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EXAMPLES Materials and Methods to the exanpl es:

Ani mal s 5Four hal f-sib mappi ng popul ati ons were
generated by crossing two fermal e animals (1 C100 and

| C67) with two male animals (AL91 and AL99) in all
four possible conbinations (see Table 1). 10 Table 1:

Par ent.s_and nunb f, the f abl e
R R AT B R 23000 i, Osogy com
cotile netl igentity exispedier magﬂ(eprimgemuﬁmedomf fenal es

Suppli!i'sT?%SIE/, Sginﬂkfﬁ té\é%ﬂ%by,% %I’ébgﬁ‘lé téidofet P9 prawn or shrimp sex-

specific sequence, allowing unambiguous sex determination of both males and females.

To identify sex-specific markers a large-scale bulked segregant analysis (BSA) using

AFLP technology was performed in Penaeus monodon. An initial screening was

performed in one experimental mapping population. Candidate sex-specific markefs

were confirmed in three additional experimental mapping populations and in a large set

of unrelated wild-caught adults. Two markers were consistently sex-specific at all of

these stages. One of these two AFLP markers was subsequent[y converted to a PCR-

based co-dominant marker. |

Ih one embodiment, disclosed herein is a prawn or Shrimp sex-specific sequence. Sex-

specific sequence, as used here, means that the seguence can be used for

unambiguous sex discrimination be_tween males and females. Preferably, said sex-

specific sequence is limited in length, to aliow an easy identification of small differences .
between male and female sequences. More preferably, said sex-specific sequence is

not more than 2000 nucleotides in length, even more preferably not more than 1000

_nucleotides, even more preferably not more than 500 nuclectides, even more preferably -
not more than 400 nucleotides in length. Most preferably said sex-specific sequence is
comprising SEQ ID N° 3 and/or SEQ ID N°4, or a functional fragment thereof. In one
aspect, there is provided an isolated DNA molecule from prawn or shrimp, comprising
SEQ ID N°3 or SEQ ID N°4 or a functional fragment thereof. In another aspect, there is
provided a functional fragment of an isolated DNA molecule from prawn or shrimp as
defined above, comprising SEQ 1D N°1 and/or SEQ [ID N°2. One préferred embodiment
is a female specific sequence consisting of SEQ 1D N°3. Another preferred embodiment’
is a sequence consisting of SEQ ID N° 4 for which males are homozygous. A functional
fragment, as used here, is a fragment carrying a sex-specific single nucleotide
polymorphism (SNP) and/or an insertion deletion (IVNDEL), and/or a fragment that allows
amplification of such sex-specific SNP and/or INDEL. As a non-limiting example, said
specific fragment comprises a SNP situated at position 106, 121, 161, 191, 198 and/or
291 of SEQ ID N° 3, andfor and INDEL situated at position 62, 111-117, 216 and/or 272
of SEQ ID N° 3. Preferably, said functional fragment is a primer comprising, preferably
cdnsisting of SEQ ID N°1 or SEQ ID N° 2. Said primer can |



AL91 111 55 45 11 B 1 CG67 AL91 113 62 45 6 C | C100
AL99 120 59 61 0 D I Ce7

be used to amplify the sex-specific INDEL situated at position 111-117 of SEQ ID N° 3.
Preferably said prawn or shrimp belongs to the family of the Penaeidae. Even more
preferably, said prawn or shrimp is a Penaeus sp., including, but not limited to P.
monodon, P. vannamei, P. japonicus, P. indicus, P. merguiensis, P. schmitti and F.
stylirostris. Most preferably, said prawn or shrimp is P. monodon.

Also disclosed herein is the use of a PCR-based marker to determine the sex in prawns
and shrimps. In one aspect, there is provided the use of a PCR-based marker to
determine the sex in prawns and shrimps, whereby the amplified sequence is selected
from the group comprising of SEQ ID N°3 — SEQ ID N°4, or a functional fragment
thereof. PCR-based marker, as used here, can be any nucleic acid sequence that upon
PCR amplification, allows an unambiguous determination of the sex. Preferably, said
marker is limited in length, to allow an easy identification of small deletions. More
preferably, said marker is not more than 2000 nucleotides in Iength, even more

preferably not more than
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faponicus, P. indicus, P. merguiensis, P. schmitti and P. stylirostris. Most preferably, said

prawn or shrimp is P. monodon.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Genotyping of 52 broodstock animals using the INDEL-marker.

Figure 2: Schematic representation of the female-specific AFLP fragment (A) and PCR
fragments used for obtaining the full sequence of this fragment (B-D).

