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Abstract 

Intro: The most prevalent current theory of inheritance is the theory of blending, which 

suggests that offspring are intermediates of their parental. This theory was questioned 

because in other experiments, plants were similar to either the paternal or maternal plant. 

This study was done to find a concise heredity pattern in peas and explain why previous 

studies had such contradictory results. 

Methods: Pure-breeding plants that varied in (a) certain characteristic(s) were crossed to 

get the F1 generation and then each progeny was allowed to self-fertilize to get the F2 

and F3 generation. Monohybrid and di-hybrid crosses were made. The progeny of each 

mating was counted based on its observable appearance and ratios were drawn. 

Results: The F1 progeny of all crosses only had the dominant characteristic but the F2 

generation had dominant and recessive characteristics. The F2 generation of the 

monohybrid cross had a 3 dominant: 1 recessive ratio. The F2 of the di-hybrid cross also 

had dominant and recessive characteristics in a 9:3:3:1 ratio; individually, these 

characteristics also show a 3:1 ratio. 

Discussion: Reappearance of characteristic(s) in F2 generations show that each plant has 

2 units that contribute to its overall observable characteristic; one of these units is 

paternally inherited and the other is maternally inherited. The 9:3:3:1 F2 di-hybrid ratio is 

the double to the hybrid 3:1 ratio, which shows that each trait is inherited individually.  

This knowledge could help us predict the outcome of crosses and manipulate matings to 

produce certain plant types (individual characteristics).  

 

 



Introduction 

Experiments involving artificial fertilizations in order to produce variability in 

plant characteristics, such as flower color, have led scientists and plant breeders to 

wonder how traits are inherited.1 The study of heredity could lead to a better 

understanding of the contribution of parental characteristics in determining the 

characteristics of offspring. A better understanding of heredity could lead to 

manipulations of the parental generation, which could lead to the production of certain 

characteristics in offspring. There is a growing curiosity among industrial organizations 

on how to create plants with certain characteristics and eliminate the characteristics not 

wanted. This study could potentially show a pattern of inheritance, which could allow 

scientists to predict the outcome of mating certain plants.   

The most prevalent current theory on heredity is that of blending, which suggests 

that the characteristics of the parents blend to form the characteristics of the offspring. 2,3 

For example, this theory proposes that if one parent is tall and another is short, their 

offspring will be of medium height. This theory was questioned by experiments that 

followed, which showed that in some instances, a plant shows either the paternal or 

maternal characteristic, not the intermediate of the two. 4 

Transformation experiments were done to observe what it takes to transform one 

variety of species into another by the process of fertilization. 3 The goal of these 

experiments was to see if more information about heredity could be discerned. The 

studies confirmed that some hybrids are in fact an intermediate of the parental plants, 

some hybrids resemble one of the parental plants more than the other and some are 

exactly like one of the parental plants. 5,6 The studies also concluded that both of the 



parental plants some how contribute to the characteristic of the offspring. 5,6 Furthermore, 

one study showed that the F1 generation varied from the parental generation less than the 

F2 generation. 5 

Yet, these studies did not show how the offspring inherits a certain characteristic 

or what factors contribute to the inheritance. To find more information, a different 

experimental design had to be used. For example, one previous study followed many 

traits at the same time, which made it difficult to see the similarity between parental 

plants and the offspring; in an experiment studying traits, for example, it is difficult to 

discern if a plant can be labeled similar to the parental plant if it only shares 6 out of 7 of 

parental characteristics. 5 Another limitation of previous studies has been that they have 

only followed one generation of offspring; observing further generations could 

potentially reveal a pattern of heredity and reveal why previous studies had such 

contradictory results. 4 

The purpose of this study is to determine the pattern of inheritance and find laws 

that govern heritability by choosing a model system that will ensure that the data are 

interpretable. The pea plant, Pissum, is chosen to be the model organism because it has 

many easily distinguishable characteristics, it can be cross-pollinated and self-fertilized, it 

has a large amount of progeny and it can also be observed for many generations.  

 

Methods 

Selection of Experimental Plant 
 
The garden pea, Pisum sativum, was selected for this study because it has a short life 

cycle and produces many offspring for each generation, which allows a large amount of 



pea plants to be observed in a small amount of time. Also, the pea plant is easily cross-

pollinated and self-fertilized. Another good characteristic of the pea plant is that it has 

many easily distinguishable characteristics; this allowed the study of seven different 

characteristics of the pea plant (Table 1). 

