CHAPTER & ~GENE |INTERACTIONS

INTRODUCTIONS

*Gene intefaction occurs when genes af multiple loc defermine a sing\e phemgpe:
- When +IV\°%eﬁects of genes af'one locus depend on the presence of genes
-Tre specific of gene infeaction whel one gene masks the effect of

ono’rst?er ‘ Pleé cm\\g1 EPI’|S|' HS\% ey 3 s ©

* There are fwo main fypes of epistasis:
®dominant
@ Recessive

* Generally, when epistasis is pesent, the four Mendelian genotypic classes(in
a dihybrid cros9 produce fewer than four coservable ™ phenoiypes, because
one gene masks the phenciypic effects of another.

Often, the basis of epistasis is a e pathway in which the_expression of one
% wgeépends on ﬁmcﬁongdq\a gene +hcl§ ]areced‘es or ﬁuoﬁ;s it n the

Recessive EPisthsis

DoMINANT EPISTASIS
‘In dominant epistasis, the dominantrallele) of one gene masks the effects of eitner
allele of the second gene
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ASSUMPTIONS OF 9:3:3:{ RATIO:



EPISTASIS 3 OTHER GENE |NTERACTIONS

-Some dihybrid crosses produce a phenotypic ratio that differs from the
typical q:3:3:|

_ : . NOTE:Each of these modified rafios can be

Tr::e_s.'zdude' 5%%{% ﬁ summin, I one or motgn pf the
51231 dingbrid 256 expectcd from our arigieal
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Recessne EpistAsis

- Epistasis (which means “standing upon®) occurs when the pheno%pe of one
Cus.

locus masks, of prevents, the phenotypic expression of another

_Thus,fbllowin&q dihybrid cross, fewer than the typical four phenotypic

classes will Be observed with epistusis.

*In the absence of e?Asfcz}%g,sfhere are fousr phenotypic classes among the

progeny ofa  dihybs
'Th(eD fous phenctypic classes cosrespond o the genofypes:

@A_bb
®aaB_
@ aabb

- If either of the singly homozygous recessive genotypes (ex: A_bb or aaB_)
phendfype as ﬁe double homozygous™ recessive (@abb), then a

has the same

9:3:4 phenotypic ratio will be obtained oBb
_ex??:‘rhiey ;f_abrador Retfriever breed of do(%s the B lous encodes a gere Ab | ARBD Hﬂbb A HO.bb
for an important skep in the production oF melanin.

The dominant allele, Bis_more efficient at pigment production than the
recessive b allele, fhus B- haic appears black, 3 bb hair appeass brown.

A second locus, which we will call E, contfols the deposition of melaain

in hairs.

At least one functional E allele is required fo deposit any pigment

whether it is black or brown.

DoMINANT EpistasiS

'g\ e cqses a dominant allele of one locus may mash the phenotype of

-Tnis is called DOMINANT EPISTASIS.
- This produces o segregotion rafio of 12:3:1, which can be viewed os a
modification of the” Q73:3:1 ratio.
-Here the A_B_ class is combined with one of the other genotypic
classes @+3) +hat contains a dominant allele.
Hex: 12:3: s?aregah‘on catio is fruit colous in some types of
squas

Alieles of a locus that we will call B produce either

gmenm(bb) Fruit

However, in the presence of a dominant alele ot a second

Ioc#‘s_e +hat we call A,no pigment is produced at all, 3 fruit ore
whie.

Tre %gmm,am A alkele, is therefor, epistatic ot BOTH B 3 bb
combinahions

One possible biological interpretation of this s ation pattern,
is +hg$s functi Er!\ of the g allele someholw b(?,%ss an Pgaﬂ

E?g%fen?- dprgrgga » thesis before  either gellow or  grezn

AR Ab aB ab
AB | AABB AABb | AaBB AaBb

aB | AaBB AaBb | 0aBB aaBb
ab [AaBb Aabb | 0aBb aabb

Thus all retrievers that are ee fail fo deposit any melanive (so +hey oppens ComPLEMENTARY GeNE ActioN

Yellow-white)fegardless of +he gene type o e B locus

The ee genotype is therefore said o be epistatic 1o both the B3 b
alleles, since the homozygous ee phenctype mashs the phenctype of the

B locus.

