MBLG2072 — Semester 2

L1: Classical and Molecular Genetics |

Mendel’s experiments

(1) controlled crosses

(2) use of pure breeding strains (progeny are either

homozygous dominant or recessive)

(3) use of dichotomous traits (non-continuous)

(4) counting results

(5) replicate, reciprocal and test crosses

Phenotype

Seed Pod Flomer | Plant

1.color |2, shape| 3.color | 4. shape | 5.color | 6 position | 7. height

poterion |Gmmatuee)  (mature) (mature)

olol ))& &

-

-
yolow | round |__green inflated | purple adal tall (72-847)

A

¢|o ivéi &

‘ - -
green [wrinkded|  yellow  constricted  white terminal | shoet {18247

*All progeny have phenotypic ratio of 3:1

Definitions Meaning

Phenotype The observable characteristics of an individual

Genotype Genetic constitution of an individual organism

Allele >2 alternative forms of a gene that arise by mutation and are found at the same place on a
chromosome

Homozygous (XX) or (xx) | Particular gene that has identical alleles on both homologous chromosomes

Heterozygous (Xx) Pair of genes where one is dominant and one is recessive

Recessive Character only observed in the homozygous state

Dominant Character expressed when heterozygous state is indistinguishable from the homozygous
state

F1 progeny 1% filial generation of offspring of distinctly different parental types

F2 progeny offspring from allowing the F1 individuals to interbreed

*Geneticists apply phenotype (i.e. dominant or recessive) to alleles of genes

Mutant phenotypes are due to

a) Mutations in genes

b) The phenotype is the result of gene expression

c) The type of dominance depends on how the mutation

affects gene expression

*NB. Within a diploid cell there are only ever 2 alleles.

(a)

5
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Know the rules for gene nomenclature

Genes often named after the mutant phenotype first described. Some genes and phenotypes:

Drosophila :
Curly (Cy) Wing shape Mouse :

Sonic hedgehog (SHH)  Emb
grim Cell death onic hedgehog (SHH) dglez;menf
hedgehog (hh) Bristle number White spotting (W) Coat colour
Adh Enzyme activity pattern

Arabidopsis :
APETALAZ (AP2)
SUPERMAN (SUP)

Reduced petals

Increased male

reproductive organs

*USE italics for gene symbols

Wild-type is the genotype or phenotype found in nature or standard laboratory stocks, e.g. in Drosophila the vestigial

wings locus has the symbol vg”

Mendelian * Dominant alleles: A

notation: * Recessive alleles: a

Genetic .
notation o

* (Cy: dominant mutant allele

e Cy': wild-type allele

A, a’ or + may be the annotation for the normal or wild-type allele —

Wingless (wg) is the gene — ng and Wgsp'lz recessive mutant alleles

i
*‘\’U:}
Wild type
vg*/vg*
or +/+

Vestigial wings

vg/ vg

Understand and apply Mendel’s 1** law of equal segregation

1. The 2 alleles for a trait separates during gamete formation

where each allele has equal probability to be included in the

gamete

2. The random union of gametes, one from each parent at

fertilization, will produce progeny in ratios determined by

chance

Interphase

Metaphase |

Metaphase Il

1 \Melosisll

Gametes o FA

Use a Punnett square to determine the outcome of a cross (phenotype and genotype)

Know what a monohybrid cross and a test cross is

Monohybrid Cross:

Test Cross

Definition

Cross between individuals differing in a single trait
e.g. flower colour in peas (purple vs. white)

Cross unknown genotype with homozygous
recessive (pp).

Punnett Square Female gametes Tester
=P |3 p 1 1
2 2
5P |5P
lp
1 P
Male tg
gametes Unknown 72
2" 1
2
Phenotypic Ratio 3:1 If unknown was:
Genotypic ratio 1:2:1 * heterozygous (Pp) = 1:1 phenotype ratio

* homozygous (PP) = ONLY 1 phenotype (Pp)

*These events are 2 mutually exclusive (independent) events are occurring together

**Sum rule or addition rule - the probability of the occurrence of either of 2 or more mutually exclusive events is the
sum of their individual probabilities.
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Determine segregation ratios in a dihybrid cross

Mendel’s 2"° Law or The Law of Independent Assortment

During gamete formation segregation of the alleles of one gene is independent of the segregation of the alleles of

another gene

A dihybrid cross

Meiosis
Pure round, Pure wrinkled, — _A‘ 2
yellow green /)‘)
RRGG rrgg ' Sonase
PO x @ ™ (i =
N et —_— o WD
Gamgte formation B oTh
e meiosis I LA\ b
RGrg -X- -Xn pX- -xn
Cross-fertilization Vouplund }{/ \"" “ "/ \}"
meiosis IT b1 & T
RrGg Dihybrid s " . \, S / \_ - \,
FO W W W WD W J

male gametes <

.

RrGg

) The 9:3:3:1 ratio
RO x RO
Summary
_ Genotypes Phenotypes
female gametes RRGG =5 12 R-G-
WG kg 16 i Rr6G =4 |'®
L RRGG & RRGg | & RrGG | & RrGg RRGg =§ L
¢e|lo|lo|e@ os
RRgg =15 |3 R-gg
- Rrgg =f,
14 RRGg |{; RRgg | RrGg | i Rrgg G
©|e (¢
GG =% |3 mG-
16
4 RrGG | RrGg | & GG | & rrGg nGg = ®
O O|e e
mgg =% | L
1 RrGg | Rrgg |{; rrGg | s rrgg s 16 e
¢ole|loe ®

Mendel’s dihybrid-cross
experiment produced a
3:1 ratio for each trait
and a 9:3:3:1 ratio for the
combined phenotypes.

