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THe ‘ONE GENe:ONE ENzoME HYPOTHESIS

NoTE: Beadle i Tatum's experiments ar important not only for their conceptual
adwances in understanding genes, but Qlso because they demonstrate
the utility of SCREENWNG FOR GENETIC MurATIoNs" to investigate o
biological “process - This is called GENETIC PNALYSIS
‘Was useful fo irwesﬁgate biological processes, specifically the metabolic
pathways that produce amind acids.
‘ex: Srb % Hoowitz (19uy) tested the ability of the amino acids to Rescue
auxottophic strains. They added one of each of the amino acids

to minimal medium § Tecorded which of these restored growth
fo independent mutants
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GeneTic ScReeNina 3 BiocvemicaL Pathwavs

Using many other mufations and the "One gene: one enzyme model” permits the genetic dissection

biochemical and developmental

The | strategy for o genetic screen for mutodions is 1o expose a population 1o o mutagen
thenlooh for individuals anfong tre progeny with defectsin the biolegical process of interest.
There are

detoils that must be axnsidered when designing o genetic screen
ex: How can recesive alleles e made homozygous
Nevertheless, mutational analysis has been an extremely powes;
and chamcterizing the ge“an‘eﬂs iovolved in o wide vaﬁ:g of
genefic di in Yumans

GENETIC SCREENS

- Forward genetic screening fefersfo the process of finding the geneor geres
responsible for o certain phenotype or biochemical process.
One to identify genes Hhat affect o particular biclogical process is fo
induce lom mutation in alg%éepowloﬁoa, 3 then looh fof mutams w/
phenotypes that might loe Y a disruption of a pacticulac
loicche miaal pathwoy
This is the oF mutant screening, which is usd effectively 4o identify
3 undefstand the molecular components of hundreds of diffefent biolggiol
processes.

To find +he kasic biological processes of memory 3 leorning researchers
have scx)eened mutagemzed populations of Drsephila fo recover Fies
Coc lava) that lack +he normal ability 1o leacn
Mutants lack the ability to associate o particulac order w/ on
electrical Shoch.
Because of the similasities of b‘\olo&rj among ol Organisms, some
genes identified by this mutant screen of o modd ofganism Moy
be relevant ble:xm\ns 3 onemory in humans
ex: Conditions lite Alzheimers Discose
Ontheother hand, Meverse genetic scaning refers fo the process of
treating o mutation inagene, then identiffing the  phenotypic
consguenc.es of that ‘specific mutont gene” on +he  omrnism.

ful i.em‘dent fool in iden

MUTATIONS WITHOUT DETECTRBLE PHENOTYPES

SIENT CHANGES

- After mutagen treatment, the vast majority of bose pair cha (especiall
substitutionS) have no  obvicus effect gn #te p\ner\o-tgpge. oy 3

-This is often because the c,hanqe occuss inﬁ& DNA nce of @ non-codi
region of +he DNA, such as in INTERGENIC REGIONS (Bl genes) or withi
an intron where the sequence does not code fo ]
for proper mRNA splicing.

- Also, even if the chon%e offects the coding region. it may not alter +he
amiro ocid se%‘éence (fecl\ that +he genetic code is d ate;
Lex: GCT,GCC,GCA 3 GCa all enccde alanine and is referred 1o as a

SILENT  mutotion.

-Additionally the bose substitution may Ch““&fh:“ amind acid, but this
does NOT ‘quantitatively or qualitatively atter function of the product,
so no phenctypic change  would occur

biological processes, incm@'ﬁma

Ths merhod is becoming more useful w/ the advent of +he whol
genome  sequencing
Here, we have identified the gene sequences, but ae unsure oF
what each gene does
In afypical mutant screen, reseaschers treat a parental population
with ?p‘mmam o
This involve  sooting seeds in EMS, of mixing a mutagen w/
the fed 1o fiies. 9
Usually, no phenctypes afe visible among the individuals directly expesed
fo the mutagen, because in all the cells, every strand of DNA
will be offected independently.
Thus, the induced mutations will be  heterozygous and limited to
single cel\s
However, what is most important o geneticists are the mutations in
the germline of the muingenized individuals

The germline is defined os the gametes i any of their developmentol
precursors, and is therefore disfinet from +he somatic cells
(ex: non-reproductive. cells) of +he body.