Figure 3: Melting curves for RT-PCR amplified SNP for female and male P. monodon
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10 genotyped the set of 52 unrelated w | d-caught

(broodstock) animals (the four parents fromthe

rrappi ng popul ati ons and 48 additional sanples) with

the AFLP markers found to be in |linkage with sex.
W2 g 15 To obtain sequence i nfor mat i oRCHERPP7/054041
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of Taq pol ynerase and 100 ng of tenplate DNA. 25 PCR
usi ng prinmers ATTGCA 1 and ATTGCA- 2 vvere perforrred in
el :tRaremts \ankl nwe A L0 IRPDING gtions used
werrpl at e. The reaction mxture was heated to 95

Cfor 4 minutes, followed by 35 cycles of 30 seconds

of denaturation at 9 se g dMumber
Pagulationn (fe@ales emaleds '?#'gb :%%ga ﬁﬂﬂﬁ&ﬁr@é @ f[i ally, of
an additional elongat] oﬁ step o% m nutes at 72 @oubts”
was perfornmed. 30 PCRs using primer ATTGCA-1 in

cofbi nat IR0 AERTr | merdl Msel +GCASDr Msel +AAA and PAR
using priner ATTGCA-2 in conbination with priner

EcBR +ATHCOkr Alp¥r formd®3in a tot® vol une48f 50 pl ©
using 5 Pl of a 1/20 diluted preanplificatign

releti on 9@:R‘?"e9¢§ct| ondZQere as f 1 ows: 3%1cycles of

30 seconi& ﬂ gaturatl on at 95 C 30 secqpds at the

apBr opri i ng t%%er at ure ?55 C for? ATTGCA- 17
- T PR v o B gy e e ; ongat--c

2 mnutes at 72 C. PCR for the 1NDEL-narker were

All fofre pareftgeslert Siebghtiei dddght rna%lgﬁoand IMEE!Y)SQ&YS %I@Opma& la¥ Moana
e re Ctl

rech RSBl Bt fEPPERIRPURLARCRt (T O HOPERebr waoe (L) 120,
when 2@0F1F2247 RTVidiiaP 600d 05 40dEdedthharpacoepiableGiegrasMfatertainty. In

addltlcﬁﬁghsgggwﬁ% urﬁelgteHMHH—ca%?a%l% es %g gﬁitglﬁe %?@t08$4e¥gm§é%&es’ inc.

Thesehadividdals we%used flo sepspitireutighiness off thevmbusibgl lizkagsyhsitwaen the sex-
locus Sd BE pBRAM @éx-ﬁxfaﬂ@?éqiaéﬁiﬁi@& iPHe ?ﬁapglﬁg %p&&mﬁ@ conds of

anneal i ng at and 30 seconds of "elongation at 72
C. Finally, an add|t| onal elongation step of 2

AFLP@br@élﬁ:ﬁg? at 72 C 5 was perforned. For the fl uorescent
anal ysi s, E‘J_he rea tion was (?ssent ally the sane

DNA a3 Prepareds fips.-sgaps 'i?é%ﬂ?@"?% §'SWC%%'?Q PhatAB. r@%“?ﬂ\/PBtfm'SEd for
shrimg RE30@0AFBP ainbigsis WdsEpertbriped merdesaﬁead@emoﬁaﬂaﬂv&sré\r/lai 1995).

Genorfi (DD o BRLeMS! apef PiBhy 3o RREE R Uotbo Rl 4R wsel. Double
strandst adgptorsGvere ligated foaihe Bnisref the eepiknior fré@hdnty. The digestion product
was dﬁ{}%@%@%nﬁdhﬁedﬁ%@ Qcﬁdp@ Sp%ﬁé pr‘ﬁﬂ&g '\Jlthca sA#F&raP sé?édtlogﬁucleotlde
on each primer. Two pools, or bulks, of five individuals of population A were made at the pre-

amplification level. Within each pool, or bulk, the individuals were identical for sex but arbitrary

for all other loci. Selected subsets of restriction fragmenis were ampilified using AFLP-primers
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ATTGCA-2 | NDEL-4 I NDEL-5 GAC TGC GIA CCA ATT C TGA
GIC CTG AGT AA TCT AAC AGI TCA TAA AGC ATC CTA T TTA
AGCATA TAC TAA GAA TCC AT GGG d G GCG AAT GTA AAA TA
TT _TCA AAT GCA TAA CTG TTA GCT G SNP genot&l,ﬁmz%
WQ%QQBHZ%”DNA was prepared froma small sanpl® 07/054041
contalnirgSisddjingl. sefectve Micldoged. | Am@ificAtionaédetitig ok egparbigd on AFLP

sequerr&t;gpge%lﬂ‘ggﬁu%)'fgd %&@@#@aﬁeﬁﬂ@A p|(3|f all.g;al | [I]'ﬁe

AFLPsaargére sdantfiasl ascmixespedific indlee Bulld SéGreghntdinalysis (BSA) on population A

