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WO 2007/ 148079 PCT/ GB2007/002291 A nol ecul ar tool to

enhance salt tolerance in an organism5 Field of the
woByeniden The present invention relates to a pol/esdd@no2291

tool to enhance salt tolerance in an organism More

specifically, the invention concerns enhancing salt

tol erance in species inportant in international

aquacul ture. The invention 10 concerns transferrin

i nked genetic markers (mcrosatellite-transferrin

Rgf lk gtl REGIciidr 0o o H aile Is\ﬁﬂ%grgntg fn 3h Qﬁ"&hﬁisy .

al so concerns functional nutants (SNPs) in t he
transferrin gene, which coincide with the marker
hapl ot ypes, and hence are regarded as functi onal

mutants tightly lin Wi salt tolerance. 15
Background of the iﬁ&i&ég—m bel ong to a genus

o HRIBR UL P AEN ul A B AR 10

t he wor |'eadi ng aquacul Ture species, W e Nle

toldrhagd id dn¥rgasRADMW6re spetifidaliysthedhvédifon @rREf¥nhancing
aitgent sen et al., 1998; Kocher, 2002; Roderick, -1999;
S

olpranveviaspedios Inpoftantipiinterrationghaquacultare dthedandention
harvested,. may. be fed a di et of abundapt al gae .and
C%SE}SMB?F‘“YFHIE@@&?HE%W ?Fﬁé’tf“?rﬁ%gﬁ%ﬁf@ Bs and

hEh6h09, i orBlgoar VRGN BUc AaloRe e oy Wik
salfedlersiienhid @Salsd B Rincbh&lmefank (NP in \#& ®ansferrin
areas and 25 facilities, typically abandoned coast al

gegier wlmpclf eoinside veivh theamerkier haplotypesy andhhéncetave esgradet as
the tilapia aquaculture [ndustry with only nodest

fungtyensl pawtaats tightly linked with ol tolegaReger . such

-devel opnment presupposes a tilapia that tol erates
saltwater w thout reduction in growth performance and

heal th. Increasedq addorthe aeviatignvol ved in
sal twater tol erance w aciltitate selection for

Tildpiss beleng to MReRGOBf fidxGAvitRiGRhEBRMid/ fafiRodnd &reTteeoming
genus Oreochrom s tolerates brackish water, but with a
thgworld’s \eading aguaCHHBFRSRESICSs Witk the Nilg @lapiar (Ehegchromis

GRS BB RSB0 988, KA, 2002 ik 950
Teh4Rhs,a 9RB). |
Tilapias are easily raised and harvested, may be fed a diet of abundant
algae and zooplankton. The commercial most important species and strains are
predominantly found in fresh water. Since the availability of freshwater is
severely limited in many countries, the exploitation of brackish water areas and
facilities, typically abandoned coastal shrimp farms, may present an
opportunity to expand the tilapia aquaculture industry with only modest
investments (Yi et al., 2002). However, such development presupposes a
tilapia that tolerates saltwater without reduction in growth performance and .
health. Increased knowledge of genes involved in saltwater tolerance will

facilitate selection for this trait.
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al ., 1993; Cataldi et al., 1988; Doudet, 1992),
strongly indicating that salt 5 tolerance is
we onbngored by genetic factors. Transferrin i sp@iGcBb@n002291
bi ndi ng gl ycoprotein. It isyinvolved in several
bi ol ogi cal functions in a w de range of organi sns

f i r SEhecgenab (Orgachiomis tolerateschrapkish dratery byhwitlhra gr¢ahas
an.inporta role in,the i Mmune system since the
VaBiaHan RGOS the SREGPHQreOFamS AaSSHTPPIcEs aBf A of piblue
_ . . ‘ . _ _
1R} R, AERB AR ARt o i (Aycl
al.exp9Bcadldi et ANBI9IgZ8y Doudet, U902 jstrohghnisdivating thatsaitd
I'n plasma suppl yi ng nost body- tissues with iron, but
tolesanzie 3o centpoléeb byl gemetiefagtons. ot her organs (Briggs et

l.,.. 1999).. Experi t hat the. [
excpraaeigrt s aiEir e Bing SACPRAteie- Lds e B shyelay
g R S AR TS,
tradlspétter. THARPrrinhiaa"E iipdrank edle g the indmang eysteimapincy the

including ovotransferrin (OTF) and | actotransferrin )
bixdifig)of irodimits taacaikbility of ieonafor seplicating pathageng érraani

et 1 W08y SR HEMHLPSI o6 PR B birrs FRTARAFS KPR PSR of
prif B3 B Sh WP ARl o Bl oD RERE R Body <

tis¥ésARith Rn, baRH d1jo egResied iRvetdrahnsther bigans (Brkgs beal.,
(Briggs et al., 1999; Lanbert et al., 2005). Al the

1996)dexperimerith show dhatfthe geme fsaaxipressed i ther brafn i Atlagfiecod

ol ypeptide, chain that foldg into t | obul ar, hal ves
(Gaghis rmasfuehingeontiast tnialuon 2 0&%‘?%"&{{\‘?’8“&8%8’ erq hra:

QTE and LTF C rdi.nat e, i.¥ onodu el .
exproih i pofRoded PRSaR Wit B4l Tty Plefomin belopas
)faihi il 4 ini gm? aétotrdhsferran (LTF).
toéﬁ?@?g@ﬁ%ﬁ%&%%ﬂ?%?ﬁ Ar(g) ia;lr?‘gert et g%l . ,( )
OPBGSncddeditsy ths ayimstra ferint geneend is woptessrskin eggs and LTF
originates froma gene fusi fan and ge Iicati?n of

d

is seerateddnta milkdyynthe mammary gland prey tﬂ’?& Ié@l' ¢falpn Q

. | eot.id . and_ami Ci i1
iSRS TR gD ARy e BB ) ot

Ly AR SRy OREOB 80K pls

(Bre @it at. et999; Ilamstedrt et all,@086ke i ncl uded differenti al
expression analysis and a candi date gene strate

V\é .
est abllitbtrmemberh imptherteansterrindamibygoasist of 3 sigle Bolypegtide
candi dat ene assogiat w th sal r [

oot 03s SR AGTRRUBLRH L4 B4 ST b S Raony
106&LTRIY, BTPhnd LTF, each lobe coordinate iron binding involving four
amino-acid ligands (2 Tyr, 1 His and 1 Asp) with two additional ligands

providing a synergistic anion (Thr and Arg) (Lambert et al., 2005). It is
suggested that these two lobes originates from a gene fusion and gene
duplication of transferrin, since there are similarities in size, nucleotide
segments and amino acid composition between the respective exons in the two

lobes of the gene (Park et al., 1985).
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5 transferrin in a saltwater experinment and the
structure of the Nile tilapia transferrin gene,

woesiaalso7®y revealing the genom c sequence. JupéT/GB2007/002291

fragnents of the sequence fromother tilapia species
(0. aureus and O  nossanbi cus) s. avail abl e (Cnaani

wa
et &ur effgtitp identifly gones prsostated withaalt tolerange; ingludgd
effect. of the transferrin e, we hav e r .
diffepeBlibl e Siondpat i a0 pto Gt Py e L e TR lifhed o
R BT e £ Bl oy S 1 Pt
toletaeee) Yhérefdredint the ppreveat study nwafdcusiPon theerptession of

wthin the ,gene, and finally a differential = |
trapsferen in 8sakwatey esperimenhaidthe;structnre 9é theaitlettilapia 15

Rl Tp Ent AR BN e bR S0Pl S Pdgaof

th(ib %B’ﬂe}i@é’ flofh Sfflet é@aﬁﬁ %ﬁé@i&r@ AR %ﬁy%&@rﬂbz%hk‘)ﬁ'%as

aplas expo rising salinity for severa

avagatile l@vgariee al. pROGY) ruied theTprepearitatudyn Tomaewify the effect of the
si gni fi cant ug- regul ation en anal yzed by real -tine
trapgiRrTia @ePe,0ve Have herfermeda finctionabstudyng haplptyperhgeragation

hap| ot ype of salt tolerant . tilapia and a set .of :
anplySiscAruons SYRYTAS and aRpSIYivotsyTter AsALrwer Ehajlinge: based

C . . . | ’ . r
onnfyife B bByfilR i aficchCRloBbAfiieal diERRErifRY SNPs
dewictddl wahin el gmanaf finallya di greatiglsexpledsivyl stigtpef

anal ysi s anong survivors and non-survivors after the
tramaferrin 26 theagame Gklal | enge has been perfornmed, based on

genotypi ng of polynorphic mnmarkers closely linked to
transferrin and SNPs detected wthin the gene. Fish

fromtwo fam lﬂ?ﬁilé d&sGGIRLEIEIRS KRNt . 1 ncluding
survivors in sa‘-‘!—r—miy—-aggve-hgvp{;aﬂé—lgﬁ ; ose dying at
a | opesiak EntoR)\SRihe prédeARinvoRfion Gave @R thdtitfansfdien is
closely linked markers TF-A and TF-B. The genotyping

invélvedhén salovater tederandd Artxpression wmdyap! blapms<sxpasei tohe
_results showed a significant se re%(gt,l,on di.stortion
risinggalinity) for paecrabglaysihave bsan PETIORMAGAI RNSEETHR SRQWEH

sigft el B Pfoal I Phelild SRR REREC Y 1 ype 1.

