“In ek cell needs to process primary tHanscript 4o produce funcHlonal translatable m KNAs
S Tor many processing requiaded at  KNR processing especially by alernative splci
- Typically indrons  removed £ exons Flanking eachintron are Spliced together by - phespholiester bonds
. . . ~Thisis normal bid altemadtive Splicing
Overview of the splicing reaction i very common ushichallows, for

single pre-mRNA to form diféerent
5’ splice site 3’ splicesite  Splicing occurs in two steps:

1Saforms
5'exon intron ' exon i The 5’ splice Site is Cutl ‘AH’CYM'HVZ SP“Ci O\.llO\k\S agi'\q(e ﬂ(f\@
5'“1%0(300 DA voGo”[_a' with the 5’ end of the .Y, b
} n . . to Sqnihesize 2 similar but Structurally
Yy . OH-2 intron forming a covalent 2 . ) o
~phosphate l . bond to a branch site in functionally distinct protein (soform
- g Lovt m::?::o_a, the intron. Factors that Influence Splice Sites
W « The 3" splice site is then O Cell can fum splice Sites ond off
ndemine | cut, and the lariat-shaped b(j expressing proteins that will Yoind
inr::ronris(jremovetcjj. ,Oanew lo pre-mgNA near Splice Site
phosphodiester bond is ;
l l formed joining the ends of #5plice Repressor -» Spllc‘eowme
Y. Tr— R rcvummend the two exons. # Splice activator — Spliceosome Yo Use
e .
d . . N
ace WX Both reactions are catalyzed @ Some Splice Sites prefer +o pair due +o
X by a molecular machine p pa.
Witson, Tog. 177 *F y . ki their N
s called the spliceosome. Specific features of their Saquence

—Botlhh 9 & 3' Splice Sites ave maried w/ Somewhat variable baSe Sequences
LySplicesome will Use Splice Site if Sequence >60% consensus
~ plicesome will preferendially loind 5' 23 Splice Sites because hove ‘Match' in boSe Sequence
@ MoHiple  promoters effect” Alkernative Splicing
“[F gene tronscribed by mulkipie promoters it1l have molple isoforms with different 5 €xons
Dro sophila
- Howve XY, XX [ike humans but X \f chromosomes are not homologous Yo XY of humans they
hove different Setsof genes
% In humans presence of Y determines if male or female (V= anatomically male)
- In Drosophila_the ratioof X chromesome o ~autosomes (nan Sex chromosomes) cletemine gender
X.A=1 ratio XA —.5 | -Hove no X-inackvationin fliecs o XXY would develop aS female

Fevale Male valike humang

Alternative  Spliting effecton Sex determinadion

7 Key genes ~All except Sisterless arean avtosome meaning theyre inequal amount in both
Sisterless o . genders

Sister(ess b( S ‘b) = Transcription Factors Sisterless (Sis-a,b) from X chromasome

Dmdpan (Apn) # Whenyoy have more sisterless youackivate early promoter (pe) of
Sex-lethal (an avtosomail gene SxI

'han%@ormer Um) Lo pe will create active SXI withott a 8lice repressor
transFormer—2 (tra-2) - later on e is silenced and PM is activated

Jdouble Sex (dsx) L Pm can only make active Sx T in females 5o males Never have an

active DxT ¥early SXT gequired for |ater

~SxT allows =xpressionof Tra proteins ST Formation (earlyonly in Female)

L Tra allows female Specific DX isoform fo form
~Because Maleshaveno SXT. theghave ho tra-2 sothey forma different male Specific Ds
Lomale DX activates male devekpment and female DSX cowses  female Jovelopmendt
#PE 1SONlyused i early Stages of embryonic development as embryo develops  Switch 4o Pm
(madtnance promoter) Whith hog Seperate =1 site and  produces difeered  £x0n 1
~Doublesex gene (dsx) has =zinc finger Harseriphion factor So has distinet isoform in either
gender. This exprassion of DSX isoform that causes formadion of gender ovgans



Male (soform

1+3 \+2

Female Isoform  *Eondincludes poly A signal sequence at3' end so
inclusionIn female terminates  Hanscription before it

reaches exon . Inmales exon 2 is Skipped So 3 ranscribed

Whot determines gender Specific plicing of dsx gene
=3 Splice regulatory proteins
Sex lethal (SxI)  Which encodes Splice repressor protein
Transformer (tra) encode Splice ac+ivrggor protein
TransFormer-2(fra-2) encode Splice activator protein
Female Development
-The Sx th‘l’ﬁpromm binds fo both itsown SXI pre-mRNAand the tm, fra-2
re-m KNfs
pHSx\ Slice repressor prevents the inclyssion of male specific
expn in fina L m RNR
-TrafF & Tra-2F proteins bind to dsx pre-m RNA which act as
splice activator  which attract s[:ll'cesw\e Yo exon & So its included
W Female isororm of Dsx protein

Male development )
~Hawe no expresSion of femalle  “SX|™ Splice receptor represSor
L The splicesome includesthe male Specific exon in +he 3x[ mRNA
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female development

~ The maule-specific exon containg an in-Frame Stop codon So even though male mRNA i longer than the

female MKNR i+ progucss a Shork non- functional iSoformof SX| protin

~Due fono 8x| repressor protein have inclusion of male-Specific exons in ra and He? mRNAS

