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locus: physical region or segment of a chromasom
allele: one of a set of possible alternative foaha given locus
genotype: genetic constitution — or particulaelalicombos — of an organism
phenotype: observable properties of an organisflauginced by genotype and environment
wild type: “normal” phenotype, genotype or alleds,defined in the lab
mutant: “abnormal” phenotype, genotype or allakedefined in the lab
haploid: single allele at each locus
diploid: two alleles at each locus
homozygote: diploid organism having two identigli¢les at a given locus
heterozygote: diploid organism having two diffdralteles at a given locus
hemizygote:

Monohybrid Cross:

Dihybrid Cross:

True breeding yellow peas True breeding green peas Y y
Po YY X yy Y |YY |VYy
1 y Yy |yy
F1 “hybrids” Yy (All yellow: Yellow is dominant)
1 green is recessive Punnett Square
F2 1/4 YY Yellow, pure-breeding
1/2 Yy Yellow, hybrid
1/4 vy green, pure-breeding
1:2:1  Genotypic ratio
31 Phenotypic ratio

True breeding Yellow Round  True breeding green kieich YR Yr Yy R yr
YY RR X Wi YR | YYRR YYRr| YyRR Yy Rr
Yr| YYRr YY rr Yy Rr Yy rr
F,  “dihybrids” Yy Rr Yellow, Round (interbreed) YR Yy RR Yy Rr vy RR yy Rr
yr Yy Rr Yy rr vy Rr yy Ir
F, 9/16 1/16 YYRR  Yellow, Round
2/16 YY Rr Yellow, Round
2/16 Yy RR  Yellow, Round
4/16 Yy Rr Yellow, Round
3/16 1/16 YY rr Yellow, wrinkled
2/16 Yy rr Yellow, wrinkled
3/16 1/16 yy RR green, Round
2/16 yy Rr green, Round
1/16 1/16 yy Ir green, wrinkled
9:3:3:1 Phenotypic Ratio
Probability of a particular Genotype: (from YyRr X YyRr cross)
Color geffe shape gene
Probability of yy rr [1/2X1 X [1/2 X 1/2]= 1/16
1/4 1/4
Probability of Yy rr [(1/2 X 1/2) + (1/2 X 1/2)] X [L/2X1/2] =28



Backcross: Cross of progeny to one of the parents

YyRr (F1) X YYRR(FO) gives offspring: 1/4 YYRR
1/4 YYRr
1/4 YyRr
1/4 YyRr

1:1:1:1 Genotypic ratio
All have same phenotype (Y R)

or
YyRr (F1) X yyrr(FO) gives offspring: 1/4 YyRr
1/4 Yyrr
1/4 yyRr
1/4 yyrr

1:1:1:1 Genotypic and Phenotypic ratios
Different phenotypes! Much more informative

Test Cross:Cross of Unknown genotype with recessive homozygot
Cross a Yellow Round pea (both dominant traitgh\green wrinkled (recessive traits)

Y _ R_ X yy It
Any green peas in F1? If so, genotype was Yy
Any wrinkled peas? If so, genotype was Rr

QOutcross: Cross of mutagenized strain with wild-type stri@iriclean up" genetic background

T.H. Morgan - Drosophila, dlscovery of sex-linkednheritance = Chromosomal theory of inheritance
Wild-type: Red Eye : Mutant: White-Eyes f

!

5 o

Morgan's observations

Experiment #1

()

Pure breeding red-eyed fli Pure breeding weyts flies j%','{'
"N

femal X male
R All red (interbreed)
[ 3 red:1 white, as expected

BUT all the white-eyed flies were male!

Experiment #2

Pure breeding red-eyed flies Pure breeding wéyts flies
male X female
=1 All females red-eyed!

All males white-eyed!