The pgoiRaeHrORredISS MeltrAiRf&@Tn ket WoploBfjeasfsalt Ebtefant
and TF-B, closely linked to the transferrin gene,

tilspiacaingl ayseit of fieradtenal matants ESNP)inithe transfgrie geme, that ed
in salt water tolerance. C‘gnsequent I g p@r ents and
coinqide withgthe marker BaplptyRgs and ban¢q asdecadpd os funntiogal |

were ¢ ked (=sequence [ Or ntial
m\d'@ﬂgﬁ t}%ﬁg}f as&a&gfq%g\ﬁﬁﬂ (sglﬁl%%l%roancg % tﬁlg spé)c%s?
A haplotype analysis among survivors and non-survivors after the salt
water challenge has been performed, based on genotyping of polymorphic
markers closely linked to transferrin and SNPs detected within the gene. Fish

. from two families in a saltwater experiment, including survivors in salinity

above 30ppt and those dying at a low salt-concentration, were genotyped with
the closely linked markers TF-A and TF-B. The genotyping of the two markers
returned two haplotypes, and the results showed a significant segregation

distortion (Table 1). The salt tolerant fish had a majority of haplotype 2 and the



10

15

20

25

30

that showed a segregation distortion in the offspring.
These studi es showed that a haplotype with several

wehtg/1esm7segregated with the nmicrosatellites TPeRAGB26H7/002291

TF-B. One of these haplotypges, haplotype 2, was
strongly associated wth |ncreaf _ghsalt tol er ance.
leSE@aaftoleﬁ@tg”Nﬂnsa Bairity of haplotype { nEhe segregation; gjsigetien 1 of

toe 3P ke CRandnd TH5 e ENOREED G Rl BRhe o

stljﬂn_gﬁr ffn'di af"frﬁnsff@ﬁ'ﬁ{ b&ﬂé'ﬂe)in?}@%& hl@&fﬁf’ W\Mérholerance

ove twater tolerance
Cdﬂsaqsérﬂlyn pardmtmdn&ﬂoffkmmgsat thielsattevater geallengd Exléeramdnt
-B, 15 return the haEI otype varijants, 287-18

w«zs@hm@@d (ase@lgenmdhtq Iee fabﬁ@tﬁﬁﬁﬁlyfuﬁgn ﬁ@%@@@ns ? SNPs)

e e s’ct [ ?nsf Cthe of whi CJf‘ OIIeS s showed that
reaation o G spHAE e her
a ﬁ@?mg%ﬂ{h o Iehh? T@S’@@-gé@'%at@ax’vﬂ?the HRe8slites TF-A and’

ze I n I ous environnents defi ned

TIB. \Gifd ¢t these haplotypks, HapJotypd12 swas strotgly assvctated wish
sel ective breeding, through other genetic 20
lnmhmhtetnieraw mes or |t m ght be obtai ned through

P anidral iE sNBS dstrced i B HRATEH Ferky sle@E i gmino
ac1@%ari%9§ ahd %ﬁ‘l)né rnrﬂﬁ ?ﬁdt%%@'dgléflg ¥ {BTRE %h@ﬁrﬁﬂ ﬁrotein in

S|st ctionis evid

sofrfeONllE maﬁlﬁs?&retfﬁﬁttléﬁaelysa&swmwd with 6@pPovied sahtevageroup
wth the transferrin haplotype 2 and only 38%in

tolerarmei a wit h hapl otype 1. The survival 25 attributable

( ovelta BT linlssy RaGRsREL] Q.rr.?érhérbfifyfs@ 145,

B
resé{ aéglg%%% Z%Zhggsuc@llab e to urt er |ncrease

acbbﬁpﬁﬁﬁ F%Rﬁyes@éd i@l SN ) $h eahyfeirin, Wlith divplay t
Is expected that this could directly increase

dlﬂhrantmhbffbgt a9Al | 10}e33n e, ingthe ¢xperimant olethadneention, may be
invention mg "Bh | so 30 di scover new trapwﬁﬁ)

uSﬁgM gpgxgggzcw vidpals e Naﬂp%%qwgqﬂquyg en y Varlatlon in

saﬁg]\ng/ ’il‘ﬁig QiR I]%)F%Eﬁ%g %Z/S%P&%%% bré ttﬁfﬁ?%?tdtﬁ% %é?{etlc

orrratlonfromt ge an

edhﬁﬂéé&h&ﬁ%gﬁnéaéﬂlt hﬁgl@trl%‘@l@tairféﬁ%ﬂﬁlghQﬁ‘UJ:éth@éS/lnﬂuencmg
pat hways can be predicted from the possibility that

the egpieasionof eithertransfamih pootbert geres ;jmky:drovlpih frengfegin. The

such (not described in this |nve t be.
patentiad éorbgermcrgw by smpleyang the @&r 1{ Wt & HH% erfssistsbed

e y
RO e BB S G5 4 o o
tratfsfrrindRpEt9ped andidnlPasYsin tilapfdewith haplotype 1. The survival
attributable to haplotype 2 in this population of fish is 11% (overall survival
49%, survival in haplotype 1 fish= 38%; 49%-38%=11%). By the use of

systematic selection, it should be possible to further increase the frequency of

haplotype 2 slowly to 100%, and it is expected that this could directly increase
survival by 14% (0,63-0,49=14%). Furthermore the invention might also

discover new transferrin haplotypes with an even higher survival.
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present invention. Any transferrin gene variation,
i nked or unlinked with the haplotype of the

woByeNigen, which is associated with salt tol epanes2607802291
has been revealed 10 wth agsistance of this invention

may be used to achieve the goal of this invention; a
Theopetential for usiag the inforratéem Enaethednyentignetothange aRe

ingp Y P10 e B BB By AU i epregted from

BRSSP ks Tl
(nbed¢setived me ts irdventioh) hdghtrtry lutitedldr Rshway edse adseciateh
to inprove saltwater resistance. in fish. The )
with thendésoribed haplotypesfafithe inventien and hencebe psed as alfrgnative
coppare individuals with diff nt ., transferrin.
tog Lol ARPEOVAERATS PR oVt PIRiFaLionn gl ARksloped With tesisrindbe
i1 b nurpose to detect new transferrin
prﬁgaetb’lteé‘ﬁ‘{%g‘é@' not yet detected, to obtain an increase in

sal tAnyhfsfer@s benanatativh, liaked beunkakedewithahe haplotype of
hapl otypes than the one described. 20 Any sequence

the ampmtion] whiqhaisasgomated ovithesadt toderenca anrg has beangevealed
ome Qr in tilapi

vertebrate en ia, |]nked wt .
with apsistanes of g MHYenH@n MRy b ysed t_efacimae ctélilen s%fﬂtqf&hlsor
. WLt h any ' ' basis in the
inVhyinf ApoVel o GQUATROPI) ARaflEt S8} ettt PoST S LMt
us edrklindehtiSY ShdWe tih@ @llapRa withi & fferéhit@ink futiin genowpes and
nmol ecul ar tool to enhancé salt tol erance. Such
diffetenttrapkfecri haphggpesthaye differant awivirad in saltwaten The

. tolerapnce mght be tightly or |oasely |inked i t-h 1he
ingentinn BIST SHBIG5H ¢S188 F@B%fGP@%L%R SPfRing AY & KeqldAT MARkF

o RR T In b A RSB i FETREBRREh

thERForEH ustdltb -iﬁvmﬂga@@moeﬁp&é itdlviluak Whi diffarae in
the frequency of Che hal othane sensitivity |ocus

trdriséérein dirmancsy dodoinaslaplaeanidyatherifish §eciasc gpthothe gampgse to
usi ng hapl ot ypes of markers |inked to the |ocus (Doize

desectaiew trysfoiurhapletypes.mot yeRdgedted o abfaingmigeesase shsalt

invention can therefor ) [ .
B P ARt UFE LU AR AR ub g EIREE O BB TGk escrbea
{ 8o r Reeate:
e A S B )t R
g@oneer ortilapial lihked svithtoansférningdvithi the haplatypsofthei n,
~nor with the hapl otype of the inventiqn, buyt which is,
inyswtien ex with amyrothempelymerphismcdetegied withchasknin thednvention

onsEa e oo A I TanE sl BE RS lo AP lkyaliBY B4 S DY,
inYBAESH | Aovel molecular tool to enhance salt tolerance. Such polymorphic

tags or sites associated with salt tolerance might be tightly or loosely linked
with the genomic polymorphic structures of the invention. There are examples
that fairly loose linkages can be useful to change genetic makeup in desired
direction. One of the most well-known exampleé of this is the change in the
frequency of the halothane sensitivity locus (later discovered as the Ryanodin

receptor gene) using haplotypes of markers linked to the locus (Doize et al.,
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tool to enhance salt tol erance. This can be obtai ned
using our invention, to establish materials with the

wo an®/igoaenst errin hapl otypes or to statistical pgr/&E82007/002291

control for transferrin vargation, as a neans to
detect other genetic factors influencing on salt

1998).éFhe imventiomean therefore be nsascte davelon gengsicdests ppsed on
. expr.essi on st usi ng transferrin-expression or
hr&?gr’l%%‘s‘f‘éwaafo HEIVEDHRRPET §F-0sel y 1inked to
tr anSTLsfdneihedBdReiol yinpic Etilinic EE Chlorymdia or
expréseédriig) of tiidheetebratetomabate drintdapia) aotdinkedseith at ed

W th the invention. The study of |inked or unlinked _
transfartia norywith ks hapletypsrafithe snrventionhbutcghishds associated

regul atory el epent, n the sa r other chronbso
wigh falyfolerafies apg Which R beep Eucaled hrofeh T siistaice of the
. ) | i i- ter
Q505 mp R R HETE oA PSS MRAL 2501 AThoRe e
tol toRInMafcd Salt ¢rahée, TRV cHEDE BbRIER win® oupire@ntian), to

W th saltwater tolerance. A gradually increase in the
establishvanateriale witnthevsiahie transéereaswplotypendn toestatistically

tol erance of sone fish or a different eci es.
copoy BrdISHAT B USRH SEFAYS KBTI (BGIOBLy
. Hh.cQ [ es in
inf o AR Bl it ollte B peioinbn  HOPRELTE T

cust Ry gRpresdlsn sRIdFhiRthd Rasdbirir-Gxei6R of BRpresdionof other

25 be ‘achi eved baséd on the invention may not be
genes tloselydéhked tbiteims fariimehn be usedihe indirestlyliidentdy the

i mprovenents but mght also be applicable to human
transsrpRdwPhyPaARd feTelihio pr@.wdem&? LR AOUb RHPRAET on

reJotgte BRonge L R e B, The SRS R ARkl linkea
reéﬁi@?%?eﬂ@@lik@ P?d%ﬁ&ﬂo&‘@,'enﬁ&‘i’ce@@ 8Pl 26y Sleflehist dtheaathe

envi ronnmental "30 conditions. For instance wl|l

orsghacdtiromosdmes, gahplirdcdy orindinedthycheassddodptd other genes,
transferrin-expression result in i ncr_ea(ied/ changed .

palymesplusms BT expiession pattersitha appastasiated sathothe ivention.

