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* write your name and university ID number at the top right of each page.

* IMPORTANT: if you are an undergraduate, your quiz should be titled “CS 121 Quiz 17. If
you are a graduate student, your quiz should be titled “CS 221 Quiz 1”.

* note that there is a glossary and equation sheet included at the end of the quiz.
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1. Genetic Testing of Twins

“Twin studies” are a classic experimental method for estimating the overall contribution
of genetics (as opposed to environment) to a specific observed trait (such as a disease).
This method takes advantage of the fact that there are two different kinds of human twins:
“identical twins”, who are genetically identical; vs. “fraternal twins”, who are just siblings
born at the same time, i.e. their genetic relation is exactly the same as that of any pair of
siblings born from the same parents.

In this problem, we consider a microarray test for distinguishing whether a given pair of
twins are identical vs. fraternal. Assume that the microarray measures what fraction of
a DNA sample contains a given SNP (minor allele) marker. Let T,U be the microarray
measurements for the DNA samples for a pair of twins.

(a) Propose an information graph structure for each of the two models: identical twin vs.
~™\, fraternal twin. Briefly define your hidden variables.
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(b) For each of the two models, what would be the computational complexity for comput-
1ng‘ p(T U|model)? Write your answer in big-O notation in terms of N, the assumed
" number of possible states for each of your hidden variables, and briefly explain your
reasoning.
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Say the microarray scores a panel of n SNP markers M; whose occurence in the popula-
tion is independent. The minor allele frequency of each marker is 6;. For the first twin
we have microarray measurements 7; for each of these markers (and similarly mea-
surements U; for the second twin). Assuming that on average only 0.1% of twins are
identical (and 99.9% are fraternal), derive an expression for the relative probabilities
that the twins are identical vs. fraternal, given all the microarray observations 73, U;.
You can write your answer in terms of [p(75, U;]6;), i.e. you do not need to show how
to compute p(T;, U;|6:)- ] “
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1 Basic Genetics

DNA A DNA sequence is a string consisting of a four letter alphabet (A, C, G, T). The four
“letters” are called nucleotides or bases.

gene a specific substring of the DNA that encodes a specific functional unit called a protein.

genome The total DNA sequence of an organism. The genome of a small bacterium is about 4
million letters long and contains about 4000 genes. The human genome is about 3 billion
letters long, and contains about 25,000 genes. The length of a DNA string is given in “base-
pairs” (bp; just means a single letter); kilobases (Kb, 1000 letters) or megabases (Mb, a
million letters).

chromosome A large genome usually consists of several separate pieces (each a single DNA
chain) called chromosomes. e.g. the biggest human chromosome (chromosome 1) is 247
Mb long, and humans have 23 chromosomes.

genome copy number Some organisms keep a single copy of the genome in each individual,
e.g. bacteria. Animals and plants generally have two distinct copies of the genome in each
individual. These two copies can have (somewhat) different sequences, see polymorphism.

mutation an alteration of the DNA sequence that changes one or more letters in the DNA string.
Mutation occurs at a low rate over time (roughly 1078 letters change per generation). Some
mutations change only a single letter, while other mutations might insert or delete a substring
of the DNA.

sequence specifies function The specific DNA sequence of a gene is essential for its normal
biological function; if that sequence is altered by a mutation it may not be able to perform
that function normally or at all.

phenotype A specific, observable change in function due to a change in the DNA sequence.

fixation Over time, a mutation can either be permanently lost from the population (due to the
individual(s) with that mutation for some reason not passing it on to the next generation),
or it may become the majority of the population or even found in all individuals in the
population. In the latter case it is said to be “fixed” in the population.

polymorphism Mutations in a population that have not yet been lost or “fixed” are called “poly-
morphisms”, which simply means that some individuals have the mutation while others do
not.

allele frequency the probability of finding a specific polymorphism on any given copy of the
genome in a population.

SNP A single nucleotide polymorphism (SNP) is a single letter in the DNA sequence that differs
between individuals.

polymorphism copy number For species that have more than one copy of the genome in each
individual, the number of coples in an individual that have a specific polymorphism is called
its copy number. In people the possible values are 0, 1, or 2.




recessive mutation Because of this, most mutations that damage a gene function are “recessive”,
which means that both copies of the gene must have a damaging mutation, in order to pro-
duce the mutation’s phenotype (i.e. disease symptoms). An individual with one mutated
copy plus one normal copy would simply have a normal phenotype (i.e. no disease symp-
toms).

dominant mutation A mutation that can cause its phenotype even if it is present on only one of
the two copies is said to be dominant.