X-chromosome linkageexplains the results:

Experiment #1 +/+ X w/Y
(red-eyed) (white-eyed)
F w/+ females and +/Y males
(red-eyed) (red-eyed)
[ +/+ red-eyed females
w/+ red-eyed females
+Y red-eyed males
w/Y white-eyed males




Experiment #2 +Y X wiw
(red-eyed) (white-eyed)
F w/+ females and w/Y males
(red-eyed) (white-eyed)
F2 wiw white-eyed females
w/+ red-eyed females
w/Y white-eyed males
+Y red-eyed males

Segregation of X-linked traits:
Sons get an X from Mom and a Y (or 0) from Dad
--> Sons of affected fathers do not inherit thé tra
--> Sons of het mothers have a 1/2 chance of taffiegted
Daughters get an X from each parent
--> Daughters of affected fathers are obligate hets
--> Daughters of het mothers have a 1/2 chanceiofthet

c square test A statistical test used to evaluate some typegoétic data (including segregation ratios)

c? = 1" (expected — observétBxpected,

degrees of freedom = # classes — 1

Complications in the relationship between genotypand phenotype:
Pleiotropy - A single gene mutation may be responsible fonrmlrer of distinct and seemingly
unrelated phenotypic effects.
Genetic Heterogeneity- Mutations in multiple different genes may alusa the same mutant
phenotype.
Redundancy- Mutations in two or more genes may need to beqmebefore a mutant phenotype
is observed.
Suppression- A mutation in one gene may “mask” the effecta@hutation in another gene.
Incomplete Penetrance and Variable Expressivity Individuals with identical genotypes may
have different phenotypes.

The Complementation Test
A test to determine whether or not two recessingations are allelic
(e.g. Do two similar-looking mutant strains carrytations in the same gene? Or in two different géhe

True breeding wrinkled line #1 X True breedingniied line #2

If F, = wrinkled #1 and #2 “fail to complement”
and are alleles of the same gene

If F. = Round #1 and #2 “complement”
and are not alleles of the same gene

Failure to Complement:
One gene with three alleles: R (roundrec. wrinkled), ¥ (rec. wrinkled)

rtret X P
it (wrinkled)

and interbreeding of; would continue to give ~only wrinkled pe

Complementation:
Two genes with two alleles each: R (round), r (verinkled), S (round), s (rec. wrinkled)

rmrSS X RR ss

Rr Ss (Round)

and irterbreeding of 1 could generate an RR SS true breedina Roun



(Rare) Exceptions to the rule of Complementation T&s:
Intragenic complementationfwo (non-null) alleles of the same gene complaneach other.
Intergenic non-complementatiomwo alleles of different (but functionally re¢at or physically
linked) genes fail to complemenBecause of these exceptions, it is important tobdoen
complementation data with other information suchmap data when assessing allelism.

Penetrance and Expressivity:
penetrance- The fraction of individuals with a given genogypho actuallyexpress the phenotype

usually produced by that genotype. (i.e. a measuphenotype frequencyMany alleles cause
“incompletely penetrant” phenotypes.

expressivity - The severityof a genetic trait seen in individuals with a givgenotype. Many traits show
“variable expressivity” in that some individualsaeverely affected while others are mildly affdcte

Phenotypic expression
H’* (each oval represents an individual )
Yoy Pt QLU0 UQ0UQ

Variable penetrance

SN = Q900009

3 3 Variable expressivily

il Q +101" I*

Varnable penetrance and axpressivity

Variable expressivity shown by 10 grades of pielsglotting in beagles. Each of these dogsIashe allele
responsible for piebald spots in doffsigure 4-25 from Griffiths).
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phenocopy alteration of a phenotype by nutrition and/oriemmwmental stress
consanguinity. relationship by descent from a common ancestor
heterogeneity mutations in different genes causing the sameagis

As of 12/13/04, Human Gene Mutation Database (@atths 44090 mutations in 1714 genes

0O o & G e

Male Female Deceased  Muliple uninformative  miscarriage abOrtion  stillbirtn
sibs, gender unknown
Union or
® Marriage
Monozygotic Dizygotic Pregnancy
T twins twins s
B Y S e O S

P

N  CoUSINS consanguinit

NI ,./E—é J ¥, '%6() s

T

Lives in I TT Multiple unions or | |=( )

If England | 3 62 Fertages

Germany West & :
[O] O]
Adoptad

11 ot

Charlie M - (@) Ovrame carrer D Sy et
® Wil NOT manifost dissase s

TRENDS in Genstics From Bennett, RL, Steinhaus, KA Uhrich, SB et al. Recommendations for
279, 1995

