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Supplementary Fig. 1 Functional analysis of the aromatic alcohol module. a, Residual titers of
pCA and CaA in response to feeding the RB57 strain with 300 mg 1! pCA and CaA, respectively.
b, Representative chromatographs of products synthesized by the strain expressing the aromatic
alcohol module with the addition of 300 mg I'' pCA and CaA. pCA: p-coumaric acid, CaA: caffeic
acid, CouAl: coumaroyl alcohol, CouAld: coumaroyl aldehyde, CaAl: caffeoyl alcohol, CaAld:
caffeoyl aldehyde. Peak 1 is not CaAld due to the loss of absorption at 330 nm, and peak 2 is an
impurity in the CouAl standard. All the strains were grown at 30°C in 20 ml of Delft-D medium.
All the data are presented as the means of 3 biologically independent samples. The error bars
indicate the SDs.
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Supplementary Fig. 2 Substrate promiscuity of plant 4Cl enzymes. a, Estimated metabolic
flux distribution and reaction priority in the RB124 strain. The arrows represent metabolic
intensity. The thick arrow represents strong metabolic flux, while the thin arrow represents weak
metabolic flux. The dashed arrows represent very weak or interrupted metabolic flux. b, The
promiscuous enzyme 4Cl has a broad substrate spectrum of aromatic acids that can be used to
generate corresponding CoA thioester intermediates. See Fig. 1 legends for abbreviations of other
enzymes and metabolites.
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Supplementary Fig. 3 Two potential consortia for lignan synthesis. Two different consortia
based on RB218"¢/%-RB57%?4 and RB2184?4-RB57"¢!!*4 performed differently in the synthesis
of lignans.
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Supplementary Fig. 4 Regioselectivity and stereoselectivity of /iDir. a, Mechanism underlying
the bimolecular radical reactions of coniferyl alcohol catalyzed by laccase. Different region- and
stereo-selective polymerizations of coniferyl alcohol may occur at different sites or at the same
site to form various bimolecular isomers and polymers. LAC3: encoding laccase; DIR: encoding
dirigent protein. b, Stereochemical characterization of pinoresinol and lariciresinol produced in
yeast by feeding 100 mg 1! ferulic acid (FA). The products of RB69B2 strain contained
(-)-pinoresinol (peak 1) and (+)-pinoresinol (peak 2), which is shown by the extracted ion
chromatogram (EIC) in negative ion mode and compared to ( =% )-pinoresinol standards.
Meanwhile, the products of XH2B2 strain contained (-)-lariciresinol (peak 3) and (+)-lariciresinol
(peak 4), which is shown by the EIC in negative ion mode and compared to ( & )-lariciresinol

standards.
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Supplementary Fig. 5 De novo biosynthesis of pinoresinol glucosides in yeast consortia. Titers
of pinoresinol monoglucoside (a) and diglucoside (b) by yeast consortia. All the strains were
grown at 30°C in 20 mL of Delft-D medium. All the data are presented as the means of 3

biologically independent samples, and the error bars show the SDs.



eGfp mPlum Bright

Merge

Supplementary Fig. 6 Representative fluorescence microscope images of yeast consortia. The
proportions of two auxotrophic yeasts expressing different fluorescent proteins (eGfp and mPlum)
in the yeast consortia consisting of RB218m¢!/34-¢GFP gand XH]24ade24-mPlum —Seale bar: 150pum.

Images were taken from three random fields to quantify the cell proportions.



Supplementary Table 1 S. cerevisiae strains used in this study. Shown in s separate file.

Strains

Genotype

CEN.PK113-

11C

CEN.PK113-

11C*

RB52

RB53

RB54

RB55

RB56

RB57

RB58

RB59

RB60

RB61

RB62

MATa, MAL2-8C, SUC2, ura3-52, his34

MATa, MAL2-8C, SUC2, wura34, his34=CEN.PK113-11C, gal804,
XI5::(Prer-CAS9-T cyer)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI1)=CEN.PK113-11C*, XII1::(PGAL7>Ii4CL3-
ScOPTI<TENO2)HTCPS1>ScADH6<PGALI10/1>AtCCRI-ScO*T'<THISS)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI1)=CEN.PK113-11C*, XII1::(PGAL7>Ii4CL3-
ScOPTI<TENO2)+H(TCPS1>ScADH6<PGALI10/1>PtrCCR2-ScPPT'<THIS'S)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL3-
ScOPTI<TENO2)HTCPS1>ScADH6<PGALI10/1>AtCCRI-ScO*T'<THISS)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL3-
ScOPTI<TENO2)+H(TCPS1>ScADH6<PGALI10/1>PtrCCR2-ScPPT'<THIS'S)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGALI10/1>AtCCRI-ScO*T'<THISS)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)+H(TCPS1>ScADH6<PGALI10/1>PtrCCR2-ScPPT'<THIS'S)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>1i4CL3-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCPT'<THIS5)=RB5
3, XII5::(T cpsi>PtrCCoAOMTI-ScOPT <P ar101><T uiss)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>1i4CL3-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCPPT'<THIS5)=RB5
3, XII5::(T cpsi>PtrCCoAOMTI-ScOPTI<P Gur 10> PtrAIAOMT2-ScOP "' <T yy55)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL3-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
5, XII5::(T cpsi>PtrCCoAOMTI-ScOPT <P ar101><T uiss)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL3-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCPPT'<THIS5)=RB5
5, XII5::(T cpsi>PtrCCoAOMTI-ScOPTI<P Gur 101> PtrAIAOMT2-ScOP "' <T yy55)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI1)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCPPT'<THIS5)=RB5
7, XII5::(T cpsi>PtrCCoAOMTI-ScOPT <P ar101><T iss)



RB63

RB68

RB69

RB71

RB68tr
(RB68C)

RB69tr
(RB69C)

RB71tr
(RB71C)

RB69A1

RB69A2

RB69B1

RB69B2

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*, XII1::(PGAL7>Ptr4CLS5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, XII5::(T cpsi>PtrCCoAOMTI-ScOP <P 41101>PtrAIdOMT2-ScOP "' <T yy55)
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, XII3::(Tsp65><Par101>CGL-ScOP"'<Tppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, XII3::(Tsp5><Pario1>TsLAC3-ScOP T <Tppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, XII3::(Tsp5><PGar1o1>TvLACI-ScOP"'<T ppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, XII3::(Tsp5><Par101>trCGL-ScOPT'<Tppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, XI13::(Tsps><Pcario>trTsLAC3-ScOP"'<Tppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, XII3::(Tspcs><PGarior>trTvLACI-ScOP"<T pp;)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, XI13::(Tspcs>liDIRI<PGar101>TsLA C3-SCOPT1<TIDP1)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, XII3::(Tspcs>liDIR2<PGar101>TsLA C3-SCOPT1<TIDP1)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, XII3::(Tsps>trliDIR1<PGarior>tr TsLAC3-ScCP "' <Tppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, XII3::(Tspes>trliDIR2<PGar101>tr TsSLAC3-ScCP ' <Tpp;)



RB79

RB8&6

RBY%4

RB95

RBY6

RB97

RB98

RB124

MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prp-CAS9-Teyer)=CEN.PK113-11C*, aro104,

ARO10::(T pis5>ScARO 7C418-ScOP <P 1 10/1>S AR O4K2L-S cOPTI<T o) +(P
6aL7”EcAROL<T 4pn1), pdc54,

PDC5::(Tcver> Fj TAL-ScO? <P Gur10/>SbPAL1-Sc®" "'<T 7pu2) (T rpar>AtCPR
1-ScOPT<Pg4y7),

XI114:: (TPRM9>PtrC4H2-ScOPT1<PGAL10/1>PtrC4H1-ScOPT1<TPYK),
(PgarL>PtrC3H3-ScOPT'<Tpyry),

X2::(Tpryo>PaHPAB-ScOP <P Gup 101>SeHPAC-ScOP T'<T yys3),

XII5::(T cpsi>NtCOMTI-ScOP <P a1.10><Thiss)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804,
XI5::(PTEF-CAS9-TCYCI)=CEN.PK113-11C*,
XI13::(Tsp65><PGarion>TsLAC3-ScOP " '<Tppy)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, PESC-PRXI1pexl1

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, pPESC-PRX2pex1

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, pPESC-PRX3pexl1

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, PESC-PRX4pex1

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScCOPT'<THIS5)=RB5
7, pPESC-PRXS5pex1

MATa, MAL2-8C, SUC2, ura34, his34, gal804, XI15::(Prer-CAS9-Tcyci),
arol04,

ARO10::(Trs3>ScARO7G1415-ScOPTI<P 41 10/>ScARO4X?L-ScOPTI<T pyo2) H(Par
>EcAROL<Tpm1), pdci4,

PDC5: Z(Tcyc1>FjTAL—SCOPT1<PGAL10/1>S[)PAL]—SCOPT1<TTDH2)+(TFBA1>AZ‘CPR] -
ScOPTI<PGy17), XII4::(T praso™>PtrC4H2-ScOPT'<P G 10> PtrC4HI-ScOPT'<Tpyx),
(Pgar7>PtrC3H3-ScOP"'<Tpir)),

X2::(Tprmo>PaHPAB-ScOP ' <P gur10/>SeHPAC-ScOP T <Tyis3),
XII5::(Tcpsi>NtCOMTI-ScOPT'<PGaL10><Thiss)=RB79, XII1::(PGaL7>Ptr4CL5-
ScOPTI<T gno2) (T cpsi>ScADH6<P Gar101>PtrCCR2-ScOP T <Tyyss)



RB218

his3A

metl5SA

ade2A

thrdA

ilvlA

ser2A

pro2A

arg4A

trplA

MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*, aro104,

ARO10::(T pis5>ScARO 7C418-ScOP <P 1 10/1>S AR O4K2L-S cOPTI<T o) +(P
6aL7”EcAROL<T 4pn1), pdc54,

PDC5::(Tcyer> FjTAL-ScOP T <P 1101>SDPALI-ScOP " <T 1ppz)H(T rear>AtCPR
1-ScOPT<Pg4y7),

XI114:: (TPRM9>PtrC4H2-ScOPT1<PGAL10/1>PtrC4H1-ScOPT1<TPYK)+(PGAL >PtrC3
H3-ScOPT<Tp ),

X2::(Tpras>PaHPAB-ScOP"'<P g 41101>Se HPAC-ScOP < T yys3),
XI1::(Pcar7>ScAROI<Teno2)H(T cpsi>ScARO2<P Gar10//>ScARO3<T iss),
gppliAd,

GPPI1::(TENO2T gno2>CkPTA-ScOP"'<P gur 10> Lm X FPK-Op°PT'<T yyss),
XII5::(T cpsi>NtCOMTI-ScOP <P aL10>NtCOMTI-OpOP T<T yyyss),

XI8::(T cpsi>NtCOMTI-ScO" <P 10> NtCOMTI-OpOF "'<Tyss),

XI7::(T prmo><PGar10>ScTALI<T pyk1), XI16::(PGar>ScTKLI1<TEgno2), hoA,
(Tusp26>ScMET6<PGar10i>MTFHR

chimeral-ScO""'<T ppce)+(PGur~LiMETKI-ScO?T'<T ypxq),
V3::(Tprmoe>ScADOI<PGar101>ScSAHI<T pyki)

MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Teye)=CEN.PK113-11C*, ura3A, URA3:: (Pur4s>
URA3<Tuyra3)

MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Tuiss3), ura3A, URA3:: (Puras> URA3<Tuyras),metl5A
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Twiss3), ura3Ad, URA3:: (Puras> URA3<Tyras).ade24
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Tuiss3), ura3Ad, URA3:: (Puraz> URA3I<T yras),thr4A
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Tuiss3), ura3Ad, URA3:: (Puraz> URA3<Tyras),ilviA
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Tuiss3), ura3Ad, URA3:: (Puras> URA3<Tyras), ser2A
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Twuis3), ura3d, URA3:: (Puras> URA3<Tyras),pro24
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyc))=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<Tuiss3), ura3A, URA3:: (Puras> URA3<Tyras),arg4A

MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcycr)=CEN.PK113-11C*,  his34,