PCT/. GB2007/ 002291 .. 7 int ' -1 0.adj ust .
t r ansTeiVEREOR gEscribes :ar}gﬁtgg%l ﬁ‘g }%@éﬁ?égﬁrsgeg 53 alsp associated
withsSEwWhRY ?oleﬁn%@.?ﬁ%?adlﬁllgfiﬁb%ﬁtsé aNtHRfsafatdre omtent will

I'ncreased/ optimal transtférrin-expression nmay result

_ intreasdthesaltodtattalegatet ofsoafecfish or 2 diffesst species. Ahe

mammary glands to inprove resistance to nmammary gl and
differenttal expressipp gludyciandben be famiodopitiipcoOmpRERoRB W ith fish or

ransferrin expression, na sQ_be ossi bl e through

a é‘rfg'éﬁ‘i‘tnsé’eﬁ?s R frgghf‘ﬁ?tegm %ﬂﬁ_hf P‘%‘ﬁ,geg%‘rral s -and plants

for Tl'ﬂze @%Q@Hx?ﬁtsoér RIrETREOs IRBE G Salt RferaRte AL might
leve of KT anRsterrin genot ypes or
be achieved based on the invention may not be restricted to fish/animal or plant
breeding or improvements but might also be applicable to human
pharmacology and well-being. The saltwater expression study shows that
transferrin expressionv in an organism may easily be changed and that this can
improve health/survival and adaptation to shifting and various environmental

conditions. For instance will selection of pigs/piglets with increased/optimal

transferrin-expression result in increased/changed transferrin-expression in the
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expression | evel for the purpose of inproving

heal t h/ resi stance, survival, perfornmance, |ongevity.
wd@ooFhesops oduct i on of ani mals or product s/ conspowioiBes7/002291

(mlk, neat, plants, extragts or other itens) through

selection of animals with optimal transferrin

ingsspine 4@ pdiwst Hraryerinigon feveh andampryedepistages éninfactious
.products) .for t r pose_ of rketi this.as heal.th
A 07 Satestion, el catE B inSrepstPonEnl HatdfeRiE P uEgon
) - I- . - ]
g P TR B Bjoes o S o BRSO R (R glands
tovifproed fesist@mebeand marhiraey gldnddhfeclionpopul ation. Sal t
concentration was gradual |y increased from 0-30ppt
overIndireeteadjustnent/ aptimézaiiom of; transéerkiasxiprrpsion may jalse be
col.l

PSR Uiriel breegin ot WEPimadiriom istPimGim e PVt B s

i . - 1 : | . .
P ERER0OE i R0 DR ki b
expRessioil eviofos the piitpass 6f bnprdvadg hyal(t/asistancepsudyivalj n

clips were stored in 25 96% ethanol. DNA was :
perfarmmocedongevity.he MagAttract DNA MA8 kit (Qiagen) as

Lo B A AIED S VR RSB AR s
i s i | . Bi .
o ! AP BRI gl PR

ex sidﬁr@ﬁﬂﬁﬁéﬂﬁ@ﬁ@mﬁ’ﬁ%r@%ﬂ&@ﬁb@Q?ﬁﬁﬂduc&) Tort @le-paffose of
i

rom e tilapia gills and brains, preserved in
maketiagéhisrap healthipradict dfor ik sedasrvival, health, wielfare for
RNeasy M di Kit (Q agen) after standard protocol. The
huygpam fshgaprignal gplaBtS; he appropriate anount of RLT-buffer
(lysis) and honobgenized by a roller in sterile
pl astic bags (Seaward, Stomacher) and 5 additional
honogeni zi ng was carried out by passing the lysate
through a sterile 19G syringe. RNA was eluted tw ce
with 150 RNase-free watExamples precipitated with
et hanol after standard procedure to increase the
concentrations. The cgoncentrations were neasured on a
E’E‘Hﬁﬂg’a}- olagicalmgleriah £| rer) and the organs pool ed.
The total RNA was then treated with 10, DNA-free T.M
( Anb’lg‘éﬁ?t‘,”atcfé RISERTHEXRSEMSY VRS PRIBIBES PR A Nile Hlanje

population. Salt concentration was gradually increased from 0-30ppt over three

days in the containers keeping full-sibs from five different families. We
collected 23 surviving offspring at the final salt concentration to compare with
24 non-survivors from one family (family no.1) in addition to 37 survivors and
40 non-survivors from a second family (‘family no.2). Fin clips were stored in
96% ethanol. | | |

DNA was extracted with the MagAttract DNA M48 kit (Qiagen) as

recommended. Fin fragments were dissolved in lysis buffer and proteihase K

~ over night at 37°C. The automated isolation was completed on a BioRobot M96

Workstation (Qiagen) and DNA was eluted by volumes of S0ul.
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contam nating DNA fromthe extracted RNA. Exanple 2.
Sequenci ng of transferrin Based on published

wonrenghigresi n sequences of the til apia species BCcT/aBrerInN02291

and 0. nossanmbi cus of exon g, 9 and 10 (acc.no
AJ318861 and,AJSlZ,Sll,ﬁ, 15 primers were constructed
Tatal- RN {rgmi Naled1apiassils apd heaing preseg edasRNRdaterlg

(A BEM 20T PRt GO e RBEA Pl el pangyr

profo%6l. Q*he%rggﬁ?s d\%ré:> %dﬁﬁ% Q%)It%pﬁﬁfe Shott SFERERLbufRERysis)

priners pr ed w I'n conbination wth our
andfhodeeniied byde solisrdd steCiRe plastiebags (Sdawtard dbtoaracher)sand

20 The tenperature profjle and reaction setup. were )
addgianehbemegenizingowas ausigdiont bi@apyipg dewlysajethroughe sterile

1R Sittieo BIFA FrsdpGrantr v BR0RT Rrde frd Vel ahl
prifipithed SuRCShol MAUAGPbRIAM. iR AReclT)
coBt@yBionssThavcoiicentdliond Weld hieasiaed ah pLambda E3c2@jene,

I nc. %ﬂand 25 0.515i M of the respectively nested and
(Perkie Elwdr)caii the edgansipasled. The tatal RVA vrr then treatedopith

DNG e oehBbakrt R be platiah do ferantE o
COE}EEE%& gﬂl\?}\fﬂmﬁl}ﬁé LRr2Rh RIVACDNA sequence data. The

chnol'ogy was carried out as recommended by the
30 CGeneRacer TM RACE Ready cDNA Kit Manual

EXdmplet2. Seqnencifeg vy teppgerrinc. WO 2007/ 148079
PC‘I]/’GBZOO% 002291 9 primers (GSP), forward, reverse

and Bussd od, pubtisked transferrd ssdjubassscbfcthe ¢ikipia speries O. aureus
sequence, based on the protocol's recommendati ons.

Al |
andt@prossemdigues ofoaxend/, %and K (esaend B RBal ndpa bt B34 1),
The PCR- products r urjfied by ExXoSAP-. 1T ner sham
P oT @R CBY AL FlerSat A Cip ook, (T AR
[ . @n o
RSl SR R s, T
geheSpakingsrobéds donsizey 6f severat s@ps df PORY weiigla sonofuminélsal
PRI SMr) 3100 Cenetic Analyzer (Applied Biosystens).
PCR primes prexided stitcibe kit inromehinatsorcyithrowdt-speific
Aner Bi osci ences) was perforned as reconmmended.
de%‘}géleﬁ%gﬁgl?&a‘&%fﬁ 4n @Bﬁ‘e‘?%‘iﬁtﬁoflﬁed 10 by EXoSAP-1T
{ ATeF R YepRAaf SOHTE ind RhcliBf BB WERBfloRRadgsCr ! bed
recommended in the protocol with. The products were tested on 1% agarose gel
and puriﬁed with ExoSAP-IT before the selected samples were sequenced after
standard protocol with BigDye® Terminator (v3.1) Cycle Sequencing Kit
(Applied Biosystems) with 0.25ul 10puM Universal primer (Seegene, Inc.) and
0.5ul 5uM.of the respectiVely nested and 2.nested designed primers, on an ABI

- PRISM® 3100 Genetic Analyzer (Applied Biosystems).

As a supplement to the gene-walking we used RACE-technology and
RT-PCR on total-RNA to amplify cDNA sequence data.

The RACE-technology was carried out as recommended by the
GeneRacer ™ RACE Ready cDNA Kit Manual (Invitrogen). Gene specific
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New prinmers were constructed to run PCR across the
introns, based on the obtained exon sequences. PCR

weonditigeons were as follows: 21 | Ox_PCR buff epcT/GB2007/002291
i ncluding 15mM MgCl 2 (Appl i @d Bi osystens), 2| dNTP

(2m\), 0.5gl 15 MyCl2 (25mM), -75 ng DNA, 1 gl PCR . .
prpmexse(GSB)o Farsmasd, averse and sested syats gqpsirucied based on existing

ScRHEd, DAY o e SDIACOL ek BEN SRR AP ot Periotined

t r i _
o SRR SV BRAOLAL The PRI RARE Ehe BT A6Y Exosap
ITs@uuenaam Biostieaces) ahd dhélessjuehest afverstandaing préddéolanith

c sequences 20. were aligned by Sequencher 4.1.4

BigBye® Terainaty. (y3tld Gysle8equensingdkit-(Appligd Biosystems) and
boundar.i e i.gnnents were, al so perfor | as
the geabeetiy BLR piifgrmaniersat B eh on g ARl HRISHBeLIbO
- b I 1G Wo sequences) at NCBI.
elct)}(gﬁgéfe}éﬂggéﬁgn etQIE)IF}'Japanese medaka (Oryzi as

| at i'PesHwd-8&p-pro@col oPREABBI0-GRSRTSPORMBeddsf(Amedtskam
sequence. 25 The conpl et e DNA sequence of the reveal ed

Bioscienées) was ppefoemied ablireeommiehded. &l he CR-pretluctis evere purified
info tjon of exon_and. intron boundaries, will als
by ExoSA B TS Bersha R Basienten) And 1aeh Sesusneedsty deseribe

abfyei ng of the patent application. The gene consists
61'°7010 base pairs, with 17 exons separated by 16

| Nt Q&g primiérs wekird GoRtricte@fo AlEPER AR6ssIh&/Tiiré1gbastd on
(SEQ ID NO 1) The 30 conpl ete codi ng donmai n sequence

th¢ 6bRlinédexmnyrgmencdsy PCRSSwliiGEQvER asNOllRws: 9@ 10x PCR
2007/ 148079 PCT/ GB2007/002291. 10 The Nile til api
buferseiadined bt Vet lo hmpGed Bigsyatsmsi oM LP 3D, 0.5
t gjn- t.e] AST t highest simlarit
MBS (ot e PR 0P PER P el R e necaia
B A BB PO e T2, ARG Bickatene
aniddgadet ty/a tétal eslpaet a2, AAnesling leathepatara/waysSeiC fir b
protein conparison is given in Figure 1 which shows

myeyeand the BERywaoperéormad withiddneyciasd Tho FER-pgodiess werth
SefuoEF S HOBP T GRO HetSTIES 0mien bhelb PRUA RRd RS ARGAGrFeS
EUIEE 8ISpAAPR FTI ORI RO ERBhon
boundaAey ¥di@fmeas Werd aloperforard eyt blastndBasicA¥a) Allignment
the five fish species conpared, except for one -
Seaecti Toel fonaueleotidey)i andiysbldreqéligning ofibiels¢quenees) abf
NCBI. The transferrin sequence of Japanese medaka (Oryzias latipes) (acc. no.:
D64033) was used as reference sequence.

The complete DNA sequence of the revealed transferrin gene in Nile
tilapia, with detailed information of exon and intron boundaries, will also be
available in GenBank (acc. no.: DQ272465) after filing of the patent
application. The gene consists of 7010 base pairs, with 17 exons separated by
16 introns, including parts of the 5’ and 3’UTR regions. (SEQ ID NO:1) The
comﬁ_lete coding domain sequence (CDS) is composéd by 2085bp (SEQ ID

NO:2).
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the conserved histidine in the N-lobe of the protein.
Exanpl e 3. Genotyping of mcrosatellites closely

wo bdkageot® transferrin 15 Mcro satellites |inkegce®07/002291
transferrin were identifiedgby screening an avail able
tilapia pooled BAC-library (Katagiri et al., 2001) for
a BAtheNdgdilapierttanisfarrig proteimgeonsisthof 62Rammod acidsadi on

PR AP L R A B e
RSB ABRITSRAL EploES i) SBLEEP T st

- redaadbidk deadgemntaad Hrgwa tealittvald €3 ESand 67Yoidentiyzy Me

and the DNA fragments, of 500-1000bp, were purified by

respecgvebt 2Pdetpiled oweitviaw of dus poetei conSinisonag giedn inTifigure
BAC .DNA fragnents re ligated.to 19 Plasmd.