American pedigree showing inheritance of
feeblemindedness in an immigrant familty
(published 1914).

al dominant pedigree characteristics

*Males and females affected with equal frequency Afa ala
«Affected individuals in each generation (vertical
Inheritance pattern)

«For fully penetrant traits every affected person has
an affected parent O_ ﬂ

+Offspring of an affected person have a 50% risk of oa Aa Aa s
being affected

<For penetrant traits, unaffected individuals do not
transmit the condition

*Males can transmit the condition to both sons and
daughters as can females

Al ala Ala Ala afa afa

Exceptions

*New mutations

*Reduced penetrance (proportion of those individuals with the mutation
who express the dizease

*Variable expression: phenotype can manifest fully or partially depending
on the nature of the mutation, genetic background of individual (modifiers)
+Germ-line mosaicism

Types of mutations in Dominant Disorders:
sLoss-of-function (haploinsufficiency): e.g. Achondroplasia, FgfR3;
Marfan Syndrome, Fibrillin-1; Waardenburg sgorde, Pax3
*Gain-of-function (increased or ectopic function): Increased bomssitg LRP5;
Colorectal cancer, b-catenin; Basal cell caogia, Smoothened
*Dominant-negative (abnormal gene product that interferes with thenab allele):
Waardenburg-Shah syndrome, Sox10;



*Males and females affected with equal frequency

+Parents of an affected individual are obligate carriers

«Carriers are not usually detected (unless screening
is warranted), thus birth of affected individual is
usually unexpected

*Recurrance risk for each sib of a proband is 1/4 (25%)

*Parents of an affected individual are more likely to be
related to each other by descent (consanguineous) than
are parents of normal children; the rarer the disease, the
greater the frequency of parental consanguinity

*Frequencies of AR disorders are dependent on carrier
frequencies

*Many inborn errors of metabolism are inherited in an

AR manner

Ala ala Afa Afa

ol Juke

Afa afa Afa Afa Arh

amounts of cystine, stone formation.

Inborn Errors of Metabolism (IEM): Genetic defects in enzymes, structural proteins
or regulatory proteins that interfere with the body’s ability to grow or develop, or to
maintain or repair homeostatic systems. Archibald E. Gatrod, M.D. recognized that the
occurrence of the following IEMs in families was consistent with Mendelian recessive
Inheritance. Alkaptomuia: urine darkens on standing. Albinism: pigment changes.
Pentosguria: benign excretion of pentose sugars in urine. Cystinuria: excretion of large

Consanguinity
Relationship by descent from a common ancestor

w 12 1/4

1/50' 1/8

12 1/2

1/200 1/32

Ala Ala ala ala AlA

Figure 8: Consanguinity can lead to pseudo-dominant inheritance

X-linked inheritance (Sex-linked)

@ o

The degree of consanguinity can be expressed by Sewell Wright's
coefficient of inbreeding, F, which is defined as the probabili ty that an
individu al receives, at a given locus, two genes that are identical by descent.
Thus F for the offspring of first cousins would be 1/16. Determmed by
counting the number (n) of connecting paths between the offspring and a
common ancestor (in this case n = 6: 3 through the mother and 3 through the
father) calculate 2™ (=2° = 1/32) and sum this value for all common
ancestors (in this case 2) =1/16.

«Caused by mutant genes on the X chromsome (fewsgem Y)

*Males are hemizygous (XY)

*Females have two X chromosomes (XX) but only anactive
(due to dosage compensation) therefore, express$i®-linked genes is variable

*No male to male transmission



X-linked recessive pedigree characteristics

+Disease appears almost always in males, whose O
mothers are unaffected but heterozygous carriers
of the mutant gene.

*Each son of a carrier female has a 1:1 chance of
being affected. O

*Each daughter of a carrier female has a 1:1 chance

of being a carrier.

« Affected males never transmit the gene to their
sons, but they tranmit it to all of their daughters,
who will be carriers.

*Unaffected males never transmit the gene.