- (i.e. tﬁbﬁ&’e&@bﬂ&éﬁ%& u?ﬁ%e%grj%fla&é églg)(g%t-rrﬁt% t:ﬁlgt\ﬁ@ Hf}'ezﬁ.hk&:f\?l%{e cC:PnSIdered

candifiNg, seREPesiirs rr@é‘ieraarﬁ‘vté:\ﬁewnlm ﬁﬂa%e t@didaten sex-syasificgnekars were
teste(ﬂ B%es Hﬁ’lﬁ"écﬁbé‘rn;&fg@from fhe(thl%\é' r%h%ﬁ"%) mASi @p%ﬂleﬁﬁ@ Markers that

Femal eFor war d | eForward Rever
confirmg i el aséé‘ﬁﬁ*ﬂ‘ﬂr tatﬁeesnn éﬂeewrezoaf{dslowlrﬁﬁ%gn@w@f Wiig then tested for

Ilnkagfe% tevedidaus Hbdeh oF 88 el n%pﬁ@q)@ﬁ%uo%ﬁc 30 seconds

and 20 seconds 72C. Reactions were subse%uent lY
To ﬁ Haf’l‘%??%“d they sirenptin 53F) thﬁn'éle’r‘t@ﬁ%t R -falt-aseoriafisng by linkage, we
genotlyfeddt the gemmmnmbd/m@cmt [esddstorechnimaléthe @ue badents from the.

maop AR e G P R AP TTE SENETBHGR) B brte i inkage

with s&@CGGGCAGGECGGECGT TAGCTGATATTCATAATCCATGCAA Reyer se_2
1 AAGGGGTCGCGAATGTAAAATA WO
2007/ 122247PCT/ EP20071054041 Exanple 1: Marker
Sequeng®at i fi cati on :

To obtain sequence information from AFLP markers, the EcoRl-specific primer was
radioactively-labelled using **P-ATP and amplification products were separated on a 5%
denaturing sequencing gel. Gels were dried and visualised by autcradiography. After
visualization, the bands were excised from the gel, and eluted fragments were amplified and

sequenced.

PCR amplification

“Most PCR reactions were performed in 1XPCR buffer supplemented with 1.5 ng/ul of each

primer, 0.2 mM of each dNTP, 2.5 mM of MgCi2, 0.025 U of Tag polymerase and 100 ng of
template DNA.

PCR using primers ATTGCA-1 and ATTGCA-2 were performed in a total volume of 20 pl using
100 ng of genomic DNA as a template. The reaction mixture was heated to 95 °C for 4
minutes, followed by 35 cycles of 30 seconds of denaturation at 95 °C, 30 seconds of
annealing at 52 °C and 30 seconds of elongation at 72 °C. Finally, an additional elongation
step of 2 minutes at 72 °C was performed.

PCRs using primer ATTGCA-1 in combination with primers Msel+GCA or Msel+AAA and PCR
using primer ATTGCA-2 in combination with primer EcoRI+ATT were performed in a fofal
volume of 50 pl using 5 pl of a 1/20 diluted preampiification reaction. PCR reactions were as
follows: 35 cycles of 30 seconds of denaturation at 95 °C, 30 seconds at the appropriate
annealing temperature (55 °C for ATTGCA-1 and 53 °C for ATTGCA-2) and 30 seconds of
etongation at 72 °C followed by an additional elongation step of 2 minutes at 72 °C.

PCR for the INDEl.-marker were performed using either radioactively or fluorescently labelled
primer INDEL-4. The reaction was performed in 1xPCR buffer supplemented with 0.3 ngfpl of
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In a first screening, we analysed approximately 1, 408
AFLP prinmer conbinations on the bul ked sanples from
rrappi ng popul ation A. The AFLP EcoR1+3/ Msel +3 pri ner
onbi nati ons generate 50-80 AFLP fragnents._Hence
WQW@”H}F‘VS were fingerprinted with nore t hanPGHERSE/ M