1 yhighothows s§ sf?ﬁhelﬁ?iceﬁ%%s& EGA0RS LI VREELBIPRY W“QC'A |
.10- € . | .

el e R BEOARAHERbc, Ao AR R4S on o e

arﬁi%@%id%tiﬁ&hé\‘gf&eﬁﬁiefqheﬁc@wtilﬁ?iatdrﬂﬂ.i tional nethods
( Sanbr ook, 1989) using Col ony/ Pl aque ScreenTM nyl on

menbFlenizen anEBN@@OANdPgrriesidued imethe MEN)lobes of the protein is
colony-lift. .gtlo and ctlq -probe re eng-| led .
fogpd GoRsaryed andescrbed By (Lamberf erha#b\, 2085) liléﬁﬁ’%weg%?‘i species

' ' . | A
copfhefed, Haiikb R Bh it pRraRtinta s an Alks stld ingrond of
tht Sbhdert&dERistiding! in te WOIGHQOA thé BFbA8inPCT/ GB2007/ 002291

11 Pol ynucl eoti de Kinase Reaction Buffer I OX (NEB),

501 [y 12p] ATP 500gCi, (Amersham Biosciences) and
441 H20-Label ed probes were added to the

T

Sar Mierpsiclies lnlsobledratb egBarete dgntied Rhssrerang an
o GUEEHE A Hoo R BAC bR (KSRt P A5 2 B Tldhe
conPARMBanY gehé ARNPCB WAPLifiO/IONOKITE Pridgerd AeSikh8E fron®r

the first 'screening steps. The posSitive clones were
avpilabledequehcondd the gend ((Snaami et dur2002¢dA Glohe BIAC QMArlab

Spin M ni it ACEN d by the
(BpReFioBSIePamROSY bat 3ped Imibpiots (heriEAbe aen bl osriec

h ial o 1] ft TSI

rel OB BRUE phfordh, SHESBYE V* B (ifGutd By 1 URPE Astriciion
en29RIeeR the DNA fradiRehts 86k BIRS0GIWere Putifielibs a

pfinmers, on ABI | SMr) 3100 Genetic

StrataPrep® Gel Extraction Kit (Stratagene).
The BAC DNA fragments were ligated to pUC19 Plasmid DNA vectors

(Sigma-Aldrich Co) and transformed into XL.10-Gold® Ultracompetent Cells

(Stratagene) following the given instructions. Hybridization techniques were
carried out by traditional methods (Sambrook, 1989) using Colony/Plaque
Screen™ nylon membranes (NEF 990A, Perkin Elmer NEN) for colony-lift.
gt1o and ct;, -probes were end-labeled at 37°C for 40 min, 95°C for 10 min and
15 min on ice, in a solution of 4pl gt,b-probe (1pg/pl, MGW), 4ul ctyo-probe
(1ng/ul, MGW), 6ul T4 Polynucleotide Kinase 10U/ul (NEB), 12ul T4
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Anal yzer (Applied Biosystens). 15 To verify that the
pi cked BAC cl one included the correct gene the

wo 3q7atigde BAC- cl one was anplified by PCR with pOEGcBaNR/002291

primer pair used for findijpg the specific clone in
the BAC |ibrary. The PCR product was then, sequenced
Podpmudentrdeeinash BeagtiomoBufier hOXHAER) popt [wIRERP 500uCi,

~_priners._.The resul e _subsequently run by BLAST
(Amrsham Bigagjenses) ?’yj%‘buvﬁ;‘a(?-the 20, sequence mat ched

th { . .2

i o o0E e 8 WefsUERETHE ff brehybri izt solifion, and the
filBACWetORGOrIFdRERbMe Lt iR AcédraRsdwith RtdRIaR] mEthdls. The

consi sted of an repeated sequence of (GI)10 (SEQ ID

filted Berawdshidd didothen epeerteddn SagareWrap ahd e&ppsed toSEgparHlm
The two microsatellites closely |linked to ’

M’ﬁlrc()égl_)gérélmm miosaeneghavernight at o) heheloredhe dYBEV IR t he
oeB BRSO R S E g

pe%mfﬂaeaésemfea 85 tHeERRE 5@deniABQ¥dps. but with an

anneal ing tenperature of 55C for 45 seconds and 32

cyclTi.posithe ddeiespwereepiskedsand DN A plasnyids wese perified-with

were SEQ ID NOS5 and 6 and for marker TF-B: SEQ I D
Ql¥prep Spin Miniprep Kan{IAAGHEDY as recpramend by ke prgjocol. The

vebloh s arers Ssditef o AR thBolGAL AR KGRttt shentisro
stzi?ﬁ%é%@%dl %)121%%3% i gﬁe@?kﬂﬁﬂﬁﬁﬁ v 1 E8Lcle S&Lu%hé‘iﬁ Kit

e two were I nherited as one hapl ot'ype

(A?gn‘ea Bitiaptemg)peith MddmimesdonABIRRESM@ K06 enetic
4 and hapl otype 2 of the alleles 289 and 188,
Anadprer{ Appligd Bioshsteras). TF- A and TF-B respectively. The

Crccdptvarky test be piced BAL GO R Ndelbe RRAORGRTES; o

. i i : .

0 ACL0% o ARG PR U ke e

findingheodppeitficeclohd it thesBAC lilplagy. ate PCR prodwstadasathen
tendency of possessing haplotype 2 and the | ess salt

sequénmedias desertbedaaboaremgwrwitly thefreppgsitive R primass. The
resi wogsb iRty ron 85 HER s et R oy EF e it b

t V[t 5 3 L sal t
sl ffhed el oS RAGRAREE A G vami1

1*  Q@hko hdBidsiteRite ‘markers were identified in the BAC-clone containing

the transferrin gene. TF-A consisted of an repeated sequence of (GT),o ‘(SEQ
ID NO:3) and TF-B of repeated sequence of (GT),4 (SEQ ID NO:4). -

The two microsatellites closely linked to transferrin, TF-A and TF-B,
were genotyped on the surviving and non-surviving tilapias from family 1 and
2 in the saltwater tolerance experimeht. PCR conditions were as reported |
above, but with an annealing temperature of 55°C for 45 seconds and 32 cycles.
The PCR primers used to genotype marker TF-A were SEQ ID NO:5 and 6 and
for marker TF-B: SEQ ID NO:7 and 8. The samples were run on an ABI _
PRISM® 3100 and the results were analyzed by GeneMapper v 3.0 (Applied

Biosystems).
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Salt Early Salt Early Total Total tolerant dead

tol erant dead Haplotype. 2 26 15 41 Hapl otype 2 24 14
w&8oo7Hagheot ype 1 20 33 53 Haplotype 1 50 66 11pcT/EBbé7/002291

46 48 '94 Total 74 80 154 hbndividuals 23 24

I ndi viduals 37 40 Degrees of freedom 1 Degrees of
Hapletypenof saltteleragt sflapia 6. 10 Chi-square = 4.61 p is

| ess than or equal to 0.025 p is less than or equal to

0. o hetth® locswerginbested as meghﬁpﬂq’taﬁﬁiﬂonke Haplatype bt i on

[ 1.gmd fi t v Fam.ly 1:...B '
congs B b ALoKa Ao nd o B apIoh PE2 3 B ey 280 apdags.
ELHES MR PION B e Sl I et
hetetenpousor bothnnafkery) gxGefRshé sire refamidy 2f whidhnwgene

Addi tional prinmer pairs were designed to find

hogmze'gOU3for§r@bh logi wiflbtheerﬁme@?yé allgbﬂStZQLaqdhls%fene.

P i :
T@ft%%ﬁ’%%pes, aaosEitt By EhFag O OE R rystahat
s TR R o GBCRAT BgSSIA s

tolBr41ft €ishrds maRe#gtof baplooyst 1. Dirssopeegation disfokidovs wad|
ET reagent remx, 4.51 H2O, 1 it PCR-product and

significangrat peP.(25NndW.0h. t he foll owing step repeated 28
times: 95C, 15 seconds, 58C, 10 seconds, 60C, 1 10

Tabie UL, Qistribl 8o Sife thERpldaPBs ik WAATTIURAMIRS sHORS Tha AR thleddnt
recommended by the protocol wth ethanol and 7.5M

indiyidmahvipessesabaplogitpe 2. SNPs were identified by aligning

' Lng the. ence eguencher. 4.1 .

e then sequenced gyer thg

Uy Py 8 ly
i e 15otkef i ne their ge‘ng}ﬁ%%s.éjﬁg PsTotal
SNPs
i ﬁxg M

det er m ned” SNPs toy

ed F‘W’W’ﬁg deadin

sferrin gene 25 het
ne. SRR alGTeTs e Gt

;l?%fpl /et

Haploty

The distribution is significant The distribution is significant

* Family 1: Both parents with heterozygous haplotype 1/2

**Family 2: One parent with heterozygous haplotype 1/2, the other with homozygous haplotype
111 '
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am no acid change (Table 2).. 20 W observed that al
the SNPs, genotyped.on offspring fromfamly 2,
woegragared as two hapl otype bl ocks that al so posicsden72291
the two microsatellites.  The haplotype distribution
is shown in detail in Table 1 and the |inkage
distortion strongly inplies that the individuals
possessi ng haplotype 2 are nore salt tolerant. A

E%&H%%ﬁlg@)ﬁ@mfwmfs in'the ngéﬂﬁﬁger&es given in Table

n "and ani on bi nding residues are all

CONSRALEBnSNHeRbr pAIFs RBR: &éﬁigowdetolﬂnd pdieatifl SNPimthe

residue in the N-1obe codes r an aspartic acid (GAC
exipresied parttafitixpgene Staridard RCRs8yereAfist péerfommérbon thesfamily

. h e | hi P
2-phivbis, thest segnenqeadnsyherigBRBA Clriat [T ONA ATabbis Sysfems
is t t .variant. ' i.n. ' ¥
(Aries IRt Bhiog BE L Eni PRl AR TorBlRp 6P Ryt
(Arth&8himUBlosibdc AN R ERABh @nditHR &k 18 %H@wé:maﬂ ET reagent
position in exon”7 contains a SNP WO 2007/ 148079
prefilx, EB2DH, 0D PRPRCR 1grodactantb®5al fyinien (5 fokl) with the
nei ghbouri ng" am no acid %ust upstream for the As

foHewung step repeated ARitimesald oC.chnsrgends.od &y Aispeonds, 60°C, 1

I [ he . i Vi i.sh.
i€ ot i oo relinbe BF e gt ey FlkpriPn ey FY®
prbfbcf With {tﬁéﬁol%'dW.SM@ﬁfnon?urﬁ%Efa?é Vs WietdideREHEN S
I'n GenBank, acc. no.; DQ272465), genotype in wld type

alimihSNRI comphring 8w sbqubacgédata bysSequancheriel drGeae &idis
position (see also Figure 1 where these positions are

Condd i SNRy weite, detested, theswe o@&pﬂ@g:grwwnttgs damgyysalt-water
Ani no acjd change: aci osi tion:

S RO Ao ot BRERBCRSpg 6Vt RpIpAS SN to

 Th. 3 ex8-2 3224 GG GA Arg (R) Lys (K) 317
def“&xtgg’é%bﬁég% GT Leu (L) - Val (V) 319 5 intr8 3330
AA GA - - 6 exl4 5368 GG GA Val (V) lie (1) 546 7

SNPS idefected fiB thdXvandferrin gene

25 heterozygous SNPs were identified in the transferrin gene, 15 of
these were located in exon 7, 8, 14, 15 and 16. Fourteen of these resulted in an
amino acici change (Table 2). o

We observed that all the SNPs, genotyped on offspring from family 2,
segregated as two haplotype‘blocks that also include the two microsatellites.
The haplotype distribution is shown in detail in Table 1 and the linkage
distortion strongly implies that the individuals possessing haplotype 2 are more
salt tolerant. A complete overview of the haplotypes is given in Table 3.