Use the > test to establish goodness of fit with hypothesised ratios

Goodness of fit

How do you tell whether the observed numbers agree with the hypothesised ratio?

*  When each observation falls into one of 2 or more mutually exclusive

categories, can use (’test.

*  First need null hypothesis (Ho) e.g. 9:3:3:1

CASE EXAMPLE:

Cross: RrGg (round, yellow) x RrGg (round, .

yellow)

Null hypothesis: Hy =9:3:3:1

Class Observed Expected O-E
Round, yellow 315 312.8 22
Round, green 108 104.2 38
Wrinkled, yellow 101 104.2 =32
Wrinkled, green 32 348 28

Total 556 556

2 =
X = 2 (O-E)2
E

all classes

O and E are Observed and
Expected NUMBERS.

(not fractions or percentages)

How do you determine the significance of the result?

2

[in this case 4, hence d.f. = 3]

Tables of (> show probability (P) values

* Degrees of freedom = number of categories — 1

(0-€)
& 2

0015 X [3]= 0.477, P > 0.05; not significantly different from

1% expected; therefore fail to reject the null hypothesis.

0.098 Probability (P) value
of 095 0.90 070 050 030 020 010 005 001 0.001 4

0.225 ' 0.004 omeée 015 046 107 164 27 384 664 1083
2 010 o on 139 m 32 461 59 an 1382

X2=0477 3 03s 058 142 237 367 464 625 782 1135 1627
1; 589 7.04 993 1234 1512 1699 1981 2236 2769 3453
4 657 779 1082 1334 1622 1815 21.06 2369 2914 3612
15 726 855 nn 1434 1732 190 2n 2500

Fail to reject chance hypothesis

3058 3770

Acject chance hypothesis |




Understand the difference between dominant and recessive

Definitions Meaning
Recessive Character only observed in the homozygous state
Dominant Character expressed when heterozygous state is indistinguishable from the homozygous state

Be able to describe when a wild-type gene is haplo-sufficient and when a wild type gene is

haplo-insufficient

Example 1: Wild type allele is dominant

Example 2: Wild type allele is recessive

40 units of enzyme R

Substrate > > > Product

18 units of enzyme T

Substrate > > > Product

re rd

*  Wild type gene R* produces 50 units of R

*  Mutant gene r produces no units of R

*  Wild type gene T produces 10 units of T

* Mutant gene T produces 5 units of T

This means that:

e R'/R"=100 units [produces product]

e R'/r=50units [produces product]

e r/r=0units

This means that:

. Tl/ T =20 units [produces product]

e T'/T?=15 units
e T?/T*=10units

In this case:
e R'is dominant and r is recessive

The R* wild type allele is haplo-sufficient

In this case (example of albinism)
e T’ is dominant and T'is recessive
The T  wild type allele is haplo-insufficient

NOTE: Ribosomal protein mutants are haplo-insufficient

Case Examples:

1) Dominant mutations in ribosomal protein genes in mice

* These mutant genes are dominant but homozygous lethal, hence homozygous expression would be lethal

Tail-short ( Ts/+) mutant
WT Tsl+

Belly spot and tail
(Bst/+) mutant

Bst/+

2) Dominant mutations in ribosomal protein genes in Humans: Diamond-Blackfan Anemia

*  DBA prevents bone marrow from producing sufficient RBCs — causing fatigue, weakness and pale appearance

* Sufferers tend to have small head size and a low frontal hairline with 1/3 having slow growth — short stature.

® Approximately 50-65% of individuals with DBA have identified mutations in ribosomal protein genes (RPS19,
RPL5, RPL11, RPL35A, RPS7, RPS10, RPS17, RPS24, or RPS26) — hence non-functional ribosomes




Understand the difference between loss-of- function and gain-of-function mutations

Loss-of-function mutations

Gain-of-function mutations

Types ¢ Amorphic (null) mutation (complete loss) *  Hypermorphic mutation (Increased gene activity)
*  Hypomorphic (leaky) mutation (partial loss) For these mutations the homozygous is more
* Dominant negative mutations (altered gene severe than the heterozygous
product — due to premature stop codon) *  Neomorphic mutation (Novel function) — gene
expressed in areas not usually expressed
Effect Decrease or complete loss of the functional activity of New function or have increased levels of expression
a gene product
Mutation usually recessive often dominant
(a) COL1A1 gene COL1A2 gene
HIH BO0| HIHEEIm o000
(b) Wikd-type a1(1) chain Wild-type 2(1) chain Mutant a1(l) chain
PIU TP STt SIS
Wild | collagen triph M Y h
Example * Osteogenesis imperfecta (brittle bone disease) is * Drosophila Antennapaedia (Antp) mutant has

a dominant negative mutation on the COL1A1 and

COL1A2 genes

* Genes encode type | collagen — essential for bone

flexibility and strength

* Sufferers easily prone to fracture due to fragile

bones

Others include = cystic fibrosis, sickle-cell aneamia

legs in the place of antennae

* Dominant mutations with expression of a gene in
the wrong place or at the wrong time and cannot

be compensated by wild-type allele
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Understand pedigrees and how to use these to identify recessive and dominant traits

Allelic series

* Diploid organisms have 2 alleles at a locus

*  Populations or groups of organisms can have > 2

alleles

* Anorder of dominance between alleles can form an

allelic series

. . . t
* Mouse agouti gene allelic series A>a >a

Pedigrees (family trees)