 

Hybrid Crosses For Seven Trait Pairs to Yield F1, F2 and F3 Generations 

True breeding plants that varied in one characteristic (parental) were cross-pollinated to 

yield the F1 generation; this was done for all seven-trait pairs (Table 1). Then, the F1 

generation was self fertilized to give the F2 generation and the F2 generation was also 

self-fertilized to give the F3 generation. The progeny of each cross and fertilization was 

counted based on its observable characteristics and it was observed that there was a 

numerical relationship between the progeny; this relationship was recorded in ratios. For 

example, plants with wrinkled seeds were crossed with plants with round seeds to yield 

the F1 generation; then fertilizations were done to yield the F2 and F3 generations. It was 

observed that there were 5474 round and 1850 wrinkled seeds in the F1 generation, from 

which a ratio of ~3:1 was drawn. This was done for each progeny of each characteristic. 

Reciprocal crosses were made for all seven-trait pairs by reversing the role of the parental 

plants; the seed-bearer plant was used as a pollen plant and the pollen plant was used as a 

seed-bearer. This was done in order to see if reversing the role of the parental plants 

would have an effect on the progeny.  

 

 

 



Dihybrid Crosses to Yield the F1 and F2 Generations 

Plants with two varying characteristics were also crossed in order to see if one trait 

depends on the other or if the traits are inherited independently. Plants with yellow and 

wrinkled seeds were crossed with plants with green and wrinkled seeds, which yielded 

the F1 generation. Then, the F1 generation was self-fertilized to yield the F2 generation. 

The progeny of each cross and fertilization was counted according to its observable 

characteristics. The data was recorded and ratios were drawn. 

 

Controls and Care 

The plants were first self-fertilized to ensure that they were true-breeding plants, which 

means that when they are self-fertilized, their progeny is always the same as the parental 

form and shows no variation. This ensured that any variation seen later would be a result 

of deliberate manipulation. When doing a cross, anthers from the flowers on the 

experimental plants were removed before pollen from another flower was dusted onto the 

plant; this was done in order to prevent self-fertilizations.  

The plants were grown in garden beds and pots. They were kept in their natural upright 

position with the use of different mechanisms by using sticks and strings. As a control, 

some plants from each experiment were placed in the greenhouse during the blooming 

season; this was done to protect them from impregnation caused by foreign pollen from 

insects. 

 

 

 



Results 

The F1 monohybrid generation showed only one of the parental characteristics.  

When parental plants where one opposing characteristic was studied were cross-

pollinated to yield the F1 generation, all of the plants in the F1 generation of each 

experiment were the same—they all expressed only one characteristic (the dominant) 

from the parents (Table 2). The characteristic not seen in the F1 generation is the 

recessive characteristic.  For example, round seeds were crossed with wrinkled seeds and 

all of the F1 generation had round seeds.  

 

When reciprocal crosses were done, it was seen that it did not matter which plant was the 

pollinating plant and which was the pollinator, both experimental methods gave the same 

results.  

 

The F2 monohybrid generation had both parental characteristics in a 3dominant: 1 

recessive ratio 

Although one parental characteristic was not seen in the F1 generation, when the F1 

generation was self-fertilized, both of the parental characteristics were observed in the F2 

generation. These characteristics were observed in an average 3 dominant to 1 recessive 

ratio in the F2 generation (Table 3). For example, the round seeds of the monohybrid F1 

generation were self fertilized to give 5474 round seeds and 1850 wrinkled seeds; this 

creates a ratio of ~3 round: 1 wrinkled seeds. 

 

 



 

The F3 monoybrid Generation showed both parental characteristics in a 1:2:1 ratio 

When plants in the F2 generation were allowed to self-fertilize, those plants expressing 

recessive traits always yielded only plants that also expressed the recessive trait (Table 

4). The dominant characteristic was never seen again in these plants, even in subsequent 

generations.  

 

One third of the self-fertilizations of the dominant F2 generation produced only dominant 

plants in F3 generation and the other two thirds of the dominant F2 generation produced 

both dominant and recessive plants. The final ratio for the F3 generation was 1:2:1. For 

example, when the round and wrinkled seeds of the F2 generation were self-fertilized, it 

was seen that the wrinkled seeds produced only wrinkled seeds. One third of the round 

seeds produced only round seeds. Two third of the round seeds produced both round and 

wrinkled seeds in a 3 round: 1 wrinkled ratio (table 4).  