?odﬁﬁ
EEeue

Exceptions

condition e.g. color blindness, or if consanguinity is involved e.g. Hemophilia

of the wild type allele (Lyonization).

*Affected son appears to derive from affected father: If, mother is a carrier for a common

*Severely affected female of XR condition e.g. Duchenne Muscular Dystrophy, can result
if X-inactivation is not randomized, i.e. X-autosome translocation resulting in the silencing

X-linked Dominant pedigree characteristics:

*Pedigree pattern differs from that of autosomahuhance only in that all the daughters and north®fons of

affected males will be affected, since a male ghiss<-chromsome only to his daughters.
Few examples: hypophosphatemic rickets, Rett &mdr(MECP2)

- progressive encephalopathy

- only females affected (males idi utero)

- all mutations are new

) & & "! # #"

Levels of chromosome compaction (condensation)

2« 30nm fiber

Chromosomes have distinctive morphology and banding pattern
during Mitosis

Human cell =2 meters of B-form

bright field micr
DNA in ~6 pm nucleus. (bright field microscopy)

Giemsa staining of mitotic human chromosomes

u
=| 7
B . p
HBasg 7 I
ey H == 5
e L0 A Sy e < Nucl =) : 2 a E = =
T ucleosome Metacentric- centromere in middle E S == H B E =]
array Telocentric-centromere at end ﬁ BB E BB =8 =&
T looped domain Acrocentric- centromere closer =8 EE : = E o=
o to one end than other. EE L= = E = E
. fibor EEREH ::5 g g
[] EESEEESB 7 8
70% }3 Fluorescent DNA dyes e.g. DAPI ; E =
_ s =} =
A% “\) FISH: fluorescent in situ ' =)
W / hybridization. Fluorescent ;'; o & 8 & & 0 o
proteins forming a chromosome axis DNA probe on mitotic = =B é BEHED
--Condensation varies along the length of a chromosome: chromosome length is not linear with ) =] B = B -
chromosome. = = ! =]
DNA length H B = =]
condensins s %% =
--condensation changes during the cell cycle interphase === mitosis %
Chromosome behavior during the mitotic cell cycle
Separation of sister chromatids results in two daughter cells of identical
genotype to mother cell
DNA replication to form chromatids
pre—— oWk et Mother cell Daughter cells
Homozygous diplod b+/b Ala Ala Ala

b

b 3

Heterozygous diploid b/b

b

|
“¢>

> T

Humans: On average, homologs differ by a single nucleotide polymorphism (SNP) / kb.
Each may, or may not, affect gene expression or phenotype. Most not in coding.

G1




Milosis
In somalic cells
One cell division

resulting in
two daughter cells

Daughter

Parental cell cells

Chremosome number
per nucleus maintained
(e.g., for a diploid cell)

2n

One | premifohic
S phase per cell
division (e.g., for
a diploid cell)

|

DNA per
nuclaus
- W s

G118 G2
Normally, no

pairing of

homologs

Normally, no
CIOSSOVErs

Centromeres
divide al
anaphase

Conservalive process
daughter cells' genotypes identical with parental genotype

Cell undergoing mitosis can be diploid or haploid

Meiosis

In cells in the sexual cycle

Two cell divisions,
resulting in four
products of meiosis

Products
of meiosis

-

Meiocyte @8

Chromosome number
halved in the products
of meiosis

One premaiotic S
phase for both
cell divisions

Full synapsis of
homologs al prophase |

Al least one crossover
per homologous
pair

2

Cenlromeres do not
divide at anaphase |
but do at anaphase Il

Promotes variation among the preducts of meiosis

Cell undergoing meiosis is diploid

Alignment of different types of homologs on Metaphase I plate

in is explains Mendel’s law of independent assortment.
50%:of <> 50% of
Meioses NITOH | B OR AMA 2 Meioses
- -> <+ ->
BE§B bEED LEEb BY§B
- -> <+ -

Non-disjunction of homologs or sister chromatids can produce
aneuploid gametes

Nondisjunction
at first division

Second division
»
3

)
> e—
> —
)

First division Nondisjunction

at second division

L)

i

L}

I

introduction to ions of chromosome structure

Deletions (deficiencies)- reduce gene dosage by 50%.

