CHAPTER G~ ALEW AT A Swale Locus
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%k

R ~

Mendelian \nheritance descries patterns
that obey 2 \aws:

Olow of Segregation
@Low of Independent RAssortment
simple  mendelian inheritance involves o SINGLE §er\e
* w‘\x\ 7 different alleles and alleles which  display
a smple dominant / recessive  relationship
LOcUS - specific section of a chromosome
*Teim gene and locus offen used \nteccha(\geob\g‘%
-Locus is limited Yo defining the position along a
chromnosome
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*Each locus has an allelic form
-specific DNA sequence

Somatic vs GReMUNE MurATIONS
Hapwoid vs DipLoid

Haploid oqgmisms, hawe only 1 Diploid organisms have two
of qel\e, thus a copies each gene.The
mutation wil\ direcHly affect

P'EHO S uponh an

interoc‘g‘:n b,u.) the 2po alleles
‘Any Muiations mag\ not hove
o “direct impact the
organisms  phenotype
“Interaction blw 2 alleles can
Show complete dominance,
incomplete  dominance,

the omanisms phenctype
‘Phenotype con be used to

directly infer the geno
of JI-hes omganism genotype

MUTATIONS : co-dominance of recessieness
Ocurs in he DNA of a single cell L \nferring genotype based on
. . prenctipe is NOT as simple
-Single - cell organisms oIS
J in diploi
LyThat mutation is

passed on directly fo it's descendants,
typically through the process  of mq'l-osis

‘Multicellulas  animals

L Trere is o pastitioning easly in development info Somatic
cells wwchp%orm JchQ bodg cells iggrmune cells, which

form form the gametes “for  the " next eration
‘Mutations may be passed on fo somatic cells via mitosis and
to gometes “via  meiosis.
‘In plants
Ly Somatic /germline " )
e Flower Seperation occues later in the cells that

AuLeLEs: HETERO -, Homo-, HemizvaosiTy

Menbers 15T Law : Seere
\I ‘Remaskable blc his observoﬁoehai_“cgrb‘cl(?gong LtJEIlSES
WE KNOW...

Hnow\n% about the relationship blw genes, chromosomes
and
‘Why more than one allele of a

DN
individual
—Most eutaryotic on

nisms ARE DIP
two sets of homolggous Chromosome'golb ond have at leqst

-Organisms that are predominantly diploid (Humans 1 peas)
chromosomes exist as pairs, w7 one copy inherited from
eacn parent

L>Diploid  cell, therefore, can contain 2 different alleles of

gene can be present in an

each gene, w/ one alele part of each member of
Q pald of homologous chromosomes

Ly IF BOTH alleles 3f o pasticular gene are e same
(indistinguishable), the individual i§’ said 1o be

HOMOZYGOUS ot the gene /locus

LyIf alleles are DIFFERENT (can be distinauished) From
each other, the genofype is HETEROZR&OUS

4-In cases where there is only one cog Of a gene present,
for example if there is a “deletion the locus on the
homologous chromosome we use the term HEMIZRGOUS

ex:Single X-chromosomes in X/4 males, where almost all the
loc on that chromosome are HEMIZYGOUS

GenoTyPe

-Complete set of alleles at all
lod in an individual

‘In man

- The man

PHENOTYPE

~The visible /detectable effect of
alleles on the structure or
function of that individual
cex:

-Hair colour

- Disease susceptibility

- Behaviour

XIf two alleles are present in an individual
as is the ase w/ diploid organisms, hen
various interactions ‘biw them MAY influence
their expression in the phenctype

Somatic MutATIONS :

-Somatic cells form the fissues of ;
passed on as Qamefes the omganism and are not

“Any mutations in somafic cells will only offect the individual
in " which they occus, not its progeny

‘If mutations occur in somatic cells, its mutant  descendants
will exist alongside other non-mutant C(wild type) cells

‘If the mutation occurs ot evesy stage of development, the
mutation will be present in more Cells

LThs gives rise to an individual composed of two of
more” fypes of cells that differ in their genetic composition
LySuch an individual is said fo be a “Mosaic®