The iron and anion binding residues are all conserved except for one (Figure 1).
The histidine residue in the N-lobe codes for an aspartic acid (GAC) in Nile
tilapia (position 258). All the other fish species have His in this position (CAC
or CAT). Lambert et al. (20‘05) reports that this His-position is the most variant
residue in the N-lobe and Asp in this position is also found in different insects |

like fruit fly and termite. Interestingly, this position in exon 7 contains a SNP



10

8 intrl4-2 5462-3 GG TT GI/CA - - 9 intrl4-3 5467 CC
CT - - 10 ex15-1 5521 GG GI no change 568 11 ex15-2
woIRBNET Ala (A) Val (V) 594 12 intrl5-1 5p88c82009002291
- intrl5-2 6530 CC CT - - {}3 ex16-1 6549 CC CT Al a
(A -.Thr (T) 618 14 ex16-2 6562-4 G&F CC/ TT .GA/ CG TC
(seg %ablA)Z)mgiaq ngighbeyring amingaqd gus gipstregm dar the Agr) - »

RIE)
regglfing &) aamind Ao Ginte HRR afhnilE G100STH L AAERET
gr@ﬁ%f@isg@ANTT GN AC/ TG/ Asp (D) -' Thr (T) .668 18

ex16-6 6729 TT TA Asp (D) -. Au (E) 678 19 ex16-7

733 . - r.(T). . -
L5 B el il
(cqrppspong with grytepced GrpBank, acey 805 RRTTPPS) sepgme imAvitdAype and SHF,
antikY dcid@h#hg 6if @iy abdtHeAmino-acid positivh (sedald Fignddl ﬂ@r@;ﬂese pesitibls are-
un}“gsc%pe\g)?/ 148079 PCT/ GB2007/002291 15 Ua api a an ,~
, o a +r ¢ yyz..n 6>J~ CHa e~

Gene Amino
. Bp no.: Wild type: SNP: Amino acid change: acid
position: ~ \
no.:
1 ex7 2968 cC GC Ala (A) — Gly (G) 357
2 ex8-1 3190 GG GA ‘ Ala (A) — Thr (T) 306
3 ex8-2 3224 GG GA Arg (R) — Lys (K) 317
4 ex8-3 3229 TT GT Leu (L) — Val (V) 319
5 intr8 3330 AA GA - . -
6 ex14 5368 GG GA ' Vat (V) - Ile (I) 546
7 intrt4-1 ° 5437 GG GA - ‘ -
'8 intr14-2 5462-3 GG/TT GT/CA - -
9 intr14-3 5467  CC cT - -
10 ex15-1 5521 GG GT no change 568
11 ex15-2 5598 cC cT Ala (A) — Val (V) 594
12 intr15-1 5689 GG GT - -
intr15-2 6530 . cc : cT - - -
13 exi6-1 6549 cc cT Ala (A) — Thr (T) 618 -
14 ex16-2 6562-4 GG/CC/TT GA/CG/TC Ala (A) — Ser (S) 623
15 ex16-3 6659 AA , GA Glu (E) — Gly (G) 655
16 ex16-4 6685-8 GG/AA/AA/GG  GA/AT/AT/GT  Glu (E) Ala (A) — 664-5
Tle (1) Ser (S)
17 ex16-5 6697-8 GG/AA/TT  GA/AC/TC/ Asp (D) — Thr (T) . 668
18 ex16-6 6729 T TA : Asp (D) — Glu (E) 678
19 ex16-7 6733 GG GA " Ala(A) - Thr(T) 680
20 ex16-8 6736 ™ .cT Ser (S) — Pro (P) 681
21 intrl6-1 6769 T cT - ' -
22.  intrl6-2 6777 AA TA - -
23 intr16-3 6780 AA CA - ' -
24 intri6-4 6785 AA GA- - -
25  intrl6-5 6848 cc " CA - , -
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cow O b~+ Cd N WO 2007/ 148079 PCT/ GB2007/ 002291 16
Exanpl e S. Expression study on transferrin A parall el

w6 aoMados experinment was carried out for the pcr/GB2007/002291
expression study. A total gf 200 Nile tilapias of

four different famlies were used in this experinent.

Th bady | th 10c dth 5
EXHBPIT e 0l SR of the sexes.

T -f fish f each faml. led in

T YT s e RS b B S B S gty
AGGHa¢ 6990@'Ni1é‘}ilhﬁia§%?fgﬁrd&i'fff‘érérﬁ%ﬁil\l\%swgf @i Yhis '

i ncreased every secon ay from 0-32ppt during a
experinght OThd averagybodyletigtinwas il Sbmvardethkepdvad am anot her

five days in this saline condition. Al the fish were
appreximately equahdisuibtssivarafdhe sexasy Ameatyafiye dishifzomeagh

R R,
colRERRARH BlondbShe %ﬂée\gﬁﬁg&?kgﬁ%ﬁgr@&@ﬂ%%ﬂﬁe@'ﬁd @y

extracted as recomende asy Xl

froMi (ra2ppt durifiged peried of eenadayishendthi fishaweredkdpt for another
i solations were m xed together to 15 give a salt and

five daysviatthis spbine condipent Alldhg fishitveere themkilled aptl dissgsted.
ooling was tao.reveal a.total expression. ' | t
BRIl Seark Sirerts Mes Sen@indp aif e Puslin B Nl P8
ABl PRL.SMr) 7700 Sequence Detection
(@Eﬁgﬁa?%@?i ed Bi osyg/t( e)rrs) . Tot aﬁ- RNA was trealt ed
wi t "B arfd i¢I$ fdh Aath ae)tnient WasTe peoldrihaeparatd c@htainers

DNA, as reconmended by the 20 protocol. A two-step
andnomeRNAswpsacXtmqt@ﬂawetchnunmﬁndm the RieasyRvlarpCRIt Ki t

(GRBED S S50 Tl s S8R B B3 e o
5P g A SR FR: i G Botins vas

to TR e&d] fal total EREALBSION ofBhd SEf ol@afcdmRRAvIWAY.
constructed 1n terns of the protocol. 25 Several

Tiansfeere maalandlyized by RTARER otncneA Bh PRISM® & 700 Seguencche
best, Cl2, i.mer_and pro con trations for
DEGEHioR YR HAP RSB R HOmSB, LARARNA B2 tHRIed th INA-
75 SRS o TSR PSR Bl
prof¥cdl.- RiRolst@PRTLPERI wadp@ifdrmed with a TagMan® Gold RT-PCR

Kit (Applied Biosystérns) with PCR reagents and cycling conditions as

De

C

recommended. This two-step RT-PCR includes the addition of AmpErase
UNG, which can prevent carryover contamination from PCR products. Specific
TagMan® primers and probes were constructed in terms of the protocol.
Several incremental dilutions were done in advance to test the best MgCl,,
primer and probe concentrations for optimal RT-PCR chditions. Standard

deviations for each sample were measured based on three parallels runs.

Successful RT-PCRs were run on pools of total-RNA from tilapia brain

and gills, in addition to gills only. This states that transferrin is expressed in
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30 and gills, in addition to gills only. This states
that transferrin is expressed in WO 2007/ 148079

wheHoh/ER007/ 002291 17 gills and indi cates exppep&Be7/002291

also in brain, which up tothis point has not. been
detected in ot her vertebrates than Atlantic cod

gillperdingicates grarcesionplso m dgay, whichapstoeihis poighbaspotbeen

deficft ik SBBE veHietiE ity RERES Sod Mondiny Rirdflighets 19%)
TiSERURRE Shhed B Sight ABRN TpicBulBBA wiibrNrlafyddd APRT-POR! 1

mati o exon and I ntTon boundari es
and anmino acid information is given in GenBank

acc.no.: DQ@72465 1 tgatccggag accccaccgc ccaacat gaa
gcctctcectc ctagtgacgt ctcttggtga 61 tccggagacc
ccaccgccca acat gaagc ttct ctcct% t ggcgctgc ttggactgcet
15 121 cggt aaaagc ttiﬁéﬂ%é%eq%&@%tacga agt aggcaaa
gagttcgctg cacccggctc 181 tcagaaggtg aaat ggtgcg

t-caag%éaga ccaagaattg cgtaaatgtt cagatctctc 241
SEQIPNQHt t ccttgcgtca tctgtgtgaa aaaagaaaac accct agagt