10



lys2A

leu2A

RB21 8met15A

RB21 8met15A

HIS3::(Priss>HIS3<Tuis3), ura3Ad, URA3:: (Puras> URA3<Tuyras),trpla

MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcyer)=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<THis3), ura3Ad, URA3:: (Pyras™ URA3<Tyras),lys24
MATa, MAL2-8C, SUC2, ura34, his34, gal804,
XI5::(Prer-CAS9-Tcye:)=CEN.PK113-11C*,  his34,
HIS3::(Puiss>HIS3<THis3), ura3Ad, URA3:: (Pyras> URA3<Tyras),leu2A
MATa, MAL2-8C, SUC2, ura34, his34, gal804, X15::(Prer-CAS9-Tcycr),
arol04,

ARO10::(T rzs3>ScARO 7S 15-ScOPTI<P .41 10/>Sc ARO 4K 2L -S cOPTI<T o) H(PGar
>EcAROL<T 4pur), pdc54,

PDC5: :(Tcyc1>FjTAL-SCOPT1<PGAL10/1>SbPAL] -SCOPT1<TTDH2)+(TFBA >AtCPRI-
ScOPTI<P17),

XI14: :(TPRM9>PtI"C4H2-SCOPT1<PGAL1()/1>PU"C4H] -SCOPT1<TPY[<)+(PGAL7>PZVC3H3
-SCOPT1<TD[T1), X2: :(TPRM9>PaHPAB-SCOPTl<PGAL10/1>SeHPAC-SCOPT1<THIS3),
XI1::(Pur7>ScARO1<Teno2)HTcpsi>ScARO2<PGari10/i>ScARO3<Tmiss), gpplA,
GPPI: :(TENO2TEN02>C/€PTA-SCOPT ! <PGAL10/1>LmXFPK-OpOPT1<TH[S5),
XH5::(TCP51>NtC0MT]-SCOPT1<PGAL10/1>NtCOMT] -OpOPTl<THIS5),
XI8::(Tcpsi>NtCOMTI -ScOPTI<P a1 10/>NtCOMTI -OpOPT1<TH185),
XI7::(Trruo><PGari0>ScTAL I<Tpyki), X16::(PGar7>ScTKLI<TEno2), hod,
(THSP26>SCMET6<PGAL1()/1>MTFHR

chimeral-ScOP"'<Tppce)H(Pgar > LiMETK 1-ScOP T <Typxs),
V3::(TPRM9>SCADO]<PGAL10/1>SCSAH]<TPYK1)=RB21 8, metl5A

MATa, MAL2-8C, SUC2, ura34, his34, gal804, X15::(Prer-CAS9-Tcycr),
arol04,

ARO10::(T rzs3>ScARO 7S 15-ScOPTI<P 41 10/>Sc ARO 4K 2L -S cOPTI<T o) H(PGar
>EcAROL<T 4pur), pdc54,

PDC5: :(Tcyc1>FjTAL-SCOPT1<PGAL10/1>SbPAL] -SCOPT1<TTDH2)+(TFBA >AtCPRI-
ScOPTI<P17),

XI14: :(TPRM9>PtI"C4H2-SCOPT1<PGAL1()/1>PU"C4H] -SCOPT1<TPY[<)+(PGAL7>PZVC3H3
-SCOPT1<TD[T1), X2: :(TPRM9>PaHPAB-SCOPTl<PGAL10/1>SeHPAC-SCOPT1<THIS3),
XI1::(Pur7>ScARO1<Teno2)HTcpsi>ScARO2<PGari10/>ScARO3<Tmiss), gpplA,
GPPI: :(TENO2TEN02>C/€PTA-SCOPT ! <PGAL10/1>LmXFPK-OpOPT1<TH[S5),
XH5::(TCP51>NtC0MT]-SCOPT1<PGAL10/1>NtCOMT] -OpOPTl<THIS5),
XI8::(Tcpsi>NtCOMTI -ScOPTI<P a1 10/1>NtCOMTI -OpOPT1<TH185),
XI7::(Trruo><PGari0>ScTAL I<Tpyki), X16::(PGar7>ScTKLI<TEno2), hod,
(Tusp26>ScMET6<PGar10>MTFHR

chimeral-ScOP"'<T ppcs)t(PGar7>LiMETK1-ScO ' <Typxs),
V3::(TPRM9>SCADO]<PGAL10/1>SCSAH]<TPYK1), metl 5A=RB21 8"’e’15A,
XI13::(Pyas-torz>eGFP-opt<Tpyki)
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RB21 8ade2A

RBS’]metUA

RBS 7ade2A

XHI1B1

XH1B2

XH2B1

XH2B2

MATa, MAL2-8C, SUC2, ura34, his34, gal804, X15::(Prer-CAS9-Tcycr),
arol04,

ARO10::(T 11s3>ScARO71S-ScOPTI<P .41 10/>Sc ARO 4K -S cOPTI<T eyo2) H(P G
>EcAROL<Tpm1), pdci4,

PDC5: Z(Tcyc1>FjTAL—SCOPT1<PGAL10/1>S[)PAL]—SCOPT1<TTDH2)+(TFBA1>AZ‘CPR] -
ScOPTI<P ;1 7),

XI14::(T pruso>PtrC4H2-ScOP <P gur10/>Ptr C4H1-ScOPT'<T pyx ) H(Pgur > PtrC3H3
-ScOPT<T pirr), X2::(Tpris>PaHPAB-ScOPT'<P G ar 10/>SeHPAC-ScOPTI<T ys3),
XIII: C(PGAL 7>SCARO]<TEN02)+(Tcp51>SCAR02<PGAL10/1>SCARO3<TH155), gpplA ,
GPP1::(TENO2T gno2>CkPTA-ScOP M <P gar 10> LmXFPK-OpOPT'<T yyss),
XII5::(Teps>NtCOMTI1-ScOP " <P Gar 10> NtCOMTI-OpOP T'<Tuiss),
X18::(Tcpsi>NtCOMTI-ScOP <P ar101>NtCOMTI-OpCPT<T pysss),
XI7::(Tprmo><PGar10>ScTAL I<Tpyk1), X16::(PGar7>ScTKLI<Tgnoz), hoA,
(Tasp26>ScMET6<PGar10i>MTFHR

chimeral-ScO""'<T ppce)H(Par7>LiMETKI-ScOP T <Tyzxs),
V3::(Tprrmo>ScADOI<PGar10/>ScSAHI<Tpyk)=RB218, ade24

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGALI0/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, metl5A

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGALI0/1>PtrCCR2-ScOPT'<THIS5)=RB5
7, ade2A

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPSI1>ScADH6<PGALI10/1>PtrCCR2-ScOPTI<THISS),
XII3::(Tsps>trliDIR1<Pgarion>trTsLAC3-ScOPT'<Tpp))=RB69B1,
XI3::(Tprus>AtPRR-ScOP T <PGar10><TLsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPSI1>ScADH6<PGALI10/1>PtrCCR2-ScOPTI<THISS),
XII3::(Tsps>trliDIR2<Pgarion>trTsLAC3-ScOPT'<Tpp))=RB69B2,
XI3::(Tpruss>AtPRR-ScOP T <P Gar10><TLsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPSI1>ScADH6<PGALI10/1>PtrCCR2-ScOPTI<THISS),
XII3::(Tsps>trliDIR1<Pgarion>trTsLAC3-ScOPT < T pp))=RB69B1,
XI3::(Tprass>liPLR1-ScCP <P G 41.10><T Lsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, X15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPSI1>ScADH6<PGALI0/1>PtrCCR2-ScOPTI<THISS),
XII3::(Tsps>trliDIR2<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B2,
XI3::(Tprms>IiPLR1 -ScOPTI<Piyy 10><TLsc2)
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XH3B1

XH3B2

XH4

XHS5

XH6

XH7B1

XH8B1

XH9B1

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tsps>trliDIR1<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B1,
XI3.’.‘(TPRM5>ShPLR-ScOPT1<PGAL10><TLs(:2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tsps>trliDIR2<Pgarion>trTsLAC3-ScOPT < T pp))=RB69B2,
XI3.’.‘(TPRM5>ShPLR-ScOPT1<PGAL10><TLs(:2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tsps>trliDIR2<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B2,
XI3::(Tpras>liPLR1-ScCP <P 41 10> liUGT71B2<TLsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tsps>trliDIR2<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B2,
XI3::(Tprass>liPLR1-ScOP "' <P G41.10>liUGT71B5a<TLsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tsps>trliDIR2<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B2,
XI3::(Tprass>TliPLR1-ScOP "' <P G41.10>liUGT71B5b<TLsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScPPT'<THISS),
XII3::(Tsps>trliDIR1<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B1,
XI3::(Tprms><PGar10>liUGT71B2<TLscz)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScPPT'<THISS),
XII3::(Tsps>trliDIR1<Pgarion>trTsLAC3-ScOP T <Tpp))=RB69B1,
XI3::(Tprrms><PGar10>liUGT71B5a<TLscz)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScPPT'<THISS),
XII3::(Tsps>trliDIR1<Pgarion>trTsLAC3-ScOPT'<Tpp))=RB69B1,
XI3::(Tprms><PGar1io>liUGT71B5b<TLsc2)
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XHI12

XHI13

XH14

XH18

XH1 2metI5A

XH1 2adeZA

XH1 2ade2A

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XI113::(Tspgs>trliDIR2<Pgarion>trTsLA C3—SCOPT1<T10P1),
XI3::(Tprus>TiPLR1-ScOP "' <Pu1 10> liUGT7 1 B5b<T1sc2)=XH6,
H1::(Tprys>liUGT71B5b<PcaL10>liUGT71B5b<T Lsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tspes>trliDIR 1 <Pgap 10> tr TsSLAC3-ScOPT < Tippy),
XI3::(Tprus>TiPLR1-ScOP M <Pg41 10> liUGT7 1 B2<Tysc2)=XHTBI,
H1::(Tprys>liUGT71B2<PGaL10>liUGT71B2<Tsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tspgs>trliDIR 1 <Pgar 10> tr TsSLAC3-ScOPT < Tippy),
XI3::(Tprus>TiPLR1-ScOP "' <Pg41 10> liUGT7 1 B2<Tsc2)=XH8BI,
H1::(Tprys>liUGT71B5a<PcaL10>liUGT71B5a<T Lsc2)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XI113::(Tspgs>trliDIR2<Pgarion>trTsLA C3—SCOPT1<T10P1),
X13::(Tprus>liPLRI-ScOP T <P 10> liUGT71B5b<Tisc2),
11::(Tpras>lIUGT71B5b<PGar10>1liUGT71B5b<Trsc2))=XH12,
XII5::(Tcpsi>ScUGPI<PGar10>ScPGMI<T uiss)

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tspes>trliDIR2<Pgar 10> tr TsSLAC3-ScOPT < Tippy),
X13::(Tprus>liPLRI-ScOP ' <PGuL10>liUGT71B5b<Tisc2),
11::(Trrus>lIUGT7IB5b<Pcuario>1liUGT71B5b<Trsc))=XH12, metl54
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tspes>trliDIR2<Pgar 10> tr TsSLAC3-ScOPT < Tippy),
X13::(Tprus>liPLR1-ScOP ' <PGuL10>liUGT71B5b<Tisc2),
11::(Tpras>lIUGT71B5b<Par10>1liUGT71B5b<Tirsc2))=XH12, ade24
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XII1::(PGAL7>Ptr4CL5-
ScOPTIKTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XI13::(Tspgs>trliDIR2<Pgarion>trTsLA C3—SCOPT1<T10P1),
X13::(Tprus>liPLR1-ScOP ' <PGuL10>liUGT7 1 B5b<Tisc2),
H1::(Tprys>liUGT71B5b<Pcari10>liUGT71B5b<Tyscz), ade2A=XH12444,
XI13::(Pyas-tonz>mPlum-opt<Tpyk)
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XH7B1 ade2A

XHS8B1 ade2A

MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI5::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTISTENO2)HTCPS1>ScADH6<PGAL10/1>PtrCCR2-ScOPT'<THISS),
XII3::(Tspgs>trliDIR1 <Pgarion>trTsLAC3-ScOPT! <Tmri),
XI3::(Tprus>IiPLR1-ScOP T <P 10> liUGT71B2<Trsc2)=XH7B1, ade2A
MATa, MAL2-8C, SUC2, ura3-52, his34, gal804, XI15::(PTEF-CAS9-TCYCI),
XI1::(PGAL7>Ptr4CL5-
ScOPTI<TENO2)HTCPSI1>ScADH6<PGAL10/1>PtrCCR2-Sc®PT'<THISS),
XI]3.'.'(TSPG5>trIiD]R] <PGALI0/1>tl"TSLACj’—SCOPTl <T[DP1),

XI3: .'(TPRM5>]I'PLR]—SCOPT1 <PGari0>liUGT71B2<Trsc2)=XH8B1, ade24
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Supplementary Table 2 The parameters used for HPLC analysis of phenolic acids and coniferyl

alcohol.
Time (min) A (%) B (%)

0 95 5
3 90 10
4 88 12
5 88 12
6 85 15
7 85 15
10 40 60
12 95

14 95

Column: 3x100 mm 2.7 um Poroshell 120 EC-C18 (Agilent)
Flow rate: 0.8 ml min!