GerRMUNE  MuTATIONS :
‘Germline cells are +hose that form the eggs or sperm

cells Covum or pollen in plants) and are”“possed on to
form the next genemtion
L Mutotions 1n germline cells will be passed on +o
the next gen¥ration bur won't affect the indiidual
in which occus
‘In animals
L Somatic cells are segregoted fiom germ line cells
‘In plants

L>Somatic cells become germline cells; so somatic
mufotions can become germiine mutations

While a s‘mgle diploid individual can have at
MOST +wo ~diferent alleles of pasticulas
ene, Man
popuiation™ of

In natural population the most common

mofe alleles CAN EXIST in a
individuols

allelic form is usuoll\tj called "Wild tjpe'

ulations there can be mulH
variant: gi?p the DNA sequence Ieve{A lo(ra'\'

are visibl indisﬁnguishobe as ALL EXHB\T
@ nommal, wild type apperance

“There _can also be various MUTANT alleles
(in wild

populations and in lab straine) that
vary fom  wild Epe In theit appearance,
each w/ a different chonge at the DNA
Sequence alleles

different mutations (alleles) ot

the SAME locus ase called an ‘allelic sefies*
for a locus



PLeiotROPHY V.S PolvaENIC INHERITANCE

*KTrere is usuall

and o physica
-Often a gere (
and is said o be pleictopic

PLerorroPY

Chasacteristics

-Occurs. when ohe gene influences two or more seem‘ms\5

unrelated phenotypic fraits
-8uch a

expression is colled a pleistropic gene

- ex: Mutafions in vestigial gene (vg) in Drosophila
’ng 3 3 phenoigpe
affects

results in an easily visible short win

Howeves, mutations in this ger\e alsi
L# of eqq sirings
L,Pos\ﬁon§§+he pristles on scutellum

b lifespan

VO gene =pleiotiopic in Fthat it affects MANY
different phenotupic characteristics

5&

Tere's OF DoMINANCE

CoMPLETE  DOMINANCE

-ex: flower colous
| allele as a homozsgoua = *‘
other allele as Mmoz&cjcus:

what about heferoz%gous individual w/
I purple # | white algle?

-Can be defermined experimental observation

Pementn e sk
Genetic matkevp: PP P
e P~

gl sk
Genetic matievp: Pp
Gometes: P ke

Fi Generation PSperm

P

b k
- » | B
| |k

Pp PP
a5k 15k

A from obsecvation:
‘Heterozygous individuals

*

purple allele =dominant

Trerefore white allele =*

NOT o one-to-one coifespondence blw a gene
is responsible for SEVRAL phenotypic fraits

ene that exhibits mulfiple phenotypic

4 Si

r—ﬂn his Studies...

[~
q SPECIFICALLY he noticed...

~

Seed coat colour was ALWAYS associated
w/ specific flower 3 axil colours

Now we Krow..

‘Tnese results were due to
phenomenon in which a single oene .
confributes {o  multiple phe{ﬁo‘lg&c froits

| g
le cCharacteristics can be affected Slet
mulations In muitiple, different < |mplies +hat
MANY genes are needed to Mowe each chasmacteristics olput
-ex: Drosophila  wi o
There are LOTS Ofger\es that when mutant alter
the nomal shape of the wing (NOT just the Vg locus) m

Many aenes afe needed to mawe normal winds
mutant to any one causes An abnormol, mutant phenotype

INCOMPLETE DOMINANCE

‘Both alleles affect the tmit additivel
and the prenotype of the heferovqgo
shows a p\caly intermediate b7
the homozudotes Ywhich is often referred

to 0s blended phenotype

-ex: alleles for colous in carnation Aowers
exwibit incomplete dominance

Allele for red pefals = RR *
llele or white pefals = rc S

llele for pinkt petols =Rr Sf

Red White
RR rr

pleiotropy or +he 20/p4 1

@
|
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GENOTVYPE

X
®

oabbcc

(e}

GENoTYPE

Pink
Rr

I (o 1Y)

I°_(I°*or %)

it

EXAMPLES |NTERPERTATIONS

Aia

it is NOT common

Uppercase letters represent dominant alleles and lowe(case
lgggs indicafe recessive alleles. Mende\ invented -\g\s uégeé‘em
but i used blc not all alleles show

complete dominance + many genes have more than 2 alleles

Superscript or subscsi are

at i a

used fo |
for wild fype alleles the symbole is o suparscript +

indicate alleles.

