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To successfully repress the Tra-2 gene in nosquitoes, it is necessary to
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Figure 1. The RNAI kernel sequences 1. Tra-2 RRM RNAi - 1 Forward sequence
5" AGTAAGTGCCTCGGTGTGTTCGGEC CTAAGCAGCTACACCAACGAAACCAG
CCTGATGCCALZO R RIIRIFZACCGTACG GAACCATTGACAAGCCCGATGATTGIC  PCT/VN2011/000011
TACGATGCCAAGACGAAGGTTTCCCG NGGGTTCGGATTCGT GTACTTCCAGG

AGCAGAGT GCGGCCACCGAAGCCAAA ATGCAGTGYAATGGNATGATGCTGCA _
TGAGCGCACGATTAGAS s aty a ixbdeehifilie princeples of@hd mventigh (or |inker)
Reverse sequence 5 GGICACCGAATAATCCACTCTAA TCGTGCGCTCATGCAGCATCATNCC

ATTYWTTTMTS Mﬁq@%ﬂa Ceratitis Cap/tata and
CCTICTIFRIE TS SN IRIEIHREEIE ot 0.l spest
sequencepermatogenesis processes and the knockdown of Tra-2 gene hasn't resulted in a
conversion from females to males as occurred in the other Dipteran insects. Because,
a transient effect of dsRNA cannot last from eggs to adults to consistently cause a
knockdown effect into spermatogenesis stages and following consequences in next
generation, therefore all attempts to use dsRNA injections to obtain transient effects

would be invalid.

To‘successfully repress the Tra-2 gene in mosquitoes, it is necessary to create
-permanent transgenic lines with Tra-2 RNAI constructs by which the interference effect
will be stably expressed during the spermatogenesis stages. We found that Tra-2 gene
knockdown in Culicinae mosquitoes can cause lethality of X (m) chromosome bearing
sperms and therefore only 'Y-chromosome (M) bearing sperms are survival and
maleness voffspring would be produced. These males are genetic males which carry a Y
chromosome. Males created by'this method are not-sterile but they produce healthy Y
chromosome bearing sperms only. Theoretically, maleness offspring would
continuously pass the Tra-2 RNAi constructs into natural populations until the

populations gone extinct.

This invention discloses all of the methods to create Tra-2 RNAi DNA constructs, to

transform it into mosquitoes and to observe its expression.

The invention uses putative Transformer-2 encoding gene sequences from Aedes
albopictus, Aedes polynesiensis, Culex quinquefasciatus or the other Culicinae
- mosquitoes as materials to assemble Tra-2 RNAi genetic constructs by using DNA’
recombination techniques. In Examples of this invention, parts or whole RRM (RNA
recognition motif) sequences which are belonging to putative Transformer-2 encoding

sequences from Aedes albopictus, Aedes polynesiensis and Culex quinquefasciatus
are used. '

The Tra-2 of Aedes aegypti is identified by blasting against the Aedes aegypti Genbank
database with an input is the Drosophila Tra-2A amino acid sequence. The outcome’

was AAEL004293-RA protein belonging to supercontig 1.113 (Aedes aegypt/:-

5



121 41 -V--F--A-P--Y--G-T--1--D-K--A-M-1--V--Y--D-A--K--T-- K41
-V--S-R-G-F--G-F--V--Y--F--Q-E--Q-S--A--A-T--E-- A--K61

-M-Q - CWOROGB/EM7TIM - L--H -E--R--T--1 --R-- V- - D - Y- - S- - YCI/MN2Nat0800113'  end
of the forward sequence is connected with an intron or |inker sequence by
GI. 5 end of reverse sequence is connected with the intron or |inker
sequencéevéstormaserhaedas eradynédaich slosetyerelatasd s@a@es switR tAedrs afopictus and\,

posi ¢ 1 ot isePafREPErSE: el Bimals, SHAPET M IEAAGE R0 FEo L 5 38 gy ce
2012/ 129A7FETRBE 43 BhfIBP THa-2Ridhiieticés of e dd¥iiibpicnsl ase deelrs e vhe slérmsi
RRM RNAi - 2 Forward sequenceConnection 5 AGIAAGIGCCTCGGTGIGITCGEC

CTNAGYAGITRYUADEAMTAARIIOAR VathT g hesismiiRmycrureadseghologous Tra-2 genes are

T R ISl

40Dy
ACH
NTGCAGT G Al fokmv FERIRE Té £tld %m%@@gwmﬁﬂﬁ%ﬁﬁ ATBPI (AfiEns3 We Thend
respective am no acid sequence
- S - K- - ¢wo -RRRMs\/logi- (gf -glleley, gach( existsT.in Eboth -Agdes _gpopefus and Aedes

oo B Sopedends el pidamiadt Q% dging s 1R faciorer it named as sEQ

-L-- Q - GD: Mo &(RRME) ahd -SEQHD: Rto Z(RRM2R- (F}gur@&)YTeSmo\tk -down these two loci

(allele), it may be required to transform two respective RNAi constructs into each

species to repress the respective RRM locus (allele).

A putative Tra-2 gene of Culex quinquefasciatus is identified by blasting Culex
quinquefasciatus database with the RRM1 and RRM2 sequences. The name of the
outcome is CPIJ016646; supercontig 3.780:5008-5247. The RRMs of Culex
orthologous Tra-2 gene is named as SEQ ID: No 3 (RRM3) (Figure 5). For many other
Culex spp, primers derived from the first and the end of the RRM3 region have been

tested and can successfully amplify these 240bp regions.

In order to knock down the Tra-2 genes in Aedes albopictus, Aedes polynesiensis,
Culex quinquefasciatus and the other Culicinae mosquitoes by the RNAI technique,

there are three solutions to be disclosed in the invention.

~ e The first solution is to use SEQ ID: No 1 (RRM1) as materials to invitro create an RNAI
_kernel sequence 1. This is a recombinant DNA fragment combining two identical
sequences of RRM1 but in opposite directions. A connection between the two RRM1
repeats is a straight intron or linker DNA sequence. The RNAI kernel sequence 1 is

then Iigvated with transactivator and regulatory elements and a fluoreecent marker within

a PiggyBack plasmid. This plasmid would then be available for transforming into both

Aedes albopictus and Aedes po/yneéiensis to knock down their RRM1 locus.

The regulatory element for the kernel sequence is a minimal promoter associated with
-operator sequences (tetOx7). The minimal promoter plus tetOx7 can be conditional by
using the commercial transactivator regulation systemrs (Clontech) Gene expression is
activated as a result of binding of the Tet-Off protein (tTA) to tetracycllne response
elements (TREs) located within the minimal promoter.

6



Note : 3' end of the forward sequence is connected with an intron or |inker
sequence by GI. 5 end of reverse sequence is connected with the intron or

| i nker sewoente2by77AG  The underlined characters indi caPeTsiNagtiioootiiions. Y,
S, N K etc show different possibilities of changed nucl eoti des at the sane

osition ubsti tutions may or may not change am no acid code. WO
201I2/ 129§9r7 ?(m(‘s)ﬂf/ SXRI633I0R; éfﬂﬁ dneentiie SREPEStR clonube sisgaetnspernmatogenesis

$(§IE;AT$NAI (f%'Tf TTA%@%?W&@X@T'SO prefer to derive a

GCGT CCT OoABBaET GADAANRGTATA aBGAAS EIC 8dific promoter for controlling the

O G ACACCAL T AT AR OO o Tvimacton By
Oonnect | 98 aPlidddrdhy GRHePTAdde¥K&T whiREVIBES § m§MY Siffiar sequence of its RRM in

comparison with the RMM1 or after obtaining its own Tra-2 RRM sequehces by the

same pair of primers.

e The second solution is to use SEQ ID: No 2 (RRM2) as materials to invitro create an
RNAi kernel sequence 2. This is a recombinant DNA fragment combining two identical
sequences'of RRM2 but in opposite directions. A connection between the two RRM?2
repeavts is a straight intron or linker DNA sequence. The RNAI kernel sequence 2 is
then ligated with regulatory elements and a fluorescent marker within a piggyBack
plasmid. This plasmid would then be available for transforming into both Aedes

albopictus and Aedes polynesiensis to knock down their RRM2 locus.

In the details, the regulatory elements in the second solution are identical as those

described in the first solution.

This solution may be applied for any other Aedes spp which has a highly similar
sequence of its RRM in comparison with the RMM2 or after obtaining its own Tra-2

RRM sequences by the same pair of primers.

¢ The third solution is to use SEQ ID: No 3 (RRM3) as materials to invitro create a RNA|
kernel sequence 3. This is a recombinant DNA fragment combining two identical
sequences of RRM3 but in opposite directions. A connection between the two RRM3
repeats is a straight intron or linker DNA sequence. The RNAi kernel sequence 3 is
then ligated with regulatory elements and a fluorescent marker within a piggyBack
plasmid. This ptasmid would then be avallable for transforming into Culex

quinquefasciatus.