Mobile phases A: H20+0.05% HCOOH

Mobile phases B: acetonitrile+0.05% HCOOH

Wavelength: 280 nm and 330 nm
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Supplementary Table 3 The parameters used for HPLC-MS/MS analysis of lignans.
Mass spectrometry detection conditions for lignans in HPLC-MS/MS negative ion mode.

Product Dwe Fragmen Collision

Compound Name Precursor ion ) Polarity
ion 1 tor Energe
trans-Ferulic acid (FA) 193 133.8 50 30 21 Negative
Coniferyl alcohol .
179 146 50 75 5 Negative
(CoAl)
(¥)-Pinoresinol 357.1 151.1 50 135 20 Negative
lariciresinol 359.2 329 50 100 3 Negative
Secoisolariciresinol 361.1 164.9 50 135 30 Negative
(+)-Lariciresinol )
. 521.2 359.1 50 130 10 Negative
4-0-B-D-glucoside
lariciresinol diglucoside .
683.2 521.2 50 110 12 Negative
(LDG)
(+)-Pinoresinol )
) 519.1 357 50 120 9 Negative
4-0-glucoside
Pinoresinol diglucoside 681.2 519.2 50 120 7 Negative
Secoisolariciresinol )
. 523.2 361.2 50 100 26 Negative
monoglucoside
Secoisolariciresinol )
) ) 685.3 523.1 50 240 35 Negative
diglucoside
Mobile phase condition.
Time (min) A (%) B (%)
0 95 5
2 80 20
6 78 22
12 75 25
23 5 95

Column: 3 X100 mm 2.7 1 m Poroshell 120 EC-C18 (Agilent)
Flow rate: 0.3 ml min-1

Mobile phases A: H20+0.05% HCOOH

Mobile phases B: acetonitrile+0.05% HCOOH

Post time: 5 min
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Supplementary Data 1 Primers used in this study.

No Primer name Sequence (5'-3")
p3 HIS3t-F(3) TGACACCGATTATTTAAAGCTGC
p4 HIS3t-R(4) CTGTTATTTCTGGCACTTCTTGG
TTTGTTATATTGAATTTTCAAAAATTCTTACTTTTTTTT
p7 GAL1/10p-F(7)
TG
p8 GAL1/10p-R(8) TTTGTATAGTTTTTTCTCCTTGACGTTAAAG
pll ENO2t-F(11) AGTGCTTTTAACTAAGAATTATTAGTCTTTTCTGC
pl12 ENO2t-R(12) AGGTATCATCTCCATCTCCCATATGC
pl3 GAL7p-F(13) TTTGCCAGCTTACTATCCTTCTTG
pl4 GAL7p-R(14) TTTTGAGGGAATATTCAACTGTTTTTTTTTATCATG
GCGAATTTCTTATGATTTATGATTTTTATTATTAAATA
pl9 ADHIt-F(19)
AGTTAT
034 P1(34) GCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAA
GTAAGTTGGCCGCAGTGTTATC
035 P2(35) GATAACACTGCGGCCAACTTACTTCTGACAACGATCG
GAGGACCGAAGGAGCTAACCGC
p36 6005(36) GATCATTTATCTTTCACTGCGGAGAAG
po5 PRMOt-R(65) ATTTTCAACATCGTATTTTCCGAAGCG
po6 PRMOt-F(66) ACAGAAGACGGGAGACACTAGC
AAAAAGAATCATGATTGAATGAAGATATTATTTTTTT
p71 PYKIt-F(71)
GAATTATA
p122 GAL7p >  GATAAAAAAAAACAGTTGAATATTCCCTCAAAAATGC
1i4CL3/opt-F(122) AAAAGCAAAGTTCTAATTCTGACATC
1i4CL3/opt GCAGAAAAGACTAATAATTCTTAGTTAAAAGCACTTT
pl23 {ENO2t-R(123) AATTGACCAAACCGGTGGCAAG
p124 GAL7p >  GATAAAAAAAAACAGTTGAATATTCCCTCAAAAATG
Ptr4CL3/opt-F(124) GATGCCATCATGAATTCTCAAGAAG
Ptr4CL3/opt CAGAAAAGACTAATAATTCTTAGTTAAAAGCACTTTA
pi2> {ENOTt-R(125) AATACCGGGAAGAGTTTCTCTCAAGTTTTTTC
GALp ) GATAAAAAAAAACAGTTGAATATTCCCTCAAAAATG
p126 GATACTATTACTAAACAAAAAGAAGAATTCATTTTCA
Ptr4CL5/opt-F(126) G
Ptr4CL5/opt CAGAAAAGACTAATAATTCTTAGTTAAAAGCACTTTA
pl27 {ENOTt-R(127) CTTTTGCAATCCACCAGCCAAC
p129 CPS1t-F(129) GCGCAATGATTGAATAGTCAAAGA
p130 CPS1t-R(130) ATTTGACACTTGATTTGACACTTCTTTTTTTTTTTA
ATAGATTAATTTAAACAGTATATGTACAGTTTTATAT
pl31 HIS5t-F(131)
ATATATATATATATATATAC
pl132 HIS5t-R(132) GTAACAATATCATGAGACCTTTTATAGAAGTGGC
pl34 SPG5t-R(134) GCTTATTTTCTGCCGAATTTTCATGAAG
p136 IDP1t-R(136) GATGGTAATGATCCGAACTTGGGG
AAACTTTTATGATATTTTGCAATATTTTTTTTAAGCAG
pl37 PRMS5t-F(137)

TGG
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p139
p140
pl57
p182

p185
p200
p201

p202

p203
p204
p205
p206
p207
p208
p222
p228
p229
p230
p231
p232
p233
p234
p236

p248

p467

p469
p470

p472

p473

p475
p486

p487

p490

LSC2t-F(139)
LSC2t-R(140)

PYK1t-R(157)
XII-1up
¢{PRMOt-R(182)
XII-1dw-R(185)
XII-5up) ...-F(200)
... {XII-5dw-R(201)
{GAL10/1p-R(202)
XII-5up-JDF(203)
XII-5-JDR(204)
XII-5up-F(205)
XII-5up-R(206)
XII-5dw-F(207)
XII-5dw-R(208)
GAL10/1p)...-F(222)
XI-3up-F(228)
XI-3up-R(229)
XI-3dw-F(230)
XI-3dw-R(231)
XI-3up) ...-F(232)
... {X1-3dw-R(233)
liPLR 1-JDF(234)
AtPPR-JDF(236)
XII-1
{GAL7p-R(248)
ENO2t »
CPSI1t-R(467)
HIS5t
{XII-1dw-R(469)
XII-1dw-F(470)
CPSI1t )
ScADH6-R(472)
ScADH6
{GAL10/1p-F(473)
HIS5t
{XII-5dw-R(475)
PGK 1p-F(486)

PGK1p-R(487)

PYKIt >
X1I-3dw-F(490)

GCTTCTCGAGAAAAACAAAAGAGTT
AAAATTAAAAAAAAAAAAAAGAAATTTTTTCCAAAA
GAG

GCATTTATGTACCCATGTATAACCTTCCAAG
GCAACGCTTCGGAAAATACGATGTTGAAAATTATTTG
AAAGAACCGAACCGATGCC
CCGTATGTGATGATATACTAATAACACGGATAC
GCTAAGTTATATAAGGTGTTCACGCG
CTGATGGTCTTAAACAGGCATTACGTG

CCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTC

GGAGGAGACCGCTATAACCGG
CTGCGATACCTTTTGTGATGGC
GCGAACTGCCGTACTCGATGC
CATAACAAGAAAATCGCGTGAACACC
GGAGTTCACCACGTAATGCCTG
GATAAGCGAATTTGGCTAAGAACGTTG
CCTCTATACTTTAACGTCAAGGAGAAAAAAC
GGCAATCTCTGCAATACATACAGGG
GAAATCAGACGCACGCTTGGC
CCTTACGTGGATTGAGCCAGC
GCAGGAGCCAATAGTAGTCGG
CGTTTTAGGATATTGACGCCAAGCG
AATAATGATCTGTATTGCTGGCTCAATCC
GGACAAGGAAATCCCACACCAAG
CACATCTACTACGAGGGATGCTTG
GCATATTTTCAAGAAGGATAGTAAGCTGGCAAATATT
TGAAAGAACCGAACCGATGCC
GTGATATGCATATGGGAGATGGAGATGATACCTATTT
GACACTTGATTTGACACTTCTTTTTTTTTTTA
GTATGGAACTTCCTAAGCATCGCAAGTCAGGGGTAAC
AATATCATGAGACCTTTTATAGAAGTGGCG
CCCTGACTTGCGATGCTTAGG
TAAAAAAAAAAAATCTTTGACTATTCAATCATTGCGC
TTAgtctgaaaattctttgtcgtagccgac
CAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAA
CAAAatgtcttatcctgagaaatttgaaggtatcge
GATGGTCTTAAACAGGCATTACGTGGTGAACTCCGTA
ACAATATCATGAGACCTTTTATAGAAGTGGCG
ACGCACAGATATTATAACATCTGCACAATAG
TTTGTTATATTTGTTGTAAAAAGTAGATAATTACTTCC
TTGATG
CTAACTTGGAAGGTTATACATGGGTACATAAATGCGG
TGTGATAGGCTCTAGGAACG
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p491
p492
p493

p511

p512
p515
p516

p517

p518
p526
p527

p529
p530
p541
p542

p543
p544

p561

p577

p578

p579

p581

p582

p583

p584

p585
p587
p588

XII-3dw-R(491)
XII-3up
{PGK1p-R(492)
XII-3up-F(493)
PGKl1p »
URA3-F(511)
URA3
{PYKIt-R(512)
MET15-F(515)
MET15up-KOR(516)
MET15up »
MET15dw-KOF(517

)
MET15dw-KOR(518

)
LEU2up-KOR(526)
LEU2up »
LEU2dw-KOF(527)
LEU2up-KOF(529)
LEU2dw-KOR(530)
ADE2up-KOF(541)
ADE2up-KOR(542)
ADE2up »
ADE2dw-KOF(543)
ADE2dw-KOR(544)

eGFP{PYKI1t-R(561)

XII-3up
{SPG5t-R(577)
SPGS5t
{GAL10/1p-F(578)
IDP1t »
XII-3dw-F(579)
SPG5t »
IiDIR1-R(581)
IiDIR1
{GAL10/1p-F(582)
SPG5t »
IiDIR2-R(583)
IiDIR2
{GAL10/1p-F(584)
TsLAC3-JDR(585)
TvLAC1-JDR(587)
IiDIR 1-JDR(588)

gttacCAACGCATTTACAAACCACGG
CAAATGCCTATTGTGCAGATGTTATAATATCTGTGCG
TCCCATAATTTCAACCATCCTTAGCTTCC
GAAACTAACCCGATGGGACAATTACTG
GAAGTAATTATCTACTTTTTACAACAAATATAACAAA
atggagggcacagttaagcc
CAAAAAAATAATATCTTCATTCAATCATGATTCTTTTT
AAGCTTttagttttgctggecgceatctte

atgccatctcatttcgatactgttcaac

ggaggaaacagccaaagcage

ctttagaaggtggtgctgetgetttggetgtttcctccggattggtggtcatggtactactate

ctaacttcaatgcattttcaccgtgtc
ctctgacaacaacgaagtcagtacc
caatttgctaaaggtactgacttcgttgttgtcagaggtttgtacgaaccatgccacgg

getgctatcgatgetacaggtg
caccagttctgatacctgcatce
gtgatgtgctaacgattgagattgage
ctagcaggcgcataacataagtcac

caatatttgtgacttatgttatgcgcctgctagggttggaatcatcatgggatcagac

cttgaatcataagcgccaagcag
CAAAAAAATAATATCTTCATTCAATCATGATTCTTTTT
TTACTTGTACAGCTCGTCCATGCC
CATAAAAACTTCATGAAAATTCGGCAGAAAATAAGC
CCCATAATTTCAACCATCCTTAGCTTCC
GTAAGAATTTTTGAAAATTCAATATAACAAACAAAGA
CGTTGTTTCATCGCGC
CAAGGTTCCCCAAGTTCGGATCATTACCATCGGTGTG
ATAGGCTCTAGGAACG
CTTGGTAATAGCGCGATGAAACAACGTCTTTGTTAAT
AACATTCATAGAGTTTAATATCCATCTTGACCC
GTAAGAATTTTTGAAAATTCAATATAACAAAATGGTA
AGCCAAATGAAACAATTTCTCCTC
CTTGGTAATAGCGCGATGAAACAACGTCTTTGTTAGT
AACATTCATATAGTTTAATATCCATCTTAACACGG
GTAAGAATTTTTGAAAATTCAATATAACAAAATGGCA
TCTCTTGTAGAGAAACAACTC
GGATGGTGGTAGAGGTCAACATGG
GTTGGTTCCCTTCTGAAAGAATCCG
GAAGAACGATTACAATGCGTGGTTC
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p589

p616

p617

p619

p620

p621

p660

p719

p720

p721

p722

p723

p726

p727

p728

p754

p767

p796

p855

pl014
pl1021

p2001

p2002

[iDIR2-JDR(589)