T

info@@@@c&ﬂdﬂ@oh and ﬁﬂmgbummmcbirgmataamlrmgnmbnm@weaant
20 421 gaagtaocttc acaggtgctc tgcttattct gaaatgttac
GenBagkpemnpy BR4407aat ~ 481 gtaatgactt cattttattg
ttttttttct tcactttctt cgagtaggtt catactcgaa 541
ct act agt@acanegiatstac aagiasagaiccaaat drageige tatabget gt
ggagt gStlt&&g'gag@&lcca%@eaaagatt&a@gttag:atg:t:ttaagta@a&battttgaﬁ:tgct
aaaaagh t 3a .hL6LHAGER: b6t tdlaggfflobadsdk atict&actc
aat t geat tgzgagg@@gt QJang@g@g tiLaaldtag.dtacataaat. agaatitaaa
25 72 t ttcagca:i cctt@ cgg& ggggaa a9£a8%§§ct Q:@ctgéatggg@attlgt:gjc

att ggcat attc a (81 1
at t at at%?taag C% agbttatatt gcg ccagagtctacca ta ac%gcgsat:g gtt.ctagcaaca

attt Cé (ﬁafttf (é‘i &qgg(ia?rttg tgﬁtaaac Sa atai:(awgcctf aca%rcg at Q%srét]:'ltaactg g
gat gadt dAtI G PRTTTT HAR “EE ST aHy tta%\gtt?ataa atgl o
000U S B O BHAT S CLEEAREL CH G511 e} @%fg%fcgaa
tt ct cBgtasrtass rEeErEye SRCLCHYGLEA  TPECaHCHEHE " LT g9
30 1091 amgrgeattryedracaaiye agratgee Attt geacygrggyga
cat t t scacecteetgereticgat 2VSTcRcARCt ATy HEcteE areed?a?
at cat tgctlsgreagygacitagyt cacegiealprtceatitextio ataprtta
agct graattcaagbagoeicaas tagasataagectcaageaagat agatgtat ac
cgt t t At dctccaghk?O lacgaattgtagatbdaatkagelcgicid errapta@aaaigitaat
at ccapdit derradacatdcCtdag Gaxgedat s gabaaaaaa ctaccaatge cttcaactca
961 ttcagtgaaa ttctctgtaa aaatgacttg acctcagtca tacaacaaat actctcgggc
1021 aggctggtga agcagatgcc attactgtgg acggtgggga catttacact getggcttga
1081 acaactacga cctccatccc atcattgctg aggactacgg caccggtatg tccactcatc
1141 agctgtcatt agtagcctaa tgaaataagc tcaagcaaga acatgtttac-cgttttatgt
1201 gaatgtgatt tagctgtttc aataatatgt atccattttc atcattcatt cagcttcgga
1261 cacctgctac tacgctgttg ctgtggcaaa gaagaatact ggatttggct tcagagatct
1321 cagggggaag aaatcatgcc acactggttt ggggaaatct gcaggctgga acattcccat
1381 aggatctctg gtgtccatga atgttattga gtggggtggce attgaagaca aacctttgga
1441 ggaaggtgag ggactttttt ttctggtgag ctcataacat ttgacagctt tagtgcatgt
1501 atggtcgaag gacgataaga tcagaccttt ttatgagnaa ctggacgcct gagaaacaat
1561 taaacacact tatttgcttt actgacgaga atttattgat gggatcaaaa ctacaggaaa
1621 agtagaaaca gacagggaag gggctaccta gcttcttttt tattagtcat ttatttaacc
1681 aggtaaaaaa atcctcattg agattaaaaa tctctttcca agagagacct tgecttctgec
1741 cagggattat aaaatcctgt gcctgtcage acttcttatc acttataaca cttecttttg
1801 ttaaatataa ttaactgaag ttcaaaaact agggcgtttt agactagtta ggccctgtta
1861 gacagattga acaaatcaat atccatccat cttcttctaa ccaaccaccg gacacgacag

1921 gggctggagg. cttgectetc agtgctgaga ggggggaaag gtcgecagec atgtactcac
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1261 cacctgctac tacgctgttg ctgtggcaaa gaagaat act
ggatttggct tcagagatct 35 1321 cagggggaag aaat cat gcc

wasaehggbét ggggaaat ct gcaggctgga acattcccat  @3B&B2007/002291

agga: ctctg gtlgtdrccat ga atgttgttga gtggggtggc attgaagaca
aacc ttga t ga actttttt ttct a

ct cat %Sécgfcgf%cata%tggt ?gttgga g?cg%agga tftaacigaoafatgaaag% gacgg gta
gacgéf%aﬁéagfac?‘é FETPEE? £A5T9Y ag Fad T goHe T 8%?
1561 2%%@366&&%&% APHEPTT TNt @%fé@a%“aagéfaﬁgéi
gggartAsLas e LT AT 4T 6T At By HadeHoTat AgeHaa]
0gQC 283 CIEERteferT EXTPEACC FEECAP CatICt &t trpaesc® ITe8Loce
agQt 428 ameroaluer eEYtgC ATFEYbTAFAEr RCLCIPIETAT atfatratiacct
t gct et greacadtA dsccratrgy atdatcca aatt petgtt ety bragetaa
actt cthiadceccactd atreacan etttocitkttbgpatad80battt ranbabaastt

t t aactgarcbdcnaraneh: agQgegbthiasagactagticas ggeatigt t a
1861 ;gacagati-gacAcaaat gaalcaahcoabecal cbiéd ati Ctdddgott
CCAAGEACGE: BREALIAGAT: 4Rcdl QYO gIAYGoshE g6aEGie

agt 96t 4a98,.90890098284. JlLA65A06E AL ACteat: Wigcacaag
2007/,148Q1 RGTL GB0Q/ 00221 20dB: 8Bl L0t AL abgas

at ggt,eagf Ecah%gca@cagaqggqt @Qtég@aﬁz Cagaaéc%@gt 23204. agelgghot a
2041 1 gca %fggigaécatcgég 0. REALR098LA cos

ta
at at aaac afaaft %tg?aa aaaaatcgcat at gggaactt

t aat f‘il atfagc%afft g gg&cta ct %caa acaacaceag agcacc
?tcfacaggCCt t

tt
g ngagac aat
tetgg

acactc
ctct tzé"tlg“t"&“éﬁf‘gfﬁt{‘g(c@ada FYTet o1 %Ct?té%fafatmtggag‘
gt t t Gat't 1FecgrevD PEC e PR LHE HGE  FGT gy ta &gécﬁa‘fgéf ﬁ%aé%ffﬁ‘
ccagePyt geateset giyEa® GEadGEGgea PP I GFERayCtYtG-*
t gaactyt ety rAfaett §eTPEE HGgreEIe sy G HGEGC éEteaefat ¢
2341 a6t @cadcgy cagrett teamcte agtigtaen ettt geegrocee
ct t ctieqt dearagicgnacataat 24Gbsmctetaca et tdngecEact:
acct tstdr1ada6aab @t aadosat@a bgagictdat gheaacagytgtdas oAGgrct
t ggcegagag-taged ggagat: gtggetdtdogpctgeaageaicats cactgtygcca
g9t caghad€radfdol bR GRIEABREI dat BEGEAtIEacGROGRAEA
ag‘aaggﬁcéagtg@@t:@ Qgtéaggc.@g tcgtggéia_gggtgccagaagacctﬂtwa& Cada&Attg
2222GYAJEELHAF 6 QR LAAARR dabratlsld LUARRR: Gegastggga
2641 ,63a923009a . L6194t Q@a%&c@gtc%@&agé&acécé&é@ata@%gag
act gt tég.ce%gcagtgcgcgc%ggagg%a ggtc g%tc}t t@ﬁ%?@gga%agéggﬁﬁg&ég,@ctg
atttca C gatg:l a a ta? ac gaaga:aga% aacaag aaC gg%? a a cac7a§a]c'aat
tgtcat% ¢ fcda gﬁ? <3 ?tgg caccct‘% agactictac
aaat at ‘Qcég 1592871°°5%§ at'é Aact t aqt tttg aca ¢ tg f qt aaa
et e Ao 2ed e L San T i naa
gt acgaYctasetgt JTady® aEaaTHeCH céﬁéra&téf‘aéﬁta é%ﬁ’?%{’é‘éttc ata
2941 8CaBETEEet "I EHTE CagE g Rt g ALyt gtratcace
t act CGTATECGHULT CHETGT? 2SBOPRERIEERTET FCPRETE JOATER et
accctagacettgagt teagact tgactatgtraeaggaagireets? ag0eaac
t gaataacatastoatitocaa: coicatthet Garabdoet biagiegitt ttewegEagce
t(:att4g01t$ahacaacca agatttttaa aaactacaaa aaaattccaa attgagcatt tacataaatc
4261 tggagaccta gcatttagct cattggcatt gcttgtacat tgtctaaatt tttagtgget
4321 ccggttttgt aagtatccac gattttaatg atagattacc tttaaaaagt ggattaattt
4381 taagcagccg taaacagagt agatttatat gaacgtctct ctccagttga afcatctgaa_
4441 atgtctactt ccégtatcéa ctctcagcee cagcctccte atactatgct gttgetgtgg
4501 taaagaaggg ttcaggggtg acctgggéga atctgaaggg caagaagtct tgccacacag
4561 gcatcggcag aactgctggc tggaacatcc ccatgggtct aatctacaac agagaacatg
4621 actgtgactt cagtgagtga ctgcgagctt cttccttectt ttaccaacag aaagaaattt
4681 aaagccaccc acagaaatca tacaactccc ctttttctaa aaaaaaagtt tgtttagatg
4741 actcatgtga ttaatctata tttaaacaaa agcqacaatc ttccattaac cttgacaaaa
4801 gagaggtttg ctgattgttg agctctttct gecatctcttc ctctecctcag ctaagttett
4861 cagtagcggce tgtgcccccg gagcagagcc cacctctecg ttetgttetce tgtgtgtcgg
4921 cagcggtaaa gctgtgggag acgaggccaa atgcaaagcc agcgctgatg agaagtacta
4981 cggttatgct ggagccttta ggtacagcaa gamacagaat ggcatcgcét acaagtttgt
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wdab@ghigyaea gatt caacag tgaggctctt gagggtgccc

20 3121 cctaatgaat catctcactt gctgcctttt cagagcttta
acctcttctc atctgaagcc 3181 tacgcgcccg ccaagaacct

ccaaacacag actccttcct gtatghgggt gctaactaca tgagcat cgt

ccatt CCtt aaaaggt a_aagaacaca
C@M&MW“?%fﬁﬁﬁiﬁiﬁﬁaiﬁﬁﬁﬁﬁi
a

t aa tc(flt‘ittsaaf At .
8% ke r i e SO AT &af catiy, cal cEeet g
R L AL ?cft dactgelan

cct c CAtit Fac2attEc eufatte g&‘if‘é"’t?fﬁ‘c"ﬁ@tgf @ga%fé%fff a Cf’%

‘cCt gRA Bt R rGE AR ABTERGT AT M HOtE ét‘a(?fgg?"‘ttact

t t at 542t dotaasBG0 dtordcgre fceTatAiccogiceraeg teat Care PETEc 222

t t t gaaticgetaceey cagegita FaRrgARFYCLogrccBEH6 lovert ertagteergate

cgt ggatiggareggbc aggicgtct ot @eQget gopcamagbtgt Qe et geaetasct g
30 3%42dh treatged g@aasgRagtatgas waaggtagatcaaac asgaaga
agaaakAdgdsCA6AERE6@BIgg ad3hShe@ Cltglsatatybtcalabdot @acat trgaa
ttct ab At GaagtdatRt tab G tabLadot dot @bcc€dabLEGEGHE L 3Bdihcaa
agagahat g4¢. gacaaGhdt @a at Qo004 A.cAGLd tLadaglor LlidatLedaCCL
ctttthat Q;@atcé’tgé) Ltgtagacaaa.d.tdctitaapa.adett GhdyBRaac