Because most induced mutations are recessive, the progerq of

mutagenized individuals must be mated in a that allows the

newld induced mutations o become  homozygous Cor hemizygous).
Strategies for doing this vary blw orgadisms.

In any cose, the gereration in which induced mutations are

expected to show a phenc can be examined for +he prescence
of novel raits. " gpe P

One a rlevant mutant has been identified, genetisist can b(a\:glelé1
to make inferences about the normal function of the mutw
gere based on ifs mutant phenciype.

Tnis can be further investigoted with molecular

enetic techniques,
fo connect the gene function w/ the external

ppearance

ENVIRONMENTAL 3 GENETIC ReEDUNDANCY

*There are situations where a mutotion can cause a o
of a gene,
allele is homozygous.

mplete  loss-of - function
yet not produce a change in the phenofype, even when the mutant

¢ protein™3 is NOT essential -Tpe |ack of o visible phenotypic change con be due o ENVIRONMENTAL EFFECTS:

- Tre loss of that roduct may NOT be apparent in that specific enviconment,
but might be St 4 - o

bex: auxotophic mutant on complete medium.
-Conversely, researchers can alfer the environment to reveal sudn mutants
L ex: auxottophs on minimal media
- Alfer natively, the lack of a phenotype might be aftributed 1o genetic REDUNDANCY.

“That is +he mutant geness lost function is compensafed by anoier gene, ot another
locus, encodi

in anotner.

a similarly Ffunctioning preduct -

~Thus, the loss of ome gene is compensated by the presence of ancther
‘&eeﬁgﬁscgg I genetic redundancy is an imporfont  consideration in

- A gene whose funciion con be ;un&ensa‘red for nrg_
e easily identifed in 0 genetic screen for loss

NAMING GeNes

EssentiaL GENES i LEATHAL ALLELES

~Some mutant ke uired t0 reach o particlac  developmental stage
before +he cmr\e%e sen or .sc.med‘.:)ar .

-for example: flower color can only be scored in plants that are mature
enough to mate Flotoers, and eye color can only be scored in
Flies that- hawe developed to +he odult Stage.

- Howeveg, Some mufont ocganisms may not develop sufficiently o rach a
Stage that can be scored fof o partictlar phenotype.

-Mufations in ESSENTIAL GENES creofe recessive lethal alleles that otrest/derail
the developwent of an individual af an immature (embiyonic, larval of pupol)
8 .

=Tnis fype of mutation ma;q, Hherefore , o unnoticed. in a typical mutant sceen
bic are absent the progeny being screened.

-Furthermore, the progeny of a monoha‘\;rid cross involving an embryonic  letinal

recessive allele may all B2 of a single phenotypic class; giving a phenctypic ratio of
1.0 (which is He ‘gumeas 3:0)—>the mutation may not be detected.

-Nevertheless, the study of recessive lethal mutations (+hose in essential gems\
has elucidated many important biochemical pathways.

- The identification of whole classes of genes involved in early embryonic
development, is one example.

Three Drosophila geneticists:
@O Eric Wieschaus
® Edward Lewis

® Christiane Niiss\ein-Volhard

were owarded a NobelPize in
Physiology or Medicine in 1995

identified pair-rule, gap, and segment polasity genes

that hawe corresponding homologs in all ments
organisms includins"fa\umot\sbg 8

another gere, comot
function E?w\umﬁor\s

*Many geces are first identified in mutant screens § so they tend fo be
named ofter their mutant phenotypes - NOT the nofmal funchon or prenolype.
-This con couse some confusion for their student of genefics.
ex:We have olready encountered an X-linked gene named white in fuit fies
Null mutonts of “the white gene have white eges, but +he normal white +
allele has red eyes.

This tells us that the wild Coormal) function of i i
s e By ild fype (notmal) function oF the gene is required

We now Know its product is a Fro\-ein that imports o colousrkess pigment
precursec info developing cells of tre e

- Why dont we coll it the “Red™ gene, since +hat is what its product does?
-BJ/c there are more than one-dozen geres that, when mutant, atter the

QP QR

violet cinnabac brown

« For all of +hese hei€ function is olso needed o make e eye
wild-type red i NOT the mufant colous.