Mendelian inheritance the standard pattern of gene transmission in plants and animals, in which
each individual has two copies of a gene (one copy from each of its two parents), and passes
on one of its copies (chosen at random) to each of its children.

clone If two individuals are genetically identical, we say they are clones (of each other). Asexual
organisms (such as bacteria) typically have only one copy of the genome, and reproduce
clonally, i.e. the “daughter” cell is an exact genetic copy of the “mother” cell. Biologists
often separate a complex population of cells by “plating” them at low density (say 1 cell /
cm?) and letting them grow; each cell will make a colony; each colony is clonal. Note that
human clones (i.e. exact twins) are not very rare.

2 Basic Molecular Biology

5’ end, 3’ end A DNA chain has inherent asymmetry, and its two different ends are referred to
as 5’ (pronounced “five-prime”) vs. 3’. By convention, DNA sequences are always written
from 5’ to 3’.

base pairing the physical attraction and binding of two DNA chain segments that are reverse-
complements of each other. This can occur between two separate DNA molecules, or (due
to the physical flexibility of the DNA chain) between two separate segments of a single DNA
molecule.

reverse complement the specific DNA string that will naturally base-pair with a given DNA
sequence: it is formed by the following rule: A pairs with T; G pairs with C; and the paired
DNA strings run in opposite directions, i.e. the reverse complement of ATTGC is GCAAT,
with the A in the first string base-paired with the T in the second string, and the C in the first
string base-paired with the G in the second string.

double-stranded DNA that is base-paired with its reverse complement is said to be “double-
stranded”; DNA in a cell is usually found in this form. This is the famous “double helix”.

hybridization The process of single-stranded nucleotide sequence encountering a reverse-
complement nucleotide sequence, and binding to it via base pairing (resulting in a double-
stranded complex). Note that even in a mixture of a huge number of different sequences,
those that are reverse-complementary will quickly find and bind to each other (i.e. “hy-
bridize”). .




DNA microarray To measure the individual amounts of many specific sequences in a sample,
a microscopic dot of a specified reverse-complement (“probe”) sequence is attached to the
surface of a glass slide; millions of such dots are arrayed microscopically. A fluorescently
labeled DNA sample is then allowed to hybridize to the array; each dot will only bind its
specific target sequence. A laser scans the array to measure the fluorescence bound to each
dot.

RNA a variant of DNA whose chemical structure is just slightly different. Whereas DNA is the
“permanent storage” of the genetic code, RNA usually operates as an “active form” of the
genetic code e.g. for producing proteins coded by the gene sequence.

transcription the process of copying the DNA sequence representing a gene, to an RNA se-
quence, often referred to as the “messenger RNA” or “mRNA” for that gene.

gene expression regulation of the activity (or “expression”) of a gene by increasing or reducing
the amount of mRNA for that gene.

protein a string composed of a 20 letter alphabet (the amino acids) encoded by translating the
DNA sequence of a gene. Proteins perform most of the biochemical activities in a cell, and a
specific protein sequence carries out a specific activity, thanks to its unique physical structure
determined by its sequence.

codon a group of three consecutive nucleotides that encode a single amino acid according to the
universal genetic code.

translation the process of making a protein, by making the string of amino acids specified by a
string of codons in a gene.

short read sequencing a recent technology for rapid sequencing of entire genomes. Current
systems can read up to 500 million short sequence fragments each approximately 150 nu-
cleotides in length, in one machine run. Due to the intrinsic error rates in the sequencing
process, many fragment reads must be compared to arrive at a reliable “base call” at each
letter position in the genome. Experimentally, DNA is randomly fragmented, and the result-
ing “short read” sequence strings must be aligned to each other (computationally, based on
matching strings from overlapping reads) as the starting point for all analysis.

sequencing coverage the average number of independent reads covering any position in the
genome (or region) being sequenced. Typically, sequencing projects aim for coverage of
70x or higher.

3 Basic Probability
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poisson distribution

Hypergeometric Distribution
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