Sometimes o forward slash
He 2
but on

mbols a= alleles of

AR o AIA

is used to indicate that
the same locus
omologous  chromosomes

ene

PHENOTYPE
ARBoce

ARbbee | ARbLCe |Angg

aaBBec |AaBBCe ngbcg'

aabbCC |0aBBC: |ARgoCe
Rabbec [ AaBbcr [AabBCL [AaBBCe | a0
aaBocc | AabbCe |aaBbCC JaaBBCC | ARRLCE
oabCc_|oaBbCe |AaBbCe |AaBRIC ﬁﬁBBCquECLI

Co-DOMINANCE

bAR L

2 3 4 5 6

PHENOTYPE
Type A

Type B

’]Bpe 6]

Tope B



BiocemicaL Basis oF  DoMiNANCE

-mo‘gng of genes studied, the normal Cie wild type) alleles are haploid
SWi

IDENTIFYING  MuLLER's MoRrPHS

h-more than normal
0) Wild type - Normall function d)nger morpmo sen R

cient. So in diploids, even w/ a mutation that causes o complete S X S £ S + RS
loss of function in one aliele, the other allele - 0 wild fype allele- will il |- . . 40— O m—
provide suficient normal biochemical ocﬁvﬂqe'ro yed o~ wild type - - — — . —Eél— —— —, — .
phenotype 3 thus be dominant and dictate the heterozygpte s i, - 5 o EED)
pheﬂO*UPe eyt wid e netefozygote w/ copheciion Homozygpte wud’*g‘pe M‘é%ezﬁm W duplication

rph—null-loss of all function €)Neomorph - new, diff function

-Some liochemical pathways, o single wild-type allele is NOT enaugh B)Amopnorph = g e i i i i
protein and mntege haplo- Insufficient é—e rod%ce erc\ou V‘\nb*:z- . —— —— —— —t— —— It — =
chemical activi result in @ normal phenctype, when™ Neres A — — T —F— -t — - — — It —
w/ a non-functioni mutant allele. \n ¥his Case, ¥he non- P v . v A v . A . S

functional mutant allele will 'be dominant (of semi-dominant) to be

wild-type allele

joncaigre wnsige | SRI0 en
F)Antimorph - against normal function

Homozgpre  wigtge | SRR oo

C)Hypomorph-less than normal

K%ﬁ‘& %Xﬁ‘& i*ﬁﬂﬂx lxﬁ&
T T ? ? *® *" *® %$ ® )(" ® )('.‘
1007 —_m——m——m——m— ——- - - .-
Funchion v £ o -x;,‘ A A 2
) e e, o, e ‘ Eant =2, ) =
*fg\ogl\::# Homozote  Wild type Mgfgg;ﬁ w duplicotion Homozygote  Wuild fupe v\egfubzh@e W duplcation
507 Loss orF FuncrioN GAN oF Funcrion
o ‘Haplo-insufficient ‘Hypermorph
enough function in -loss of function dominant mutation -mutation that produces more gene
haplosufficiency ‘Null mutations achiv %er gene does than
- loss of function muttation that remove wild-Fyp
the activity of the gene product “Neomorph
= pomorpic mtaors e Bt S
o — - T Decreased ackivity OF the gere product - B ‘Zﬂ_ 18 not chara
A*A ATA AR loss OF function Mutant phénotypes can wild>type
be due fo partial or complete “elimination
GENOTYPE of the activity of a gene’s enceded product
]
Murer's  More .
AMORPH HYPOMORPH NTIMORH

“Amoiphic alleles have a complete loss-of - function
“They toke no active product -zeco function
~Trey are ¥inown as o “Null” mutation of a
“loss of function” mutations

es in the DNA bosepair
nce of an amofphic
allele may couse one of more
of the l\ow'ms

(DGene deletion -The DNA sequence is removed from
the chromosome

Molecular explanation: Chax
sequ

b is NOT transcribed ble of a

@Gere is present, but
change AN the promotor or enhoances

Uen Ce
/regu\o’rorg el )

