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Why do we care about genetics?
1) Medicine: - treatment
- diagnosis & prediction
- gene therapy
- pharmacogenomics
- Personalized medicine
2) Agriculture: genetic engineering help to improve traits, survival, etc.
3) Conservation
4) Biology

Two hypotheses to explain inheritance (L322 512 H9):
1) Uniparental: One parent contributes more
(Aristotle TA 72 male, FREKFMFE—H)
2) Blended inheritance: 2T + B = #}
(X hypothesis only explained single offspring, {B2 T AfBE
siblings 1 next generation)

Model Organism:
1) short generation time
2) able to inbred (self-fertilize)
3) simple reproductive biology ¥ H—F % discrete traits
4) easy to breed/grow (ex. Small in size)
5) large number of progeny

Terminology:

chromosome chromosome

A I I allele 2
0

allele 1 a

IIA AIl II
11 LI | 11
L

Homozygous AA Heterozygous Aa Homozygous aa

A a a A a a

HERERW | ENHR—EBZHT

https://www.thoughtco.com/allele-a-genetics-definition-373460

e Locus - genetically defined location, behave like one gene

e Allele - alternative form at a given locus

e Dominant - one allele that manifests itself regardless of the other allele that is present.
(indicated by an uppercase letter)
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e Recessive — an allele whose effect is “masked” when the dominant allele is present.
For the recessive allele to manifest itself, all alleles at a locus must be
Recessive (ex. aa)
(indicated by a lowercase letter)
e Homozygous — both alleles at a given diploid locus are the same
(AA or aa)
e Heterozygous — one dominant and one recessive at a diploid locus
(Aa)
e Monohybrid — one hybrid locus (e.g. AABBccDd)
e Dihybrid — 2 hybrid loci (e.g. AaBbCCDD)

e True-breeding — homozygous at the loci/locus
(AA or aa)

e Reciprocal crosses — cross 2 true-breeding lines that are opposite to each other and do
another round that reverse the trait between the male and the
female . Tell us that both parent contribute equally to offspring
(independent).

oppostte -
2}

2 7 % g
ABy x eaBB T aabB x AAbb

3 N I I I B 1
o[;FosnLe

e Test Cross — unknown genotype X homozygous recessive genotype
(to find the unknown genotype (ex. aabb))

@: (,U\ky\OVUI\ X55

FL - ?F Al L(\‘Lé then unknown droud be Y
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e Self-fertilization vs. cross-fertilization:

Cross-
fertilization: /
pollen & X
Sti transferred, Anthers
tigma F) dusted onto : removed
() Anthers stigma of " previously
(3) RSCR i prevent self
¢ B
(produce pollen Seed fertilization
Ovules or sperm) ’
( Q ) within formation !
ovary |
Seed 9 % S
germination o
(b) Pea flower anatomy (c) Cross-pollination i

Mendel /531 #F 7 Pisum sativum & {E 4 fB Y model organism & J:

- short generation time

- o] |/ inbred
(8 E]— pure-breeding line (#10Y true-breeding, FEEK T self-fertilize
always 58] %L, AR traits ELZFE)
(BT IAFE 2 4™ pure-breeding lines cross-fertilized & f2 5 —™ hybrids (monohybrid
Cross))

- O] U reciprocal cross

- traits are discrete (7 antagonistic pairs: no intermediate form)

- easy to grow

- large number of progeny

Monohybrld Cross:
Examining only one single trait

- YYXxyy

- All F1 generation show the dominant phenotype

- F2 generation: phenotype ratio=3: 1

genotype ratio=1:2: 1

- Law of Segregation = explains how genes are transmitted:
(1. Two members of a gene pair segregate from each other into the gametes
2. Then unite at random)

LD FFEEIF (F£ gamete formation fYAF{E>FF, fertilization By &S IF)
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RERE T B [8):
Punnett Square:
P: U xyy ‘Y
} e Yy
F1 e al My X L(ﬂ (selfed ) 31
b

PR P‘WOWC‘.“HO : e
&emo—l@)‘x&r‘(xﬁo 2

Law of Segregation:

% S
P T 44
v y
ﬂawxc\'es . @ /@ Lo HBEH
FL Ty« Yy
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Dihybrid Cross:
- Examining two traits
- ex) RRYY X rryy
- All F1 generation show dominant phenotype
- F2 generation show 9 : 3 : 3 : 1 phenotypic ratio
- Law of Independent Assortment = During gamete formation, the segregation of
alleles at one locus is independent of the segregation of alleles at another locus

(3 FF3 Yy, Rr & B/ prob. AAFFHEFEER)
R e B {E):

o

(2 o
P - L'/l/IRR X 65”‘

o &
S TR xR
g ﬂ& )

R RR iRe GRRTHGRe
Yy LriRy Y re l’(ﬂRf Yyrr

S yR "(ﬁRR L(er PR ysRr
Yr L@P\r L{ﬂh’ %RY‘ gqrr

PhevxoW(c_raHo: g:3:3 | %
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Law of Probability for multiple genes:

- 2" =number of possible gamete combinations for each parent
Thus, 2" X 2" = number of genotypes
- “and” events = multiplication (product rule)
“or” events = addition (sum rule)
(—R% 15 T & B (2] E| what is the prob. of obtaining the genotype RrYyTtss? F product rule;
M a] %l prob. of obtaining either RRYYTTSS or rryyttss IIJZE A sum rule)
1) P: RrYyTtSs X RrYyTtSs
What is the prob. of obtaining the genotype RrYyTtss?