" These exons have premature Stop codons 30 they produce functionless Tra splice
enhancer proteln
b Since no Tra & Tra-a protein exon 1 of dsx mRNA is spliced fo exon 3
prodUC[n(] male jsoform
¥ Exon < is Skipped blc no plice enhacer prottin presentin male
SXI Gene
-Sx! gene hos A core promorters (Pe) used in early devolpment  and (ﬂﬂ) later on
“* These & promoters hove different exons which effect Splicing counstraam
Pe g, ansripHon of P depends on  concentration o¢
N achivator TF'S  Sisterless-a £ Sisterless-b and the
o arpsme” | Tepressor TF  Deadpan
o eepmages ofemovonic) % DPN 13 agtosomal 3o Same in both Sexes
#3i5-0,b genes areon X Chromosome 3o females have
Ax  ackivator than repressor S can transcribe pe
proMo’rtr unlike males
* Use of &Sx| promoters intraduce another form of atemative Splicing for Sx| pre-mRNA
-When franscribe ot pe promoter dontneed Sx| protein toSkip male Specific exon

As the embryo matures, transcription
switches to the Pm or “maintenance
promoter”. It has a different +1 site
and produces a different Exon 1.
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Specific exon fombeing spliced insoonlymake female

L’% . . . . :
Hll being transcribed but not Spliced s . ' 28 e
« Trgnscripton of pm. contain a differrent exon1 so require | ™™ ° o

b The 9x| feedback and bind oun RNA to prevent male
sonctlonal S| d" to
conkinve to make femaXe protein
splicing

functional Sx| (splice repressor) +osKip over mgle SpeciFic
exon

*males hove less Sisterless  sodont activate pe and only /When Sxl 1s transeribed from the
vse Pm Pe promoter in female embryos,

the spliceosome skips over the
male-specific ( ) exon
\without any need for Sxl| protein.

™ They don't have Sk| profeinand male exonis included
in moture mRNA

When Sx/ transcription
switches to Pm promoter, the
pre-mRNA has a different

Exon 1. But with Sx| protein
present, the male exon is still
excluded from the mRNA.




Sumwm‘&“oF X Chrometome ratio 4o Sex de«Lermining

- X'A Ratio determines Sex
5 due fo expression of TF's  Sisherless A 2B from chromosome X

- sisterless = P promoter of SxI= Female
~Pe creates Sx| protein without exon3 £ makes protein without need of a Splice receptor

- Pe ts Silenced by Pm
b Pm wil) only Skip ewn 3 if Sx| 3Plice repressor protein 1S available whi ch onlg females hove

% Exon 3has S{—oP codon So males Never howe active S|
-3l also represses inclusion of stop codon in 4ra genes

Ls Tra gene has splice enhancers that include female specific Exon 2 Into Dsx

L Exon & of Dsx has polyA+ signal that ferminates  transcription of female gene
“Maoles hove no  3xI S cond have  TraZ So males ant nclude exonk of Dsx 3o fheg

include exon 3

What you should Know

e mRNAs can be selectively spliced so that each gene may have multiple isoforms

e Splicing is carried out by the Spliceosome, which recognizes specific sequences at splice
junctions and removes the intron as a lariat structure

e Splicing is regulated by splice activators and splice repressors.

e Genes can also have alternative start sites with alternative first exons.

e Understand how sex determination occurs in Drosophila

- XA Ratio determines Sex
5 due to expression of TF's  Siskeriess A £B from chromesome X
- M sisterless = Pe promoter of SxI= female
~Pe creates Sx| potein without exon3 £ makes protein without need of a Splice receptor

- Pe i3 Silenced by Pm
L Pm wil) on ly Skip ewon 3 if Sx| splice repressor protein is available whi ch onlg females hove

% Exon 3has Stop codon So males Never hawve active S|
-3xl also represses inclusion of stop codon in +ra genes
L Tra, gene hos splice enhancers that include  femalespecific Exon 2 Info Dsx
" Exon & of Dsx has polyA+ Signal that ferminates ~ franscription of female ?Ule.
“Males hove no 3xl  candt have  TraZ So males can} nclide exon of Dsx 3o th
include exon 3

is-a_SiS-b_ mutotion Deadpan _mutation

~have more deadpan (repressor) - Have no repressor thushave more dis-a and Sis-b
there fore wiill hove male regcmﬂess So P promoteris chosen thus regardless oe XY or

of XY or XX since Pm.is activared XX will be female

Sex-lethal _mitation tra_tr-2 metaon

~Have no Tra protien +herefore will have no - Act a3 gpliceactivator proein  when bind to
Femalespecific DSx isofgrm +hus will dex-premRNA  which adtract Splicomes 4o exan 2
hove male Since Males never express which cavses ferminadion before 3 His if not functional
x| would include exon 3 and Since no Splice. enhoncer

will be male



- DSX (Drosophila. Sex)

-Including  exon 3 will produce
ronéunclional x| So produce

Male :

- not weluding exon 3 will produce
a Cunckional Sx| and will
produce o Femaqle

Wy Do male and female Fly produce Varient of prokin
A lternative Splicinca produce isoforms of DSX

male Female
143 1+7

Both male and female Splice Tra hut only functional

in female bic of x| (Tra prokein made)

- Tra targets Dsx &£ splies i manner which wilj
epress expression of male Specific gene