* trace inheritance of traits in humans

and some animals

(b) Alleles of the agouti gene
Genolype Phenotype
A agouti
alal [ black/yellow

aa black

Symbols
Female Male
[[] Do not express trait
@ B Express trait

> A+ ygous carriers of a ive allele

(c) Evidence for a dominance series

PR I

ack back/yeliow bell

A o
o e

(nnln ow belly

Lines

Generation

Parents

Parents (closely related by blood)
Adoption

f
@ [/] Deceased (d. 0000 = date of death)
<> Unspecified sex

Numbers
I, 1L, lll, etc. Roman = generations
1,2,3,etc. Arabic = individuals in a generation

[T 1 Siblings

[jA[j Identical twins
(5}] Fraternal twins

Autosomal Recessive Inheritance

Autosomal Dominant Inheritance

1) Individuals who have the disease are often born to parents
who do not

2) If only 1 parent has the disorder the risk that a child will
have it depends on the genotype of the other parent

3) If both parents have the disorder, all children will have it
4) The sex ratio of affected offspring is expected to be equal

5) The disease is not usually seen in each generation but if an
affected child is produced by unaffected parents, the risk to
subsequent children is 174

6) If disease is rare in the population, unaffected parents of
affected children are likely to be related to one another

1. Eachindividual who has the disease has at least one
affected parent

2. Males and females are affected in equal numbers

3. Either sex can transmit the disease allele

4. In crosses where one parent is affected and the other is
not, = half the offspring have the disease

5. Two unaffected parents will not have any children with
the disease

6. Two affected parents may produce unaffected children

Cystic Fibrosis — Genetic Mapping —Gene for CF: CFTR Found

(a1 OO0

7 rQ
v { A' .
o VOmO @ @
T s 3
- (! CH
i@ 0 g s o
B n @O0 @
' 2 4

Genetic mapping is possible due to recombination

*  Polymorphisms show the genetic variation of individuals
within a population.

*  Polymorphisms that are close together on a chromosome
tend to be inherited together.

Huntington’s Disease (usually adult onset —
neurodegeneration)

Short asm of cheomosome 4

HD gene

TRANSCRIPTION (i the nucleus;

TTT@'@'FT'




Know the different types of dominance and how to distinguish between incomplete dominance

and codominance

There are several genetic outcomes for dominant mutations:

Incomplete dominance or partial dominance

Co dominance

Effect Phenotype is intermediate of parent’s phenotype Characteristics of alleles from both parents
Example ABO blood type
Blood type Genotype
" A-antibody
A “ : - Y LY PPor Pi
Handgen A—lvansfergse WYYV
“ A-modified H antigen
= U = B ,1 el 1 or i
AA;  AA, AA Hantigen “B-transferase MM MM
B-modified H antigen
Red Pink White flowers Four-o’ clock plants 7 . “A-antibody B-antibody
A A y %
Colourless precursor—1—-1> ——> Pigment A8 Hmg;:‘"“""“mu“B'”“""”“”" A:e::e:::w 78
—+/—> ——> No pigment = white flowers B:cdiied Han e
'42 Az o Hantigen —_—) unmodified H antigen i
Roan cow

qug chickens

BI/Bl = splash feathers s
Bl/bl = blue feathers
bl/bl = black feathers

CRCR = red cow hairs
CRCY = red and white cow hairs
CWEW = white cow hairs

Know some of the factors that affect Mendelian ratios. What are they?

Factors affecting observed phenotype and genotype

1. Lethal alleles

2. Pleiotropy — single gene affects 2 or more characters
3. Penetrance and expressivity

4. Interactions among genes (epistasis)

5

Sex-linked inheritance

Describe how to determine if a gene is embryo lethal

The A (agouti) gene — Many alleles, determining the extent of black and yellow pigment in the hair shaft

1yellow : 1 agouti
AYA AA

yellow X agouti
AYA AA

. AA and Aa = wild type, black hair
with yellow band agouti

—_—

*  aa=non-agouti, solid black hair
1 agouti : 2 yellow :

- AA AYA

yellow X yellow

* A'A =vyellow, solid yellow hair
AYA AYA

Key Points:
* Impossible to obtain a pure breeding yellow line from yellow offspring (as embryological lethal)

* Time of death may vary i.e. before or after birth

* Also semilethal alleles cause reduced viability + lead to altered genetic ratios e.g. Aa X Aa 90% A- : 10% aa




Appreciate the relationship between gene and phenotype

* one gene / many phenotypes

* one phenotype / many genes

Pleiotropy: A single gene affects two or more characters Many genes can influence a single phenotype

AY in mice affects:
coat colour — AYA VYellow

Coat colour

Gene 1: agouti: distribution of colour on each hair
multiple alleles
A- banded, agouti
a - solid black

Welght — A"A Obese A” - solid yellow
a' - black back, yellow belly
s . i Gene 2: dark colour of hair black or brown
W white spotting gene in mice affects: 8- black

migration of melanocyotes — white spotting b - brown
& ~ | germcells — sterility Gene 3: albino or pigmented
b ‘ { blood precursor cells — anemia C- coloure:d depending on alleles at A cm.d B
L o ¢ - recessive, homozygotes are pure white

‘4 '9 W/+ mouse

Understand the difference between penetrance and expressivity. Why are these factors

important?