agt g (‘Sggl a%tgatagttt.a@;at%‘éét QQ@QQQ&J Jggcaa§9a6gtc%££@q‘.ggaggattg

t gt g %%%a cit:@%gga ggctagt c@aa ac'(-: % ggzgtget ?tttgacégégt an%gcgataac c

35 4 Jz L actcl Jlacaactaca a t at.at gaacaa
ccagttCady gaat cgfscta A" GH8E Tt gaﬁaaa f tt . ttgaa?:(? Ctt
agt t cat'c %ffgc thasdega® Cer et gtgya-agct f“tt jaac AT4To
aacadgtgGartHea et gt értet ‘igattcéggf"gfi Adoyat afugEt et et t
t at gget't t9araa w2 193¢ WaHE FAWER HYRL T I PR EFACE 48REHI"
aaaatRecaartatory agedt tac traratiawatic22 A 26 et traf A Cr a2
gcat tesegebatcatt ggeattoe getatyracHpCc tYt T raermeact eEttage'ggct
40 4324 ceggibd tgttraagteatteway Fatotdct agdtgreatsn gedssRret
ttt ac@aaagbcaggad baadchita AB8dctsaagocageT gret@e@E agagtoast
agat tézat akgrgaal gic€daCisa Ghetagial garaddacatctgasme tadbddiot

at gt b ACEkcag&6d btk G6aa Ch&bsragCHieccCagC €dabLt Lt ataedaalogCtl
gt t 9Cds@t B@ggadhel Lok aRga39GY it £RGYGY GocAz6do GHAGRAaa

at ct gaA994. £AagaRdLCl + 1 P56 ACACA0argdhDd dcabfaddob GHGAG cat
aact %Elggﬁagt&g@@&@&gggg GCaka9at Gla.2AL CLACRARL - agagaasat g
45 462}, actgloa 2150801900108 GLAGOROCLL. LRI,

’ ttaccagcaggttaa%?%%t%cccaac aga6\:8 ggaaaaaa? %tgg gat@ccg‘-%g% cg%caa

tacaac CCCt g aca %aaaag: t‘::cagcc ct tagat Lg:a cttcctgeac
act cat gt G5 ¥ 54t 7 dCtaaa gccacaatc ttccattaac

cttgal a%fé“ciféf)ita@%?é‘étég’fftft“%gt jATEGEt g7 agct et t t ct

gcatctcttc ctctcctcag ctaagttctt 4861 cagt agcggc

t gt gcccccg gagcagagcc cacctctccg ttcectgttcectc tgtgtgtcgg

50 4921 cagcggtaaa gct gt gggag acgaggccaa at gcaaagcc
Noa2 g agaagtacta 4981 cggttatgct ggagccttta

ggt acagcaa ganmmcagaat ggcatcgcat acaagtttgt WO

Anigy acid sapengeof tepsfowiny 002291

/translation="MKPLLLVALLGLLGKEFAAPGSQKVKWCVKSDQELRKCSDLAAA
IPCVICVKKENTLECIVAIKAGEADAITVDGGDIYTAGLNNYDLHPIIAEDYGTASDT
CYYAVAVAKKNTGFGFRDLRGKKSCHTGLGKSAGWNIPIGSLVSMNVIEWGGIEDKPL
EEAVSTFFHASCAPGAARGSKLCELCKGDéSRSQREPYYDYNGAFQCLAEGAGDVAFV
KHLTVPESDKPMYELLCKDNTRAPIDNYNTCFLARVPADAVITRKDPQLADFIWETLD
RVQTDHSFNLFSSEAYAPAKNLMFKDSTVRLLRVPPNTDSFLYLGANYMSIVHSLKKE
QASDVASPAIRWCAVGHAETAKCDTWSINSVSDDTASIECQSAPTVEDCLKKIMRKEA
DAVAVDGGQVFTAGKCGLVPVMVEQYDQEMCGNSNAPASSYYAVAVVKKGSGVTWENL
KGKKSCHTGIGRTAGWNI PMGLIYNREHDCDFTKFFSSGCAPGAEPTSPFCSLCVGSG
KAVGDEAKCKASADEKYYGYAGAFRCLVEGGGDVAFVKHTTVTENSDGNGPDWARNLR
SSDYQLICPGKGPVEISDYATCNLAQAPAHAVVTRPESHSKVVRILQEQQARFGNAGT

BE1EB2007/002291
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19 5041 gt at aaggag aaagttagca aagagacagg aagcact gga
aaacaacaga accagctctt 5101 ctsaatsttg gcagctactg

wob@bglidotg t tttcttatat atttcatttg taaacagcca pdh&B2007/002291
agaat gt gt c aagagctgaa gcatgptttc ctcctaaaac caggactttt

taatcttttt 52 aat
ggtgtaattt t théFt%}f:tﬁgE?%g%%%%%f I%%‘%émg&%%%f g,%%%%%gg&glt@ e
actctttgtc tcEE:‘%faT\%g%S% tgatgtatgg catatcatta caggtgtctg
5341 gttgagggtg gtggtgatgt tgccttcgtt aaacacacaa
aga aaacagcgat 5401 ggtaagagga ctgcact gat
S@&S@g@@?gc tgctccgatg acattacaac agcttctaaa 5461
Segubh&l dfafirresatdlieirhakeg JFaAafgt da cggt ccagac tgggctcgta

N e
T%QW%&G@?W&AQQ@@G&AW&G@A@%W@@A

ggtggtccgc atccttcagg aacagcaggt ttgtgataaa
TOA CASHIEGAGHCATGATET TETIAA 6l gl 6] GAEIAGEEANCTTGTTG

cSEAAARGRA T AL B AR AR T A Rt ER G L LgearT

GOEAN PARGA TCPORAT @DG R TATIT AQA G FTAATT TUFI DLAATATCTTGAA
gtttgtttggA;:attct ctt tgagcacaac 15 5881 aat gaatt

it
ATAAGKAET AATETABERGAT T TRBAGITGECEA CAAAGEAGTAG

EEAERTATH I SRBI S e ARORER B ogRBRE St FCTCATA

TACATALYETA CATACERCIIGEGT GG TGT GG GIGAAA BIKTTCATGG
ccgcttctc tctacagaga acatggcagc acagctitt t
af3ada §aaT AT RO R T A A ctcracf681toa
ARGTRICLERR U PG L ARG G ARGUE T BF CERGTHUEGTATFRRILPGGTAG
acatagcata ttcgcacaaa cacctcatag aaactggtgg tggaggggtg

ABCAATGGATCAGHCCETTCACCGACEGORAC A4 TCacaaacat t
tcaagttact gctcccaaag 6301 ttgattctac ttgctactga

at catggagt gtacttagtt tgtcacaact gcatagagtc 6361
SEOIDIRGApC tttctttttg atatgactgt acttgcactt gatctcaagt

gdggggacct 6421 tggcaattca aaaaccaata gtgacttctg
Saquiencecefanisrosatelliteonanker (IFaBt gagt 25 6481 aaagt aacca

{
T A T AN AR AT RagE R Graap FA T 66T
AGGIGCET AATTAGIA GEdT TERIAGATGIYeRAdA TRCAAMNAAATTAAAA
.ccaagact cc' actaagt gt ¢c_t ccaggaggt accaga :
ARGRReS AP GG A A TE G agaAtIc TR ER It Gl G mgoT
GHeBPeeRIcGE AL BRAAAM GA CEFENCEINATTWHEEG@FCCAGAG
tgcagaaatt acttagcatt taaatgataa 30 6781 ttttatacca
Atcttgtacca gataaaataa cattcatgct cgatattctc caattgtttt
6841 tgtttgcctc tcttcccaac agatctggaa aagtcttgca

cattccatgc ctgccagcaa 6901 ggctaat gga gat gtagaca
SEOADNDIS! t.cagccatct tacccactta cttcctgcac

PCR forward primer for microsatellite marker TF-A:

[TTTACTGCATCGCGTTTGA

SEQ ID NO:6
PCR reverse primer for microsatellite marker TF-A:

ATCGGCTTCATTTTCAACCA
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6961 ttacccaaac atagtgtttc tcctcttctg atcttactat
agactataga 35 SEQ ID NGO 2 Amino acid sequence of

woh@RRIHS I N: PCT/GB2007/002291
/transl ati on=" MKPLLLVALLGL LZ(ISKEFAAPGS(X\/KV\C\/KSDQEL RKCSD

LAAA 40

SEQdD ROKKENTLECI VAI KAGEADAI TVDGGDI YTAGLNNYDLHPI | AEDYGT
PARrward fi Ilite marker TF-B;
DA A R OB R P ISR P1 GsLvsMw Evieal E

GOGAGTTAATTAGAAGCGCAGT
EEAVSTFFHASCAPGAARGSKL CEL CKGDCSRSQREPYYDYNGAFQCLAEGAGD
VAFV

SIKOUPVRBSPKPMYEL L CKDNTRAPI DNYNTCFLARVPADAVI TRKDPQLADFI W
ETLD

PER/osrr mrinres Serwisrosaiql e Rpskey REHRVPPNT DSFL YL GANYMSI VHS

T%%QXFM/%E?&&%TV\BI NSVSDDTASI ECQSAPTVEDCLKKI M -

RKEA

DAVAVDGGEQVFTAGKCGAL VPVWEQYDQEMCGNSNAPASSYYAVAVVKKGSGVT
WENL

KGKKSCHTA GRTAGANI PMAELI ﬂ\l EHDCDFTKFFSSGCAPGAEPTSPFCSLC
VGSG Relerences
KAVGDEAKCKASADEKYYGYAGAFRCL VEGGEDVAFVKHT TVTENSDGNGPDWA
RNLR

SSDbyqQl, | GPVEI SDYATCNLAQAP, RPES I

ARGy NSt ks B UAECH) (b 495 Ot S58AT OLJoh BIology 22, 243-
DPSFﬂyFQSENGKNLLFQDSTKCLQEVPEERTYECJ:LGEAYI\/DAWALRHCSDT
ASDL EKSCTFHAC@G SEQ 'ID NO 3 5 Sequence of
mcrosatellite marker TF-A:

Bantsss  TABT,JAasEH GAEL (Pdladd-d¢ e NASADBMARE T AT A dlivar,
TAACTCTTTTACGGTGTTTTAAAAAAGCGCATTTGAGTACTTACATTTCCA
TcadAdoRemcRr&aTaraeL dAET Aonesabre Fidedorer s VG

o AR A e BT R TR LR E PR s

ATAAGCACTAATGTATCTGATATTAAI TTTAGTTGTT IAACAAAGCAGTAG
CBAA T M THIA G S EGH AT ﬁTG‘M@@@AMSlGIﬁ}’a\Muman
TACATACATACGIGTGTGTGI'GT GTGT GTGTGCAAGCAT TCA

AAATD@WEAMAC@MT—G@MTTGTCTTTAGAGTCACTGTCCTCI;TTGA 15

AAATGAAGCCGATGCCAATGGAATGCTTTCCAGGTGGTATTGCATGGTAG

Catal E%c?l%tgw&%%d%%m&aff %a B %8% Journal

of Fish Biology 32, 191-196.

