) because 

as time goes on the different mating systems and different outcrossing rates between individuals 

will bring them to the correct genetic structure if none external factor (drift, migration, selection, 

etc) act over there. The outcrossing individuals, for example, will maintain high genetic diversity 

within populations (by exchanging pollen between not related individuals) while the other one 

with successive self-fertilization steps will reduce the diversity within populations and increase 

the endogamy level step by step. However, the mixed mating populations with successive self-

fertilization and outcrossing steps will produce intermediary diversity levels according to the 

population’s selfing rate. In the other hand, the apomitic and/or asexual species will maintain 

the initial structure along the generations. 

 

Table 1: Genetic diversity expected (He) and observed (Ho) of different mating systems and pure line. 

  

 

Picture 4: Genetic diversity of different reproductive systems and the pure line. 
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The example in Picture 4 illustrates well how different mating systems will define primarily 

the species genetic structure, and Picture 3 shows how the amount of genetic diversity (h = He) 

will be structured in each population after they reach genetic stability (final step).   

In theory, with no action of external factors, we expect is that the structure of an ancient 

population with no endogamy (F = 0), will remain in the original structure along the time (pink 

circle) exchanging alleles in equal proportion (LOWE, HARRIS & ASHTON, 2007) while the 

populations with mixed mating will evolve achieving stable position according to its crossing 

rate (0 < F < 1) and the self-fertilizing species will continue until they have all loci completely 

fixed (F = 1) that match with the red and the blue circle (Picture 4, Table 2). 

 

Table 2: Genetic structure of different sexual reproductive systems. 

 

How is it possible the outcrossing populations exchange pollen only between not related 

individuals? 

According to GNIECH KARASAWA et al. (2015) the outcrossing populations (called 

allogamous/cross-fertilization) show several mechanisms like, chemical systems (self-

incompatibility), physical (unisexuality: monoecy and dioecy) and temporal systems (protogyny 

and protandry) that promote allogamy and assure the outcrossing between not related 

individuals. However, sometimes when we are evaluating genetic diversity and genetic structure 

in obligatory allogamous species (ex. dioecious plants) a considerable or high endogamy level is 

found.  

 

How to explain this high endogamy in obligatory outcrossers in protected nature? 

Well, firstly we need to remember that between the systems that promote allogamy the 

self-incompatibility is the most effective because this system prevent efficiently the crossing 

between related individuals (by gametophytic or sporophytic system). However, along the time 

in some situations the self-incompatibility system also can be broken. But, normally high 

endogamy level is commonly found in species who present physical unisexual (monoecy and 

dioecy) or temporal systems (protogyny and protandry) to promote allogamy because these 

systems doesn’t avoid the crossing between related individuals and this will increase the 

endogamy level in the progeny (GNIECH KARASAWA et al., 2015).  
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And, why all this information around the plant mating system is important for germplasm 

conservation and plant breeding? 

Because the genetic structure of the population is the main consequence of the species 

mating system. But, the genetic structure also can be consequence of sampling, management and 

the effective size (Ne). If the genetic structure follows the way that the genetic diversity (heritable 

portion of the observed phenotypic variation) is structured at species level (if it is localized within 

or between populations) then the knowledge of the genetic structure and genetic diversity is 

essential to determine the way that the species evolve (WEIR, 1990), to understand the genetics 

of native populations, adopt prospection and collecting practices, for management, for in-situ 

and ex-situ conservation, and for plant breeding. 