 

All the F1 dihybrid generation showed only one of the parental characteristics 

When plants of 2 varying characteristics, seed shape and seed color, were cross-

pollinated, the F1 progeny was the same and expressed only the dominant characteristics 

from the parents; all of the F1 progeny was yellow and round (figure 1).  

 

The dihybrid F2 generation showed 4 different types of plants in a 9:3:3:1 ratio 

When the dihybrid F1 generation was self-fertilized, there were four different types of 

plants observed in the F2 generation. These were observed in a ratio of 9 round yellow to 



3 round green to 3 wrinkled yellow to one wrinkled green (9:3:3:1) (Figure 1). When the 

dihybrid F2 generation was self-fertilized, the F3 generation showed a ratio of 1:2:4 

(Figure 1).  

 

Discussion 

Experiments with artificial fertilizations in order to try and obtain more variation 

in plant characteristics, such as color, have lead scientists and plant breeders alike to 

wonder how characteristics are passed on from one generation to the next. 4 This 

knowledge could help in the cultivation of certain industrial plants via selective breeding. 

4 Through these hybridization experiments, I have shown a distinct pattern of heredity for 

the pea plant, Pisum. I have also shown the flaw in the theory of blending and why 

previous studies have had such contradictory results. 

Each parent plant has two different factors that together contribute to the overall 

observable characteristic of the plant; both parents pass on one factor (each) to the 

offspring, which then contribute to the observable characteristic of the offspring. When 

plants with one varying characteristic were crossed, the resulting F1 generation was 

similar to one of the parents in its observable characteristic. When the F1 plants were 

self-fertilized, the resulting F2 progeny had both dominant and recessive characteristics. 

This shows that the F1 generation did not receive just the dominant character from the 

parents but also received a recessive character. The F1 generation only shows one 

observable characteristic, because when the dominant character is present, the offspring 

exhibits only the dominant factor, even if its other factor is recessive. Furthermore, this 



showed that a plant is recessive only if both factors that it receives from its parents are 

recessive. 

Further observations of the F3 generation confirm that each plant has 2 factors, 

which contribute to its overall observable characteristic. When the F2 generation is self-

fertilized, a ratio of 1dominant: 2 hybrid: 1 recessive is obtained in the F3 generation. 

The dominant plants always produced dominant offspring and the recessive plants always 

produced recessive offspring.  The hybrid plants produced both dominant and recessive 

offspring, showing that even though they were dominant in their observable 

characteristic, they had both the dominant and recessive factor;  the recessive being 

silenced in the presence of the dominant.  

 These results can then help us predict the outcomes of specific matings and help 

us produce selective progeny (individual pea characteristics) by using punnet squares.  

We propose a model in which true-breeding parents that express dominant traits would be 

considered AA, whereas aa plant would be considered recessive. When AA plants are 

mated with aa plants, all of the F1 generation will receive one A and one a from each 

parent; thus the F1 generation will all be Aa and all F1 plants will show only the 

dominant characteristic; these plants are called hybrids, they received one opposing factor 

from each parent-A and a. If the Aa plant is self fertilized- Aa x Aa, the offspring can 

receive either A or a from one parent and either A or a from the other parent. So there are 

four possibilities- AA, Aa, Aa and aa, which yields a ratio of 3 dominant to 1recessive; in 

order to find out which two characters the plant has obtained from the parent, subsequent 

generations must be analyzed.  



The F2 generation of the di-hybrid crosses leads to the conclusion that each 

characteristic is inherited independently. In these experiments, the F1 is the same as the 

monohybrid in that it only appears to have received one characteristic from the parents- 

the dominant characteristic. In the F2 generation of a di-hybrid, a ratio of 9:3:3:1 is seen. 

Analyzation of this 9A-B-, 3 A-bb, 3 aaB- and 1 aabb ratio shows that there are apparent 

3:1 ratios within this ratio. For example, when the ratio of just the first characteristic are 

observed, 12A- to 3aa, that’s a 3A- to 1aa ratio (3 dominant to one recessive). The same 

observation is made of the other characteristic- 12B- to 4bb, which is a 3B- to 1bb ratio 

(3 dominant to one recessive). It is further observed that the 9:3:3:1 ratio is double the F2 

monohybrid ratio, 3:1. The ratio of the F3 di-hybrid generation further shows that traits 

are inherited independently. When the F2 di-hybrid plants were self-fertilized, a ratio of 

1:2:4 was received, which is basically the double of the monohybrid 1:2:1 ratio.   