Intrachromosomal recombination entails Crossing Over: a

— reciprocal physical exchange between homologs during meiotic
ACD prophase L.
R L

Duplications- Increase gene dosage by 50% %

)

A BBCD
Ao

Inversions- Simple = 2 breaks in chromatid followed by nversion of intervening
DNA and then religation. centromeres

ACBD

Translocations- Simple = 2 breaks on different homologs, swapping and
reattachment of different chromosome arms.

e
[ —

A YZ
Balanced translocation -euploid-full genome complement present

WXBCD

unbalanced translocation-aneuploid duplication or deletion of genomic region

miinalng
—

[

r'g

Distal Proximal

Usually only 2 chromatids involved in recipricol exchange.
To detect recombination you need at least 2 heterozygous
markers.




Meiotic Recombination

-The physical exchange of chromatid arms betweemotags in prophase I-Recombination is a physical
attachment between homologs, and is importanti®fitielity of chromosome segregation in meiosis
Humans: approximately ~1 crossover / chromosomenaginsis

Mutations in genes involved in recombination inseaeiotic non-disjunction.

$" "l RN # "

~1900- Rediscovery of Mendel’s laws.
Bateson and Punnett 1903. Flower petal color and shape in the pea.

R=Red, r =white ; L=Long, 1 = short
(RedLong) R/R L/L Xr/r 1/1 (white short) : True breeding strains

(RedLong) R/r L/1 X r/r 1/1(white short) (testcross)

Phenotype: (Red Long) (white short) (Red short)  (white Long)

Genotype: R/rL/1 r/rl/1 R/rl/1 r/rL/1
Expected ratio: 1 1 1 1
1000 progeny: 250 250 250 250
Observed: 450 470 42 38

H_I H_I

Linkage: Certain Alleles of two different
genes tend to be inherited together. A
violation of Mendel’s law of
independent assortment.

Sometimes these alleles Recombine.

Recombination Fraction (RF) = recombinants / total =42 + 38 / 42 + 38 + 450 + 470

= 0.08
Red Long white short Red short white Long
R L r 1 R 1 r L
] } ] ] _ ]
el X sy 0O sy X )
R L r 1 R 1 * r L
2 different allelic *
configurations “Coupling” or “in ¢is” “Repulsion” or “in trans”
R L R 1
Red Long oy Red Long oy
Gametes ro1 r L
R L
sy Red Long P1 most R1 RedLong
r 1 frequent
Iy white short P2 (~92%) R2  white short
r L
m—t white Long RI1 P1  White long
R 1 most
m— Redshort R2 frequent |~ py  Red short

~92 %
How can you tell? ( °)

1) Parental types are most frequent classes
2) Different grandparents



< 0 : A a
Linkage intensity Map based on A8 recombination : !
Genes that are close together on a chr Iy bine infrequently. S
The probability of a cross-over between 2 loci is related to the physical size of
the region between them A c
Map based on A-C racombination ! |
Region 1 p(rec) =0.05 Region 2 p(rec) =0.03 ~—amu —=
c A 8
A 8 A c . . .
: " — 3 MY, —————— 5 my——
—— My —— ~—amu— Possible combined maps amu.
A c B
L
— MU a2 mu—
. . . . = anili———-=
1% recombination = 1 map unit (m.u.) = 1 centiMorgan (cM) i

Three point cross provides distance and the
Relative order of loci along the chromosome