Cnaani, A., Ron, M,, Lee, B.Y., Hulata, G., Kocher, T.D., Seroussi, E., 2002.
Mapping the transferrin gene in tilapia. Animal Genetics 33, 78-80.

Denovan-Wright, E.M., Ramsey, N.B., McCormick, C.J., Lazier, C.B., Wright,
JM., 1996. Part B, Biochemistry & molecular biology 113, 269-273.

Doize, F., Roux, 1., Martineau-Doize, B., DeRoth, L., 1990. Can J Vet. Res. 54,
397-399.

Doudet, T., 1992. Aquaculture 102, 275-288.
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Sequence of mcrosatellite marker TF-B: 20.
TAGAGCGAGT TAATTAGAAGCGCAGT TACACATGTGGCTGT TATTATCGT

wOeHatHSANT TAGCAGCAT TTGT CAGATGTAAAAATAAAAAAAAT B &842007/002291

AGGCEGEEGET GEEGATCECAATCAGGAAG GTGTGTGTGTGTGTGTGTGT
GI'GT' GTGCGCGCACGCT TAAAAGCACCTCACGTAATTAACTGCTCCAGAG, . A

Katagisk®.| Asalawa, S..Pdmagamaadd Shimak N-oHinener bsAckh Tt e

TE- A TTTA TTGA 30 SEQ ID NO 6 PCR
rev?i)@é F%‘?tlc%lé%§% 'ite marker TF-A:
ATCGGCTTCATTTTCAACCA WO 2007/ 148079 PCT/ GB2007/ 002291

Kdcher SE®. '@WT&E%%E%WS%WA icdtidns "ACADsAEat i te

mar Ker  TF- GI' 5 SEQ ID NG 8
PCR htipv/émpsearpusdaegod/staticiacsabmtedws206 1 frankrébutitis & ocher.ht
TGGAGCAGITAATTACGTGAGG 10 References Avella, M,
BerHPAut, J., Bornancin, M, 1993. Journal of Fish

Bi ol ogy 42, 243- 254. 15 Bentsen, H B., Eknath, A E.,

LT S R o G A R O pan )

AN. BiodRetd ﬁﬁ@/&%&bculﬁchﬂ!@gy 5542 132@91341 Aquacul ture
160, 145-1737 Briggs, D.A., Sharp, D.J., Mller, D.,

CGCosden, R G, 1999. Mbl ecul ar human re roduct| on 5,

Patkd7- Schnéffep E.CSidalidi.., Baralley bEetEohenG. kan, .M
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Cd aisrs The use of claims 3 or 4, wherein said organism is an aquatic

species, vertebrate or invertebrate.

6. The use of claims 3 or 4, wherein said organism is a terrestrial

species, vertebrate or invertebrate.

7. The use of claims 3 or 4, wherein said organism is a vertebrate,

terrestrial or aquatic.

8. The use of claims 3 or 4, wherein said organism is a teleost fish
species.
9. The use of claims 3 or 4, wherein said organism is a species

belonging to the cichlid family.
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1. Use of transferrin haplotyping as a tool for

mar ker - assisted selection to inprove saltwater
woesiraignee in fish., 5 2. Use as clained in clpaeigBro007/002291

wherein the fish is tilapigy 3. Use of

m crosatellite-transferrin haplotypes 1 and 2 ,

accotli nglheuserefitlaims 3 oF 4; whcrean 821 SRERRISIH 1S ASHESICH
bejri tierita ien a3 | ection or managenent 10 reginme to

PR&'B8 (}(t—:-h ag HPERES envi ronnent s def i ned by the

| evel of salinity. 4. Use of transferrin SNP

pol ynor phi snms according.to Table 2 and 3 for the

devel lopnefhe afe bbolasme3 arr4, twaieraini saichorpahism iso@remchromis
managenent regine 15 to custom ze an organismto
niftigus ¢Niteitlapiakf i ned by the | evel of salinity. 5. The

use of clainms 3 or 4, wherein said organismis an

aquatic species, vertebrate or invertebrate. 20 6.

The o of . . . e . .

orroat i ae OB R e e e B a2 1D
NOn8) da¢ THFEBASEQED NOT 4o amstomize isdivitualg@wariouss a

vertebrate, terrestrial or_ aquatic. 25 8. The use of
emnylirpnmengs defined hyhwarationsiai @lisityani smis a tel eost fish

species. 9. The use of clains 3 or 4, wherein said

organismis a species 30 belonging to the cichlid

fam fy. Q. 200IKPA0ISRETCRAIOT ROZRILS 18 udBmidire

use of clains 3 or 4, ein said organismis a
ingheduAs to P ARG NVIrdnendniedélimalchy oadistigeimualinty, The

use of clainms 3 or 4, wherein said organismis :

Oreochromis 5 niloticus (Nile tilapia). 12. Use of

S L R T T b LSRR
th YR 5 SR e Y hRRER el SRuleRE enlingemen
regafésorthesughaprotedures itflisdnefigze expression of either transferrin

or other genes linked with transferrin.

" 15. A PCR primer wherein the nucleotide sequence of the PCR
primer comprises or consists of the sequence given in any one of SEQ ID NOs:

5,6,7or8.

16. A nucleic acid molecule wherein the nucleotide sequence of the
nucleic acid molecule comprises or consists of the nucleotide sequence given in

SEQ ID NO: 1.

17. A nucleic acid molecule wherein the nucleotide sequence of the
‘nucleic acid molecule comprises or consists of the nucleotide sequence given in

SEQ ID NO: 3 or SEQ ID NO: 4.
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i ndi vidual s to various environnments defined by

variation in salinity., 14. Use as clained in claim12
wOhoehasem 13, wherein the custom zing 15 the pcr/GB2007/002291

i ndividual s is by sel ectivegsbreedi ng, through other

geneti c .enhancenment regines or, through procedures

i nf I18enci Apalreentids eberepnthsraminppeid saqugaeeet th  or

t her. genes |inked w.th transferrin, 15. AP ri
PeyRitich SPRPTISEE PR 6T SEHReTR LAY EdiseRe By SsF P 1D
NOOspri ses or consists of the sequence given in any one

of SEQID NOs: 5, 6, 7 or 8 16. A nucleic acid

nol ecul e wherein the nucl eoti de sequence of the
nucl ei c acid nol ecul e conpri ses or consists of the
nucll®et i dA meldeded Preducing an anipalsE@rpdueton af animalsor

nycl ei ¢ aci noj,ecul.e rein.the nucleoti.de,sequgnce

prigiSats s Snfinabif ot EGRI el O drifhglt 16 St RERS RS
exﬁy%‘%ﬁ%‘ﬁ‘?' eoti de sequence given in SEQID NO 3 or SEQ
1 4. 30 WD 2007/ 148079 PCT/ 3B2007/ 002291 25 18.

A pol ypepti de wherein the am no acid sequence of the
pol ypepti-de conprises or_ consists of the am no acid
seqénce Method phdaewingin aycprganism ableagt anstgengtie marker

(5 GEE e LB TGS RS et B s RABHeEh AEes Stk
o 1 R g B
org#hitindd gérore fstithe prdsentéd oRa@ gumetic maRer egating with

the transferrin gene, said nethod conprising
anal yzing the transferrin gene informative region in

e a0 TR BAIR T AR R B A

et o D o i S3pbSE D SecRcidhagidy,

nmet hod of claim 20, said nethod further conprising
using as a probe any of SEQID NO 5-8, or a probe
Wi t 12280% Bhe mutlsodeficlaim 20, saidméthpd Muntherapomprising using

nucl ei ¢ aci d_sequences, for det [ h f
as A(Prope agy ,qggiF& ﬂla,}&ér §-8, ora probe(:e %vtitlhng)% or n%r%ssgaﬁgnc%
identity with any of these nucleic acid sequences, for detecting the presence of

the genetic marker.

23.  Method of detecting in an organism at least one polyrhorphic
gené that is genetically linked and co-segregating with the transferrin gene,
wherein polymorphisms result in a quantitative variation in expression, where
each mean level of expfession is associated with a specific genotype of this
gene, wherein the method can be used to indirectly define and/or select for the

linked transferrin haplotype through expression analysis of the linked gene.

24.  Use of information about regulatory elements for transferrin

expression to manipulate expression of the transferrin gene.
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23. Method of detecting in an organism at |east one
pol ynorphic gene that is genetically |linked and
\NGQmﬁﬁgﬁﬁﬂatlng with the transferrin gene, WhBERidR2007/002291

pol ynmor phi sns result in a ggantitative variation in

expression, where 25 each nean |evel of expression is

ass3@d. at elsaiageprdingioclain @ewberypéﬂ@fregma&oryg?é%ents for

rein the nethod d|r ctI defi ne

traGorEn Pty tpiaked SrBRE R LATGN ARmeis o1 y pe

t hrough expression anal ysis -of the |inked gene. 24.

Use of information about regulatory elenents for

t r arg. er ridrug Gfeed pdésisieovhith camadjust ahesfertpr-essiessionSfin

the transferrin gene. W 2007/ 148079 PCT/ GB2007/ 002291
a way tmt impeovascolthatey resisiénes-m 24, wherein the

regul atory el enments for transferrln expression are

unlinked or linked regulatory elenents. 26. Drug or

fee dd'ﬁﬂ&iﬁ%n‘i‘ﬁéxﬁgl 8o Wkt Ytect 5@@&&%*@&&%@& on,

a way t I nproves saltwater resistance.

‘ x?i’éﬁsfdhn WHiEHRIn fuds ilprévesisaltwheee residtandancr ease

ransferrin expression, which in turn inproves
saltmater resi stance 10 28. Method of selecting

ot " OMp ofselhoSra o Eh vk ofRiepte forBihaer,
SaECF%{e?iO? BaprishRTeeIpEIAN 8 LI é?%si‘%f} e

infifededd, tfof ebmhwreial Gée ér simifak.sh, the nethod conpri sing
detern1n|ng the presence or absence in a sanple of

nucl ei ¢ aci d which has been obtalned fromthe fish of
def d.in Table th
1St ¢ arl PRsthom fechlain i indleaoR e R85 leransatar
T b B 0B 6L RSy AR Ayl Ssampte o

ndc‘pél@ RBTICRhIRAMR8 HRen bBtaAndd ﬁrbnhmwm ofheQdr riBFeeSISRPas
O of Haplotype 1 as defined in Table 3. 25 30

_ deﬁned in Table 2 and 3 in the fish transferrin gene, wherein the presence of

one or more SNPs of Haplotype 2 as defined in Table 3 is indicative of a fish
having an increased salt tolerance compared to a fish having one or more SNPs

of Haplotype 1 as defined in Table 3.