Tre B/b locus is said fo be hypostatic to the ee genotype.
RBecause the masking allele is, in this case, recessie
This is called recessive epistasis.

eeBb eeBb
eeBb eebb

DuPLCATE GeNe AcTioN

When a dih brgﬂe cross produces_‘_ugcgo%enqs in fwo phenotypic classes in a I5:|
)

paho, this because the products 'have the same
(rdundant) functions within the sam  biclegical pathway,
ex: Wheat shows this duplicate gene action.

The biosynthesis of red pigment near the surface of wheat seeds

involves™ many genes, o of which we will lakel A 3 B.

*The progeny of a dihybrid cross may produce just +wo phenotypic classes
in cmp a;?pr&imaletg qt‘lzjl rafio. Y P J phenotyp
- An interpertation of this ratio is that e loss of funchion of either
" Aor B genes hos the same phenotypes ot the loss of funcrion of both genes!
-This is due fo complementary gene action; meaning +ne funcrions of both
genes work fogether to produce a final product:

- Ex: Consider o simple biochemical pathuay in which o coloucles
substrate is convected by the action of gene A 1o another
colourless product, whicis hen conver by the action of gere
B to a visibe pigment

ourless Purple
D ccglv:u‘po&\.t‘\sd fere B 'ch}npound cere 8, P'g:f?mt
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b)Two suburits of one enzyme
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- Loss of function of either P of B, of both, will haw the same result—-no
p‘\gmen% Ptoduchor\

. . M 1 \ <
Normal, fed colouration of the wheat seeds is maintaired if function Thus A_bly aaB_ 3 adbb will all be colourless, while only A_B_

of ether of these genes is lost in a homozygous mutant
(ex: either aaB_ or A_bL)

Oaly the doubly recessive mutant (@abb), which lacks function of
bo%?w gus a phenctype that differs from +hat poduced by any

genes Sh
of the other genotypes

ﬁéeasonable interpretation of this fesult is that both %ens encode

same biological funchion, and eithef ore alore is

ufficient
for the normal activity of that pathway

AR Ab aB ob
AR | AABB AABb | AaBB AaBb
Ab | APBb AAbb | AaBb Aabb

aR [RaBB AaBb | 0aBB aaBb
ab |AaBb Aabb | aaBb aabb

genotypes will produce pigmented product .
- The modified 9:7 ratio may, therefore, be obtained when two genes
act c inthe same biochemical pathway, and when their loss o

function phenotypes are indistinguishable “Fom each other of from
the loss of genes.

* There ae also other possible biochemical explanations for
complementary gene action

AR Ab aB ab
AR | AABB APBb | AaBB AaBb
Ab | ARBD AAbb | AaBb Aabb

aB |RaBB AaBb | 0aBB aaBb
ab [AaBb Aabb | aaBb aabb




CONT'D... EPistAsis 3 OTHER Qene INTERACTIONS

MoDIFICATIONS SUMMPRY:

GENETIC SuPPRESSION # ENHANCEMENT

* A suppressor mufation isa gpe of mutation that usually had no
of ifs own, but act to suppress(malies more wildype, keSS Mutant) the
phenotypic expression of ancther mutation that “aiready exists in an
organisi.

+ On the other hand, enhancer mutations have +he opposite effects
of suppressor mutations.