1) Parental configuration of alleles is the most common class

Fols e i 2) Double recombinants are the least common, In that class
ild-type
- Y y : - : p
e vaadrrhd st ect _ovt The gene in the middle is switched relative to the parental
@ i — ) | — ] & s
P Q9 x pr configuration
O <
Scute bristles
Wild-type Echinus eyes
sc ypec o Orossveiriess wings Crossovers betweenscand ec . Number Crossovers between ecand cv  _~ Number
fass observ
CRTTEED s ec ov . s _ect ovt s e ov . sc_ec e
3 - 3 16 o=
e —— - e(e) g b g 1
sct ect covt L - 1T D 4 130 r a1 6 148
sct ect covt sct ec cv sct ect ovt - sct ect cv
F Genolype of maternally  Number
Class __Phenotype inherited X chromosome _ observed sc__ec oV - H:% 7 . SC__ec_ cv &—OC‘:% . .
1 Scute, echinus, crossveinless ~ s¢  ec  cv 1158 ) L
2 Widtype sct ect ovt 1455} Parental e T mR 8 1 eI mB s 1
3 Scute sc ect cvt 163 sct ect cvt sct ec cov Total 2;5 sct ect covt sct ec cov Total ;Q
4 hi I + 130 =
5 ggu;:u:cmzzvem - “ ec o 192 }Retomhmams Map distance = 295 = 0,091 Morgan = 9.1 centiMorgans | Map distance = 22 = 0,105 Morgan = 10.5 centiMorgans
6  Crossveinless sct ect cv 148 3248 ad 3248~ e L
7 Scute, crossveinless sc ect cv 1
8  Echinus st ec ot 1} Double Copyright© 1997, by John ey & Sons,Inc. Al rights reserved
Total: 3248 Recombinants
i TS A o sc-9.1- ec-10.5-cv

Are double crossovers independent of each other?
Interference (l)a productive crossover interferes with others Ingavianifest by fewer double crossovers than
predicted by chance alone.
Expected doubles = p(rec. regionl) x p(rec.regipnll
First calculateCoefficient of coincidence (CGJC = observed freq. of doubles
expected freq. of doubles

I=1-CC
If CC = 1, then | = 0 no interference
If CC =0, then | = 1 interference is completerassover in region 1 completely interferes withr@ssover in region 2.

For any two genes, relationship between frequency of
recombination and "genetic map" distance
50

N @ 2
S S S

Percent recombination

3

. . . . , .
20 40 60 80 100 120
Map distance (cM)
Estimated by adding RF results for genes close together

<20cM Interference ~complete, Pr vs. Md linear

>20cM an even no# of rec. occur. Pr < Md

Max recombination freq. of 0.5 approached asymptotically

Genetics tells you the function of genes and protesin vivo!Forward Genetics: Screen for new
mutants in a process of interest
Without preconceived notion of what genes are vedl

New mutant Phenotype - What is the molecular idigiofithe gene?

Phenotype -> Genotype -> Transcription unit

Progressive refinement of genetic location-link t@hysical location)Map to a chromosome
2)Refine the map to a region on a specific chrommesby using markers that are increasingly closettag.
Recombination map genes using Heterozygous RecatidnirMarkersat aLocus
Human Genetics- linkage of disedsststo moleculamarkers
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Spontaneous base changes
~100 times / cell / day

Thought to be the cause of a large number of spentss
mutations in human CG islands.(5Me-C relativelytabke)

Spontaneous base loss:
Depurination/Depyrimidination:
- removes purine base from DNAY* bases /cell/day!)!
or pyrimidine bases (less frequent).

o (]
" (“: 1 He IHCHC ||
N M B M BN
+ Il _— | | | |
C - C. C. C. c—c. c
. . ] UL N P
Pyramidine dimers . 1 i
. H H H
Thymine Thymine Thymine dimer

X rays: deletions, inversions, tranlocations, point niota (on occasion).
Ems: point mutations, occasional deletions

DEB and ENU: small deletions

Transposable elementsinsertions

Spontaneous Base Loss

The glycosyl bond linking DNA
bases with deoxyribose is labile
under physiological conditions.

Within a typical mammalian cell,
several thousand purines and
several hundred pyrimidines are
spontaneously lost per cell per
day.

Loss of a purine or pyrimidine
base creates an
apurinic/apyrimidinic (AP) site
(also called an abasic site)



Two DNA repair pathways are known to counter the eects of EMS.

MGMT (methyl guanine methyl transferase)RepairActivated by methylation or ethylation of th€ 0
position of Guanine. Methylation/ethylation at thissition has the most pronounced affect on basmga
for all nucleotides.-The MGMT protein transfers thethyl/ethyl group to itself and then is degraded.