In the details, the regulatory elements in the third solution are identical as those
described in the first and second solutions. This solution can be applied for any other
Culex spp which has a highly similar sequence of its RRM in comparison with the
RMM3 or after obtaining its own Tra-2 RRM sequences by a pair of primers to be
mentioned in Examples.



5" TCGACCTGCCTCGECGTGITTGEC CTCAGCAATTACACCCAGGAGGCGEA
CCTGAGGACCGTGITTGECCAEGTTCG GATTGATCRAGAAGGT GCAGATCGT G

TACGAT GCORRCGARGAKRIBCGT CCCG CGGGTTCGGATTCGTGTACTTTGICA  PCT/VN2011/000011
ACCTGGAGGACGCTTCCGCAGCCAAG GI'GCAGT GCAACGGAATGGTAATGCA

CGAGCGAACCATCCGECGTGGACTATT CCGITACG 3" The respective am no acid sequence
1 21 41 Thwcomecmvemtrpn @ linker |betwee twy-Trg-2 [RRM- inyerted rApem-s-d'an Kélany

end of TP aedienke: Foeyah olrahs Jior e B FUIE BPriPn s Pedlatetce

by GI. Srhecrtgtt of evensetiveeki@nes infos QARESE MW tb hewi Hﬁrfd?@d qucle‘d?n'ﬂ@ﬁ
sequence by AG The red characters indicate substitutions. Y, N,

show di fVersater faridtive nugleatidess oGarrstAueeedto bednsartadtat t‘;@nieegmismglm

ot ok ARSI T 5 B 8 g sinas o

spliceosomes to recognize and to splice out the connective introns or linkers.

Three DNA Tra-2 RNAi RRM-1, Tra-2 ﬁNAi RRM-2, Tra-2-RNAi RRM-3 kernel
sequences are disclosed here as examples of using specifically Tra-2 DNA sequences
to produce an interference effect into the respective species. The transcription of the
DNA kernel structure containing two identically inverted repeats would produce single
strands of mRNAs, which exposes two complementary sequences at its two ends. The
complementary sequences would bind together forming a double strand hairpin mRNA
structure (dsRNA:), in which the looping part is formed by the intron or linker. Mosquito
cells recognize the abnormal structure and react by dicing the dsRNA interference in a
defend mechanism activity which is followed by destroying intact single strand Tra-2
mRNAs from itself (Wang et al., 2006. Cell 127, 803-815; Hammond et al., 2001. Nat
Rev Genet. 2(2):110-9). The Tra-2 gene is, therefore, knocked down.
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lllustrations and its explanations.

Figure 1. The RNAi kernel sequences 1.

Tra-2 RRM RNAI- 1

Forward sequence Connection Reverse sequence
5" AGTAAGTGCCTCGGTGTGTTCGGC
CTAAGCAGCTACACCAACGAAACCAG
CCTGATGGACGTTTTCGCACCGTACG
GAACCATTGACAAGGCGATGATTGTC
TACGATGCCAAGACGAAGGTTTCCCG
NGGGTTCGGATTCGTGTACTTCCAGG
AGCAGAGTGCGGCCACCGAAGCCAAA
ATGCAGTGYAATGGNATGATGCTGCA
TGAGCGCACGATTAGAGTGGATTATT

CGGTGACC-3" GT-Intron-AG 5’ GGTCACCGAATAATCCACTCTAA
TCGTGCGCTCATGCAGCATCATNCC
(or ATTYCACTGCATTTTGGCTTCGGTG

linker) =

GCCGCACTCTGCTCCTGGAAGTACA
CGAATCCGAACCCNCGGGAAACCTT
CGTCTTGGCATCGTAGACAATCATC
GCCTTGTCAATGGTTCCGTACGGTG
CGAARACGTCCATCAGGCTGGTTTC
GTTGGTGTAGCTGCTTAGGCCGAAC
ACACCGAGGCACTTACT-3"

The respective amino acid sequence _
1 -8--K--C--L--G--V-~-F-~G~--L~-8§~=-8§~-Y=-T--N--E--T==-§~-L~-M--D-
21 ~V--F--A--P--Y--G--T--I--D--K--A--M--I--V--Y~-D-~A-~K-=T~-K-
41 -V--8--R--G--F--G=-F~-V-~Y--F-~Q--E-—-Q--S~-A~~A~-T--E~-A—-K—
61 -M--Q--C~-N--G--M~-M~-L-~H-~E--R--T--I—-R--V=-D==Y~=§--V—=T-

Note : 3' end of the forward sequence is connected with an intron or linker sequence by GT. 5 end of
reverse sequence is connected with the intron or linker sequence by AG. The underlined characters
indicate substitutions. Y, S, N, K etc show different possibilities of changed nucleotides at the same
position. The substitutions may or may not change amino acid code.



0s 41CJ.*ca 0,4. .DZ > -0o0 .f.5.as > CU F20Lo) 0 .c >, Ec) ....
asa) .c H o_-Ea) cOEwuu 7515 E2t") ") a ,3) U
"cisma) (WD 201229575 a' PCT/VN2011/000011

Figure 2. The RNAi kernel sequences 2.

Tra-2 RRM RNAi- 2

Forward sequence

5" AGTAAGTGCCTCGGTGTGTTCGGC
CTNAGYAGCTAYACCAMCGAARCCAR
CCTGATGGAYGTLTTCKCWCCGTWCG
GNACCATHGACAAGGCNATGATTGTC
TACGATGCCAAGACGAAGGYNTCCCG
NGGGTTYGGNTTCGTGTAYTTCCAGG
AGCAGAGTKCGGCCACﬂGARGCCAAA
MTGCAGTGrAAYGGAATGR%RCTGCA
YGAGCGNACGATTAGAGTGGATTATT
CGGTGACC-3’

The respective amino acid sequence

Connection

GT-Intron-
AG

(or
linker)

Reverse sequence

5’ GGTCACCGAATAATCCACTCTAATCG
TNCGCTCYTGCAGRWRCATTCCYTTYCA

CTGCAMTTTGGCRTCNGTGGCCGKACTC
TGCTCCTGGAAYTACACGAANCCYAACC
CNCGGGANYCCTTCGTCTTGGCATCGTA
GACAATCATNGCCTTGTCHATGGTNCCG
WACGGNGKGAANACYTCCATCAGGRTGG
RTTCGMTGGTYTAGCTYCTNAGGCCGAA

CACACCGAGGCACTTACT-3'

1 -8--K--C--L--G--V--F--G--L--§--§--Y--T--T--E-~T--N--L-~M--D-
21 -V--F-=§--P--F--G--T--I--D--K-~A--M--I--V--Y--D--A-~K-~T--K-
41 -A--S--R--G--F--G--F--V--Y--F--Q--E--Q--S--§--A--T--E~-A--K-
61 -L--Q--C--N--G--M--E~-L--H-~E~-R--T-~I~~R-~V--D--Y--§~-V--T-

Note : 3’ end of the forward sequence is connected with an intron or linker sequence by GT. 5 end of
reverse sequence is connected with the intron or linker sequence by AG. The underlined characters
indicate substitutions. Y, S, N, K etc show different possibilities of changed nucleotides at the same
position. The substitutions may or may not change amino acid code.

10
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Figure 3. The RNAi kernel sequences 3.

Tra-2 RRM RNAi- 3

Forward sequence Connection Reverse sequence
5’ CGTAACGGAATAGTCCACCCGGA
TGGTTCGCTCGTGCATTACCATTCC
GTTGCACTGCACCTTGGCTGCGGAR
GCGTCCTCCAGGTTGACAAAGTACA
CGAATCCGAACCCGCGGGACGCCTT
CGTCTTGGCATCGTACACGATCTGC
ACCTTCTCGATCAATCCGAACCGGC
CAAACACGGTCCTCAGGTCCGCCTC
CTGGGTGTAATTGCTGAGGCCAAAC

ACGCCGAGGCAGGTCGA-3’ GT-Intron-AG 5 TCGACCTGCCTCGGCGTGTTTGGC
CTCAGCAATTACACCCAGGAGGCGGA
(or CCTGAGGACCGTGTTTGGCCGGTTCG

linker) GATTGATCGAGAAGGTGCAGATCGTG
TACGATGCCAAGACGAAGGCGTCCCG
CGGGTTCGGATTCGTGTACTTTGTCA
ACCTGGAGGACGCTTCCGCAGCCAAG
GTGCAGTGCAACGGAATGGTAATGCA
CGAGCGAACCATCCGGGTGGACTATT
CCGTTACG-3"

The respective amino acid sequence

1 -8§--T--C--L--G--V-~F-=G--L--8§=-N-=Y~-T-~Q-~E--A--D--L,—~R—-~T-
21 -V--F--G--R--F--G--L--I--E-~K--V--Q-~I--V—=Y--D~-A--K--T-~K-
41 -A--8--R--G--F~-G-~F--V--Y--F~-V~-N--L-~E--D-~A--S--A--A~-K~—
61 -V--Q--C--N--G--M--V~--M--H--E-~R--T~--I~-R--V=-D=~Y~-§—~V—=T~

Note : 3' end of the forward sequence is connected with an intron or linker sequence by GT. 5’ end of
reverse sequence is connected with the intron or linker sequence by AG. The red characters indicate
substitutions. Y, S, N, K etc show different possibilities of changed nucleotides at the same position. The
substitutions may or may not change amino acid code.

