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Symbiosis I is the first of a sequence of three Biology, Mathematics and Statistics integrative courses. Students who pass Symbiosis I get credit for Biology I and Introductory 

Statistics.  Since the times of Galton and Fisher, Biology in general, and genetics in particular, have a long history of integration with statistics and probability. Teaching both 

subjects together in the classroom provides an intuitive approach to both Biology and Statistics. Biological topics provide a motivation for the learning of statistical tools and the 

results of the application of the latter raise more biological questions. Diagrams and simple probability models help to introduce biological concepts in a schematic and clear way. 

Statistical methods appear in a natural manner to enhance the biological material. 

Some excerpts from the teaching material of Module 2 (Cell and Statistics) and Module 4 (Mendelian Genetics and Probability) are displayed below as examples of the integration 

of Biology and Statistics in the classroom. 

HHMI Grant  # 52005872

Learning from data Genotypes and Phenotypes using a coin model

Does  Mendel’s data constitute evidence against the coin model?
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Red blood cells in some species of mammals

NUMBER OF ERYTHROCYTES 
RBC

Specie           million

1  Human               5.00

2  Opposum 4.90

3  Skunk               7.70

4  Racoon 8.70

5  Wessel              7.40

6  Fox Squirrel        8.50

7  Red Squirrel 8.90

8  Rabbit 6.30

9  Llama              14.10

10  Dog 7.15

11  Cat                 9.00

12  Capuchin monkey     5.50                             

13  Vicuhna 14.00

14  Elephant            3.04

What makes 

them different?

Where do they 

live?
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Alpacas also live in high altitudes. 

Do they also have lots of 

red blood cells?Look for information. 

Do humans who live at high altitudes

also have high numbers of red

blood cells?
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Erythrocytes (Red Blood Cells) in humans vs Altitude 

Data from: 

William S. 

Spector (editor)

Handbook of 

biological data

1956
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Scatterplot of standardized observations

How can I know how 

strong is that linear 

relationship?
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Row  Altitude(x)  RBC(y)  x-x_bar     y_bar       z_x       z_y   product

1            0    4.93    -8640  -1.03235  -1.59903  -1.17722   1.88241

2         1840    4.75    -6800  -1.21235  -1.25850  -1.38247   1.73984

3         2200    5.40    -6440  -0.56235  -1.19187  -0.64126   0.76430

4         2200    4.65    -6440  -1.31235  -1.19187  -1.49651   1.78364

5         5000    5.42    -3640  -0.54235  -0.67367  -0.61846   0.41663

6         5200    6.55    -3440   0.58765  -0.63665   0.67011  -0.42663

7         5750    5.99    -2890   0.02765  -0.53486   0.03153  -0.01686

8         7400    5.39    -1240  -0.57235  -0.22949  -0.65267   0.14978

9         8650    5.44       10  -0.52235   0.00185  -0.59565  -0.00110

10        10740    5.82     2100  -0.14235   0.38865  -0.16233  -0.06309

11        12000    7.50     3360   1.53765   0.62185   1.75341   1.09035

12        12200    5.67     3560  -0.29235   0.65886  -0.33338  -0.21965

13        12300    6.31     3660   0.34765   0.67737   0.39643   0.26853

14        14200    7.05     5560   1.08765   1.02901   1.24027   1.27625

15        14800    6.46     6160   0.49765   1.14005   0.56748   0.64695

16        14900    6.66     6260   0.69765   1.15856   0.79554   0.92168

17        17500    7.37     8860   1.40765   1.63975   1.60517   2.63208

Total         12.8451

The correlation coefficient is calculated as r= 

r = 12.8451/16= 0.802820

1n

zz yx
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Energy 
Metabolism 

 
 

Adaptation 

 
 

Homeostasis 

 
Reproduction 

-Growth- 
Development 

 
 

Evolution 

LIFE 

Which of the 5 themes of life is the previous 

example linked to?
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Sides of Coin one Sides of Coin two

If you flip each coin once, what are the possible 
outcomes? And what is the probability of each 
outcome?

Understanding Genotype and 

Phenotype using a coin model
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Outcome 1
HH p(HH)= ½ * ½ = ¼

Outcome 2
HT p(HT)= ½ * ½ = ¼

Outcome 3
TH p(TH)= ½ * ½ = ¼

Outcome 4
TT p(TT)= ½ * ½ = ¼
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Case of heterozygous parents

(from F1 to F2 generations) 
assume green is dominant                    
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Integrating biological and statistical 

language

• Punnett squares

Reginald Crundall 

Punnett (1875-1967)

• Probability trees
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Case of 2 homozygous parents

- of different phenotype
(from parent to F1 generation)
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Other cases: Case of one heterozygous parent 

and one homozygous parent(with dominant allele)
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Case of one heterozygous parent and one 

homozygous parent (with non-dominant allele)

Backtesting:

Crossing a 

‘yellow’and a ‘green’

to find out if the 

green is 

homozygous or 

heterozygous
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Goodness of fit test.

Questions:

• Can we use the coin model to explain the 

transmission of genetic information from 

parents to offspring?

• Do Mendel’s data contradict the coin 

model?