GAL10/1p )
trCgL-F(616)
GAL10/1p )
trTSLAC3-F(617)
GAL10/1p )

trTvLAC1-F(619)
trliDIR 1
{GAL10/1p-F(620)
trliDIR2
{GAL10/1p-F(621)
XII-5up
{CPS1t-R(660)
ADE2up
{PRMOYt-R(719)
PRMOYt
{GAL10/1p-F(720)
GAL10/1p )
mPlum/OPT-F(721)
mPlum
{PYKIt-R(722)
PYKIt »
ADE2dw-F(723)
GAL10/1p )
¢GFP-F(726)
MET15
{PRMOYt-R(727)
PYKIt »
MET15dw-F(728)
HIS5t »
XII5dw-F(754)
trTsLAC3PO »
IDP1t-F(767)

SPGS5t
{GAL10/1p-R(796)
GAL10/1p )

LSC2t-F(855)
I 1up-F(1014)
1-1dw-R(1021)
ShPLR/opt

{ GAL10/1p-F(2001
)
PRM5t »
ShPLR/opt-R(2002)

CTCTACGATGGCGACAATGTAGC
CTTTAACGTCAAGGAGAAAAAACTATACAAAATGGG
TCCTTCTCTTAGACCAACTC
CTTTAACGTCAAGGAGAAAAAACTATACAAAATGGC
CATTGGTCCAGTCAC
ACTTTAACGTCAAGGAGAAAAAACTATACAAAATGG
GAATTGGTCCAGTCGC
GTAAGAATTTTTGAAAATTCAATATAACAAAATGACA
AAACCATCTAAATCTCAATCAAAACC
GTAAGAATTTTTGAAAATTCAATATAACAAAATGTCC
CAGAAAACATTGGATCAGAG
TAAAAAAAAAAAGAAGTGTCAAATCAAGTGTCAAAT
CATAACAAGAAAATCGCGTGAACACC
TATGCAACGCTTCGGAAAATACGATGTTGAAAATctage
aggcgcataacataagtcac
CTATACTTTAACGTCAAGGAGAAAAAACTATACAAAA
CAGAAGACGGGAGACACTAGC
CAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAA
CAAAATGGTTTCTAAAGGTGAAGAAGTTATTAAAG
CAAAAAAATAATATCTTCATTCAATCATGATTCTTTTT
TTAAGCACCGGTAGAATGTCTACCTTC
CTTGGAAGGTTATACATGGGTACATAAATGCggttggaatc
atcatgggatcagac
GTAAGAATTTTTGAAAATTCAATATAACAAAATGGTG
AGCAAGGGCGAG
CATTATGCAACGCTTCGGAAAATACGATGTTGAAAAT
ggaggaaacagccaaagcage
CTAACTTGGAAGGTTATACATGGGTACATAAATGCgga
ttggtggtcatggtactactatcg
GGCGCCACTTCTATAAAAGGTCTCATGATATTGTTAC
GGAGTTCACCACGTAATGCCTG
CTTGGTAGGGGTGGCGGTTCGTCCAAACTGTAATCGA
ATTTACGTAGCCCAATCTACC
CTATACTTTAACGTCAAGGAGAAAAAACTATACAAAC
AAAGACGTTGTTTCATCGCGC
CTATACTTTAACGTCAAGGAGAAAAAACTATACAAAG
CTTCTCGAGAAAAACAAAAGAGTTAATAATAAAG
CAGTGGTGGAAGGATTGGTAAGC
CCTTGAGAAGAACTTAGGGTATAATTTACACACC

GTAAGAATTTTTGAAAATTCAATATAACAAAATGGCT
AAGTCTAGAGTTTTGATTGTTGG

CTTAAAAAAAATATTGCAAAATATCATAAAAGTTTTT
ACAAGTATCTCTTCAAGTATTCAGAAACAG

21



p2003
p2004
p2005
p2006

p2007

p2008

p2009

p2010

p2011

p2012

p2013

p2014

p2015

p2016
p2017
p2018

p2019

2020

p2021

p2022

p2023

p2024
p2025

2026

p2027

p2028

p2029

ShPLR-JDF(2003)
ShPLR-JDR(2004)
TiPLR 1-JDR(2005)
AtPPR-JDR(2006)
trliDIR1-F-EcoRI(20
07)

trliDIR 1-R-NotI(200
8)
trliDIR2-F-EcoRI(20
09)
trliDIR2-R-NotI(201
0)
trAtDIR6-F-EcoRI(2
011)
AtDIR6-F-EcoRI(20
12)
trAtDIR6-R-NotI(20
13)

trFiDIR 1-F-EcoRI(2
014)

trFiDIR 1-R-NotI(201
5)

JDF-AOX1(2016)
JDR-AOX1(2017)
GAL10-F(2018)

ADH1-R(2019)

trliDIR1-R-NotI-T(2
020)
trliDIR2-R-NotI-T(2
021)
trAtDIR6-R-NotI-T(
2022)

trFiDIR 1-R-NotI-T(2
023)

JDF-T7(2024)
JDR-CYC1(2025)

GALI1-10p »
[IUGT71B2-F (2026)
[iUGT71B2

{LSC2t-R (2027)
liIUGT71B2-JDF(202
8)

GALI1-10p »

GTTTGTCCCATGGTCATCAAGC
CCTTCAACCAAATGAGCACCTTG
CTGGCCTCGATCAATCTGGC
GGCACCCAACCTCTTGAAAG
CGGAATTCGCCACCATGACAAAACCATCTAAATCTCA
ATCAAAAC
ATTTGCGGCCGCATGATGATGATGATGATGATAACAT
TCATAGAGTTTAATATCCATCTTG

CGGAATTCGCCACCATGTCCCAGAAAACATTGGATC

ATTTGCGGCCGCATGATGATGATGATGATGGTAACAT
TCATATAGTTTAATATCCATCTTAACACG
CGGAATTCGCCACCATGTTCCGTAAAACTATTGATCA
AAAAAAAC
CGGAATTCGCCACCATGGCTTTTTTGGTTGAAAAACA
ATTG
ATTTGCGGCCGCATGATGATGATGATGATGATAACAT
TCATACAATTTAATATCCATTTTAACTCTG
CGGAATTCGCCACCATGTTGTTTTTGTGTTTTTTGACT
TCTACTTC
ATTTGCGGCCGCATGATGATGATGATGATGCCAACAT
TCATACAAATTAATATCAACTCTC
GACTGGTTCCAATTGACAAGC
GCAAATGGCATTCTGACATCC
GATAATGGGGCTCTTTACATTTCCAC
ATAACTTATTTAATAATAAAAATCATAAATCATAAGA
AATTCGC
ATAAGAATGCGGCCGCTTAATGATGATGATGATGATG
ATAACATTCATAGAGTTTAATATCCATCTTG
ATAAGAATGCGGCCGCTTAATGATGATGATGATGATG
GTAACATTCATATAGTTTAATATCCATCTTAACACG
ATAAGAATGCGGCCGCTTAATGATGATGATGATGATG
ATAACATTCATACAATTTAATATCCATTTTAACTCTG
ATAAGAATGCGGCCGCTTAATGATGATGATGATGATG
CCAACATTCATACAAATTAATATCAACTCTC
AGCAGCTGTAATACGACTCACTATAGG
CCTAGACTTCAGGTTGTCTAACTCCTTC
TACTTTAACGTCAAGGAGAAAAAACTATACAAAATG
AAACAGGAGCTTGTTTTCATACC
TATTATTAACTCTTTTGTTTTTCTCGAGAAGCTCAAGA
GATATTCGAAGTGACATCTTCAATG

GAGGAGATAGAGCGGGGGATC

ATACTTTAACGTCAAGGAGAAAAAACTATACAAAAT
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2030

p2031

p2032

p2033

p2034
p2035
p2036

p2037
p2038
p2039
p2040

p2041

p2042
p2043

2044

p2045
p2046
p2047
p2048

p2049

p2050
p2051
p2052

p2053

p2054
p2055

2056

p2057
p2058
2059

liUGT71B5a-F
(2029)
liUGT71B5a
{LSC2t-R (2030)
liUGT71B5a-JDF(20
31)
GALI1-10p »
liUGT71B5b-F
(2032)
liIUGT71B5b
{LSC2t-R (2033)
liUGT71B5b-JDF(20
34)
THR4-up-F(2035)
THR4-up

{ THR4-dw-R(2036)
THR4-dw-F(2037)
THR4-dw-R(2038)
ARG4-up-F(2039)
ARG4-up-R(2040)
ARG4-up »
ARG4-dw-F(2041)
ARG4-dw-R(2042)
CY S4-up-F(2043)
CYS4-up
{CYS4-dw-R(2044)
CYS4-dw-F(2045)
CY S4-dw-R(2046)
SER1-up-F(2047)
SER1-up-R(2048)
SER1-up »
SER1-dw-F(2049)
SER1-dw-R(2050)
SER2-up-F(2051)
SER2-up-R(2052)
SER2-up »
SER2-dw-F(2053)
SER2-dw-R(2054)
PRO2-up-F(2055)
PRO2-up
{PRO2-dw-R(2056)
PRO2-dw-F(2057)
PRO2-dw-R(2058)
ILV1-up-F(2059)

GAAGATCGAGCTCGTGTTCATAC

TTTATTATTAACTCTTTTGTTTTTCTCGAGAAGCCTAG
ACCACAACATTCTCGATCACG

GAACTCGATGCTTGAGAGCTTG

TATACTTTAACGTCAAGGAGAAAAAACTATACAAAAT
GAAGATCGAGCTTGTGTTCATG

CTTTATTATTAACTCTTTTGTTTTTCTCGAGAAGCTTA
AGCCGCAACATTCTCGACC

GGTAAATGCGTTCGAGATGGTG

CACAGCAAAACTACGCGAAATCAC
TTTGATGGTTCCTTACTCTCGCAATCATGATTCTGGTG
TGAGGGATGGTGGC
GAATCATGATTGCGAGAGTAAGGAACC
GAAAGGAAACGGTGATACGGTG
TCTTTAGTTACTGAAGAGTACGTGAGCG
GTTTGCCTTAGTCTTGTTATATAGTTACCTGC
AAAGCAGGTAACTATATAACAAGACTAAGGCAAACC
AGATGGCGACGTTATGCG
AAGCTTGGAATCCTGCAGATTGG
CCCACCAGAGCTTATCAATGGC
CTATGTTTGCTTTTATTITGAAGCGTGGGTTCTTATATG
TCCTTTGAGCAAGTGGCC
ATAAGAACCCACGCTTCAAATAAAAGC
TGTCAAGAAATGACGGCCTGTTCTTC
CTTGAGGAAGGAGTGCTAATTCAGAATC
TGTTTCTTATCACTAATGGTTAATCGATGATTGATC
AATCATCGATTAACCATTAGTGATAAGAAACATATCA
GCGGAATATGCCTGTAATTTGG
GCCCGTCCAAAAGTTTTCAATGAAAAG
TCCCTTAGCAAGGCAATTTCTTAGAATATC
TTTTTACAGCTGTCGTGCTTAATGTCTATG
CATAGACATTAAGCACGACAGCTGTAAAAACTGGTA
AACATGATGTACTTTACGTAGCG
GCTGACAAGAGAATAACGAGGACC
GGAGAATGGAGGTTTGCCAAGAG
TACACGTCCTTCATACATGGAACTTAGCTTTATCCCTT
TATATTGGTTGCCTGTGCTCC
GGATAAAGCTAAGTTCCATGTATGAAGGAC
GCTATTACTGTAGCCGTTATGATTGGAC
CCTTCCACATATCGTCCAATTCTGC
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2060

p2061
p2062
p2063
p2064

p2065

2066
p2067
p2068

p2069
2070

p2071

p2072

p2073

p2074

p2075

p2076

p2077

p2078

p2079

p2080

p2081

p2082

p2083

p2084

2085

ILV1-up
{ILV1-dw-R(2060)
ILV1-dw-F(2061)
ILV1-dw-R(2062)
LYS1-up-F(2063)
LYS1-up-R(2064)
LYS1-up »
LYS1-dw-F(2065)
LYS1-dw-R(2066)
LYS2-up-F(2067)
LYS2-up-R(2068)
LYS2-up »
LYS2-dw-F(2069)
LYS2-dw-R(2070)
gRNA-ARG4-1F
(2071)
gRNA-ARG4-1R
(2072)
gRNA-ARG4-2F
(2073)
gRNA-ARG4-2R
(2074)
gRNA-CYS4-1F
(2075)
gRNA-CYS4-1R
(2076)
gRNA-CYS4-2F
(2077)
gRNA-CYS4-2R
(2078)
gRNA-ILV1-1F
(2079)
gRNA-ILV1-1R
(2080)
gRNA-ILV1-2F
(2081)
gRNA-ILV1-2R
(2082)
gRNA-LYSI-1F
(2083)
gRNA-LYSI-1R
(2084)
gRNA-LYS1-2F
(2085)