11
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Figure 5. Sequence ID number.

SEQ ID: No 1 RRM1
5’AGTAAGTGCCTCGGTGTGTTCGGCCTAAGCAGCTACACCAACGAAACCAGCCTGATGG
ACGTTTTCGCACCGTACGGAACCATTGACAAGGCGATGATTGTCTACGATGCCAAGACGA
AGGTTTCCCGNGGGTTCGGATTCGTGTACTTCCAGGAGCAGAGTGCGGCCACCGAAGCC
AAAATGCAGTGYAATGGNATGATGCTGCATGAGCGCACGATTAGAGTGGATTATTCGGTG
ACC-3 '

SEQ ID: No 2 RRM2

SAGTAAGTGCCTCGGTGTGTTCGGCCTNAGYAGCTAYACCAMCGAARCCARCCTGATGG

AYGTNTTCKCNCCGTWCGGNACCATHGACAAGGCNATGATTGTCTACGATGCCAAGACG

AAGGYNTCCCGNGGGTTYGGNTTCGTGTAYTTCCAGGAGCAGAGTKCGGCCACNGARGC
CAAAMTGCAGTGYAAYGGAATGRWRCTGCAYGAGCGNACGATTAGAGTGGATTATTCGG

TGACC-3'

SEQ ID: No 3 RRM3 :
CGTAACGGAATAGTCCACCCGGATGGTTCGCTCGTGCATTACCATTCCGTTGCACTGCAC
CTTGGCTGCGGAAGCGTCCTCCAGGTTGACAAAGTACACGAATCCGAACCCGCGGGACG
CCTTCGTCTTGGCATCGTACACGATCTGCACCTTCTCGATCAATCCGAACCGGCCAAACA
CGGTCCTCAGGTCCGCCTCCTGGGTGTAATTGCTGAGGCCAAACACGCCGAGGCAGGTC
GA.

13
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Detailed description of the invention.

The Tra-2 RNAI system in the present invention may be any part of Tra-2 encoding
séquences (mMRNA) of Tra-2 genes originated from Aedes albopictus, Aedes
polynesiensis, Culex quinquefasciatus or the other Culicinae mosquitoes which are
capable of producing a knockdown (inferference) effect to the Tra-2 gene of the
respective species. We not rule out the possibilities that a Tra-2 RNAi system
containing Tra-2 recombinant sequences from a certain Cu)icinae mosquito species
can also cause a knockdown (interference) effect to the other closely related mosquito

species within Culicinae.
Definitions :

e Culicinae mosquitoes refer to mosquito species which have a pair of
chromosome (chromosome 1) that are similar in size but are distinguishable in
many species by the presence in the X (m) or absence in the Y(M) of C-banding
intercalary heterochromatin (Knudson et al., 1996. 175-214. The Biology of

Disease vectors. University Press of Colorado).

e Tra-2 gene sequences from Culicinae mosquitoes refer to mRNA coding
sequences only (Latchman, 1998. Gene regulation. A eukaryotic perspective. 3"
edition. Stanley Thornes Publishers).

e The RNAI kernel sequences refer to any recombinant DNA sequence which
includes two inverted repeats (IR) in conjunction by a linker or intron sequence.
Sequence of the IR is derived from any part of Culicinae Tra-2 mRNA

sequences.

¢ We definite that Tra-2 RNAI kernel sequences is an RNAi encoding sequence,

its expression is under the control of a repressible transactivator protein system.

As mentioned above, we look for an existence of the Tra-2 genes in Aedes albopictus,
Aedes polynesiensis and Culex quinquefasciatus mosquitoes which may contain a
highly conserved region with a length of 240bp (80 amino acids). This region has been
identified in Drosophila, Ceratitis Capitata as Tra-2 RRM specific region (RNA
recognition motif) http./www.expasy.org/cqi-bin/prosite-search-ac?PDOC00030.

14
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WO 2012/ 129577PCTNN2011/ 000011 Figure 5. Sequence ID nunber. SEQID: No 1
RRML 5' AGTAAGTGCCTCGGTGTGT TCGGOCT AAGCAGCTACACCAACGAAACCAGCCTGATGG
ACGTTTTCRRAGEGIAGK7 GAACCATTGACAAGG CGATGATTG TCTACGATG GCAAGAGHANGET TTCCOG
NGGGTTCGGATTCGTGTACTTCCAGGAGCAGAGTG CG G CCACCGAAG CC AAAATGCAGTGYAATGG
NATGATGCTG CATGAGCGCACGATTAGAGTG GATTATTCGGTG ACC-3' SEQ ID: No 2 RRWR

5' AGTAAGTGCCTCGGT GTGT TCGGCCTNAGYAGCTAYACCAMOGAARCCARCCTGATGG

AYG NTTOKOUAEET deke NACEATHOAGARSRC IATGHT TERETACGRIHIAMED Jare B HEHCC
NGGGTTYGGNTT YT TCCAGGAGCAGAGT KCGGECCA

CAAAMT GCAGTERSARVGTTATERWRAT COMASRSRANAGCAT THeEaGRGSAEEATREEB sTGATONBArdSEQ

CTTaOCT oS TR AR A KA P AR R G T T TEeteehy

CCTTCGT OT a@8ECAT CGRAEFEBCGATIET GCARCT | ZIHPCGATHTAA RRM  region

descri pt1 GCOP ERECERRIRATGRACTRAN, BOR RIVAOS, STBHISErON RV jesaes Tom

i nvent i on Aetlys bthoplyupant AddeSrioihceReedi WereSSSHIRNEES WB%%)IecPthaTn@ e%cﬂe“es
originated from Aedes al bopi.ctus, Aedes pol ynesiensis, Cul

qui nquef aSEFHELBE ARG H@ﬁere{ﬂﬁl RRMnaauansgsi REA4! \ﬁﬁidc'ﬁRMZe (thpBEIPeheis
produci ngsRokM egK@8¥Bn (oAt %bfrﬁéretﬂeé‘é MEHRMI i % n-BCQI'\ﬁltfg%e -2 %{@MP

respective species. We not rule out the possibilities that a
sysf em coﬁ‘?ﬁgﬁ Pagyrtt eRAE A48 ABIRaNtut SRJMEritass 16 Yooaminocasid ailffer@unesc Thase

ffect, to . the
Cohar ! o oBBF S FRMERY cBhote S8k fo BnkRC SRR thild R A BB RbieRs e the
Cul i ci naeoﬂrﬁsq{ﬂdeawpr efven the dintatpe speckeas etedshi mhez{?mv,@ea@gp,@,zﬁag@/?j{eé ﬁ;bl .
n size put are disting
o oy e Rekedh AT olohud 1k AT S aiogs &Ece m the V(M of

C-banding intercalary heterochromatin (Knudson et al., 1996. 175-214. The
Bi ol ogy of\ Dias2ssausrea 6f §ul%|qvewqyetaycpfc@s§ availgbleofradoGenbania-(BegBaek

ences onl

sequences

(Lot chman’ S LR e TR BAC R U yst R AT TR R, S5 E &3

St anl ey Ttoobtast, RaﬂﬂRMtqunﬁnce belongs to the supercontig 3.780, from 5008 to 5247. We
named it as RRM3. 24bp at beginning and 22bp at the end of RRM3 are used to create
a pair of primers to amplify it from Culex quinquefasciatus DNA. These pair of primers

can be used to amplify ortholog Tra-2 RRM 240bp regions of the other Culex Spp, even

the distance species as Culex visnue, Culex pipiens. The amplification condition is
similar.

For convenience in designing primers whole or a part of the RRM regions (RRM1,
RRM2 and RRM3) can be used to assemble the Tra-2 RNAi constructs by DNA
recombinant techniques. However, in this invention, it doesn’t limit to use other Tra-2

encoding parts outside the RRM fegion of these mosquitoes to build other Tra-2 RNA]
constructs.