Base Excision Repair(BER)Activated by base loss that either occurred spmdasly, or due to
Glycosylase removal of bases that have undergommidation of cytosine, 5-methyl-cytosine, or adenin
-Also activated by strand breaks from oxidativestrand reactions leading to oxidation and allomadif
bases and sugars.

Somatic versus Germline:

-mutations incurred in somatic cells of the orgamisill not be passed on to the next generation abeit
important for studies of diseases such as cancer.

-mutations incurred in the germline can be passed the next generation and propagated for further
study.
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Types of mutations (functional definitions):
Loss of function (If) (usually recessive)

amorphic (= null) eliminates gene function “knockout”, “strongedd”
haploinsufficient dominant amorphic/null (50% of normal gene pratcddoes not suffice)
hypomorphic partially reduces gene function “weak allele”

Gain-of-function (gf) (usually dominant)
hypermorphic increases normal gene function may cause pheaapposite to that of null
antimorphic: creates poisonous (abnormal) gene function thatferes with the function of the wt
allele
may cause a phenotype similarotomore severe thathat of null allele
often called a dominant negative (dn)
neomorphic creates new (abnormal) gene function for exang#ae product expressed in new
location or binds to new partner
may cause a phenotype unrelated to that of rnaleat DANGEROUS!

The Geneticists’ Mantra:

To determine the normal function of your gene yeadto know the loss-of-function phenotype
- Null allele reveals earliest requirement for gene
- Hypomorph may reveal additional (later) requiesrns

Larger scale alterations:

Frameshift — small deletion or insertion that changes codiage

Deletion — removes one or more base pairs (coding or ndimgp

(“deficiency” (df) refers to a large deletion thramoves multiple genes)

Duplication — duplicates one or multiple genes

Repeat expansion- adds more copies of existing repeat (codingoorcoding)

(e.g. triplet expansion diseases)

Insertion — inserts 1 or more extra base pairs (e.g. tresape element)

Inversion — part of chromosome “flipped” relative to the rasfy involve many genes; breakpoints may
interrupt gene(s) or create novel gene fusions

Translocation — part of one chromosome broken off and attachedhbther; may involve many genes;
breakpoints may interrupt gene(s) or create noseédusions

Arguments that you have loss-of-function, possiblpull, alleles:
*Molecular lesions (large deletion, nonsense, fraimfe
*Reduced gene product (undetectable mMRNA and/deprp
*RNAIi mimics the alleles
*High frequency of isolating similar alleles (Iflales more common, gf alleles rarer)



*Recessive behavior of alleles (If allelesuallyrecessive, gf alleles dominant)
*Phenotype of alleles is most severe (penetraptessive) in “allelic series”
*Gene dosage studies

m/m looks the same asm/Df

m/+ looks the same asDf/+

m/m is more mutant than/m/+

"Gene Dosage Studies" (Muller, 1932)
To determine how a mutation affects gene function
Create animals of some of the following genotypes @mpare the severity of their phenotypes:

+/+ homozygote for + allele

m/m homozygote for m allele

m/Df hemizygote for m allele

m/+ heterozygote

Df/+ hemizygote for + allele

m/m/+ m homozygote bearing a duplication with the + allele
+/+/+ + homozygote bearing a duplication with the + allele

Restrictive conditions mutant phenotype

Permissive conditionsphenotype more wild-type

Facilitates recovery and maintenance of sick mugtratns- grow under permissive, analyze underictige condition
Allows genetic determination of time of action
Allows examination of later developmental functions

Temperature-sensitive alleles
Mutant phenotype varies with temperature
Commonly used in yeast, worms, flies (not mammislebt ts alleles are heat-sensitive
Cold sensitive (cs) alleles also exist
Often due to a missense change that alters folafitige mutant protein product at restrictive tenapere.
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Mobile elements:

Present in genomes of all plants and animals (B0%ammals, up to 90% in plants)
Ancient elements crucial in RNA -> DNA transition

TSD: Target Site Duplications (variable length)

ITR: Inverted Terminal Repeats
LTR: Long Terminal Repeats
RT: Reverse Transcriptase

EN: EndoNucleus
Env: Envelope gene fragments



LTR retrotransposons:
1. Originate from both transposons and non-LTRoteinsposons (Ty elements in yeast)
2. Contains genes for:
Viral particle coat protein
protease
reverse transcriptase
RNAse H (cleaves RNA in DNA-RNA hybrid)
integrase
NO Envelope gene, unlike retroviruses - Can't nfowa cell to cell!!