GTTGTTGCGTAAATTTATAAAGTAAATTGTCGGTTTG
GCTTGTAGCACTCACACAAG
AACCGACAATTTACTTTATAAATTTACGCAACAAC
CAGCCATTGGAACAACCCAACC
CAGGTATTGTGGACACAGATATGCAAG
TTTTGCGGTTGTGTGAAAAATAAAGCG
ACGAAAACGCTTTATTTTTCACACAACCGCAAAAGCG
CTCGTGTTAAAAGATCTTCAAG
GACAGTATTGTGGAGCAGTCAGC
TTCGATTTCACAGCGGACGG
CACTGAAATTCCAGGAAAGGTAATAAACTCA
GAGTTTATTACCTTTCCTGGAATTTCAGTGGGTTGAGC
ATTACGTATGATATGTCCATG
AAACAGTGAAGCTTCAGGGTAGTATG
AAACTTCTCCGCAGTGAAAGATAAATGATCGTATGAT
TATAAGATGTATAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGTAAAGA
TGCATCAAAGGATGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCAACCTAT
TAGATGGTCTCATGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCTAAGACA
TCTATCTCACCTTGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCCCAAATT
CGTCGATGACGAAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCCATCTTC
AGTCAGTTCAGGGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGGTATCG
GTCTAGCTTTAATGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCTCGATCA
GAGTAGATCTGGAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGGCGGTG
GTGGTTTAATTGCGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGACAGCA
CCGATCTTATTAGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGGGTCTC
AAGTCGTCCTATAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCACAGGCA
TAACGATAGTAGCGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGCGCTAG
GAAGATGTGGTTCGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGGTTGGC
TTTCTGGCTCCGGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGCTACAA
AGACCAAGCTGGGGTTTTAGAGCTAGAAATAG
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p2086

p2087

p2088

p2089

2090

p2091

p2092

p2093

2094

p2095

2096

p2097

p2098

p2099

p2100

p2101

p2102

p2103

p2104

p2105

p2106

p2107
p2108

gRNA-LYS1-2R
(2086)
gRNA-LYS2-1F
(2087)
gRNA-LYS2-1R
(2088)
gRNA-LYS2-2F
(2089)
gRNA-LYS2-2R
(2090)
gRNA-PRO2-1F
(2091)
gRNA-PRO2-1R
(2092)
gRNA-PRO2-2F
(2093)
gRNA-PRO2-2R
(2094)
gRNA-SER1-1F
(2095)
gRNA-SERI-1R
(2096)
gRNA-SER1-2F
(2097)
gRNA-SER1-2R
(2098)
gRNA-SER2-1F
(2099)
gRNA-SER2-1R
(2100)
gRNA-SER2-2F
(2101)
gRNA-SER2-2R
(2102)
gRNA-THR4-1F
(2103)
gRNA-THR4-1R
(2104)
gRNA-THR4-2F
(2105)
gRNA-THR4-2R
(2106)

ARG4-IDF (2107)
ARG4-JDR (2108)

AAACTTCTCCGCAGTGAAAGATAAATGATCGGATGTG
TTCGTGGACTAGAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGTTGATT
GGTCTAATGGAATGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGTCTTTC
TTTAAAGATGCCAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGCTTCAG
GTGCTGGTGCTCGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGCTTGAG
TTAGTTCTATACTGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCTGTGAAC
ACGTTCAGAGAAAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCACCAGAC
TTGATACTCAATGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCACTACAA
AAATTCCCGTGTTGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCACTAAGG
CATTGGAACCACGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGAAGTGT
TCTACTTGCAAGGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCAGATTTC
TGAGACCAACTACGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCTGCATTC
GACTATCCAACGGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCAAGCGCC
AGAAATATTCTTAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGCAAGTT
GTATGGTGGGTGAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGTCATTA
CATAGTTGCAGAAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGAACGCG
TTAAATTATTGCAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGAAATCA
AGTTCATTGTTCAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGATTCCA
GATGCTGATCTAAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGTATAGT
CTCATGATAGCAAGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCCGAGAA
AAAGCAAATCACTGGTTTTAGAGCTAGAAATAG
AAACTTCTCCGCAGTGAAAGATAAATGATCGGCTGCA
GAACCAGTGTCACGTTTTAGAGCTAGAAATAG
CGACGACATGGACGAACTAATGG
CATCCATCCGGAGTAATTTCATGTG
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p2134
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CYS4-JDF (2109)
CYS4-JDR (2110)
ILVI-JDF (2111
ILVI-JDR (2112
LYS1-JDF (2113
LYS1-JDR (2114
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PRO2-JDF (2117
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PRM5t { GAL1-10p
(2125)

I-lup { PRMIt-R

(2126)

PRMOt »

LiIUGT71B2-R
(2127)

GALI10-1p )

LiIUGT71B2-F (2128)

LSC2t ( I-1dw-F
(2129)

PRMOt »

liUGT71B5a-R
(2130)

GALI10-1p )

LiUGT71B5a-F
(2131)

PRMOt »

LiUGT71B5b-R
(2132)

GALI10-1p )

LiUGT71B5a-F
(2133)

CPSI1t » UGPI-R

(2134)
UGP1
(2135)

{ tHXT7p-F

GACCTGGCAAGAATGGCTCTATG
GGTGGGATTATTTGCTCTATCTTTACGG
CGGAATCACCTGGAATTCGTTC
TTCACTGTTGTTCCAGCGATCC
TGATGTCAACGCTTGGAAGAAGC
TTGCATGCAGGGAGGAACAAAG
CAAGAGTTGTTTCCCTGCCAGAC
GTCCTGTTTGTCATATCGGGCTAAG
CGACACTTCTAGTGAAGATCGAGAATG
GACGCTGACAAGCTGGACAATC
CGTCCTTTGAAATTCTCGTCTTTCTTC
AGTTCTTCTCTGTTTAATTGCCACATTG
GCCGCATTTGTTGCCTGTG
AAAGTCTTGTTGAGCCCGGTAAG
GTGCAAACCGTGAACAAACTGG
CGATTATGCTCCTTCAGTTGCC
AAAAGTAAGAATTTTTGAAAATTCAATATAACAAAAA
ACTTTTATGATATTTTGCAATATTTTTTTTAAGCAGTG
G
TTATGCAACGCTTCGGAAAATACGATGTTGAAAATCA
GTTTTGGCCAACCTGCAC

GTAAAGTTGTGTGCTAGTGTCTCCCGTCTTCTGTTCAA
GAGATATTCGAAGTGACATCTTCAATG

AAGTAAGAATTTTTGAAAATTCAATATAACAAAATGA
AACAGGAGCTTGTTTTCATACC
TTTGGAAAAAATTTCTTTTTTTTTTTTTTAATTTTCCAT
TTATCCTTACATCGCTCGTATTTG

GTAAAGTTGTGTGCTAGTGTCTCCCGTCTTCTGTCTAG
ACCACAACATTCTCGATCACG

AAAGTAAGAATTTTTGAAAATTCAATATAACAAAATG
AAGATCGAGCTCGTGTTCATAC

GGTAAAGTTGTGTGCTAGTGTCTCCCGTCTTCTGTTTA
AGCCGCAACATTCTCGACC

AAAAGTAAGAATTTTTGAAAATTCAATATAACAAAAT
GAAGATCGAGCTTGTGTTCATG

AAAAAAAAATCTTTGACTATTCAATCATTGCGCTCAA
TGTTCCAAGATTTGCAAATTACCAG
AAAACAAAAAGTTTTTTTAATTTTAATCAAAAAATGT
CCACTAAGAAGCACACCAAAAC
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p2136

p2137

p2138
p2139

p2140

p2141

p2142

p2143
p2144
p2145
p2146

p2147

p2148

p2149

p2150

p2151

TDH3p » PGMI-F

(2136)

PGM1 { HIS5t-R

(2137)
UGP1-JDR(2138)
PGM1-JDF(2139)

UGP1 {GALI1-10p-F

(2140)

GAL1-10p)» PGMI-F

(2141)

UGP1 { PGKIp-F

(2142)
up-HIS3-F1(2143)

dw-HIS3-R1(2144)

up-HIS3-F2(2145)

dw-HIS3-R2(2146)

PGM1-PLUS-F(2147

)

PGM1-PLUS-R(214

8)
UAS-TDH3p
¢GFP-F(2149)
XII-3up

{ UAS-TDH3p-R

(2150)
UAS-TDH3p
mPlum-F(2151)

)

)

TTAGTTTCGAATAAACACACATAAACAAACAAAATGT
CACTTCTAATAGATTCTGTACCAACAG
ATAAAACTGTACATATACTGTTTAAATTAATCTATCTA
TGTGCGGACTGTTGGTTCG
GAGGTTGATCGAATCGAGCAATTTG
GGGTGGAAGTTGTTGTTTGACTCC
AAGTAAGAATTTTTGAAAATTCAATATAACAAAATGT
CCACTAAGAAGCACACCAAAAC
TACTTTAACGTCAAGGAGAAAAAACTATACAAAATGT
CACTTCTAATAGATTCTGTACCAACAG
TAATTATCTACTTTTTACAACAAATATAACAAAATGT
CCACTAAGAAGCACACCAAAAC
GCGCTTCTAATAATGGCACCG
GACAGCAGTTGGGTAGGCC
GGCAGCTCGTTACATAATCCG
CACCAACAGGAGTCATATCACAGTC

CCGTTCAAACACAAGTGGCAG

TGAAGTGTCAATTTCCCGCTGTATAC

ACTTAGTTTCGAATAAACACACATAAACAAACAAAAT
GGTGAGCAAGGGCGAG

AAATCTGGAAGAGTAAAAAAGGAGTAGAAACATTCC
CATAATTTCAACCATCCTTAGCTTCC

ACTTAGTTTCGAATAAACACACATAAACAAACAAAAT
GGTTTCTAAAGGTGAAGAAGTTATTAAAG
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Supplementary Data 2 Overview of DNA constructs used in this study.