2) P: RrYyTtSs X RrYyTtSs
What is the prob. of obtaining the genotype RRYYTTSS or rryyttss?

3) Female: AaBbccDDEe X Male: aaBbCcddEe
What proportion of the progeny will phenotypically resemble the female parent?
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LECTURE 3: Molecular Basis of Genetic Polymorphisms & Their Detection

Mutations:
e Genes change from one allelic form to another
¢ Genes mutate randomly and spontaneously, or can be induced by a mutagen
e H BT germline cells B fy mutations A = #1515, MM somatic cells ERAE
e Mutations are the source of allelic variation
e Mutate allele has a frequency of <1%
o A[EIHY genes B HA[EHY mutation rate
e Mutations affecting phenotype occur very rarely
Wild-type allele: frequency =1%

Mutant allele: frequency < 1%

Monomorphic: gene with only one wilt-type allele

Polymorphic: gene with more than one wild-type allele

Forward mutation: change wild-type to a different allele

Reverse mutation: change from mutate allele back to wild-type allele
Forward mutation 4 rate almost always = F reverse mutation fy rate

Classification of mutations by effect on DNA molecule:
1) Substitution: = point mutation = single nucleotide polymorphism (SNP)
Change in only one nucleotide
2) Deletion: one or more DNA pairs is lost
3) Insertion: one or more DNA pairs is added
4) Inversion: rotate a piece of DNA
5) Reciprocal translocation: parts of nonhomologous chromosomes change places

chomotome L L2 3 LEYTT P
e BWERT
Chromospme 2 1 GEBN LIy

6) Chromosomal rearrangements: affect many genes at one time
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Effects of Mutations:
e Mutations will produce two different alleles of a gene
e Causing changes in DNA (gene) expression (affect transcription, splicing, translation and
folding)
e Affect protein function
e Thus, affect phenotype

Classification of mutations by effect on gene expression:

1) Null Mutation: cause non-functional protein (Fx /=)
2) Leaky Mutation: cause loss of function (X 8E T k)
3) Silent Mutation: does not affect the function of protein (7% 5 Mx)

DNA ,
Null = loss of function
Components of protein active site

Promoter Intron l ]
1
5— = . —— 3" Wild type
e I L i
Even no transcription 7V Exon Exon

—_—— — — = m1:null
—_— — (—— —  — m2:null
e — ——a b — ———————— m3:null
WO e — —_ ey — m4: leaky
— —— — ——— m5:silent
e — —— [ — —— e — mé6: null

m2 Active sitej

Protein ma

Anything on the active
site is very sensitive to
mutation

o = mutantsite M3 m3

Figure 2-15
Introduction to Genetic Analysis, Tenth Edition
2012 W. H. Freeman and Company

Note: - #£ promoter i mutation 3% transcription #8;%H, B} loss of function
- 7£ active site _F At EFE null, J7 active site is very sensitive to mutation
- 7£ intron 3L 5 2 /Y mutation 1 EL &S =, HEEE Tk recognize splice site
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The gene basis of Mendel’s “antagonistic pairs”:
a) Pea shape:
- R A Sbel, r%% Sbel
- RR Hl Rr #P% produce Sbel, M produce Amylopectin (round shape)
- 1 f"£ produce Sbel, produce non-functional starch (wrinkled shape)

b) Pea stems:
- LE can produce high activity of gibberellin (GA) 33-hydroxylase = long stems

- le produce low activity of gibberellin (GA) 3B-hydroxylase = short stems

Genetic basis of single-gene disorders: PKU
- PKU is caused by mutations in the PAH gene
- Resulting in low level of enz. phenylalanine hydroxylase production
- Causing a build up of toxic compound phenylpyruvic acid.
- Phenylpyruvic acid can interfere with nervous system development.
- Normally phenylalanine will be convert into tyrosine.
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Classification of mutations by effect on phenotype:

1) Haplosufficiency
- 50% of the protein product is sufficient to give wt phenotype.
- Mutation is recessive

2) Haploinsufficiency
- 50% of the protein product is not enough to give wt phenotype.
- Mutation is dominant

3) Dominant negative
- Mutant allele will produce a mutant protein that bind and inactivate a wt protein in a

dimer. Function like an antagonist.

Haploinsufficiency Domlr.\ant Phenotype
negative
W
2“doses” of product Dimer Wild type

MIM Mutant

0“dose”

+'M ’

1“dose” (inadequate)

Mutant

[(§1 ¢

The mutant allgle binds to the
WT and stop itlfrom working

Figure 6-2
Introduction to Genetic Analysis, Tenth Edition
© 2012 W. H. Freeman and Company

Detection of allelic polymorphism at the molecular level:
1) PCR & DNA sequencing
- B &5 B PCR 3k fif amplification, FH#{ DNA sequencing
- Use SNP detection approaches at identified SNP to screen at-risk relatives
2) New Technologies:
- Next-generation sequencing: cheaper & can allow massive amounts of sequencing

Principles of allele detection:
1) Attempting to visualize allelic polymorphism
2) At the level of DNA sequence
3) Can detect polymorphism from DNA to protein level
4) Analysis performed on diploid nuclear genome
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