TERM Definition

EXAMPLE Effect

Penetrance | Proportion of individuals of a
specific genotype that exhibit
the corresponding phenotype

For recessive mutation a
aa — 100% phenotype penetrance = 1.0

For recessive mutation d
dd — 80% phenotype enetrance = 0.8
o e 1. MODIFICATION of

segregation ratios

Example: Polydactyl

* Single dominant gene
with incomplete
penetrance

* Atleast1in 4 people with
the mutation have 5 digits

or apparent

s 7 :[8 6 éw 1 inheritance of an
3 IJJ lﬁ If] 1o "8)'_2{313514 allele
.' ﬁ 2. Changing the

* Nonpenetrant individual o] hen otype

Variable Extent to which a phenotype

.. is expressed
expressivity

individuals
1 2

between
o Sin ¢

Tl Piebald spotting in beagles.
’ﬂ’ﬂ\ Spotting is due to a

sJ sl 20 dominant gene SPwith
) ‘?‘“ variable expressivity.

w K
5 \7\ 6l \\\

1(?% . fﬁ»\

Note: Variable phenotypes can be caused by a number of factors:

* modifier genes
* environmental factors

. allelic variation

* complex genetic and environmental interactions




Use recombination frequencies to calculate map distances and interference

Recombination (crossing over)

Centromere
Homologue

Homologue

.

,,w”ln__"un”mm_” I 111ks
'M' ﬂ vﬁki{ J@" ;![ ,[ ﬂ H ,m e :Z‘::m.’:"

(beginning of prophase 1) formation (early prophase ) (end of metaphase ) telophase B, four gametes)
* Recombination, or crossing over separates alleles of linked genes — to produce new allelic
combinations
* Chiasmata = site of crossing over
*  Occurs during prophase | of meiosis
* Crossing over occurs between chromatids of homologous chromosomes

* Crossing over creates parental (P) and recombinant (R) gametes after segregation

Quantifying linkage

* Recombination frequency determines the arrangement of elements along a chromosome

* Recombination rate is a measure of genetic distance

# of recombinant of fspring
total # of of fspring

Recombination frequency (r) =

Genetic distance = r X 100 = map unit (m.u.) or centiMorgans (cM)

Appreciate the use of molecular markers for linkage mapping and disease diagnosis
Linkage maps
* Mapping genetic markers by recombination frequency
* The further 2 genes are apart = | chance of recombination = 1 recombinant progeny
* Closer 2 genes are = | chance of recombination = | recombinant progeny

¢ Genes > 50 m.u. apart undertake so much recombination between them, they are deemed to be
unlinked and assort independently




Dihybrid test cross: (heterozygote x double-recessive individual)

AaBb X aabb

ONLY 1 type of gamete is produced for the double recessive individual (ab) — gametes won’t
contribute to offspring phenotype

4 types of gametes are produced from the heterozygous parent (AB, ab, Ab, aB)

Phenotype of dihybrid cross progeny are derived from the gametes of the heterozygous parent

* 2 gametes are parental and 2 are recombinant

— — . Forent Parent 2 : Map distances are (generally) additive
STEP |: Generate a Ab aB Ab A B y
double heterozygote: X > FI| == N A B
Ab aB aB - Map based on A and B et
Fl doctle *not always recombination «— 8mu——
) = heterozygote recessive A C
STEP 2: Perform Ab ab R ' Fz} Map based 0N A a0 C e —
dihybrid test cross: ) Gt recombination ST Y
— - aB ab
F2 offspring number A c B8
7 7 | Ab 40 parental BUT: Without knowing
STEP 3; |<_jentlfy pargnta] recombination frequency :ﬂ"a_mrﬂ
& recombinant offspring; | 2B 40 parental between B and C, OR
AB |0  recombinant Which one is correct? c A B
e
—a b 10 fecomonant «——5S5mu-—o>e«—8mu—>
Total 100 13 mu
| STEP 4: Calculate — # of recombinant offspring _ 10+ 10 =02
| recombination frequency: total # of offspring  — 100 ’
A 20mu b .
x 100 = 20 map units
a B

Two linked genes in Drosophila: purple eyes and vestigial wings

Parental Vg pr b | S P (hete;-'izygous)

Chromosomes: vg pr Feilel potred® homozygous recessive
F ol wing

| Recombination

. b ! ! ' frequency
- o o, ., | |
_ # of recombinant offspring

e dekw Ee deho e total # of offspring

GRS GEe TGRER =

Ve pr g 9 pr g pr

T T R AT v .
1399 195 151 154 [vg_pr + vg pr |

‘ 151 oIS“ ‘ vg pr Vg Pr ‘

Parentals Recombinants Total




3-point test cross

Important Note:
*  3-point test cross determines if 3 genes are linked, the gene order, and map distance
* DO NOT assume that all genes are linked

* DO NOT assume that the order of writing is the order of the genes on the chromosome

EXAMPLE:
Three genes in Drosophila: purple eyes, vestigial wings and black body pr vg bl
PARENTAL CROSS: FPOMLISLADS prvg B X brig b ﬁ g.S
bl* v b Progeny phenotypes: 8 classes of progeny: Parental (P),
g? zg ‘?‘ o pr vg bl Single Recombinant (R) and Double Recombinant (DR)
TEST CROSS: | =% + + + | 431 | Parental
FI heterozygote: o Triple recessive: 2 3| pr+ + 6 DR
pr* vg* bl* pr_vg bl 3 @ + vg + 57 R
pr vg Q X %Oﬂ pr vg bl * A
Wy 4 W| prvg + 29
; Recombinant
5 S%| + + bl 17
6 S| pr + bl 39 | R
7 | + vgbl 4 | DR
8 * prvg bl 443 | Parental
Total 1026
Step 1: *  Find double crossover classes (i.e. the classes with the fewest recombinants)

. * Thisisrow 2 and row 7
Determine the
pr; +; + and +; vg; bl

gene order: *  The marker that is different from the parental configuration is the middle marker

vg — pr—bl or bl-pr-vg

pr and vg recombination frequency: (2, 3, 6, 7)
6+57+39+4 _ 106

1026 1026
. r=0.103
STEP 2: Consider < 100 = 103 mu
markers in all pr and bl recombination frequency: (2, 4, 5, 7)
possible pairwise eI ATrd - 2
combinations: r=0054
x 100 = 5.4 mu

vg and bl recombination frequency: (3, 4, 5, 6)
57+29+17+39 _ 142

1026 ~ 1026
r=0.138
x 100 =13.8 mu
ve pr bl
Step 3: Put the «——103x <54 mu—>

map together! 15.7mu !

m

Why not the same distance?

