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Problem Narrative
In the development of onion hybrid cultivars, male-sterile, maintainer, and 
pollinator lines must be development. Since male-sterile lines that have a 
genotype of Smsms do not produce any pollen, another line, referred to as 
the maintainer line (Nmsms), that produces pollen must be crossed with 
the male-sterile line in order to “maintain” it. These two lines are often 
crossed with one another multiple times such that both lines are very 
similar to another in appearance except that one line is male-sterile while 
the other is male-fertile. In order to generate the hybrid cultivar, the male 
sterile line is crossed with a third line, referred to as the pollinator line, 
that produces pollen. Since any fertile line can serve as a pollinator line 
and any male-sterile line becomes similar in appearance to its companion 
maintainer line through a process of backcrossing, a considerable amount 
of effort is spent by onion breeders searching for maintainer lines in open-
pollinated onion populations. The usual practice is to sample a number of
plants from the selected population. These sampled plants are individually 
self-pollinated and crossed with a male-sterile plant. Seed is harvested 
from both the putative maintainer line and the male-sterile line. The seed 
from the male-sterile line is planted early in the following season so that 
the developing seedlings will produce a flowering stalk in the following 
year. The flowering plants are evaluated for their pollen production. If all 
of the flowering plants are male-sterile, this indicates that the selected 
plant was a maintainer line. If any of the flowering plants are male-fertile, 
then the selected plant was not a maintainer line. This whole process is 
costly and breeders would like to know their chances of finding maintainer 
lines from a population. In particular, they would like to know how many 
plants need to be sampled from a population and crossed in the manner 
mentioned previously in order to be reasonably certain to find a certain 
number of maintainer lines. 

For each problem, please show all of your work in the calculations that you 
made. Please type up your answers and place your answers in a narrative 
explaining your results. You will be graded on how you solved the 
problems, whether your answer is correct, and the quality of your 
narrative. An explanation stating the implications for each of the problems 
will increase your score. 

Student Background Information
•Genic-cytoplasmic male sterility system in onions.
•Importance of male sterility.
•Allelic and genotypic frequency calculations.
•Binomial expansion and probability calculations.

Student Learning Objectives
•Integrate multiple course concepts in order to solve the problem.
•Work collectively in groups in order to solve the problem.
•Apply knowledge learned in class to solve real-world example.
•Utilize higher order cognitive skills in order to solve the problem

Problem #1
Assume that all plants in an onion population possess N cytoplasm solely, 
what is the probability that if an onion breeder would sample and cross 5 
plants that at least one plant would be a maintainer line (Nmsms) given 
that the allele frequency of the ms allele (q) is 0.5? Assume that the 
population is in Hardy-Weinberg equilibrium and all of the assumptions 
that accompany H-W are fulfilled. How does the probability change if the 
breeder samples 10 plants instead of five?

Answer - If q = 0.5, then freq (msms), q2 = 0.25. Not getting msms, 1- q2 = 
0.75.      At least one out of five, the binomial distribution. p = 0.75 and q = 
0.25 Prob (All 5 plants non-msms) is p5 = (0.75)5 = 0.237. Prob (At least one 
out of five msms) is  1 – p5 = 1 – 0.237 = 0.763.  76.3% probability that at 
least one plant out of five selected will be a maintainer line (Nmsms) if all 
plants in the population possess N cytoplasm and the frequency of the ms
allele in the population is 0.5. With 10 plants, Prob (All 10 plants non-
msms) is p10 = (0.75)10 = 0.056. Prob (At least one out of ten msms) is 1 –
p10 = 1 – 0.056 = 0.944, 94.4%.

Problem #2
With this problem, the allele frequency of ms is changed to 0.8 in part a 
and 0.2 in part b. As with problem 1, students are asked to determine the 
probability that if an onion breeder would sample and cross 5 plants that 
at least one plant would be a maintainer line (Nmsms) given the two allele 
frequencies scenarios?