(®Gere is present, but the transcript iS
processed. There is normal franscription
bose pair changes cause the MATURE mRNA
to incofrectly spce introns, Hherefore the translated
amino acid™ sequence wowld be altered 3
non-functional

is abefrantly
but

@eene is present and o transcript is produced buf

no +rang\om‘on occurs-changes in the base pait
sequence would preclude e mRNA from binding
fo the ribosome for translation

® Gere is present and franscript is produced and
translated but non-functional protein product
is produced - the mutation alters a K
amino acid in +he pol ide uence” produci
a completely non-ﬁx‘?\%\?m polzeg'epﬁde &

Allele combination |Result

Wt Wildtype @
wt /w” Wildtype @
w /w” Mutant ()

Allele combination |Resultr

Mt /MY Wilddype # long bristed
MY /M™ Wildtype 3 short bristled
M™ /MW" Dead, recessive allele

Molecular explanation: Changes in the DNA basepar
sequence of the hypomerphic
allele may cause one of
more of “the following, w/
the gene still present

Genetic /phenotypic explanation: Hypomorphic mufations of
most genes usually act
as dominant o wild

Allele combination|Result pe since they are a
wr/wt Wildtype @ é%in'oi: function. The
Wt /w® widye @] %557 "UEOE o
we /we Murant @)

NEOMORPH

“NeomorphiC alleles produce o product w/ a cew, different
function, something that +he wild fype allele does not do

Molecular explation: Changes in the DNR basepait sequence of

the ‘neomorphic ollele may cause one
of more of e fllowing, with the
gene sl being present

© New franscription- changed DNA seguence in the
comoter or enhanee™/ requlatoly” elements
that mokes new transciption either temporally
of in a tissue-specific mancer

@ New function protein product - normal Hanscription,
processing, translation but bose poif changes alter
cectain amino acids in the polypeptide sequence so
it aquires o new_function (actvity) that s “ different
from +he normal function

etic /P i ion: i i
Genetic / Phenotypic explanahon.lsv!gscre neomarphic  mufations act dominant 1o wild
mﬂ\egiom gain- oF =function. The  classical neo NC
mutation~is" a #anslocation +hat . moves a new e tRmbfg
element rext fo @ gene promoter & it is ex| in
a new fissue or of“a new time during development.
Such mutations are  often g;oduced when chomosome  breats
ore re-yi and the regulator segxence oF one gene are
Juxtoposed next 1o the™ transctiptional unit of arother = Chimeric gene



ClassiFicaTion oF MuTANTS
MoreHoLoGIcAL  MuranTs

5858

LetHAaL  MuranTs .

‘Mutations cause the premature death of an organism

‘Are usually fecessive so both copies of a gene MUST

be lost fof prematue death o occur

‘Heteroz s, which hove one leathal allele and one wild
éﬁg‘:, are fypically vasiable

-ex: leathal mutation in Drosophila fesults in death
during fhe embryonic, larval of pupol srage

BiochemicaL Mumants

GROWTH OF MUTANT ON MM SUPPLEMENTED W/ :
Mutant NmmelORuu-mu: |C.|mw.uus m‘;‘“ﬁ’r’e Iaw&lum\:
Ag* + + + + +
RGE - - + + + +
AgF - - + + +
Arg G — - - + +
AgH™ | _ - - - +

ConpitionAL MuranTs

‘Relys on concept of: phenotype = enctype + environment + interaction
-Org?:msms w/ +his muration expregss o mutant phenotype, BUT only
under specific environmental conditions
“Ex: Temperature - sensitive pigmentotion of Siamese cots
“Siamese cats have femp sensitive fur colour
L Unpigmented (l‘\gY\t colous) in 71 temp
L Pigmented (dash colour) in | temp

-Colowr “is seen in PERIPHERAL regions of the feet; Snout i eass
-In wam femp the enzyme for melanin pigment synthesize
becomes non-functional

RESTRICTIVE  CONDITIONS PeRMISIVE  CONDITIONS
‘Express mutant phenotype ‘Express wild fype  phenctype