Due to effects of double recombination appearing as non-recombinants




Vg pr bl
vg-bl:
«——10.3 mu——><54mu—>
Thé;:i:;eclfoz;l-s;:\egr:\e g 13.8 mu 138< 157
vg pr bl
X X
vg + bl
vg + bl emssssssssssss——————  (+ vg bl)
. +opr+ (pr + +)
Step 4: Factor ‘ oo
in double DR classes appear non-recombinant for vg and bl but actually have 2 cross-over events —
recombination which are not visible in progeny since recombination events occur between flanking
markers
G t Recombinants
A B A B
P Cmi—ra) o e——r)
(=2 [F—————=)
B _, a b 0
b A B 3
=3 -
- > = >
a b a b
NEED TO CONSIDER: Actual vg and bl recombination frequency (with DRs) by adding
TWICE:
6+6+57+29+17+39+4+4 _ 162
1026 1026 V& pr bl
r=0.57 10.3 mu 54 mu—
x 100 = 15.7 mu 15.7 mu
Interference

* Crossover events in adjacent regions of the chromosome may not be independent

* Interference (/) occurs when DR events happen more or less frequently than expected

* The coefficient of coincidence (c) is the observed number of double recombinants divided by the expected
* Use the recombination frequency (r) of single recombinants to calculate expected double recombinants

* Interference(l)=1-c

STEP 1: Calculate expected double (r of vg—pr) x (r of pr-bl) x total progeny
recombinants
vg pr bl 0.103 x 0.054 x 1026 = 5.7 is expected double recombinants
e
10.3 mu 54 mu—
r=0.103 r=0.054
STEP 2: Calculate Coefficient of _ ObservedDRs _ _10 _
.. c= = =17
Coincidence: Expected DRs 5.7
STEP 3: Calculate Interference [=1-c
Vg P" bl = 1 - |.7
re——— — o
! 1 ! Interference is negative (/< 0 ): A cross-over in one region
Ist 2nd promotes crossing over (recombination) in adjacent region
Interference is positive (/> 0 ): A cross-over in one region interferes
with crossing over in adjacent region




L14: Mobile Genetic Elements

Transposable genetic elements: Transposase
* Transposable genetic elements are DNA sequences that move via transposition
o Many forms, lengths, copy numbers

* Can cause a mutation via insertional inactivation

TRANSPOSABLE ELEMENTS:

* Transposition requires the enzyme transposase encoded by genes carrying some transposable elements

* Some transposable elements carry other genes WHILE some contain only repetitive sequences

Dissociation (Ds) element Site of chromosome breakage

Activator (Ac) element 2" element required for chromosome breakage

Transposable Contains Function

element type Transposase gene?

Autonomous Yes All DNA sequences that conduct transposition (e.g. Ac)

Non-autonomous No *  May lack the sequences needed for transposition (e.g. Ds)
*  CANNOT move — unless transposase is provided by an

autonomous element elsewhere in the genome

McClintock's transposable genetic element hypothesis was that the unstable mutant phenotype resulted
when a transposable element (DS) created a mutation by its insertion into the C allele and led to reversion
when the expression of Ac allele led to its removal.

(a) Trihybrid, wild-type phenotype (c) Unstable colorless mutant
- 9 ___wxshe
{ il T ‘v
Ds WxSh C e . J
Purple o~ I
plump
shiny
\Colorless
shrunken
Purple (d) Reversion of unstable mutant
(b) Partial deletion, mutant phenotype g::'::‘yp Phanclype, puspie spots
wx sh ¢, ___wxshe,
- e I ; Sobonbesbad
—l \ Colorless WxSh C_
A tivated Ds ch shrunken = SN
cb?r:‘;:saome w"s" lra;\r:ﬁ??mst waxy € :Fi
breakage at Ds & :f;?:.f,':.";’% ] B os
* Barbara McClintock discovered transposition in *  Colourless kernels have varied purple spotting
maize
* Unstable mutant alleles = Transposable element
* Noticed that some sectors lacked colour, were Ds insertion into the C locus produces a kernel
. . . . . DS
shrunken and waxy lacking pigmentation (the mutation is called ¢; )
WHY? * Rare transposition of Ds out of the gene
*  Colourless sectors had terminal deletion of one * Reversion to wild type

chromosome 3 homologue *  Array of purple spots on the kernels

*  Purple sectors, intact chromosome 9



Bacterial genomes ® Insertion sequences * Transposons * Transposition

2 categories of transposable elements (insertion sequences and transposons)

IS (insertion sequence) elements (= 1000bp)

(b) IsI

*  Only contains genes required for autonomous transposition

768 bp i

23 bp
| |

Transposase gene

23 bp
|

I
o Transposase gene flanked by a short, inverted repeat

T
GGTGATGCTGCCAACTTACTGAT [N ATCAATAAGTTGGAGTCATTACC

(IR) sequence — (needed for transposition)

¢ Different IS elements have different IR sequences

IS (insertion sequence) transposition

How do insertion sequences work?