Answer - With q = 0.8, q2 = 0.64. Not getting msms, 1- q2 = 0.36. For 
binomial distribution, p = 0.36 and q = 0.64. Prob (All 5 plants, non-msms) 
is p5 = (0.36)5 = 0.006. Prob (At least one out of five msms) is 1 – p5 = 1 –
0.006 = 0.994, 99.4%. 99.4% probability that at least one plant out of five 
selected will be a maintainer line (Nmsms) if all plants in the population 
possess N cytoplasm and the frequency of the ms allele in the population is 
0.8. 
With q = 0.2, q2 = 0.04. Not getting msms, 1- q2 = 0.96. For binomial 
distribution, p = 0.96 and q = 0.04. Prob (All 5 plants, non-msms) is p5 = 
(0.96)5 = 0.815. Prob (At least one out of five msms) is 1 – p5 = 1 – 0.815 = 
0.185, 18.5%. 18.5% probability that at least one plant out of five selected 
will be a maintainer line (Nmsms) if all plants in the population possess N 
cytoplasm and the frequency of the ms allele in the population is 0.2.

Problem #3
With this problem, the population is changed to include S cytoplasm. 50% 
of the plants in the population possess N cytoplasm and the other 50% of 
the plants possess S cytoplasm. Given that change, what is the probability 
that if an onion breeder would sample and cross 5 plants that at least one 
plant would be a maintainer line (Nmsms)? 

Answer – Freq (Nmsms) is 0.25*0.5 = 0.125. Freq (non Nmsms) is 1 – 0.125 
= 0.875. Prob (All 5 plants non Nmsms) is (0.875)5 = 0.513. Prob (at least 
one out of five plants Nmsms) is 1 – p5 = 1 – 0.513 = 0.487. 48.7% 
probability that at least one plant out of five selected will be a maintainer 
line (Nmsms) if 50% plants in the population possess N cytoplasm and the 
frequency of the ms allele in the population is 0.5.

Problem #4
This problem continues from problem 3 with a mix of N and S cytoplasm 
and then the ms allele frequency is changed to 0.8 in part a and 0.2 in part 
b as in problem 2. Given that change, what is the probability that if an 
onion breeder would sample and cross 5 plants that at least one plant 
would be a maintainer line (Nmsms) given the two allele frequencies 
scenarios? 

Answer – With q = 0.8, q2 = 0.64. Freq (Nmsms) is 0.64*0.5 = 0.32. Freq 
(non Nmsms) is 1 – 0.32 = 0.68. Prob (All 5 plants non Nmsms) is (0.68)5 = 
0.145. Prob (at least one out of five plants Nmsms) is 1 – p5 = 1 – 0.145 = 
0.855. 85.5% probability that at least one plant out of five selected will be 
a maintainer line (Nmsms) if 50% plants in the population possess N 
cytoplasm and the frequency of the ms allele in the population is 0.8. 
With q = 0.2, q2 = 0.04. Freq (Nmsms) is 0.04*0.5 = 0.02. Freq (non Nmsms) 
is 1 – 0.02 = 0.98. Prob (All 5 plants non Nmsms) is (0.98)5 = 0.904. Prob (at 
least one out of five plants Nmsms) is 1 – p5 = 1 – 0.904 = 0.096.  9.6% 
probability that at least one plant out of five selected will be a maintainer 
line (Nmsms) if 50% plants in the population possess N cytoplasm and the 
frequency of the ms allele in the population is 0.2.

Take home - If a population is already segregating for cytoplasm type, the 
chance of finding a maintainer line is limited by the percentage of plants in 
the population that possess N cytoplasm. If possible, populations that are 
known to be a mix of N and S cytoplasm should be avoided in the search 
for maintainer lines. Any steps that can be taken to increase the frequency 
of N cytoplasm in a segregating population or to increase the frequency of 
the ms allele will increase the probability of selecting maintainer lines from 
the population. Any increase in the ms allele frequency within a population 
will increase the probability of selecting a maintainer line.
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