*They moake +he pheno more mutant™ 3, less wild type
(enhance the itont *Sl\p:noiype) K
-Ex IF a fly has a whitemottied (wm) pheno it can be
¥ Suprested To look more lil’se( wQafé+ p pgﬁa‘pe by a._dominant
&aressor mutations (S-) or  Enhanced look more like white -

su
by o dominant eahances mutation (E-

NoTE: The wm allele is recessive o white ¢or) but dominant to white (w-)

* The suppressor  mufation can be within the original gene, itself (intragenic),
or oufside the gene, at some other gene elsewhere in the genome(e)g-mgemc)

-Ex:a fi hift ion caused delefion i an
Ex o rfszl%es ssed, 3hgn inserﬁonbl“ e s}zmmg'e{r\\ea@e‘réme R revert=d,

original reading frame (infragenic suppressot mutation)

*A cose of an exmc suppressof mutotion, on the other hand, a can
occus when a m henotype caused by mutation in gene A is

Suppressed by a 1o in“gene B

- In extragenic suppressor mufation, there ar two types of
Suppress utations:

(@ Dominant suppression
() Recessive  suppression

DOMINANT  SuPPRESSION
‘In, dominant suppression, the mutant suppressof allele is dominant fo e
wild type suppressor allele.

-Therefore, one mutant suppressor allele is sufficient o supress the mutant
phenotype.
-Ex:Su gene represents the suppressor gere.

Flies that hawe ot leasr ore Su- qllele, even though thel
recessive  wm/wm genotype, will show a  wild-1ype Cw%

A Ay will have wm
Sut fSut genotype.

If wt/ wmottled,

phenotype.
phenotype only it i has homozygous recessive

ut/SuW flies are crossed fogether, -r\gg\mﬁo of

white+ (wild type) 1o whitemottied (Mutant) wdild e
P X AB | Ab | aB ab
“’",“ﬂlwf“"s“' AB BB |AABD |AaBB |AaBb
F\
Ab |ARBL | AALL | AaBb | Aabb
wr/w™Sut/Su” | Wt fw™; Sut/Su”
F @ 0B [AaBB | AaBb | aaBB [aaBb
2
5 1 ob |AaBb [ Aabb [ 0aBb | aabb
__sul—  w™w™;Sut/Sut

Povaenic  INHERITANCE
CONTINUOUS VARIATION

%A% ﬂzz\‘?\fe.ﬁe prenotypic traits commonly used in introductory geretics are

TS eans phenotype
eges.

Thes qualitative tmits are therefore said fo exhibit discrete variation.

On 1he other hand, many, inferesting § important taits exhibit
conhnuous yariahon meanin xhibit a cominuous range of

exists in only fwo (o il few more)discete,
asmpurp'\e ot white %lopu?g?'s,%rared of white

e
E)henofgpes at Gfe Usually) measurad qualitafivly such as intelligence, Abe
ody Mass, blood. pressure ~In animals (including “humaas), and yeild,
water use, of vitamin content in crops.
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Ratio | Description Interaction
Complete dominance at both gene paifs; new
q3:37 | Phenotupes result from inferaction between ("{gz ndent
331 [ dominant alleles, as well as fom interaction betwen F\ssorpi'?r\ent)
both homozygous recessives
Complete dominance at both gene pairs; howeves, .
q:4:3 whrg,\ one is_homozy ousgerecessivén— masWs Rme
the phenotype of the gene ep
Complete dominance ot both gene pairs, however, | Duplicate
a7 when either gene is homozygous recessive, it mashs | recessive
the effect of the other gene epistasis
Complete dominanee af both gene pairs; howeves, :
231 | whenone gere is dominant, ¥ mashe e phenciype S"g‘a“ggf
of the other gene P
Complete dominance af both gene pairs; however; | Duplicate
15:] when either gere is dominant; it mashs the effedts | dominant
of the other gere epistasis
Complete dominance at both pairs; howeves; | Dominant and
13:3 when either gene is dominant, © masks the effects | recessive
of the other gene epistasis
Complete dominance at both gene pairs; howeves, -
Q61 | wheh either gene is domiant, I mashs The efiedts Puplicate
of ather gene

have homozydous

RecessVE  SuPPRESS\ON
-0n the other hand, in recessive suppression, the mutant suppressar allele is
recessive o the wild type suppressor allele.
* Therefore, two of the mutont alleles are needed fo suppress the wm
(mottled) phenotype.
~Ex:1n flies that hawe at least one w+ allele will show a wild-type
phenotupe.

Also fiies that have su-/su- alleles will have wildiype phenotype
since two mutant alleles can supfess the white géne mutation.