1. Cleavage of IS elements ends

CCACTACGACGGTTGAATGACTA

TAGTTATTCAACCTCAGTAATGG

Terminal inverted repeats

2. Transposase recognizes and cleaves a sequence at the new
integration site

3. ISelementis ligated into the new site

4. Gaps filled by DNA replication

5. Pair of direct repeats is produced upon integration

Orignal IS insertion site New target site
Transposase gene
i [ l !
=GATTAAGCC GGCTTAATC... GAGCTGAGCTG
..}CTAATTCE_G—- CCGAATTAG... CTCGACTCGAC
| |
iransp g P l g
Transposase gene
| !
GATTAAGCCIIGGCTTAATC.. G AGCTGAGCTG
CTAATTCGG NI CCGAATTAG... CTCGACTCGA )
Ligation
v
Transposase gene

Single-stranded gap

6 ' GATTAAGCCIIGGCTTAATC AGCTGAGCTG
CTCGACTCGA CTAATTCGG CCGAATTAG i}

Single-stranded gap
Replication to fill gaps

Direct repeat  Transposase gene  Direct repeat

--GAGCTGAGCT GATTAAGCC GGCTTAATC AGCTGAGCTG...
~-CTCGACTCGA CTAATTCGGIINI CCGAATTAG TCGACTCGAC...

Transposons — most genes carried by transposons give antibiotic resistance

Transposons Length Structure Transposase Other features
(Tn) type gene?
Composite Long (kB) Complete IS elements with Yes *  One or more functional genes
inverted repeats at each end
P (at least one) * E.g. transposon Tn10
Simple Short Enzyme encoded by the No transposase | Additional genes in the central
(<50bp) simple transposon itself in IRs element
(a) General structure
IS unit (left) Central region IS unit (right)
| | |
Transposase Transposase
gene Marker gene gene
I_LI
] | [
| | | T .
inverted inverted
repeats repeats
(b) Structure of Tn10
1329 bp —k ~6600 bp L1329 bp
Transposase Transposase
gene gene
r—Jﬁ I—L’W
T T e
IsioL Tetracycline ISIOR
Inverted resistance Inverted
repeats of gene (Tet") repeats of
IS element IS element

Inverted IS elements




Transposition Mechanisms

* Requires duplication of the target site (i.e. direct repeats to either side of the inserted element)

* 2 mechanisms of transposition that lead to target site duplication

Transposition
Mechanisms

(1) Conservative Transposition

(2) Replicative Transposition

Method

Excises a transposable element
from one position and inserts it into
a new location

Cut-and-paste

Copying of the transposable element

Initiation of replication of the element in a plasmid

Movement

Moves transposable elements
around the genome

Transposase facilitates formation of a cointegrate — a
temporary fusion of the plasmids

Recombination can resolve cointegrate

Both plasmids have a copy of the element

Increase in # of elements
per genome

No

Yes

Question: What is the main enzyme responsible for excising and copying transposable genetic elements from
chromosomes and inserting them into new locations?

Transposase

Eukaryotic genomes: DNA transposons, Retrotransposons

2 groups of eukaryotic transposable elements

DNA transposons
Retro-transposons

Transposed through conservative or replicative transposition

* Transcribed

* RT produces a dsDNA copy — inserted into the genome

P-Element Structure (= 2900 bp) in Drosophila

* Transposable element with gene encoding transposase (= 31 bp inverted repeats)

* Evidence of RAPID EVOLUTION — all Drosophila after 1960s have P elements but prior do not

* Nonfunctional elements with no transposase

Hybrid Dysgenesis

* Pelements produce hybrid dysgenesis
* Hence, P elements = biological mutagens
o M cytotype females have no P elements (lab strain)

o P strain males contain = 30 P elements (WT strain)

Cross between M cytotype females and P stain males

RESULT: Causes sterility in the F, progeny due to widespread
transposition of multiple P elements resulting in hybrid
dysgenesis in the offspring

WHY? Females without P elements in their genome canot recognize
the P elements in the male thus cannot stop hyperactive P
element insertion into genome

(a) (b)
P cytotype Mcytotype PorM P cytotype
cytotype
Parental i, e a} ? " ?
generation
g l Q g 1 Q
F, hybrids ? ?
Sterile wild type Normal fertility
Few or no progeny due i"
F, progeny to F, sterility caused A
by hybrid dysgenesis.

Wild-type offspring

What does the model of hybrid dysgenesis predict for the F1 and F2 generations when an M-cytotype male is

crossed to a P-cytotype female?

F1 and F2 generations will all be wild type and display normal fertility. This is because females with the P-elements
recognize the presence of other P elements such that there is a suppression of the hyperactivity, transposing and
mutagenesis of the inserting P elements.




Transposition Modifies Eukaryotic Genomes

Retroviruses Retrotransposons
Mechanism * Infect eukaryotic cells with ssSRNA genome -
transcribed into dsDNA by reverse transcriptase
Viral particles YES NO

synthesised

(gag and env for capsid formation while pol encodes

reverse transcriptase)

No capsid formation

Host Dependent

Yes

Yes (more parasitic > manipulate
genome but does not disseminate)

STRUCTURE

(a) Retrovirus

10,000-20,000 bp
|

I

I

gag pol env

Flanked by long terminal repeats (LTRs)

(b) Retrotransposons
5000 bp

|
[ copia (Drosophila) |
LTR LTR
5900 bp
|

[Ty (yeast)

LTR LTR
6500-8000 bp
|

[ LI (human) ]
orf 1 orf2
LTR LTR

NO env gene

LINE and SINE Elements of Humans

*  45% of the human genome derived from former transposable elements — are permenantly fixed