Donor Primer Primer Length
Donor constructs
name (F) R) (bp)

RC20b  XII5up-Tcpsi-PirCCoAOMT2%P'-Poavion-Triss-XII5dw ~ p205 p208 2187
XI5up p205 p206 190
XI5up>Tcpsi-PtrCCoAOMT2°P'<Pgur 101 p200 p202 1021
PGario1-Triss<XII5dw p7 p475 855
XII5dw p207  p208 241

RC20c XII5up-Tcpsi-PtrCCoAOMT2P-Pgari01-PtrAldOMT2° 205 208 1282
PLT mrss-XII5dw
XM 5up p205 p206 190
XII5up>Tcpsi-PtrCCoAOMT2P'<Par 101 p200  p202 1021
PGario/1-PtrAldOMT2°P Trss<XII5dw p7 p201 1953
XII5dw p207  p208 241

RC3Mel Xl 1up-Pcar7-Ii4 CL3-T gno2-Tcpsi-ScADHG6-P Gar10/1- p182 p185 ]
AtCCRI-Twiss-XI1dw
Xl Tup<PgGar7 p182 p248 453
PGar7 pl13 pl4 725
PGar7>1li4CL3°"'<TEeno2 pl22 pl23 1700
Tenoz pll pl2 400
Teno>Tepsi p467 p129 224
Tcpsi>ScADHO6<PGarion p472 p473 1161
P6ar10/>AtCCRIOPT-T ss<XI11dw p7 p469 1243
Xl 1dw p470 p185 364

i XITTup-Pcar7-1i4 CL3P-T gnoa-T cpsi-ScADHG6-P Gario- p182 p185 6653
PtrCCR2PT-Tyys5-XI11dw
XI1up<Pcarr pl82  p248 453
PGar7 pl3 pl4 725
PGar>1i4CL3°'<TEnoz pl22 p123 1700
Tenoz pll pl2 400
Teno>Tcpsi p467 pl129 224
Tcpsi>ScADH6<Pgarion p472 p473 1161
PGar10/1>PtrCCR2OPT-Tyyss<XII1 dw p7 p469 1225
XI1dw p470 p185 364

RC34¢3 X Tup-Pcar7-Ptr4CL3°"-T gnos-Tcpsi-ScADHG6-PGar 101 p182 p185 6662
-AtCCRI-T myss-XII1dw
XII1up<Pcarr pl82  p248 453
Pgars pl13 pl4 725
Pcar7>Ptr4 CL3°P'<TEeno2 pl24 pl125 1690
Tenoz pll pl2 400
Teno>Tepsi p467 p129 224
Tcpsi>ScADHO6<PGarion p472 p473 1161
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RC34c4

RC34c5

RC34c6

RC52

RC53

PGar10/>AtCCRIOFT-T pyss<XII 1 dw

Xilidw

X 1up-Pcar7-Ptr4CL3°-T gnos-Tcpsi-ScADHG6-PGar 101
-PtrCCR2-Twyss-XII1dw

X Tup<PgGar7

Pcar7

P6ur7>Ptr4 CL5P'<TEno2

Teno2

Tevo2>Tepsi

Tcpsi>ScADH6<PGarion
PGari0/>PtrCCR2OPT-Tyyss<XII1 dw

Xllldw

XM Tup-Pcar7-Ptr4CL5°-T noz-Tcpsi-ScADHG-PGar 1011
-AtCCRI-Tyss-X11dw

Xl Tup<PgGar7

PGar7

PGar7>Ptr4CL5"'<TEnoz

Tenoz

Teno>Tcpsi

Tepsi>ScADH6<PGarion
PGar1o>AtCCRIOPT-T yyss<XII1dw

Xilidw

X Tup-Pcar7-Ptr4CL5-T enos-Tcpsi-ScADHG6-PGar 1011
-PtrCCR2-Tuyss-XII1dw

X Tup<PgGar7

Pcar7

PGar7>Ptr4 CL5°P'<T gno2

Teno2

Tenvo2>Tepsi

Tcpsi>ScADHG6<PGarion
PGario>PtrCCR2PT-Tyyss<XII1 dw

Xilidw
XI13up-Tspcs-Pcarion-CgLOPT-Tipp1-XI13dw
XI3up<Tspcs

Tspas<Pcarion

PGarion

PGari0>CgLOPT-Tpp<XI3dw

XII3dw
XI13up-TspGs-PcaLioi-TsLAC3PT-Tipp1-XII3dw
XI3up<Tspcs

Tspas<Pgarion

PGarion

29

p7
p470

pl182

pl182
pl3
pl24
pll
p467
p472
p7
p470

p182

pl82
pl3
pl26
pll
pa67
p472
p7
p470

pl182

pl182
pl3
pl26
pll
p467
p472
p7
p470
p493
p493
pl34
p7
p222
p579
p493
p493
pl34

p7

p469
pl85

pl85

p248
pl4

pl25
pl2

pl29
p473
p469
pl185

pl85

p248
pl4

pl27
pl2

pl29
p473
p469
pl85

pl85

p248
pl4
pl27
pl2
pl29
p473
p469
pl85
p491
pS77
p578
p8
pl36
p491
p491
pS77
p578

p8

1243
364

6644

453
725
1690
400
224
1161
1225
364

6671

453
725
1699
400
224
1161
1243
364

6653

453
725
1699
400
224
1161
1225
364
3505
561
244
668
1714
447
3598
561
244
668



RC55

RC52C

RC53C

RC55C

RC-DIR

RC-DIR

PGario>TsLAC3OPT-T pp<XII3dw

XII3dw

XI13up-Tsps-Pcarion-TvLACI P -Tipp1-XII3dw
XI13up<Tspgs

Tspes<Pcarion

Paarion

PGario>TvLACIOPT-T 1pp<XII3dw

XII3dw
XI13up-Tspcs-Pcarion-trCgLOPT-Tipp1-XI13dw
XI13up<Tspgs

Tspes<Pcarion

PaGarion

Peario>trCgLOPT-Tipp<XII3dw

XII3dw
XI3up-Tspes-Pcario-trTsLAC3°PT-Tipp1-XII3dw
XI13up<Tspcs

Tspes<Pcarion

PGarion

PGario>trTsLAC3OPT-Tipp<XII3dw

XII3dw

XI3up-Tsps-Pario-trTvLACI P -Tippi-XI13dw
XI13up<Tspcs

Tspes<Pcarion

PGarion

PGario/>trTvLACIOPT-Tppi<XII3dw

XII3dw

XI13up-Tspgs-liDIR1-PGar10/-TsLAC3OPT-Tipp1-X1I3dw

XI13up<Tspcs

Tsps<Pcarion
Tsps>IiDIRI<PGarion

PGarion
PGar10>TsLAC3PT-Tpp<XII3dw
XII3dw

XI13up-Tspgs-liDIR2-PGar10/-TsLAC3OPT-Tipp1-X1I3dw

XI13up<Tspcs

Tspes<PGaLion
Tsps>IiDIR2<Pgarion

PGarion

PGario>TsLAC3OPT-T pp<XII3dw
XII3dw

30

p222
p579
p493
p493
pl34
p7

p222
p579
p493
p493
pl34
p7

po16
p579
p493
p493
pl34
p7

p617
p579
p493
p493
pl34
p7

p619
p579

p493

p493
pl34
p581
p7

p617
p579

p493

p493
pl34
p583
p7

p617
p579

pl36
p491
p491
p577
p578
p8

pl36
p491
p491
p577
p578
p8

pl36
p491
p491
p577
p578
p8

pl36
p491
p491
p577
p578
p8

pl36
p491

p491

p577
p578
p582
p8

p767
p491

p491

p577
p578
p584
p8

p767
p491

1807
447
3586
561
244
668
1795
447
3397
561
244
668
1598
447
3532
561
244
668
1733
447
3526
561
244
668
1728
447

4147

561
244
612
668
1768
447

4162

561
244
564
668
1768
447



RC-trDI  XI13up-Tspgs-trliDIR1-PGari0/-tr TsLAC3°PT-Tipp1-X1I 493 p491 a5

R1 3dw
XII3up<Tspos pd93  p577 561
Tspes<Pcarion pl134 p578 244
Tspes>trliDIRI<PGaLion p620 p582 480
PGarion p7 p8 668
PGari0>trCgLOPT-Tipp<XII3dw p616 p767 1567
XII3dw p579 p491 447
Eg—trDI ;(cllfj up-TspGs-trliDIR2-PGari0/1-tr TsLAC3°PT-Tipp1-X1I 493 p491 3829
XII3up<Tspos pd93  p577 561
Tspes<Pcarion pl134 p578 244
Tspes>trliDIR2<PGarion p621 p584 432
PGarion p7 p8 668
PGari0>trCgLOPT-Tipp<XII3dw p616 p767 1567
XI13dw p579 p491 447
D2001 XI3up-Tprus-AtPRR-ScOP T -Pgar 10/-Trsco-XI3dw p228 p231 2700
XI3up p228  p229 464
XI3up>Tpruss-AtPRR-ScOPT'<PGar 101 p232 p202 1171
Paarion p7 p8 676
PGarion>Trsc<XI3dw p855 p233 215
XI3dw p230  p231 330
D2002 XI3up-Tprus-TiPLR 1-Sc®P "' -Pgar10/1-Trsc2-XI3dw p228 p231 2700
XI3up p228  p229 464
XI3up>Tprus-TiPLR 1-ScOPT'<Pgar 01 p232 p202 1171
PGarion p7 p8 676
PGario>Trsco<XI3dw p855 p233 215
XI3dw p230  p231 330
D2003  XI3up-Trrus-ShPLR-ScOPT'-P gz 104-Trsco-XI3dw p228  p231 2682
XI3up p228 p229 464
XI3up>Tprus p232 pl37 172
Trrms>ShPLR-ScOP<PGar10/1 p2001  p2002 1002
PGarion p7 p8 676
Pcario>Trsco<XI3dw p855 p233 215
XI3dw p230  p231 330
D2004 XI3up-Tpruss-liPLR1-Sc®" " -PG41.10/-1iUGT71B2-Tisc2 0228 p231 4161
-XI3dw
XI3up p228 p229 464
XI3up>T prus-TiPLR1-ScOPT'<PGar 101 p232 p202 1171
Paavion p7 p8 676
PGario>liUGT71B2<Tysc2 p2026  p2027 1531

Toscr<XI3dw pl39  p233 179
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D2005

D2006

D2007

D2008

D2009

D2010

D2011

XI3dw

XI3up-Tprus-TiPLR 1-ScO" ™ -PGar10/-1iUGT71B5a-Trsc

2-XI3dw

XI3up

XI3up>T prus-TiPLR 1-ScOPT'<PGar 101
PGarion

Peuario/>liUGT71B5a<Irsc>
Trsc2<XI3dw

XI3dw

XI3up-Tprus-TliPLR 1-ScO" M -PGaz10/-liUGT7 1 B5b-Trsc

2-XI3dw

XI3up

XI3up>Tprus-TiPLR 1-ScOPT'<Pgar 01
PGarion

Pcuario/>liUGT71B5b<Irsc>
Trsco<XI3dw

XI3dw
XI3up-Trrus5-Pcarion-liUGT71B2-Trsco-XI3dw
XI3up

XI3up>Tprus<Pcarion

PGarion

PGari0>liUGT71B2<Typsc:
Trsc2<XI3dw

XI3dw

X13up-Trrms-Pcarion-liUGT7 1B5a-Trsc2-XI3dw
XI3up

XI3up>Tprus<PGarion

PGarion

Pur1o/>liUGT71B5a<Iisc>
Trsco<XI3dw

XI3dw

XI3up-Trrms-Pcarion-liUGT7 1B5b-Trsc2-XI3dw
XI3up

XI3up>Tprus<Pcarion

Paarion

P6ario>liUGT71B5b<ILsc>
Trsco<XI3dw

XI3dw

THR4up-THR4dw
THR4-up<THR4-dw

THR4-dw

ARG4up-ARG4dw

ARG4-up

32

p230
p228

p228
p232
p7
p2029
p139
p230

p228

p228
p232
p7
p2032
pl139
p230
p228
p228
p232
p7
p2026
pl139
p230
p228
p228
p232
p7
p2029
p139
p230
p228
p228
p232
p7
p2032
p139
p230
p2035
p2035
p2037
p2039
p2039

p231
p231

p229
p202
p8
p2030
p233
p231

p231

p229
p202
p8
p2033
p233
p231
p231
p229
p2125
p8
p2027
p233
p231
p231
p229
p2125
p8
p2030
p233
p231
p231
p229
p2125
p8
p2033
p233
p231
p2038
p2036
p2038
p2042
p2040

330

4149

464
1171
676
1519
179
330

4143

464
1171
676
1513
179
330
3207
464
206
676
1531
179
330
3195
464
206
676
1519
179
330
3189
464
206
676
1513
179
330
1041
551
523
995
491



D2012

D2013

D2014

D2015

D2016

D2017

D2018

D2019

D2020

D2021

ARG4-up>ARG4-dw
METI5up-MET15dw
MET15-up
MET15-up>MET15-dw
ADE2up-ADE2dw
ADE2-up
ADE2-up>ADE2-dw
SER2up-SER2dw
SER2-up
SER2-up>SER2-dw
PRO2up-PRO2dw
PRO2-up<PRO2-dw
PRO2-dw
ILVIup-ILVIdw
ILV1-up<ILVI1-dw
ILVI-dw
LYSlup-LYS1dw
LYS1-up
LYS1-up>LYSI-dw
LYS2up-LYS2dw
LYS2-up
LYS2-up>LYS2-dw