• How are we going to find this out?
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We intuitively develop 
the statistic 

We derive the 
distribution of the 
statistic (based on the 
binomial distribution) 
for a small sample 
size and try to find a 
distribution that could 
approximate it for 
large samples(Chi-
square)
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We want to 

compare Mendel’s 

data with what we 

expected using the 

coin model
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• We apply the Chi-

square to Mendel’s 

data and conclude 

that his data do not 

contradict the coin 

model we are using

calculations with R

x<-c(315,108,101,32) 

p<-c(9/16,3/16,3/16,1/16)

chisq.test(x,p=p)

X-squared = 0.47, df = 3, p-value 

= 0.9254
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Mendel’s experiments with peas

Gregor Johann Mendel (1822-1884)

Pea Experiments (1853-1863). 

garden of the Augustian 

Convent in Brno

Published in 1865-1866

Phenotypes or traits he experimented 
with

http://www.mendelweb.org/Mendel.plain.html

• Form of ripe seeds: smooth or 
angular (wrinkled)

• Color of the seed albumen : yellow 
or green

• Seed coat : non-white (grey-
brown) or white

• Form of ripe pods: inflated or 
constricted

• Color of unripe pods :green or 
yellow

• Position of flowers :axial or 
terminal

• Length of Stem or height of plant : 
tall or short

Symbiosis- Workshop July 7-9 

2008

29

Results of P1 Cross

(first generation of offspring)

• smooth or wrinkled cross SMOOTH

• yellow or green seed color YELLOW*

• grey-brown or white seed coat GREY

• inflated or constricted pods INFLATED

• green or yellow pods GREEN*

• axial or terminal flowers AXIAL

• tall or short plant TALL

Symbiosis- Workshop July 7-9 

2008

30

Trait Phenotype # TRAIT 1 TRAIT 2

1 Seed Form 7324 5474 Smooth 1850 Wrinkled

2 Seed Color * 8023 6022 Yellow 2001 Green

3 Seed Coat Color 929 705 Grey-Brown 224 White

4 Pod Shape 1181 882 Inflated 229 Constricted

5 Pod Color * 580 428 green 152 Yellow

6 Flower Position 858 651 Axial 207 Terminal

7 Stem Length 1064 787 Tall 277 Short

RESULTS for the second filial generation (F2)
in Mendel’s experiments

The “hidden” traits were recovered in the second generation
F – filial generation

In the first filial generation F1 all were of the dominant trait.

Symbiosis- Workshop July 7-9 

2008

31

Bayes rule

E.Seier- Mendelian Genetics-

Conditional probability, Bayes rule

6

Bayes rule
We start with a partition of the sample 

space, and we know the probability of 
each part

Then we define another event 

Now assume that we are 
interested in knowing the
‘reverse probabilities’

We know 
P(smooth/yellow) 
and 

P(smooth/green)
or 
In general 
P(B/A1)….. 
P(B/A4)

P(green/smooth) and  
P(yellow/smooth)

In the general situation, we would 
be interested in P(A1/B) or P(A4/B)
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Conditional probability, Bayes rule
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Conditional probability, Bayes rule
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The expression [7] is known as the ‘Bayes rule’ named 

after Sir Thomas Bayes (1702,1761)

The problem in general would be 

that knowing the probability of 

each one of the elements of the 

partition P(A1),……P(Ak) , and 

knowing the probability of 

belonging to B for each one of 

those cases P(B/A1)……P(B/Ak) 

we care to calculate the reverse 

probability:

P(A1/ B) , P(A2/B)  or P(A4/B)
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An example of Bayes rule in the 

genetics context
Reference: Fan J. & Levine, R. (2007) ‘To Amnio or Not to Amnio: That is 

decision for Bayes’ – Chance. Vol 20 # 3. 

Down syndrome is associated to Trisomy 21(a triplicate at chromosome 
21) a result of an error in cell division. People with Trisomy 21 have 
47 chromosomes instead of 46. For the general population the 
prevalence in the USA is 9.2 per 10,000 live births. However the risk 
of having a child with Dawn syndrome increases with age(1/1177 at 
age 20 , 296 at age 35, and increases much faster after that) . There 
is a definite test for Down Syndrome in the fetus called 
amniocentesis but it is a very invasive exam so patients usually 
prefer to have other tests before deciding to have an amniocentesis. 
Women who belong to high risk groups, mainly because of age go 
through a preliminary blood test called ‘the triple marker test’ (that 
has a high rate of false positives). For women with certain results in 
the preliminary blood test, the probability that the fetus has Down 
syndrome is 1/80. The paper focuses in this group of women. Here 
we report the probabilities calculated in the paper and have added 
some plots to add to the understanding of the problem. 
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The facts and the question:

Ultrasound exam that focuses 

on the presence or absence 

(possible indicator of  Down 

syndrome) of nasal bone. 

Two possible results: 

• AM (‘Abnormal marker’)

• NM (‘Normal marker’)
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Application of the Bayes rule

We can see how for a woman belonging to this high risk 
group the probability that the fetus has Down syndrome 
at the beginning of the story, 1/80, change to 1/159 after 
the information  given by the ultrasound test. That, in a 
simplified way reflects the idea of the Bayesian approach 
in Statistics: we start with certain probabilities and we 
modify them at the light of the information given by the 
data. 
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