* However, some transposable elements are still functional

# per genome

Size

Function

LINES

600,000

6.5—-8.0kb (LONG)

Cause mutation

SINES

1.2 million

100-300bp (SHORT)




MBLG2072 — Semester 2

L15: Gene transfer in Bacter

Methods of gene transfer

ial

Method of gene transfer | Description

Conjugation Transfer of replicated DNA from a donor to a recipient

Transformation Uptake of DNA fi

rom the environment

Transduction Transfer of DNA

from one bacterium to another by a viral vector

Bacterial Genome and Plasmid Differences

Bacterial Genome

Plasmid

Covalently closed circle

Covalently closed circle

dsDNA

dsDNA

One copy of each gene (Haploid)

Multiple copies

Essential genes

Non-essential genes

F plasmids and mating

Plasmid Type

Usage

F (fertility) plasmid

Contains transfer genes

R (resistance) plasmid

* Carries antibiotic resistance genes
*  Easily modifiable - recombinant DNA use

High copy number plasmids (= 50 copies/cell)

Replicate independently from the chromosome

Low copy humber plasmids (= 1-2 copies/cell)

Replicate with the chromosomes

Culture £} Culture £

Cross Is exconjugant converted
to donor state?

Has donor bacterial genes been

transferred to the exconjugant? \ /'

Culture
+ _ 5 + Y-24 P Y-10
F"XF Yes (F ->F ) No met bio™ leu* cys phe- thr* thi*  met* bio* leu” cys* phe* thr thi-
Grow in complete medium. Grow in complete medium.
Hfr X F No Yes I I
Transfer to Transfer to
minimal medium. minimal medium.
FFXF Yes (F > F’) Yes Y-24 and Y-10

Grow in complete medium.

1
Transfer to
minimal medium.

'

No growth Colony growth No growth

All cells are Prototrophic All cells are
auxotrophic. cells grow auxotrophic.
( bio* leu* cys*
phe thr* thic,



Conjugation of F* and F cells (one-way transfer of F factor) — (F*
* Donor cells (F* with plasmid) — recipients (F" without plasmid)

o Exconjugant cell (recipient cell with modified genetic info
after receiving DNA from the donor cell)

* Donor cells transfer bacterial genes to recipient cell via F (fertility)
factor

o Ffactorintegrates into the bacterial chromosome to form an

episome

e Ffactor =100 kb in length 40 genes that control conjugation

Origin of transfer Recipiont
o-lllfl Flactor (o) po cell (F)
oo :onlugmn

xF)

(a) Genes important in F factor transfer
oriT

), tral |-Relaxase

traK
Exporter {
proteins $ traD }- Coupling
proteins

pulm The relaxosome ly s, leaving
& 3 G % The donor coll (F) assembles a relaxase bound at the 5 end of the T strand.
Y S o 4 5 pilus to contact the recipient cell (F). The relaxase-T strand complex binds to a
qw\‘ R % "r“ 8 coupling factor to prepare for export.
‘Coupling factor o T, o Roling circe DNA ropication begins i the
U
Relaxosome
3 ot
& 2 \ The refaxosome complex binds the F factor Vo The exporter moves the relaxase-T strand
% & v AVad % 5 atoniTand cleaves theT sirand of the DNA. & o > 4 complex into the reciplent cell. Rolling circle
B Tetrand Bt > $7 s @ & replication in the donor spools the T strand
e I o Vs cw_% %, 5 totherecipient, whereitis a lemplate for
Degraced | oS - ol DNA replication.
relaxosome |
Replication /| + The relaxosome partially degrades, leaving
gl relaxase bound at the 5° end of the T strand.
5 . The relaxase-T strand complex binds to a .
2} g8 § S~ & £ coupling factor to prepare for export. ot ot 2 e compieton o repicaion in both cells
& g G | R g Rolling circle DNA replication begins in the Q S ? leaves the donor (F*) u
ot Qo donor. iﬁ_ S G G & 5 converts the recipient e soncs
& R 3 g state.
‘ oo o

High frequency of transfer (Hfr) mating — (Hfr x F)

*  Gene transfer by rolling circle replication

* The segment of T strand DNA enters the recipient and is used to generate a double-stranded linear fragment

(b) Conjugation progression

Hr cell F-cell Mix in conjugation culture.
start [ N Hir donor thr leu” str® F- recipient thr- leu" str”
Bacterial chromosome  F factor ot (
F coll | oo g\ ]@4 / 5 (K, Rplasmid
=2 A" Bacterial *ﬁ-
5 oI5 $ l chromosome
 element 5 5 — =Y T‘ \
th r+ _leu- thr "
Goor? e e v o i strt One kind of
oy 4 exconjugant cell
| Conjugation and partial T strand thr* leu* str”
Recombination of bacterial

®

) .
chromosome and F factor transfer due to interrupted mating.

atan IS element

T l
2 104z § 2 Crossover sites F factor segment ‘J K
§, N TN . oriT gthr
= e\ threg\ [ %_y |
?\ ole:em T = £ y l M=K W L . \f » =
g ton" Homologous AN \ -thr- X Do 3
g S 15 , OgOIN

Cooe 2 :e :,:,.,«/ " recombination S it Minimal medium plus streptomycin

: 2 X |
9] /~ Donor
F factor integration - ,” chromosomal
! Y l 'Y-i- = h! t
lac y ragmen
204 % =l lac
., -
Hir cell e Y Enzymatic onT
3 l degradation
E;‘Iﬂr chromosome ' oriT ; - thr= ?m, 2
%G 133 1 _gal § al ) - leu* ¥ ]
o000 » e,/ f/f_‘@ fou - ?P:'f oS strt Only thr* leu* str" exconjugants grow.