Some target site specificity, pol 11l promotetedpmeres
Reverse transcription (shared with retroviruses)

Non-LTR retrotransposons:
1. Originate from group Il introns of yeast mitocdkioia (bacterial
origin) - (L1 elements)

2. Some site-specific, others insert at short aosise sequences
(relatively random)

3. Reverse transcription and integration are caliptegenomic
DNA

4. 5' truncation and inversion

How to study non-LTR retrotransposon biology:

1. Isolate and characterize recent disease-proglircéertions

2. Use in vitro biochemistry to study L1-encodedtpms and Alu RNA/protein complexes

3. Use engineered L1s and Alus to analyze retrsprasition in cultured human cells and transgenaemi



4. Analyze whole genome sequences in databases

Present and Future uses of mobile elements:
1. Aid in DNA sequencing
insert a transposon in vitro into a cDNA or a BABguence using a primer from transposon seq.
2. Insertional mutagenesis (to determine gene imct
P element in Drosophila
Bacterial transposons in Yeast
Sleeping Beauty transposon (a fish Tc1) in mice
3. Gene correction vector (Sleeping Beauty)
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Goals of Genomics:
*Genome projects and physical mapseFinding theg®rithin the genomic sequence
*“Functional genomics” (deducing the functionsatifthose genes)
*Using physical map information during genetic miagrand positional cloning
*Finding orthologs and accessing genomic infornmagibout your new favorite gene family
*Whole genome shotgun
- sequence randomly generated, unordered clones
- use sequence to deduce how they fit together
Hierarchical shotgun sequencing
-deduce clone order by “fingerprinting”, etc.
-shotgun sequence ordered clones
Much of genome is non-coding:

Worm Fly Human
Exons 27% 20% <2%
Introns 26% 17% ~25%
Intergenic space* 47% 63% ~75%
Repeat sequences 7% 3% ~50%

*Includes gene regulatory elements such as promotersrdrahcers




Large-scale analyses of mutant phenotypes
Genome-wide knockout projects and RNAI screens

— Find phenotype caused by disruption of each gene

—Sort genes into functional categories based ongilipe
Forward genetic screens

—Find all the genes that can mutate to cause &yplartphenotype

Large-scale analyses of gene expression
Microarray analysis
—Find genes whose expression differs between $peocihditions
—Find co-regulated genessitu hybridization of mMRNAs
—whole-mount otissue sections
LacZ or GFP Reporter assays in transgenic animatgQtational predictions of expression patterns
—based on presence of transcription factor bindires

Large-scale analyses of binding interactions
Genome-wide yeast two-hybrid analysis
Genome-wide in vitro binding studies with GST fusjaroteins
Genome-wide protein complex identification by Maggctrometry

Repositories of genomic informatiomintegrative databases
*UCSC Genome Browser: http://www.genome.ucsc.edLiBlN
http://mww.ncbi.nim.nih.gov/sEnsembl: http://wwwsembl.org/sOrganism-specific databases
*SGD: http://mww.yeastgenome.org/sWormBase: hittv.wormbase.org/sFlyBase:
http://flybase.net/sMGI: http://www.informatics.jaxg/

Markers that can link the genetic and physical maps
Phenotypic alleles of known (molecularly identifiegenes
Deficiencies with known molecular breakpoints
Molecular polymorphisms between defined strains
—Transposon insertions
—Microsatellite repeats
—SNPs (mgle rucleotide_plymorphisms)
*Orthologs= genes in different species that evolved fromommon ancestral gene by speciation
-Functional equivalence predicted (testable)
eParalogs= genes within a species that arose by gene dtipiicwithin that species
—Possible overlapping functions/redundancy
—May have different tissue-specificitysHomologgenes sharing a common evolutionary origin
—Includes orthologs and paralogs

Practical definition of ortholog
Best reciprocal blast test: each gene/proteingther’s top hit