*IF we used the name "Red” for all these genes it would be confusirg,
-So we use the distinctive mutant prenotype as e gere name

- Howener, tnis CAN be problemotic.as w/ “lethal” mutotions described olove.

s probem is usually handled t&g'\vifg nUMbeES of locations to the gene
name /mawning Up Names +hat ribe how +hey die
-ex: even- skippad
hunchback
hairy
cunt



CusTIC Figrosis IN HumPNS °
CvsTic FIBROSIS — AUTOSOMAL RECESSIVE

-Cystic fibrosis (CF) is one of many diseases that geneticists have shown to be
primarily caused by mutation in a single, well-characterized gene.

-Cystic fibrosis is the most common (ﬁ) life-limiting aufosomal recessive

disease among people of European heritage, with ~1in 25 pecple being carriers.
-The frequency varies in different populations

-Most of the deaths caused by CF are the result of lung disease, but many

CF Efg-ienfs also suffer from other disorders including infertility 3
gastrointestinal disease.

-The disease is due o a mutation in the CFTR (Cystic Fibrosis Transmembrane
Conductance Reaulafor) gene, which was first identified by Lap-chee Tsuis
group at the  University of Toronto

-Lap-Chee Tsui wos inducted into the Canadian Medical Hall of Fame
inMarch 2012 and is still o leader in CF Fesearch

-Epithelial tissues in some organs rely on the CFTR protein to transport ions
(espedially Cl-) across their cell membranes.

-The passage df ions through a six-sided channel is gated by another part
of the CFTR protein, whichd binds o ATP 3 J p
-If +hﬁrse is Lr)s%ﬂigent ?S‘:h\"l of CFTR, an Fimgahgmr(e i.nd ion corﬁar\‘t_mﬁon |
results, whicl iSruf roperties o qul QL normnal
focms on the epif‘heligl sz,lrfm:ep @ = J
‘In the lungs, this causes mucus o accumulate and can lead to infection.

-Defects in CFTR also affect ncreas, liver, intestines, and sweat glands
~all of which need this ion fransport.

-CFTR is also expressed at high levels in the salivary gland and bladder,
but defects in CFTR funcrion do not cause problems in these omans,
proboldy because other ion transporters o oble fo comgensa

-Over one thousand different mutant alleles of CFTR have been described
-Any mutation that prevents CFTR from sufficiently transporting ions can lead
to cystic fibrosis (cF)

‘Worldwide, the most common CFTR allele among CF patients is

colled AF508 which is a deletion of fhree nucleotides that eliminates

a phenylalanire from position 508 of the 1480 aa wild-type protein.

-Mutation AF508 causes CETR to be folded improperly in 1
endoplasmic reficulum (ER), which then preveats “CFTR from
reaching the cell membrane.

*AF508 accounts for ogpmx'\mofe\ 707 ofF CF casesin North America,
with ~ Y25 people of Eumpean degcer\t being carriers.

-The ‘y_é\gh H‘eg,uenqécof the AF508 allele has led 1o speculation that it may
confel’ some selechve advantoge to heterozygotes, perhaps by reduci

dehydration during cholera epidemics, ) HioThi .
0gens +ha’rgbind <l ep?fhelial nQr By reducing suscep ility to certain

CFTR isalso notable because it is one of the well-characterized genetic
diseases for which o diug hos been developed that compensates for the effects
of a specific mufation

The drug, Hal deco (lvacaftor) was approved by the FDA 3 Health

Canada’in 2012, decades ofter the CFTR gene was first mapped to DNA
markers (in 1985) and cloned (in 1939 3 °P

Halydeco Is effective on only some CFTR mutations, most noi-ab\g? G551D
ex:where glycne is substituted by ospartic acid at position 55T of the
protein,” GLYS5IA SP

This mutation is found in less than 57. of CF patients.

The G55ID mutation affects the ability of ATP fo bind to CFTR 3 open the
channel it for fransport.

falydec> compensates for this mutation by binding to CFTR and holding it in
an open conformation.

Kalydeco is expected to cost approximately $250,000 per patient per year