H1up-Tprmo-TliUGT71B2-PGar101-liUGT71B2-Tsc-111

dw
][]up<TPm9

Tprrumo

Termo>liUGT71B2<Pgarion

PGarion

P6uarioi>liUGT71B2<Trsc

Trsc2
Trsc>111dw

11up-Trrmo-liUGT71B5a-PGarion-liUGT71B5a-Trsca-

I1dw
][]up<TPm9

Trrumo

Termo>liUGT71B5a<Pcarion

Pcarion

P6uarioni=liUGT71B5a<TLsc

Trsc2
Trsc>111dw

H1up-Tprumo-liUGT71B5b-PGar10/1-liUGT71B5b-T Lsca-

Ildw
HTup<Tpruo

p2041
p515

p515

p517

p541

p541

p543

p2051
p2051
p2053
p2055
p2055
p2057
p2059
p2059
p2061
p2063
p2063
p2065
p2067
p2067
p2069

plo14

pl014
p65
p2127
p7
p2026
p139
p2129

pl014

pl014
p65
p2130
p7
p2029
p139
p2129

pl014

plol4

p2042
p518

p516

p518

p544

p542

p544

p2054
p2052
p2054
p2058
p2056
p2058
p2062
p2060
p2062
p2066
p2064
p2066
p2070
p2068
p2070

pl021

p2126
p66
p2128
p8
p2027
pl40
pl1021

p1021

p2126
p66
p2131
p8
p2030
pl140
pl1021

p1021

p2126

539
546
255
329
880
484
429
979
515
494
1070
582
523
1058
573
520
1078
522
590
1035
521
543

4521

282
250
1528
676
1526
142
319

4497

282
250
1517
676
1517
142
319

4485

282



D2023

D2027

D2028

D2029

D2030

D2031

Trruy
Termo>liUGT71B5b<Pgarion
PGarion
Par10>liUGT71B5b<Tpsc:

Trsc:

Trsco>I1dw

Xl 5up-Tcpsi-ScUGPI-PGari01-ScPGMI-Taiss-XII5dw
XII5up

XlI5up>Tcps;
Tepsi>ScUGPI<Pgarion

PGarion

PGarioi>ScPGMI-Thmiss
Triss>XI5dw
XI13up-Tspcs-Pcarioi-eGFP-Tpyk-XI13dw
XI3up<Tspcs

Tspes<PGAL10/1

PGarion

Peari0>eGFP<Tpyk;

Tryki

Tpyxi>XI13dw
METI15up-TPRMY9-PGari0/1-eGFP-Tpyxi-MET15dw
METI15up<Tpruo
Trruo<PGAL10/1

PGarion

Peari0>eGFP<Tpyk;

Tryki

Tryxki>METI 5dw
ADE2up-TPRMY9-PGar10/i-mPlum-Tpyxi-ADE2dw
ADE2up<T pruo

Tprmo<PGAL10/1

PGarion

Peario>mPlum<Tpyki

Tryki

Tryxi>ADE2dw
XI13up-Ppcri-URA3-Tpyg;-X1I3dw
XII3up<Ppcki

PPGK1I

Prcxr>URA3<Tpyki

Tryki

Tpyxi>XI13dw

LEU2up-LEU2dw

LEU2-up

34

p65
p2132
p7
p2032
p139
p2129
p205
p205
pl29
p2134
p7
p2141
p754
p493
p493
pl34
p7
p726
p71
p490
pS15
pS15
p65
p7
p726
p71
p728
p541
p541
p65
p7
p721
p71
p723
p493
p493
p486
p511
p71
p490
p529
p529

p66
p2133
p8
p2033
pl140
pl1021
p208
p206
p660
p2140
p8
pl32
p208
p491
p577
p796
p8
p561
pl57
p491
p518
p727
p720
p8
p561
pl57
p518
p544
p719
p720
p8
p722
pl57
p544
p491
p492
p487
p512
pl57
p491
p530
p526

250
1513
676
1513
142
319
4656
190
217
1566
676
1891
278
2951
561
249
676
789
401
451
2593
292
286
676
789
401
326
2888
518
286
676
760
401
427
2695
563
286
678
401
451
443
265



D2032

D2033

D2034

LEU2-up>LEU2-dw
TRPIlup-TRPI1dw

TRP1-up

TRP1-up>TRP1-dw
XI13up-Puas-tous-e GFP-T pyg-X113dw
XII3up<Puas-rpms

Puas-toms

Puus-rpus>eGFP<Tpyki

Tryki

Tryki>XI3dw
XI3up-Puas-rpas-mPlum-T pyx;-XII3dw
XI3up<Puy4s-tpHs

Puas-toms

Puus-rors>mPlum<T pyg;

Tryki
Tpyx>XI3dw

p527
p587
p587
p589
p493
p493
p558
p2149
p71
p490
p493
p493
p558
p2151
p71
p490

p530
p590
p588
p590
p491
p2150
p559
p561
pl57
p491
p491
p2150
p559
p722
pl57
p491

214
347
186
197
3462
559
1400
793
401
451
3423
559
1400
754
401
451

35



Supplementary Data 3 All genes modified in this study.