On the other hand, flies that have the wmwm alleles will have
mottled phenotype unless they have homozygous su- alleles.

\ + - £ ) F
S J?&S??&‘{?Sé% L e e Gy, (ogeiner, Hhe Tafio o
P X AB | Ab | aB | ab
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e lack of. an immediaHy obvious explanation fo +his question

was one of early 0 Hons to Mendel e;q) anation of the mechanisms
of lhereditu-However, upon turther consideranon, i comes Cleas that the
more loci contribute 1o the trait, the more phenctypic classes may e

observed for that fvair
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—Some
minor.

it ! contin varigtion ae oft mplex,,3 do not show the ., oBC
-sr‘\rr%inse %en(‘;gg“oxous re%g.%or\n ro«ﬁosf &ql)c%bgeﬁéﬁ' 90/ some qualitative troits. aBe
Ma lex traits are heavily influenced the envifonmept; nevertneless,
com) e?“ﬁcﬁz\s otien hove a mponent +hq+b545 her%’a“e, and which  mMut abC
Herefore involve one Of mMmore genes.
If the number of phenotypic classes is sufficiently large Cas w/ 3 or more lod)
individual classes maga ecome indisti wshab‘(\% (particularly when environmental
effects are included) and the phenotype dbpears as'a continudus

Thus,
assu
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uantitative traits are sometimes called pol
that theit prenctypes are controlled by

genic trits because it is
e combined activity of many

haye jor effect while othess onl
ﬂ?ﬂ\ermore?a%ﬂ?r\gﬁe gene mai) inflvence 9

more mt\ one tmit fohereds ‘these its are
quantitafive of qualita
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ENVIRONMENTAL FACTORS
.E&gmﬁmd%ﬁbed thus far, have a rearly perfect cotrelation w/ Hheif

*In other words, on individual w/ & particular genolype always has the expected phenofype.

* However, most pherotypes ar not determined entirely by genotype alone:
* lostead +heé,) are defermined by an interaction bjw denc 3 emionmental factors
3 canbe determined conceptualized in the fol\owms \ationship:

PENETRANCE:

Genotype + Environment —> Phenctype (G +E ~ P)
oR QO wild type phenotype

Genctype + Environment + InteractionGE —> Phenctype (G +E + 16E - P) grg%%g;;%@...
*GE =Genetics 3 Ermvironment bg(ncgdmzx.};é‘;gme. oo
+ This Intefaction is espedially relevant in the study of economically important
l peS, such as human diseost;eg or %gn ultural Pnrgducﬁ| . EXPRESSW‘TH)
Ex A iculas e ma -dispose an individual cancer, but canar
x mﬁ\%?e\gqp i?PH\e ingividwglre ex|‘>osed to certain DNA damaging
cheficols /carding ens.

* Therefor, not all individuals w/ the particular genotypes will develope +the cancer
prenstype, only those who experience a pactiCularemvironment.

+The ferms efrance ¥ expessivitly ore also useful to describe the
(e\aﬁo!\ShiJ blw certain genotypeS™ 3 their  phenciypes

Frctors CAusiNG DeviaTIONs FRoM MENDELIAN PHENOTYPIC Rarios
There are other factors that affect an organisms phenotype and thus appeor
fo altter Mendelian inheritance:
(@ Genertic HeterRoGENETY: There is more +han ore gere of genetic mechanism
that can produce the same pl pe

@ Powveenic DETERMINATION: One phenotypic trait is controlled by multiple genes

® PHeNOCOPY: Organisms that do not have the ?ez\ofgge for trart A can also
express trait A due to enviconmental” conditions; do not hawe

same genotype but the enviconment simply "copies” the genetic
e sSame genoty ply "copes” the g

® INcompLeTE PENETRANGE: Even though an organism possesses +he genotype
for trait ‘éﬁl it might not be expressed w/ 1007. effect

® Certain genotypes show o susvival fate that is less than 1007
e(a%n pes that cauee death, recessive lethal mutations, af +he
bryo™ or larval stoges will be undercepresentecl when odult
flies ‘are counted

@ rutant phenotype
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