each Pk, DzagKmEeach GKTR S M cRggER! 6.0248 ofag poiymerase and 50 ng

o oob R 8ol BRI, 257 J0EE i Blowea by o
cyclesrap B rgeaip uif alehanetionB,at @500 3D)senends 6fi avgealngi ait ¥d°C and 30
secorIer ftelgﬁéeﬁlo;l%t 95405 pﬁﬁéll@ gn i@’gag%iﬁ%%rﬁﬁ%g_%pchq!%e%rbgg at72 °C

assbdcration’tou
was pterfemedndidz treslupeaseeipaslesis. the radetor wamesseblidllk $ebirme as for the
radio %E’l‘ﬁ@rﬁnaﬂé@ @kééﬁ?tﬂé@b%BbﬁNﬂ ks |RII9-?Q)OT90éﬁ§(§ NE‘SEL”@ phﬁ’l\@’r was added and

ese nine narkers were |1 nked
0.3 m&’@%m%’%'t@ PriERgF KEFST fRAUENS]SGT @ IVER Indpiple 8f f spr | ng from
the four mappi ng popul ati ons. The reconbi nati on
Tablel 7: PGine Ghgldncls usBE inihidendpf femal es that did not
Show a b

and and the nunber of males that did show a

band;exXpressed—as a proportion of the totat number
of phn,gfm,,qb:al s anal yzeq:)nm&@ﬁg&ﬁ&c. -i,n Table 3. 15
Tabl e 3: Reconbi nation frequency bet ween t he

sex—tocus amd-eacirof—the e —sex- T ked—AFEP

naémlss ee'f'gml’c’f the four mapping popul ati ons.
OPA’ | C100xALQA TRERBTA BEAAEOE POPC
0 13%&%89.‘;3@113 BritRdr Alith ETARSY MVREFAA'2- 8 0/ 100 0196

ATTGCA-1 TCT AAC AGT TCATAA AGC ATC CTAT

ATTGCA-2 TTAAGC ATATAC TAA GAATCC AT

INDEL-4 GGG GTC GCG AAT GTA AAATA

INDEL-5 TTT TCAAAT GCATAACTG TTAGCT G
SNF genotyping

Genomic DNA was prepared from a small sampie of tissue {e.g. 5 mm of the tip of a walking
leg) by heating for 30 minutes at 95°C in 75 yl of alkaline lysis buffer (25 mM NaOH, 0.2 mM
EDTA pH = 12). The samples were cooled on ice and 75 pl of neutralization buffer (40 mM
Tris-HCI pH = 5) was added. PCR was performed on 5 ul of the 1/20 diluted DNA.
PCR was performed using the “Platinum sybr green qPCR supermix-UDG” kit (Invitrogen)
using primers FemaleForward_2, MaleForward 2 and Reverse_2. An initial denaturation siep
(5 minutes 95°C) was followed by 40 cycles of 20 seconds 95°C, 30 seconds 55°C and 20
seconds 72°C. Reactions were subsequently denatured (1 min 25°C} and renatured (1 min
40°C). Meliing curve analysis was performed on an iCycler system (Bio-Rad).
Primer sequences:

FemaleForward_2: GCGGGCGTTAGCTGATATTCATAATTCATGCTC

MaleForward_2: GCGGGCAGGGCGGCGTTAGCTGATATTCATAATCCATGCAA

Reverse 2 : AAGGGGTCGCGAATGTAAAATA
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0/ 109 E+ACC/ GGG 183.8 0/99 0/89 0/115 0/111
E+AAC/ MiTAG 200.7 1/99 6/94 2/118 41110
E+AGA/ MrCAG- 333. 0 0199 1/92 0/117 1/108

+CAG MtGAG- 148.2 0/98 0/97 0/116 0/112

WOE2007/122247 PCT/EP2007/054041

Example 1: Marker identification

In a first screening, we analysed approximately 1,408 AFLP primer combinations on the bulked
samples from mapping population A. The AFLP EcoRI+3/Msel+3 primer combinations
generate 50-80 AFLP fragments. Hence, the bulks were fingerprinted with more than 70,400
AFLP fragments. Of these fragments, 13 were identified by the BSA analysis as sex-specific.
To confirm this, bulked samples from the other three mapping populations (B, C and D) were
fingerprinted for these 13 sex-specific markers. In nine cases the marker-sex association could
be confirmed. All of these markers were present in the female bulks but absent from the male
bulks.

To determine how tightly these nine markers were linked to the sex-locus, markers were
scored in all offspring from the four mapping populations. The recombination frequency (i.e.
the number of females that did not show a band and the number of males that did show a
band, expressed as a propottion of the total number of individuals analyzed)is expressed in

Table 3.