Key Outcomes of Hfr x F* Mating

1) Transfer of 1 or more donor alleles into the recipient chromosome via homologous recombination to form

exconjugant chromosome

2) Incomplete transfer of chromosome — F factor is not fully transferred during the mating = recipient cell NOT

CONVERTED into a donor cell

3) Therefore, the recipient cell is NOT CONVERTED into a donor cell




Chromosome (time of entry) mapping using conjugation

Interrupted Mating Analysis Produces Time-of-Entry Maps

METHODOLOGY:

(b) Conjugation progression

Hfr cell F-cell

(@) Donor allele appearance

start (" ) 100
oT— y { ) mA
*  Breaking conjugation tube to stop mating S l ég{
s 2 80
. . PR
before Hfr chromosome is completely ot @ - ,ﬁ*@”’””" sg
leu* ;25/ g_g 60 -
transferred from donor to recipient 7 o | =8
B * I =
Em—\ﬁ \ m ‘6:3 40 |
. . e —1 >
Time-of-entry mapping £ . l = gy
5 S 201
3 : S
. e 2 15 [ ton) eS8
* Transfer genes in a specific order 5 -ﬁ,/ Nt € s !
l 0 10 20 30 40 50 60
. P § Conjugation time (minutes,
*  Distance of the gene from the origin of LA D P = e )
transfer (oriT) is related to time of transfer l {e) Hiromramasere g
L oat o) oM teu thr  azi ton lac gal
. . . N ’W Map
*  Genes closest to oriT will transfer earlier e o DTTT LTI TTET: R pl
DistanceI 8 I 2 I 6 I 9 I
F Factor Integration
* Ffactor integration occurs at any IS element
* 2 possible directions for each integration — Remains constant for that Hfr strain
(b) Orientation 1 (c) Orientation 2
val cys phe gal thr leu val cys phe gal thr  leu
T & § § § & » D B B B . .
Last gene First gene First gene Last gene
Integrated 5 DNQ — 5 ?::gtr:ted 5 f To recipient
T & r ™
val Ffactor | pelaxosome val  Ao==37 — a W” Relaxosome val }%’1‘ & Relaxase
" binding and px{/m X o 1. ’" binding and WA
- T strand cys§ by ‘ " Relaxase ;es;rand cys; 3 3 \
, : cleavage N t‘“\ w | oriT A1 3 e ) 51613
oriT |v e — b STIvVIiond Tstrand %
: ,,A —T strand he phe phe o)
phe, ¥ leu L %— P Qeleu -; Q‘Iau e §) N, ﬁ‘leu
4\1 A oo™ ‘3\)(/\ KAVON U
gal thr gal thr 9 thr 9 thr
In orientation 1, oriT In orientation 2, oriT
and the T strand have and the T strand have

ends labeled | and Il

ends labeled Ill and IV.

Constructing chromosome (time-of-entry) map:

Step 1: Construct Overlapping Linear Maps
using multiple HFR strains

Data from each Hfr strain can create partial
overlapping maps

Step 2: Construct Circular Map of donor
chromosome

Linear maps are used to create an overall
circular map

Step 3: Construct Complete
donor chromosome

Origin of transfer

Gene \serR leuYasnB serC tyrT fumC
Hfri
Minutes 2 8 5 5 7 8

asnBsorC tyrT fumC  prol nad8

Hfr2
8 12 9 8
tyrT fumC  proL nadB  leuU  cysE
Hfr3

12 9 13 12
proL  nadB leut cysE pheR serR

Hfrd 1 —x | | | -
9 13 12 13 8 4

pheR
\

cysE,

leuU

Hfr2

fumC

nadB proL

—




F’ mating/conjugation

(a) Hfr chromosome (b) F cell F-cell
* Imperfect excision of the F factor from an //' \ or7
lac.
Hfr chromosome produces F’ factor | Yority U
VA NS N\
— . Bacterlalkj “\F factor - =
* FI faCtor = a” its own DNA +a Segment Of chromosome jlgco Bacterial F' factor Bacterial
the bacterial chromosome (still functional) —— ' - Sinsinosons Shismose
Normal excision Aberrant excision Grows ona Unable to grow on
) - ! i, lactose medium a lactose medium
RESULT OF F’ x F \ ., Asegmentof /_\ N\
e 4 \:: the bacterial lac* ) F cell Conjugation F-cell
. . , N \\ lac* \._/ DNA loops out k / i ce | ce
*  Exconjugants with F’ factor have partial - during excision. | \_ - lac*,
| I
diploids (i.e. contain 2 copies of the bacterial Formation of F*factor Formation of F’ factor ( e ¢ tlac- |
p ( pies of , ¢ v N\ \ \_/
chromosome genes found on the F’ factor)
lac* ) Transfer complete
) . . . ) . V—tac ((onT \'oriT F'cell l F’ exconjugant
*  Partial diploidy is stable through replication \ ) \
.. \\\,:,,:;/’/ - \ 4 lac*, lac.,,
and cell division f tlac- )
Bacterial F* plasmid Bacterial  F’ plasmid N el \ u
e Can be used to study bacterial genes cromosome chomosome e T
’ exconjugani lac*/lac™ loid an a:
The F 'aﬂ,or con_ta,lns the acquired lhegability to grow on':a Iactos: medium.
donor /ac* in addition to a Because F’ plasmid transfer was complete, the
full set of F factor genes. exconjugant can act as an F’ donor.