But, together with the mating system attention should be paid on several other factors like 

ecological and historical factors (SEGARRA-MOGARES et al., 2015), natural selection, 

migration, genetic drift, gene flow (SHABIR et al., 2015) and mutation because they will act on 

the presence and content of genetic diversity within populations establishing the genetic structure 

(WRIGHT, 1951). Still, anthropogenic factors like habitat fragmentation also can change the 

level and the distribution of the population genetic diversity isolating and reducing the 

population size by allele’s loss, specially rare alleles, reducing the heterozygosis (Ho) and 

population effective size (Ne), and increasing the endogamy and the genetic differentiation 

between populations (HAMRICK, 2004). Beside of this, the natural environment is typically 

merged with favorable and adverse areas. Even favorable and uniform areas may be changed by 

natural disaster such as flood, fire and other hazards. With the subdivision of the population in 

smaller groups it is inevitable the genetic differentiation between them changing the allele’s 

frequency. This differentiation may result from the natural selection or from the genetic drift as 

consequence of the founder effect or due the random effect on the establishment and mortality 

(HARTL & CLARK, 1997). So, understand the population genetic structure is important for 

establish sampling strategies in conservation and plant breeding (EPPERSON, 1990). If ignored 

in population genetic studies it can lead to misinterpretations in improvement or selective 

significance of the genotypes. For example, samples collected in areas where the allelic 

frequencies of the different loci are correlated in space will produce linkage disequilibrium. 

Moreover, the measurement of the standard error several estimative (like: F, θ e p) need 

independence of samples and this statement is violated by the degree of population genetic 

structure (Vencovsky et al., 2007). 

 

How problems in sampling alleles in the nature, sampling size, crossing between relatives, 

death, pest and disease attack, etc., can reduce the genetic diversity in germplasm 

regeneration?  

The occurrence of these problems will reduce the effective size (Ne) of the sample reducing 

the genetic diversity within population reducing the ability to adapt in a changing environment 

being more susceptible to extinction. Still, conserve genetic diversity in populations means 

conserve genes that promotes resistance to pests, disease, drought, etc, that will be useful in 
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breeding domesticated species increasing food production. According Khoury, Laliberté & 

Guarino, (2010) the first limitation affecting planning, conservation and use are the quality and 

accessibility of germplasm information, and accessibility of resources for regeneration, collecting 

and research. Also, we add that the shortage of financial support and qualified human resources, 

and lack of continuity in administration polices of institutions can affect the germplasm ex situ 

conservation. In this sense, the correct conservation of plant genetic diversity in gene bank will 

fortify the future of agriculture and food production being decisive to guarantee the ability of 

future generations (DULLOO, 2015). So, during the regeneration step of germoplasm it is 

important maintain the genetic integrity and representativeness of the sample collected in the 

nature taking into account the species reproductive system in order to reduce the genetic drift 

(VENCOVSKY et al., 2007).  

Considering the different mating systems we would like to address that cross-fertilizing 

(panmitic) species will present greater management difficulties during regeneration because of 

their ability to easy cross with their neighbor being common special and temporal isolation and 

hand pollination (KHOURY, LALIBERTÉ & GUARINO, 2010). Still, that recent research 

evidence point out that plant mating system can produce different influence on the degree of 

seed dormancy. In the Leontondon autumnalis (Asteraceae) was found that the cross-pollinated 

had contrary effect in inner and outer forest showing faster germinantion in self-pollinated seeds 

than in cross-pollinated seeds (PICÓ & KOUBEK, 2003), and in the Hypericum elodes 

(Hypericaceae) a mixed mating system species CARTA et al., (2015) found that the degree of 

primary seed dormancy was affected by the pollination mode. So, the breeding system should 

be considered as variation source of dormancy according to the selfing rate within population. 

Still, interesting information was made by SQUIRRELL et al. (2002) about the conservation 

genetics of the Epipactis leptochila complex (Orchidaceae) where they point out that drift more 

than mutation was the main force responsible for the genome differences between cross-

fertilizing and self-fertilizing taxa. 

So we conclude that plant mating system is important in establishing how genetic diversity 

will be structured in the populations of each species and it seems that the reproduction mode 

will determine how long the seed will be maintained dormant. This recent information will affect 

directly the germplasm management procedures and plant breeding. Another important point to 

be considered is that genetic drift during the sampling procedure can produce allele’s loss, and 

at least, along the time, can produce changes in the plant mating system. In this sense, 

procedures in collecting and management of plant germplasm are much more complex than 

expected.  
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