Table 3: Recombination freguency between the sex-locus and each of the nine sex-
linked AFLP markers in each of the four mapping populations.

MARKER (*) POPA POPB POPC POPD
IC100xAL21 IC67xAL91  IC100xAL9Y IC67xAL99

E+AAG/M+CGC-72.8 0/100 0/96 0/120 0/109
E+ACC/M+GGG-183.8 0/99 0/89 0/115 0/111
E+AAC/M+TAG-200.7 1/99 6/94 - 2/118 41110
E+AGA/M+CAG-333.0 0/09 1192 0117 1108
E+CAG/M+GAG-148.2 0/98 0/97 0/116 0/112
E+ACT/M+GTC-284.4 0/98 0/98 0/119 0/112
E+AAAIM+GTG-125.4 0/98 0/91 0/119 0/112
E+CGG/M+TTG489.3 1/96 5/92 0/119 0/111
E+ATT/M+GCA-347.0 0/100 0/96 0/120 0/109

(*) E: EcoRI; M: Msel - indicating the sequence of the specific primers according to
table 2, extended with the selective nucieotides applied
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E+ACT/ M+GTC- 284. 4 0/ 98 0/98 0/119 0/ 112
E+AAAN M+GTG 125.4 0/98 0/91 0/119 0/112
E+CCGE MHrTT(489. 3 1/96 5/92 0/119 0/111
E+ATT/ MtGCA- 347. 0 0/ 100 0/ 96 0/120 0/ 109

WO 2007/122247 PCT/EP2007/054041
To assess the degree of LD of the AFLP marker haplotypes with the sexual dimorphism in a
population of genetically unrelated individuals, the four parental animals and 48 additional
brocdstock animals, recently caught in the wild at several locations throughout the Pacific
Ocean were genotyped at the nine sexinked AFLP marker loci. At two ioci, AFLP marker
alieles {EcoRI+AAG/Msel+CGC-72.8 and EcoRI+ATT/Msel+GCA-347.0) were in complete LD-

with the sex of P.monodon.

Example 2: Marker sequencing

The corresponding EcoRk-specific primers were radioactively labelied. The AFLP amplification
products were separated on a denaturing polyacrylamide sequencing gel and visualised using
autoradiography. The femaie EcoRI+AAG/Msel+CGC-72.8 and EcoRI+ATT/Msel+GCA-347.0
marker allele were cut from the AFLP gel, eluted, amplified and sequenced. Because we
obtained multiple possible sequences, we increased the selectivity of the AFLP reaction by two
additional selective nucleotides (+3/+3 AFLP reaction > +4/+4 AFLP reaction). The female-
specific  fragments were now obtained as EcoRI+AAGT/MseH+CGCT-72.8 and
EcoRI+ATTA/Msel+GCAT-347.0.  Isolation and subsequent sequencing of the
EcoRI+FATTA/Msel+GCAT-347.0 marker band resulied in a unique sequence. A non-specific
band hampered the isolation of the EcoRIFAAGT/Msel+CGCT-72.8 fragment and its
subsequent generation of a unique sequence. Furthermore, the sequence was short, making it
even more difficult to design a specific PCR for this fragment. Therefore, marker
EcoRI+ATTA/Msel+(GCAT-347.0 was chosen to further develop into a co-dominant PCR-
marker. |

For marker EcoRIH+ATTA/Msel+GCAT-347.0 we designed PCR primers to amplify the marker
in both female and male individuals. Using primers ATTGCA-1 and ATTGCA-2, we were able
to ampilify a fragment of approximately 285 base pairs (bp) on the genomic DNA of both female
and male individuals. These PCR fragments were isolated from the gel and sequenced. This
resulted in a female- and male-specific sequence for this marker. Careful examination of these
sequences revealed nine sex-specific polymorphisms in these sequences: 6 single nuclectide
polymorphisms (SNPs} and 3 Insertion/Deletion (INDEL) polymorphisms. One of the INDELs
caused the presence of an additional Msel restriction site in the male. This is the
polymorphism most probably responsible for the absence of the EcoRI+ATTA/Msel+GCAT-
347.0 AFLP fragment in the maies. To obtain sequence information of the part of flanking
regions of the AFLP fragments, we performed PCR using primers ATTGCA-1 and the
corresponding Msel-specific AFLP primer (M+GCA for the female and M+AAA for the male)
and using primers ATTGCA-2 and the corresponding EcoRlI-specific AFLP primer (EcoRI+ATT
for both female and male) (see Figure 2). The resulting PCR fragments were sequenced and

the previously obtained sequences were updated using this additional sequence information

8
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