The elements that regulate the RNAI kernel sequences should be located on the same
chromosome as the RNAi kernel sequences. In figure 4 shows the RNAI kernel
sequences and Tetracycline (Tet) transactivator system. An insect spermatogenesis
promoter, for instance Drosophila B2, controls the tTA protein gene. In the presence of
Tet in larva rearing medium, tTA protein binds to Tet and the operator sequence
(tetO7) would bind to the minimal promoter which regulates the transcription of the
kernel structure. The promoter is inactivated and no RNAI product is transcribed: In the

absence of Tet, this artificial protein binds to operator tetOx7 in the absence of
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The RNAI kernel sequences refer to any reconbi nant DNA sequence which

includes two inverted repeats (IR) in conjunction by a linker or intron
sequence.wBeguenew7of the IR is derived fromany part oPCCHN2eiwvmer1Tr a- 2
MRNA sequences. We definite that Tra-2 RNAI kernel sequences is an RNAI

encodi ng_sequepce, _i{s expression is under the control of a repressible
t ransac?T‘?/t cl?yFn’Rﬁ cﬁrébna@gstg‘éW'%@%@F@ﬁ%’dwe%@ﬁ/@,e fieel okranserike thgi BNAnce

f the Ty i il ' I ' ' I
aui nauel e R i SRy S PR o P KR B FRr o Pegrec

with a |termyBrP3for MaindQ poracteno\actars jracd the plaghionbhésiohesd thid@nbrddcedt i n
Drosophi | a Ceﬁ'ﬁti ti.s Caé)i t?t.a as 'I('jra-Z ng\ll specific region (RNA
r ecogni tMakety ?)entlre packet is ligated into a PiggyBac plasmid” This complex can be

http: /| VWHSEXPIRSY irfd6 hGSHuitd L KPaME R 558 Ewhi |

2012/ 12957 (PCTNN2011/ e pk d{%ﬁgs%é(g‘gquer?g@ G eI Wit canghs in e
Aedes aeaspyme or TifferentgdmempoSen®snk accessi on nunber : AAEL004293-RA), two
pri mers have been designed. A forward is CLF, 26bp at begi nning of the RRM

region ( : rse.ls CLR. 23bp at the end
of the Iﬁ%@@g&on iWﬁ%@%@?ﬁﬁé&%@&%f@eg 158 P%%gaﬁ%NA
t enpl at emckgondefbe aratheptrahstormatiomed esedeadyiR@sifentast IRUS HIRENYEar i t
reveal ed, that in each species there are two different RRM sequences, RRML

and RRVENGREAPER RROM e eptestheonfifst oANBot Woutd t hese arlRRMefeged.
i dentic 1 : i e&qﬁa i E 93- RA).. but has
10% am ﬁlt)ra}'a‘}%fpgmgﬁﬁ E%H(?:rgs. h&ség\ pal? gﬁ%géésﬁérﬁé g&%ﬁ%egﬁggétt eﬂ?rpoi fRF
or t hol ogelregatedRiMiRl byt genpratisnd anteasbecialifén tHe dase sPiare eNefwd Mea-2 loci

di stanc% S ?%I es a‘_sr| Aedes ni v_eus,d@eeges annandal ei or Aedes = . _
pseudoal 865% eLeXiIsiRsame sPeFies @s PepisH!S and Agies ipolymesiensss, deyigic e
of Cul exygubasutahasRNAL Hand id &4l ( sion
nunber: CPI Joq%tg46) when Bﬁ‘?’ﬁ'@gf} Se%ﬁ&éﬁﬁyﬁwsgééu@ggég r%ﬁ%@?s to
blast. Its RRM sequence bel ongs to the supercontig 3.780, from5008 to
5247. W Neagreriession of e B NA Mesnelsessignans weutinochgown thad rartigeiie RRIVE
are use a airf, .0 i S Y. i I | ex .

qui nque19 %a;ngggﬁﬁséﬁ\ﬁg QTE@?J%%{HP gg; Stfgdngfgsjéd(l:tgnmb ethglgg] ?@“’éﬂ%ﬁ"?”ﬂ? bRARSI og
Tr a- 2 RRpeMSapdreedy orsde offsphieg & betcokiel ex spp, even the di stance species
as Cul ex visnue, Culex pipiens. The anplification condition is simlar. For
conveni ence in designing prinmers whale or a part of the RRM regi ons ( RRML,
RRVM2 and RRMB) can be used to asse xamples 5. 2 RNAI constructs by DNA
recombi nant techni ques. However, in this invention, it doesn't limt to use
ot her TrGorApeREAEH NOI/RENISTrAUS SedBehtes RRMFRY t Id RS
build ot herpTr a- 2 RNA constructg. The el emeﬁ'?éé t Q{esfgﬁlﬁggg%ﬁwg %%IS &
kernel dERMeEnERMIhRRM2D@ndoRAN3) ¢ arbates Anae-2c Riviinkeme! aoristrac@NAhese

k | . fi t he. RNA] k | d.

ot oy SEOHERCES. arkt! e, frohf *Yea e he! Tl SRR 6t blasiing from

pr onot erhttd:Hnwvn séatpeadd oPPhi HaedPRIinwoRt 16 H%réﬂ_ﬁpﬁﬁ%f?w@t A ;[geln@d
s to Tet an

the presence of Tet in larva rearing medium tTA protein bin

the operSHBENGESyYEHeR qreePeipnolRsuIte Aedes tatbemielusi Medes modmetsiansidi Ehlex

| at ; i j t . I . t Th . t i
et | v JRiURRS AR AP O oler ‘CRich A Shodlees 1, Ton o MipBhATenTt thraptharm ¢
artificicamponents of llastaidso appddeitioal.t Bt Drdsaphitah B2aRmeNE oot (or other

2012/ 129577PCTNN2011/ 000011 Tetracycline (Tet) and the m nimal pronoter
woul d b&"SECE SPEFMAIGRIESIH PTPMOtatNA PSR drem DrosaphileaiNAl 36 irdpsactivator

report e P; ! a i to xP3 or. , Acti pn5C
prormterc.og%ﬂgiﬁ(pr ce C’?ﬁ{e] D agr/nRggﬁgtcﬁo?IIeﬁ\%rhgg%)g)ﬂ g?i@&ﬁnt 5@‘? er
The ent gesephtiiipiday beicdzio ed.édu/o 64 FRy@gyRApIashagsi dnttTNbmdyBEBIRXNE BaLPE
transfohai_?q intlo rTrr{')ﬁq [,t 9, geneti ¢ background in one or nore Toci which can
be int SBAEP'EPTHL £ AE “3'.-‘~°4’5t99';e"l;ir’ suggest that a single |ocus of
the transgene in a transgenic |ine can be used as a background for anot her

transf ol.mat i RRMé franoedés arsdpietnand Fatfes\Pbh/hedGensis, i N the sanme
chromosonme with the first one, would be particularly preferred.

Transfo in the, s hr onbsone uld prevent themto be

segr ega:r ggQ% f]exg ﬁ]y%éégﬁoye'ﬁ%\?’ip? g:glgwgﬁ%q%}?@c?i %ﬁl\?ﬂa‘? venseidentitediior: Aedest wo
Tra- 2 | affoplcits ahtieh @de£poRinekRSATR S18E G st | flug N feges
pol ynesi ensis, in which V\D%I’ espective Rmﬁﬂsrgr@gﬁﬁgﬁ%rgg%r@enéce gﬁF”f to
repress two loci (or allele). The expwessi on of the RNAI kernel sequences
woul d knock down the Tra-2 gene in the transgenic species. The knockdown

effect results in lethal X chronosome bearing sperns and only nale
of fspring i s outcone.