My experiments have proved the blending theory of inheritance to be wrong, 

which suggested that the characteristics of 2 parents blend to form the characteristics of 

the child. 4 When tall plants were crossed with short plants, the result was not plants of 

medium height. And this was true for all plant characteristics that were studied—when 

plants of opposing characteristics were crossed, the resulting progeny never expressed 

traits that were a mixture of both parental characteristics. Why this theory has been 

accepted for so long is that it is an outcome of studies that have focused on the 

inheritance of many traits as opposed to single traits. 4 For example, if plants are studied 

in respect to their height and seed color and an offspring is tall like the maternal plant and 

seed color is yellow like the paternal plant than that plant is considered an “intermediate” 



of the parents. What my study has shown is that each trait individually is not inherited as 

an intermediate.  

My experiments on the pea plant, Pissum, have provided certain laws of heredity. 

These laws have allowed me to make a model system, which can help predict the 

outcome of mating certain pea plants. Yet, I am unsure if these laws can be applied to all 

plant species, but conducting similar experiments on different plants can verify if the 

pattern of inheritance is the same in all plant species. Future experiments should also see 

if these laws are applicable for all traits. Although this experiment followed traits that 

have distinct inheritance patterns, it is possible that other traits might have complex 

inheritance patterns.  
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Table 1: Crosses and the F1 generation. 

Plant 
Characteristic 

Parental 
Dominant    Recessive 

Fertilizations 
(#) Plants (#) F1 Progeny 

yielded (#) 

Shape of the ripe 
seeds Round Wrinkled 60 15 565 

Color of the inside 
of the seeds Yellow Green 58 10 258 

Color of the seed 
coat Yellow Green 35 10 929 

Shape of the ripe 
pods Puffed up Wrinkled 40 10 1181 

Color of the 
unripe pods Yellow Green 23 5 580 

Position of flowers 
on the stem 

Along 
main stem 

Bunched 
up at top 34 10 858 

Length of the stem Tall Short 37 10 1064 

 

 

 

 

 

 

 

 

 

 



Table 2: Hybrid Parental Crosses and the F1 Generation. 

Plant 
Characteristic Parental Number of 

Fertilizations 
Number 
of Plants 

F1 Progeny 
Yielded 

Shape of the ripe 
seeds Round Wrinkled 60 15 Round 

Color of the inside 
of the seeds Yellow Green 58 10 Yellow 

Color of the seed 
coat 

Greyish -
brown White 35 10 Greyish-brown 

Shape of the ripe 
pods Puffed up Wrinkled 40 10 Puffed up 

Color of the 
unripe pods Yellow Green 23 5 Green 

Position of flowers 
on the stem 

Along 
main stem 

Bunched 
up at top 34 10 Along main stem 

Length of the stem Tall Short 37 10 Tall 
 

 

 

 

 

 

 

 

 

 

 

 



Table 3: Monohybrid Self-Fertilization of F1 To Yield F2 Generation. 

Plant 
Characteristic 

F1 Progeny 
(Dominant) 

F2 Progeny 
Dominant         Recessive F2 Ratio 

Shape of the 
ripe seeds All round 5474 1850  2.96:1 

Color of the 
inside of the 

seeds 
Yellow 6022 yellow 2001 green 3.01:1 

Color of the 
seed coat Grayish-brown 705 grayish-

brown 224 white 3.15:1 

Shape of the 
ripe pods Puffed up 882 puffed up 299 wrinkled 2.95:1 

Color of the 
unripe pods Green 428 green pods 152 yellow 2.82:1 

Position of 
flowers on the 

stem 

Along main 
stem 

651 distributed 
on the stem 

207 bunched at 
top 3.14:1 

Length of the 
stem Tall 787 tall 277 short 2.84:1 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 



Table 4: Monohybrid Self-fertilization of Dominant F2 generation. 
 

Dominant F2 
Plant 

1/3 of F2 
Yielded 

Dominant 

          2/3 of F2 Yielded 1:1 
      Dominant            Recessive             Ratio 

Round Round Round Wrinkled 2:1 
Yellow Yellow Yellow Green 2:1 

Grayish-
Brown Grayish-Brown Grayish-Brown White 2:1 

Puffed up Puffed up Puffed up Wrinkled 2:1 
Green Green Green Yellow 2:1 

Along main 
stem Along main stem Along main stem Bunched at 

top 2:1 

Tall Tall Tall Short 2:1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 1: Di-Hybrid parental and successive F1, F2 and F3 generations.  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

       Parental                     F1                         F2                        F3  
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