Exanpl es Conponents : 1/RRM Tra-2 sequences : In this exanples, we used
thrgg types (r)r}) RRVE (RRML, RRM2 and RRMB) to create Tra-2 RNAi kernel .
const r uctwo 20fpéiees7gequences are obtai ned from sequenci n@Crha2barmgetiispeci es
or blasting from (http://ww. vectorbase.oro/). Iht doe;ni t o lim tttoAuzgsa
differen art of, the Tra-2 g sequences which are belonging to Ae
a: bopi ct %%(ﬁ)ue,&é:&esbypoﬁjﬁ)ﬂgsiﬂé%s%ﬁﬂ g¥efehqtiemastedetisadop(aies oaner Aedes
Cul i ci nagolypesiehe®s in the invention. Al the other conponents of plasnids
are identical. 2/ Drosophila r32 tubulin pr o_rr;n er (or3;)t [|1_er |nste_ct Cor

er mat ogenesi s pronoter) : PCR from Drosophila DNA ransactivator
zgrrponen S(’?Q*)l{)onf%d@%éﬁ“ﬂéfﬁ&%l eftdrdes aenictys éﬂ@)é\t?de:s ﬁfnlmsae/ms/s have
5/ Repor t : i LO. : : Pi ac .pl as :
P/ pro BpIfE oA PROR Baf of Brfes or Jeob' ABEYRg BHI 25 b at the
htt p: / / pengdiphaf Asidesmegyptisuperddnil 1. 106 fEdigs2al bptag)us and Aedes
pol ynesi ensis. These exanpl es show how t he RRM sequences of Tra-2 were

i i fi i : | ynesiensis. It also shows the
:/vgenz Iof LéEFI reR élf% Tzﬂg%%%gSS%PCTNNZOll/ 000011 sequence
b yusi n € e S gé CRAGEGAS bopi ctus and Aedes pol ynesi ensi s.
As mont B frag,GedenRibricts AN Aetlea d2o/wlasii s ase @}xtzraAmbsipglay@AGeErMi s
and 23 b aroRre it oBt FRshERaceh i QTR Pt FaabHer TG
R o A ‘ Aed Iéb- i ct u(gﬁg;mdm{&é)aeso'ggwygggi eDrl1\lsAi\s

[
T T e T O L
orimer Ooont Clomel T ao1ben G R o s L2 STER N A 2Ry DR
b (ralrrprrF;t eCB%Hieé'Eran/‘}ﬁ”MSﬂ;é?Z?fC/FPOR PER gfdﬁuh_“ts é% ucgrggp:nﬁg% a@“fi%’%que%ed with
G a5 x3be SFochiers. Alae gathn sfguspess HERRMy areiekiniaed islguenced i th the
same pri rrér s. Two 240bp sequences of RRMs are obtained bellow. RRML DNA
sequenc RRMAGNMSHTREOTEEGGT GT GT TCGGCCTAAGCAGCT ACACCAACGAAACCAGCCTGATGG

ACGTTT T GHATOSEACORAEBTE CATASCEAT, SCAGCCTGATGG
AGGT TT CSETICERAT EFRL S 2 ACGATGCCAAGACGA
AAAAT CCAT G S RS BRI SEA ‘ AGAGTGCBGCCACCGAAGCC
AAAATGCAGTGYAATGGNATGATGCTGCATGAGCGCACGATTAGAGTGGATTATTCGGTG
ACC-3' '
RRM2 DNA sequence

5'AGTAAGTGCCTCGGTGTGTTCGGCCTNAGYAGCTAYACCAMCGAARCCARCCTGATGG
AYGTNTTCKCNCCGTWCGGNACCATH GACAAGGCNATGATTGTCTACGATGCCAAGACG
AAGGYNTCCCGNGGGTTYGGNTTCGTGTAYTTCCAGGAGCAGAGTKCGGCCACNGARGC

CAAAMTGCAGTGYAAYGGAATGRWRCTGCAYGAGCG NACGATTAGAGTGGATTATTCGG
TGACC-3

RRM1 amino acid sequence
1-S--K--C--L--G--V--F--G--L--§--S--Y--T--N--E--T-

T--S--L--M--D-
21 -V--F--A--P--Y-G--T--l=-D-K--A--M--l--VV=Y --D--A--K--T--K-
41 -V--8--R--G--F-G--F--V--Y~-F--Q--E--Q--S--A--A--T--E--A--K-
61 -M--Q--C--N--G--M--M--L--H--E--R--Tw-[--R--V/--D--Y --S--V/--T-

RRM2 amino acid sequence

1 -8--K--C--L--G--V--F--G--L--8--S--Y--T--T--E--T--N--L--M--D-

21 -V--F--8--P--F--G--T--|--D--K--A--M--}--V/=-Y ~-D--A—-K--T--K-

41 -A--5--R--G--F--G--F--V--Y--F--Q--E--Q--S--8--A--T--E--A--K-~

61 -L--Q--C--N--G--M--E--L--H--E--R--T--|-=-R--V--D--Y--S--V--T-

(Underlines indicate the region selected for primers. The bold characters indicated nucleotide
and amino acid substitutions).
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ACC-3' RRMR2 DNA sequence

5" AGTAAGTGCCTCGE 3 GTTCGECCTNAGYAGCTAYACCAMCGAARCCARCCTGATGG

AYG NTI CKEYGEEHMEFAINACCATHGACAAGECNATGATTGT CTACGAT GCCCAAGACH NANHowhol CCCG
NGGGTTYGG NTTCGIGTAYTTCCAGGAGCAGAGTKCGGCCACNGARGC CAAAMIGCAGTGYAAYGGAATG

RWRCTGCAYGAGCGNACGATTAGAGTGGATTATTCGG  TGACC-3' RRML ami no aci d sequence 1
21 41 Beside. thesemaivof grimpers tanbe Ksed-to Mmphfy \his YFraER RRIVIIQ40[)p Kedjlon of

-V--S-- --Y—- Q -T--E--A--K

i \I\ﬁ Qo - he ott% %’fdﬁf PP, € gn &mTthq dlgange Bgeqes @as V’-\eqes XBUSanf Rdes

acid 560&*&%;31612& Wedes E)}seudoa/bop/ctus Usm% the same PC_F{ qgndjltion an exact

-V--F--S-P--F--G-T--1 --D - - -

-A- - S - R40Gbp pangswanld be gmpHiedameng@ther b&ﬁldS\-Aﬁ'agEres@ gé&l-extraction step is
performed for the 240bp band by Qiagen columns. The DNA elution is diluted between
10-20 times in water and 1pl to be used as template for the same PCR. A 240bp
specific band would be amplified and can be used to assemble Tra-2 RNAIi constructs

for the respective species.

Two fragments of 135bp from the bottom parts of these RRM1 and RRM?2 regions are
used to assemble Tra-2 RNAI constructs. Because the sequences of RRM1 and RRM?2
are only different in some parts, therefore the primers derived outside of thosé parts
can be used for amplifying both RRMs. PCR is carriéd out in 25yl reaction in a
condition of 2.5ul PCR buffer; 1.5ul MgCL (25mM); 0.5 pl dNTPs (10mM); each primer
0.5ul (10pmol/ul);  0.15ul Tag DNA polymerase (5U/ul); 10-40ng DNA template.
Thermal profile of PCR is [94°C/4; (94° C/30”; 59° C/30”; 72° C/45")x3: (94° C/30": 57°
C/307; 72° C/45")x3; (94° C/30”; 54° C/30"; 72° C/45")x35: 72°C/10']

1-(BA-EX1F) 5’"CGATCTCGGATCCATGCCAAGACGAAGGTTTCCCGAG 3’
2-(X-Ex1R) ‘5’CGGCAATGACCTCGAGACCGGTCACCGAATAATCCACTCAA 3

3-(SAL-EX1F) 5GGCGTCAATGTCGACATGCCAAGACGAAGGTTTCCCGAG 3
4-(ECORI-EX1R) 5’CGGACGTTGGAATTCGACGGTCACCGAATAATCCACTCAA 3’

Primers 1 &3 or 2&4 are similar forward and reverse primers. A combination between
1&2 would produce the same PCR product as that of 3&4.The differences in those
PCR products are endonuclease restriction enzyme sequences inserted in the front
parts of the primers (underline). This allows the PCR products can be ligated to an
intron or linker that contains the same restriction sites in a desired direction. If a
connection between the two inverted repeats is a linker about 10bp, PCRs to amplify
these fragments can use the same reverse primer (2 or 4) and therefore products -
would contain the same restriction sites at 3’ end (Xhol or EcoRl). Two PCR producfs
would be easily inversely connected after an Xhol or EcoRI enzyme treatments.
However, if we want to insert an intron between the two inverted repeats, it needs to
use both inverse primers. Two PCR products would then have different sticky ends at
3" (Xhol and EcoRI) and can be easily ligated with an intron that ends by Xhol and

EcoRlI restriction "sites. In this invention, any linker or intron sequence from other
18



61 (Underlines indicate the region selected for primers. The bold
characters indicated nucl eotide and am no acid substitutions). WO

2012/ 12957 3RGIRNN2511/ 000011 Besi de, these pair of prinmersroaohmovaed to
anplify this Tra-2 RRM 240bp regi on of the other Aedes spp, even fromthe
di stance speci es as Aedes niveus, Aedes annandal ei or Aedes

pseudoal bopi ctus. Using the sanme PCR condition, an exact 240bp band woul d
be anpli f ii@canedig bet d ReEundiBn . | ' ' rf,gr med
for the 240bp band by Q agen col umgﬁﬁ{rﬁ?%%ﬁﬁjg&b%@dﬁﬁ&gfE)h%?vt\\}eygn
10- 20 ti mByClentidas € adgd‘\‘%p&mﬂ@) bpdnsssied aishe &ratlaatdhe endtdfdhasensedRERcesA
240bp specidicbii I |1 T : : 0 assenble Tra-2
RNAI cons?%%dg?g@%ﬁ—h}téﬁg a?eeks)%cggtﬁﬁl\%Sﬁsgﬁgés?@gl.n%%@v%ﬁ?'ﬁggﬁr%%ts of 135bp from
the botto arts. of th RRML and RRWMR regions are used to assenble Tra-?2
RNAI  cons e e idgatica) VA fagveiscte devesselrepanagiey HRD itren orllipkeli fhese ent
in some PRNAS kekledr I I i an be
used Tor oo e Do R e BRE0P AR Nipael e HE Bloshihafe RbER 74
condi t i ondg$ired. & poeifigdest that tisg tepeactivatenvlesmidss cpitaid NiPssai) rédtrictieac h
primer 0.3 (10pnol / pl); 0.15pl1l Tag DNA pol ynerase (5U pl); 10-40ng DNA
tenpl ate. ermal profile of PCRis [94C/4; (94 0/30"; 59 C/30"; 72

C/ 45")x3; (94 C 30"; 57 0/30"; 72 C/45")x3; (94 C/ 30"; 54C/ 30"; 72

cl 45" ) x35]l- 72 CREM frofo Gaex-quinguef. CGGATCCATGCCAAGACGAAGGT TTCCCGAG 3!
2- (X- EX1R) 5' CGGCAATGACCT CGAGACCGGTCACCGAATAATCCACTCAA 3" 3- ( SAL- EX1F)

5' GGCGT CAGEGOREACATEIOA GHCCARCGITINGIRSERTIAS dfe (&aDRbEXIRE Vectorbase.org
5t C_GGACGTT T T }:/‘GGTCA TAAT \&TCAA 3 P_I’I mers 1 &3 or 2&4 are
similar f9FRAIY (M@m ; ScHRRA WP BR'\'ﬂ)?et(RBLW red REMA as
produce t heefetT® HER MARkiche amtdhiak. Dltcie T Miobhaleess: Mg%!\g%ﬁ%@ﬁ

products are endonucl ease restriction enzyme sequences inserte

front par 8§Vgf WitheRBM1aad RRURdEriS helix stiigtyeas vl ashehyr@Rn cdatatnshipan be
| i gated t [ j r o£ 0 NS~ N resteiction Sbifes in
a desi redRWeg?%% ?‘P ig?g%ngh???n%b%b@ge%m?h%"ﬁ\%o%i W@@r%ﬁé@?%eg% is a
| i nker abs#Pesog, PORs anpotatiphi bf Tised e Cufeagrpm@iestatiaise isheRIalEBe48yer se
primer (2 € ' ucts would contain the sane restriction
sites at %eerﬁ%l‘t?%(‘%%??%zaﬁf{@m PCR products woul d be easily inversely
connected_after an Xhol or EcoRl enzyne treatnents. However, .if we want to
i nsert anRRMSA BRAUGEER the two i nverted repeats, it needs to use both

i nverse pEEABASCCAAABTRCACEDGRAT GRTTGEE FeRTREATTACCAETREGTEECARTGEAdS at
3' (Xhol GRIGEEHRCECGAMECATCOECABBTTCACHBARTAOACBAATICCGRACECETEGEADS by
Xhol and ECOEREGT@ETBGCATOBTACAESATCMGCACS TTOVEBATORATERBANCKRICEAACL  ON
sequence CGOTCATRAGGIECANT ROIREGBISTARCTIANEOAAGE0RRAME AR Ao E8RcRecuUsed
in conjungpion with the two inverted repeats, provided that Two nucleotides
Gl and AG woul d be inserted at the first and the end of those sequences,

respecti VRRMs a‘,l;nﬁggcigrs%q[]gﬁ&gni tion signals for intron splicing sites.
1 -8--T--C--L--G--V--F--G--L--8--N--Y--T--Q--E--A--D--L--R--T-
21 -V--F--G--R--F--G--L--|--E--K--V--Q--|--V--Y --D--A--K--T--K-
41 -A--S--R--G--F--G--F--V--Y--F--V--N--L--E--D--A--S--A--A--K-
61 -V--Q--C--N--G--M--V--M--H--E--R--T--}--R--V/--D--Y --S--V--T-
(Underlines indicate the region selected for primers).

In Culex quinquesfaciatus whole RRM3 sequence can be used to create an RNA;
kernel sequence as its nucleotide sequences at beginning and at the end are suitable
to design good primers. 24bp at beginning and 22bp at the end of RRM3 (underline)
are used to create a pair of primers. These pair of primers can be used to amplify this
Tra-2 RRM 240bp region of the other Culex spp, even the distance species as Culex
vishnue, Culex pipiens or Culex tritaeniorhynchus by a similar condition. Using the
same PCR condition, an exact 240bp band would be amplified among other bands. A
gel extraction step is performed for the 240bp band by Qiagen columns. The DNA
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After two identical DNA fragments are reversely connected via an intron or
| i nker, these RNAI kernel sequences (1&2) can be easily ligated into the
transact iwet0r/gystem in a desired direction p_rovi ded fth»@tr/\tpjmn/oooon
transactivator plasmds contain the same restriction sites. RRM from Cul ex
qui nquef asci at us Genomi ¢ sequences of Cul ex qui nquesfaciatus are avail able
in the \elution imdiuter dateent ©-26ittimes inmater eidot latseb@uge) .asiemsiatd fonthe

RRVE (R uer.i to bl ast, agai nst the datgbase. Qutcone is a
705p. SetBRdean cre R APERIE T waiRlps Brigkips arkenp bon ined Baams
structOr RMeA | o8 " . RRMB contains up to 69% an
73% am ngra:%I d sllcnaﬁ%gg?%éyf@wﬁgé @éﬁ%&ﬂé RRM2, respectively. The annotation
of Tra-2 %# UI nquesfaci atus is CPlJ016646,

super conf bO8 551 S GATNE G RANE CAR TG APAATAGTCCACCCGGAT 3
CGTAACGEESTRICACCCEEIGGE PFATGARE TCEAAC G ACCTREINIGGAG TG TTTG 3’

CT| GCCT GEEMAEXKETICCT COAGH T OACAMGT TCB AR TARO A K XA PACRCCCGGAT 3
%%E*I\é@@m R SR TR R AR T8 i no

acid se

-S-- %518% |sc;9ar\r;edFoutdn ESuISreqq_tlop inTa chdELonAof B-ayl-PER. puffer udul MyCL
Voo 5 - 325 0 b NP I e priier. D3 (FORRIN: T, TrreDNA

i ndi cat epalyreerasgi (GU/gb| dOt4@hd ﬁ)rN/prtenmptaé Therrtail @pofwlomqlmflgqgﬂ@/a \Wogt e

RRMB e e %€ re JRNA, kernel seguence as its

nucl ezt i seaéﬁﬂ’&@ %b(g/él n}iﬁ% %\ ’t5r?e IR a;% 723 :e(¥45 Cét’|é§| gpa°
ood pri S- aty3peghn n | ne).are

Gsed (o Oresi e ang ’rx3?f o F”A@‘?N“%E‘P s FEREPaficEAR ARt By

anpl i fy thai sameanm@rreRM thbbmqseglhaneobeeﬂnedmd]en Beldex albppistyserandi€dedes

di st ance p/ ens or Cul ex tritaeniorhynchus

oy a1 RIAPG TS VRS HiF e aranSraeR BBRFER . o ARkeiacronoBen

Id b | d g p [f
}/\glrJ theERZIZgBgbggegds%d%ﬂzgogﬂeisolégﬂgguctéd ‘?tDK\&Pﬁ‘ic{Aget RBiISHEP Sflggfe ifto "R

2012/ 1zgm|agtrwugoml_a,sommltransform Culex quinquesfaciatus embryos.

. Connection of the RNAI kernel structures with Tre repressor.

The pTre-tight plasmid (Cat. No. 631059) from Clontech is mixed with the RNAi kernel
sequence (1 or 2 or 3) in' 1:3 molar ratio in a 30yl reaction in the presence of BamHI and
Sall restriction enzymes. After digestion, ligation is performed by adding T4 ligation into
the denatured restriction enzyme mixture. The circle plasmid is transformed into
competent cells (DH5a™ derivative, New 'England Biolabs), isolated and cultured
overnight to harvest a larger amount of plasmid DNA from each clone. The size of new
plasmid would be 2.6kb plus the size of the RNAi kernel sequences. In the case of
RRM1 and RRM2 from Aedes albopictus and Aedes polynesiensis, only 135 bp of each
RRM are used, the plasmid size would be about 3070bp if using an intron of 200bp. If a
linker of 10bp is used, the plasmid is' about 2870bp. In the case of Culex
quinquesfaciatus, whole 240bp is used, if it is accompanied with 200bp intron, the
fragment size would be 3280bp. If a linker of 10bp is used, the plasmid is about 30905p.

A fragment includes the Tre operator and the RNAi kernel sequence

(tetOx7+PminCMV+RNAI kernel sequence +SV40 polyA) can now be amplified by two
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elution is diluted between 10-20 tinmes in water and 1pl to be used as
tenplate for the sanme PCR A 240bp specific band woul d be anplified and can
be used twoagpebi?e Tra-2 RNAI constructs for the respecptjlrmzsﬁﬁm@?.

7- (BA- EX1F) 5' CGATCTCGGATCCCGTAACGGAATAGICCACCCGGAT 3" 8- (X-Ex1 R)5
CGGCAATGACCTCGAGACTCGACCTGCCTCGECGTIGITTG 3" 9- ( SAL- EX1F) 5

GGCGT CAAﬁl@WéISA@@IéMA@MHMECA@@O%SEI&‘eSﬂerOE@Rs EXidde pending sites are

T PCR is carried out in 25pl
reactlon Y%a 085 gy thw'tﬁg @%Wﬁfﬁ%ﬁhe other pagisQf the samptrud. 5 pl
dNTPs (10mV); each priner 0.5pl (10pnol/pl); 0.15pl Tag DNA pol ynerase )
(5U pl) ; (Tt&HuGdY) DNA t cOBAICTAABCTTGTCBAGTITTACTC IR TGAG PSR 4, (94 C130";
59 C/30 (Tr&AcEB8IH" ) x3; ceATmTAonkemGTdmCGmemGc(r%AZ;SO 54
C/ 30"; 72

PCR is carried out in 25p| reaction in a condition of 2.5ul PCR buffer; 1.5ul MgCL (25mM);
0.5 ul dNTPs (10mM); each primer 0.5ul (10pmol/ul); 0.15u! Tag DNA polymerase (5U/ul);
10-40ng DNA template. Thermal profile of PCR is [94°C/4; (94°C/90": 54°C/60": 72°C/ 2
min 30")x35; 72°C/10’]. The PCR products amplified from the RRMs of Aedes albopictus
and Aedes polynesiens}'s ~With a 10 bp linker would be 875bp, meanwhile a 200bp intron
would produced 1065bp products. The PCR products amplified from the RRM of Culex
quinquesfaciatus would be 1085bp and 1275bp, which are respectively to a 10bp linker or
| 200bp intron. The PCR products are digested by Acc65! and Hindlll and purified by

Qiagen columns. The product is available for a final ligation.

V. Connection of the Drosophila B2 tubulin promdter with a transactivator

sequence.

Drosophila B2 tubulin promoter sequence is obtained from GenBank or

http://flybase.org/reports/FBgn0003889.html. Two primers which contain EcoRl and

Apa | are designed from the sequence. These primers amplify 230bp of S'UTR of'BZ
tubulin gene from Drosophila genomic DNA. Thermal profile of PCR is [94° C/4: (94°
C/30”; 55° C/30”; 72° C/45")x35; 72° C/107].

B2-Apal-F CGATCTGGGCCCGGAAATCGTAGTAGCCTATTTGTGA
B2-EcoRI-R CGGACGTTGGAATTCCCTGAATGTGTACAATTTCACGCAT

The pTet-Off-Advanced plasmid (Clontech, Catalog Nos. 630934) is digested by two
restriction enzymes EcoRI and Hindlll producing a band of 1222bp. This DNA fragment
is then ligated to the B2 tubulin promoter sequence via the EcoRl restriction site to
produce a fragment of 1458bp. tTA protein is now controlled by B2 tubulin promoter.
The ligation product is digested by Apal and purified by Qiagen columns. The product
is available for a final ligation.

V. Whole plasmid assembles.

pXL-Bacll-ECFP plasmid from http://pigaybac.bio.nd.edu/ is used to assemble all the
above fragments into completed Tra-2 RNAI constructs. The pXL-Bacll-ECFP plasmid
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C/ 45" )x35; 72 C/10]. Afterward, these PCR products are also performed in
the same manner wth those have been done in Aedes al bopi ctus and Aedes

pol ynesi ewpi2g12/Mdbatever, these fragnents are connected pyranN2011ke6019r
intron, after this RNAi kernel sequence (3) is constructed, it would be
available to ligate into the transactivator plasmds to transform Cul ex

qui nquesfCaEiIeR 83Xk PyrsoteTomiel drives dCERereRNAET IgeneelThi reprterasena Whuldr €

repr essor, =11 ah | agmi d t. No. 63 9) fromC ontech is m xed
with the bﬁm&gﬁkegré%?'*‘é%&‘b@%c%%(‘i“%‘irrc‘%eopmﬁot?h %”%‘Pﬁﬂ%%% 8¢ fragstuped
reacti on with thiemarieseneqafto Byatilvaild b&ubré Rehiiy Gy hRRofRZYMES. After
digestion, ligation is perforned by adding T4 ligation into the denatured

restricti-Qn i re. The. circl asmd is transfornmed into

conpet entﬂ@eﬁeéﬁ%ﬁékﬁl B'@?F\'/‘gﬂsi QQ,GSME@%@@@P@@SWC* ipsiofied &y Qiagen
cul tured i i ; . ] fromeach

L one, CToNenMY dMte lifedicplghiia % B3pUE . B WM sDRR T b B Fgdents
ker nel sédiheR2esTA fraghentadé) of 1RRMImall @RVE MHoNyARsiess aldaeri iftd!s 80|

Aede ol iensis, only 135 b ach, RRM are used, the plasm d size
oo d bordfiiRn® TilAlion PiobuEr R 0% o, FaBaoBn ImBbBAMPRISN Qe b GAbN ToDRLCtS
used, t hardbRosttdd s adhAgé of 8iffdhent disbd herai@pg: of Cul ex qui nquesfaci at us,

whol e 240bp i's used, if Tt is acconpanied with 200bp intron, the fragment
the plasm d is about

size woul.d be 3280pp.. |f a linker of 10bp is used,
3090bp. kof ?‘fé’gﬁérﬂ’gg%hfo%@ AAgesRolinsiensss. taiedpiaRiRIaNta@ing el Obpelilen ce

(tet OX7+Pqi EhAL rek SV4, ) now be anplifie

two VIO 23@?%@77P§N&Zgﬁ9 (%%%??quﬁh%/?%%%ﬁ MReIRNG. Fiat e, oh G,
restrict qomgsesksiatiheseulgebeli 7TaB3bpt @ndag €23vmifballospl mikdri 8R4 1 2608 iktron

Pi ggybaca%)l as&& and the other, parts of the construct. '
(Tr e- Hi nHiSPEFEY S CTAAGCT TCTCGAGTTTACTCCCTATCAGT GA

(Tre- Acc65l ) CGATCTGGTACCAGT CAGTGAGCGAGGAAGCTCGAG PCR is carried out in

25pl reacVi.on Phasmitbinjettion adld tfappforRMtWdiettion. SP1IMICL (25nMV); 0.5 pl
dNTPs (10m\V); each prinmer 0.5pl(10pnol/pl); O0.15pl Tag DNA pol yner ase

5U pl); - t |.ate. Thermal protile PCR is [94C 4; (94C 90",
g40120')' : T@%Cﬁ%fz‘? Whl‘?}%f%g? ?siiw(gél"."'th'l%e Pbéﬂ-tf{;edcm%émvbwbi&mdm
RRVE of Aeide I i i ' j 1 nker . | d
e B75bp e B e ey MR R e BB Aot W
pr oduct s Tendl RNAéplasmidst juenmay info Cudsquitpugenoms! 2 igudds concéritrdtonl 685k

d 1275hp, Wi inxely .t 10 i.nker or 200bp intron. The
PeR pr odt etV Bk Sub EPES BRYBRkr B A BNAIRSEmI plisciGAnaiphtenhelper

|  odeidb 0 i . Lol | | . - oy of
Che D osapn | 1o Ubal o nrhiate bAlfef MeSio cG WBlld be JisEBANEHI Hhrs
Dr osophi @@eqewppan@gm Hipeggopesteser eise Afterobtdaysedostr ojedBonBanl aigs are

http://f Sl . npP0038 tml. Two primers which contain

EcoRl and%gﬁleaa'g{ea géelfs)alfcég@gelag P@&OP A@@&u@%@%ﬂég SYSYIVRES wollehbe fkgpb Sobp

of PCR 15 [0 G4 (o4 e T SLOTTIRORSt Brds ok Sl JfidER «PLeld °
f'?uo[rescent microscope. Any fluorescent farva found that would be the traﬁsformant one

and to be crossed to build transformant lines. These lines would be tested in Tet-on
and Tet-off conditions to check sex ratio. Any line having maleness skew over 80% in

Te-off condition would be kept for further analysis and for vector control applications.

Invention effects

The method exposed in this invention would help to produce one sex (maleness) in
Culicinae mosquitoes. Males created by this invention would pass on the Tra-2 RNAI
genetic system into natural population when being released. If the number of released

males is big enough, it can result in a collapse of natural vector population, even gone
extinct of whole population in a certain time.
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| 32- Apal - FCGATCTGGGCCCGGAAATCGTAGTAGCCTATTTGTGA
112- EcoRI - RCGGACGT TGGAATTCCCTGAATGTGTACAATTTCACGCAT The pTet - O f - Advanced

pl asm d (Wbanixehs77Cat al og Nos. 630934) is digested by pag/vNesivioediiion

enzynmes EcoRl and Hindl Il producing a band of 1222bp. This DNA fragnment is
then ligated to the in tubulin pronoter sequence via the EcoRl restriction
site to pelaims a fragment of 1458bp. tTA protein is now controlled by 132
tubulin pronmoter. The ligation product is digested by Apal and purified by

Q agen col ugns, T [ t. .S i . A fy b i
pl asm d assgnhﬁol‘ e@owﬁ%rﬁﬁ?%ﬁélslef E@émp[#g@ rﬁe (S&?l pcgﬁna%jt P@SFIP ;')tugg‘%f ar&g bol\("Oe. %%& S/
is used to asspitblozygblis bh@oalurygolis JgaenRBIAI b, twokmdakided/nTtha- PraRBRirmer-2

constructs. The pXL-Bacll-ECFP plasm d WD 2012/ 129577PCTNN2011/ 000011 .
carries a 3xPIopiwntbedntararence effeet iscepgcilicallyredmresrack to males & Jpakelisgene

woul d be ti Ssﬁh&ﬁﬁ;‘gfwg@?ﬁé?r\ﬁﬁ%ﬂ\ W 6 o LRG0l féjﬂ%cgrc%a‘u\é\aﬁnbﬂﬁguﬁagf?r@;&ﬁ

transfornmed w nosqui t 0 eyes wou uorescently cyan

col or. The pXloddaed In theRfatptapopdiation dif gestaegetspesied. and Acc651 and
purified by Q agen colums. The linear plasmd is 5390bp. The plamd is

ratio Ta 1 Podth onopSRAREG Pircc ol bt ¥ skl SRORRRarehes, oifshiolive F2iy

to transform iRNAj CopgBiens @G(Ffé%sebi gat e PpEitcatdganesiex pdt atermupd the
range of different sizes as follow : For Aedes al bopi ctus and Aedes

pol ynesi ensi s, devaiopnaRhPbX¢ohtgrANaSPeoks AnthkesultsrinsdGeperaMalm bigsin the
7723bp and 7915;'18Benrespecti vely. Meanwhile, plasm ds of Cul ex

gui nquesf aci at'us Woul d be 7933bp and 8123bp for 10bp |inker and 200bp
intron, respectively. VI.Plasm d injection and transformant selection. The
Tra-2 RNAI Sl sAnialgainismBgeerdita to glayBSi BntE2 - wiherein any sequence to create an

(http://piqgqybag..bi 0. nd. edu/) .h er 1 T nr ces . o
t ransposase en@@@é Qﬂﬂe@ﬁ Wé]@'%@g%@%ﬂﬁw ‘?sr?g ?frapgh%'ep&gg?ﬁ o%g?'ﬂm% hsg
into nosquit o @ai@dEfror iBsWin e freaNbIhat iCulcihihetrhesduiiceTiad-2 gehedequenses!| d

be 600ng of the Tra-2 RNAI plasm d plus 400ng of the hel per per mcro liter

(pl) of Ix phosphate .buffer. Msquito eggs woul.d be inject it rs.
¥ Lor ovi pod tAB A 9SS e optB ap oy B feamBrraitn Bl scfrars R Gt ishe
eggs are subnepgsd i Qnighf@ﬁygdm@.e solution (0.008g per litter). Go
survivors would be kept to cross with wild type males or fermales. Gl | arvae

are screened under a stereo fluorescent mi croscope. Any fluorescent | arva
f ound t hat \ﬁouﬁdnﬁ@otdhgﬂ’f‘g?&@%'rﬁ%’ﬁf‘ﬁoﬁ‘f‘é’oﬁagtte %@’ &F R AR Wherein the

transformant |{nes RNAGSHdt !r@&ﬁts"}ﬁﬂrgd@&rﬁg%?meitll‘i‘aﬂ_gb%) a@é’sdinTl%E'&Béeny of

conditions to check sex ratio. Any l1ne having nmal eness skew over 80% in
Te-of f condi tiihe tacgetghopealatioptwhenr natings detveeen yaleasathohales and wildfenates: ol
applications. Invention effects The nethod exposed in this invention would

hel p 1o pr odicgn GRAAP EXcA Bl BRP EBhsi it iR o BN EOSTng \IhiRD. 6" GRPEh

by this invention would pass on t genetic sys nt'o n
popul ati on whetnahsforrg Cwlcdaesethoshlitddsewhardiecoafaine paets ext whedle Segaebes from

enough, it can_ re t in a col|apse of tu ve r. popul ati on, , even gone
extinct of whoihe §§L%|r%@qrawn?ﬁt ég%‘?’ﬂ%ﬁ Eeﬁai RM RN E'g-% encoding hairpin

mRNA sequences.

7. An RNAI recombinant construct according to any preceding claim, is used to
transform Culicinae mosquitoes wherein contains parts or whole séquence from
the DNA recombinant sequence (Tra-2 RRM RNAIi 2. Fig.2) encoding hairpin

MmRNA sequences.

8. An RNAi recombinant construct according to any preceding claim, is used to
transform Culicinae mosquitoes wherein contains parts or whole sequence from
the DNA recombinant sequence (Tra-2 RRM RNAi 3. Fig.3) encoding hairpin

MRNA sequences.
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22 Clains 1. A hononorphic sex chronosonme (Culicinae) nosquito carrying one
or nore heterozygous or honbzygous Tra-2 RNAI |oci, to knockdown the

Transf or ngp281d20343, the interference effect is specifi ealphywwexpoeased to
mal es or nale tissue and is conditional, wherein the knockdown effect
caused by the Tra-2 RNAI occurs in the natur opul ation_ of the tar

al . et

speci es. 2. AL RN ERORRIBAR ﬁ%nsttBJQElaéﬁcﬁde”Q\ﬁgr YnPreReding &131y d¢ged to
effect of the I S r [ ' i ;
ntorrupt ¢ he UGN e GRSRBER R one HETiER eRmal AR
mal e bias in tdpecificopemotelwhith cegaates thacaomditiongl transhetivatdr &Mé @ene), for
wherei n any sequence to create an RNAI genetic reconbi nant construct used
for transgeni dnﬁﬁ”f’%@rBF%%foasﬁg-i s derived fromits own or from other
Culicinae nosquito Tra-2 gene sequences. 4. An organism according to any

precedi ng chgi pn RNAI eBombmaht @oAsi acddrding tfosahp préesting oidish, is used to
chronosone. 5. A nethod of biological control according.to any preceding.

claim wherei ranséorm £Lolicpae maswitoes MRS CONRIBY R Inpest ShsF@atqaenedso,
les in th , i t d
ol o3 and w1 AR ftindt oMiEt ARRRt Lt QHetORR B Rt ECUARSE

precedi ng cl airggulatesia &lilicinder Brias2 RNAiIGequeno@e nosqui t oes wherei n cont ai ns
parts or whol e sequence fromthe DNA reconbi nant sequence (Tra-2 RRM RNAI

1. Fig.1l) encoding hairpin nRNA sequences. 7. An RNAI reconbi nant construct
according to any preceding claim is used to transform Culicinae nosquitoes
wherein contains parts or whol e sequence fromthe DNA reconbi nant sequence
(Tra-2 RRM RNAI 2. Fig.2) encoding hairpin mRNA sequences. 8. An RNAI
reconmbi nant construct according to any preceding claim is used to
transform Cul i ci nae nosqui toes wherein contains parts or whol e sequence
fromthe DNA reconbi nant sequence (Tra-2 RRM RNAi 3. Fig.3) encoding

hai rpi n MRNA sequences. 9. An RNAI reconbi nant construct according to any
preceding claim is used to transform Culicinae nosquitoes wherein contains
an insect spermatogenesis specific pronoter which regul ates the conditional
transactivator (tTA gene), for instance Drosophila 132. 10. An RNA

reconbi nant construct according to any preceding claim is used to
transform Cul i ci nae nosqui toes wherein contains an insect spernatogenesis
specific mninmal pronoter fused with a tetOx7 (n) operator sequence which
regul ates a Culicinae Tra-2 RNAI sequence.
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