Gene GenBank
name ID

Optimized coding Sequence

LmXFPK AY804190.1

ATGGCTGACTTTGACTCTAAGGAGTACCTGGAGCTGGTGGACAAGTGGTGGAGAGCCACCAACTACCTGTCTGCTGGCAT
GATCTTCCTGAAGTCTAACCCACTGTTCTCTGTGACCAACACCCCAATCAAGGCTGAGGATGTGAAGGTGAAGCCAATTG
GCCACTGGGGCACCATCTCTGGACAGACCTTCCTGTATGCCCATGCCAACAGACTGATCAACAAGTATGGCCTGAACATG
TTCTATGTGGGAGGCCCTGGCCATGGAGGCCAAGTGATGGTGACCAATGCCTACCTGGATGGAGCCTACACAGAGGACT
ACCCTGAGATCACCCAAGACATTGAGGGCATGTCTCACCTGTTCAAGAGATTCTCTTTCCCTGGAGGCATTGGCTCTCAC
ATGACAGCTCAGACCCCTGGCTCTTTACATGAGGGAGGAGAGTTGGGCTACTCTCTGTCTCATGCCTTTGGAGCTGTGCT
GGATAACCCTGACCAAGTGGCTTTTGCTGTTGTGGGGGATGGAGAGGCTGAGACTGGCCCATCTATGGCCTCTTGGCACT
CTATCAAGTTCCTGAATGCCAAGAATGATGGAGCTGTGCTGCCTGTGCTGGACCTGAATGGCTTCAAGATCTCTAACCCA
ACCATCTTCTCTAGAATGTCTGATGAGGAGATCACCAAGTTCTTTGAGGGCCTAGGCTACTCTCCAAGATTCATTGAGAA
TGATGACATCCATGACTATGCCACCTACCATCAGCTGGCTGCCAACATCCTGGACCAAGCCATTGAGGACATCCAAGCCA
TTCAGAATGATGCTAGAGAGAATGGCAAGTACCAAGATGGAGAGATCCCTGCCTGGCCTGTGATCATTGCTAGACTGCC
AAAGGGCTGGGGAGGCCCAACCCATGATGCCTCTAACAACCCAATTGAGAACTCTTTCAGAGCCCACCAAGTGCCACTG
CCACTGGAGCAGCATGACCTGGCCACCCTGCCTGAGTTTGAGGACTGGATGAACTCTTACAAGCCTGAGGAGCTGTTCAA
TGCTGATGGCTCTCTGAAGGATGAGCTGAAGGCCATTGCCCCAAAGGGAGACAAGAGAATGTCTGCCAACCCAATCACC
AATGGAGGAGCTGACAGATCTGACCTGAAGCTGCCAAACTGGAGAGAGTTTGCCAATGACATCAATGATGACACAAGAG
GCAAGGAGTTTGCTGACTCTAAGAGAAACATGGACATGGCCACCCTGTCTAACTACCTGGGAGCTGTGTCTCAGCTGAAC
CCAACAAGATTCAGATTCTTTGGCCCTGATGAGACCATGTCTAACAGACTGTGGGGCCTGTTCAATGTGACCCCAAGACA
GTGGATGGAGGAGATCAAGGAGCCACAAGATCAGCTGCTGTCTCCAACTGGCAGAATCATTGACTCTCAGCTGTCTGAG
CACCAAGCTGAGGGCTGGCTGGAGGGCTACACCCTGACTGGCAGAGTGGGCATCTTTGCCTCTTATGAGTCTTTCCTGAG
AGTGGTGGACACCATGGTGACACAGCACTTCAAGTGGCTGAGACATGCCTCTGAGCAAGCCTGGAGAAATGACTACCCA
TCTCTGAACCTGATTGCCACCTCTACAGCCTTTCAGCAAGACCACAATGGCTACACCCACCAAGACCCTGGCATGCTGAC
CCACCTGGCTGAGAAGAAGTCTAACTTCATCAGAGAGTACCTGCCTGCTGATGGCAACTCTCTGCTGGCTGTGCAAGAGA
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GAGCCTTCTCTGAGAGACACAAGGTGAACCTGCTGATTGCCTCTAAGCAGCCAAGACAGCAGTGGTTCACAGTGGAGGA
GGCTGAGGTGCTGGCCAATGAGGGCCTGAAGATCATTGACTGGGCCTCTACAGCCCCATCTTCTGATGTGGACATCACCT
TTGCCTCTGCTGGCACAGAGCCAACCATTGAGACCCTGGCTGCCCTGTGGCTGATCAACCAAGCCTTCCCTGATGTGAAG
TTCAGATATGTGAATGTGGTGGAGCTGCTGAGACTGCAGAAGAAGTCTGAGCCAAACATGAATGATGAGAGAGAGCTGT
CTGCTGAGGAGTTCAACAAGTACTTCCAAGCTGACACCCCTGTGATCTTTGGCTTCCATGCCTATGAGAACCTGATTGAG
TCTTTCTTCTTTGAGAGAAAGTTCACTGGAGATGTGTATGTGCATGGCTACAGAGAGGATGGAGACATCACCACCACCTA
TGACATGAGAGTGTACTCTCACCTGGACAGATTCCACCAAGCCAAGGAGGCTGCTGAGATCCTGTCTGCCAATGGCAAG
ATTGACCAAGCTGCTGCTGACACCTTCATTGCCAAGATGGATGACACCCTGGCCAAGCACTTCCAAGTGACAAGAAATG
AGGGCAGAGACATTGAGGAGTTCACAGACTGGACCTGGTCTCCACTGAAGTAA
ATGACTCAATTCACTGACATTGATAAGCTAGCCGTCTCCACCATAAGAATTTTGGCTGTGGACACCGTATCCAAGGCCAA
CTCAGGTCACCCAGGTGCTCCATTGGGTATGGCACCAGCTGCACACGTTCTATGGAGTCAAATGCGCATGAACCCAACCA
ACCCAGACTGGATCAACAGAGATAGATTTGTCTTGTCTAACGGTCACGCGGTCGCTTTGTTGTATTCTATGCTACATTTGA
CTGGTTACGATCTGTCTATTGAAGACTTGAAACAGTTCAGACAGTTGGGTTCCAGAACACCAGGTCATCCTGAATTTGAG
TTGCCAGGTGTTGAAGTTACTACCGGTCCATTAGGTCAAGGTATCTCCAACGCTGTTGGTATGGCCATGGCTCAAGCTAA
CCTGGCTGCCACTTACAACAAGCCGGGCTTTACCTTGTCTGACAACTACACCTATGTTTTCTTGGGTGACGGTTGTTTGCA
AGAAGGTATTTCTTCAGAAGCTTCCTCCTTGGCTGGTCATTTGAAATTGGGTAACTTGATTGCCATCTACGATGACAACAA
GATCACTATCGATGGTGCTACCAGTATCTCATTCGATGAAGATGTTGCTAAGAGATACGAAGCCTACGGTTGGGAAGTTT
TGTACGTAGAAAATGGTAACGAAGATCTAGCCGGTATTGCCAAGGCTATTGCTCAAGCTAAGTTATCCAAGGACAAACC
AACTTTGATCAAAATGACCACAACCATTGGTTACGGTTCCTTGCATGCCGGCTCTCACTCTGTGCACGGTGCCCCATTGAA
AGCAGATGATGTTAAACAACTAAAGAGCAAATTCGGTTTCAACCCAGACAAGTCCTTTGTTGTTCCACAAGAAGTTTACG
ACCACTACCAAAAGACAATTTTAAAGCCAGGTGTCGAAGCCAACAACAAGTGGAACAAGTTGTTCAGCGAATACCAAAA
GAAATTCCCAGAATTAGGTGCTGAATTGGCTAGAAGATTGAGCGGCCAACTACCCGCAAATTGGGAATCTAAGTTGCCA
ACTTACACCGCCAAGGACTCTGCCGTGGCCACTAGAAAATTATCAGAAACTGTTCTTGAGGATGTTTACAATCAATTGCC
AGAGTTGATTGGTGGTTCTGCCGATTTAACACCTTCTAACTTGACCAGATGGAAGGAAGCCCTTGACTTCCAACCTCCTTC
TTCCGGTTCAGGTAACTACTCTGGTAGATACATTAGGTACGGTATTAGAGAACACGCTATGGGTGCCATAATGAACGGTA
TTTCAGCTTTCGGTGCCAACTACAAACCATACGGTGGTACTTTCTTGAACTTCGTTTCTTATGCTGCTGGTGCCGTTAGATT
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GTCCGCTTTGTCTGGCCACCCAGTTATTITGGGTTGCTACACATGACTCTATCGGTGTCGGTGAAGATGGTCCAACACATCA
ACCTATTGAAACTTTAGCACACTTCAGATCCCTACCAAACATTCAAGTTTGGAGACCAGCTGATGGTAACGAAGTTTCTG
CCGCCTACAAGAACTCTTTAGAATCCAAGCATACTCCAAGTATCATTGCTTTGTCCAGACAAAACTTGCCACAATTGGAA
GGTAGCTCTATTGAAAGCGCTTCTAAGGGTGGTTACGTACTACAAGATGTTGCTAACCCAGATATTATTTTAGTGGCTACT
GGTTCCGAAGTGTCTTTGAGTGTTGAAGCTGCTAAGACTTTGGCCGCAAAGAACATCAAGGCTCGTGTTGTTTCTCTACC
AGATTTCTTCACTTTTGACAAACAACCCCTAGAATACAGACTATCAGTCTTACCAGACAACGTTCCAATCATGTCTGTTGA
AGTTTTGGCTACCACATGTTGGGGCAAATACGCTCATCAATCCTTCGGTATTGACAGATTTGGTGCCTCCGGTAAGGCAC
CAGAAGTCTTCAAGTTCTTCGGTTTCACCCCAGAAGGTGTTGCTGAAAGAGCTCAAAAGACCATTGCATTCTATAAGGGT
GACAAGCTAATTTCTCCTTTGAAAAAAGCTTTCTAA
ATGTCTGAACCAGCTCAAAAGAAACAAAAGGTTGCTAACAACTCTCTAGAACAATTGAAAGCCTCCGGCACTGTCGTTGT
TGCCGACACTGGTGATTTCGGCTCTATTGCCAAGTTTCAACCTCAAGACTCCACAACTAACCCATCATTGATCTTGGCTGC
TGCCAAGCAACCAACTTACGCCAAGTTGATCGATGTTGCCGTGGAATACGGTAAGAAGCATGGTAAGACCACCGAAGAA
CAAGTCGAAAATGCTGTGGACAGATTGTTGGTCGAATTCGGTAAGGAGATCTTAAAGATTGTTCCAGGCAGAGTCTCCAC
CGAAGTTGATGCTAGATTGTCTTTTGACACTCAAGCTACCATTGAAAAGGCTAGACATATCATTAAATTGTTTGAACAAG
AAGGTGTCTCCAAGGAAAGAGTCCTTATTAAAATTGCTTCCACTTGGGAAGGTATTCAAGCTGCCAAAGAATTGGAAGA
AAAGGACGGTATCCACTGTAATTTGACTCTATTATTCTCCTTCGTTCAAGCAGTTGCCTGTGCCGAGGCCCAAGTTACTTT
GATTTCCCCATTTGTTGGTAGAATTCTAGACTGGTACAAATCCAGCACTGGTAAAGATTACAAGGGTGAAGCCGACCCAG
GTGTTATTTCCGTCAAGAAAATCTACAATTACTACAAGAAGTACGGTTACAAGACTATTGTTATGGGTGCTTCTTTCAGA
AGCACTGACGAAATCAAAAACTTGGCTGGTGTTGACTATCTAACAATTTCTCCAGCTTTATTGGACAAGTTGATGAACAG
TACTGAACCTTTCCCAAGAGTTTTGGACCCTGTCTCCGCTAAGAAGGAAGCCGGCGACAAGATTTCTTACATCAGCGACG
AATCTAAATTCAGATTCGACTTGAATGAAGACGCTATGGCCACTGAAAAATTGTCCGAAGGTATCAGAAAATTCTCTGCC
GATATTGTTACTCTATTCGACTTGATTGAAAAGAAAGTTACCGCTTAA
ATGAAATTGATGGAAAATATTTTTGGTTTGGCTAAAGCAGATAAAAAAAAAATTGTTTTGGCTGAAGGTGAAGAAGAAA
GAAATATTAGAGCTTCTGAAGAAATTATTAGAGATGGTATTGCTGATATTATTTTGGTTGGTTCTGAATCTGTTATTAAAG
AAAATGCTGCTAAATTTGGTGTTAATTTGGCTGGTGTTGAGATTGTTGATCCAGAAACCTCTTCTAAGACCGCGGGTTAC
GCCAATGCTTTTTATGAGATAAGAAAAAATAAGGGTGTTACCTTGGAAAAGGCTGATAAGATTGTTAGAGATCCAATTTA
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TTTTGCTACCATGATGGTTAAATTGGGTGATGCTGATGGTTTGGTTTCTGGTGCTATTCATACCACCGGTGATTTGTTGAG
ACCAGGTTTGCAAATTGTTAAAACCGTTCCAGGTGCTTCTGTTGTTTCTTCTGTTTITTTTGATGTCTGTTCCAGATTGTGAA
TATGGTGAAGATGGTTTTTTGTTGTTTGCTGATTGTGCTGTTAATGTTTGTCCAACCGCTGAAGAATTGTCTTCTATTGCTA
TTACCACCGCTGAAACCGCTAAAAATTTGTGTAAAATTGAACCAAGAGTTGCTATGTTGTCTTTTTCTACCATGGGTTCTG
CTTCTCATGAATTGGTTGATAAAGTTACCAAAGCTACCAAATTGGCTAAAGAAGCTAGACCAGATTTGGATATTGATGGT
GAATTGCAATTGGATGCTTCTTTGGTTAAAAAAGTTGCTGATTTGAAAGCTCCAGGTTCTAAAGTTGCTGGTAAAGCTAA
TGTTTITGATTTTTCCAGATATTCAAGCTGGTAATATTGGTTATAAATTGGTTCAAAGATTTGCTAAAGCTGAAGCTATTGG
TCCAATTTGTCAAGGTTTTGCTAAACCAATTAATGATTTGTCTAGAGGTTGTTCTGTTGATGATATTGTTAAA
GTTGTTGCTGTTACCGCTGTTCAAGCTCAAGCTCAAGGTTAA
ATGGTGCAGTTAGCCAAAGTCCCAATTCTAGGAAATGATATTATCCACGTTGGGTATAACATTCATGACCATTTGGTTGA
AACCATAATTAAACATTGTCCTTCTTCGACATACGTTATTTGCAATGATACGAACTTGAGTAAAGTTCCATACTACCAGCA
ATTAGTCCTGGAATTCAAGGCTTCTTTGCCAGAAGGCTCTCGTTTACTTACTTATGTTGTTAAACCAGGTGAGACAAGTAA
AAGTAGAGAAACCAAAGCGCAGCTAGAAGATTATCTTTTAGTGGAAGGATGTACTCGTGATACGGTTATGGTAGCGATC
GGTGGTGGTGTTATTGGTGACATGATTGGGTTCGTTGCATCTACATTTATGAGAGGTGTTCGTGTTGTCCAAGTACCAACA
TCCTTATTGGCAATGGTCGATTCCTCCATTGGTGGTAAAACTGCTATTGACACTCCTCTAGGTAAAAACTTTATTGGTGCA
TTTTGGCAACCAAAATTTGTCCTTGTAGATATTAAATGGCTAGAAACGTTAGCCAAGAGAGAGTTTATCAATGGGATGGC
AGAAGTTATCAAGACTGCTTGTATTTGGAACGCTGACGAATTTACTAGATTAGAATCAAACGCTTCGTTGTTCTTAAATGT
TGTTAATGGGGCAAAAAATGTCAAGGTTATCAATCAATTGACAAACGAGATTGACGAGATATCGAATACGGATATTGAA
GCTATGTTGGATCATACATATAAGTTAGTTCTTGAGAGTATTAAGGTCAAAGCGGAAGTTGTCTCTTCGGATGAACGTGA
ATCCAGTCTAAGAAACCTTTTGAACTTCGGACATTCTATTGGTCATGCTTATGAAGCTATACTAACCCCACAAGCATTACA
TGGTGAATGTGTGTCCATTGGTATGGTTAAAGAGGCGGAATTATCCCGTTATTTCGGTATTCTCTCCCCTACCCAAGTTGC
ACGTCTATCCAAGATTTTGGTTGCCTACGGGTTGCCTGTTTCGTCTGATGAGAAATGGTTTAAAGAGCTAACCTTACATAA
GAAAACACCATTGGATATCTTATTGAAGAAAATGAGTATTGACAAGAAAAACGAGGGTTCCAAAAAGAAGGTGGTCATT
TTAGAAAGTATTGGTAAGTGCTATGGTGACTCCGCTCAATTTGTTAGCGATGAAGACCTGAGATTTATTCTAACAGATGA
AACCCTCGTTTACCCCTTCAAGGACATCCCTGCTGATCAACAGAAAGTTGTTATCCCCCCTGGTTCTAAGTCCATCTCCAA
TCGTGCTTTAATTCTTGCTGCCCTCGGTGAAGGTCAATGTAAAATCAAGAACTTATTACATTCTGATGATACTAAACATAT
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GTTAACCGCTGTTCATGAATTGAAAGGTGCTACGATATCATGGGAAGATAATGGTGAGACGGTAGTGGTGGAAGGACAT
GGTGGTTCCACATTGTCAGCTTGTGCTGACCCCTTATATCTAGGTAATGCAGGTACTGCATCTAGATTTTTGACTTCCTTG
GCTGCCTTGGTCAATTCTACTCCAAGCCAAAAGTATATCGTTTTAACTGGTAACGCAAGAATGCAACAAAGACCAATTGC
TCCTTTGGTCGATTCTTTGCGTGCTAATGGTACTAAAATTGAGTACTTGAATAATGAAGGTTCCCTGCCAATCAAAGTTTA
TACTGATTCGGTATTCAAAGGTGGTAGAATTGAATTAGCTGCTACAGTTTCTTCTCAGTACGTATCCTCTATCTTGATGTG
TGCCCCATACGCTGAAGAACCTGTAACTTTGGCTCTTGTTGGTGGTAAGCCAATCTCTAAATTGTACGTCGATATGACAAT
AAAAATGATGGAAAAATTCGGTATCAATGTTGAAACTTCTACTACAGAACCTTACACTTATTATATTCCAAAGGGACATT
ATATTAACCCATCAGAATACGTCATTGAAAGTGATGCCTCAAGTGCTACATACCCATTGGCCTTCGCCGCAATGACTGGT
ACTACCGTAACGGTTCCAAACATTGGTTTTGAGTCGTTACAAGGTGATGCCAGATTTGCAAGAGATGTCTTGAAACCTAT
GGGTTGTAAAATAACTCAAACGGCAACTTCAACTACTGTTTCGGGTCCTCCTGTAGGTACTTTAAAGCCATTAAAACATG
TTGATATGGAGCCAATGACTGATGCGTTCTTAACTGCATGTGTTGTTGCCGCTATTTCGCACGACAGTGATCCAAATTCTG
CAAATACAACCACCATTGAAGGTATTGCAAACCAGCGTGTCAAAGAGTGTAACAGAATTTTGGCCATGGCTACAGAGCT
CGCCAAATTTGGCGTCAAAACTACAGAATTACCAGATGGTATTCAAGTCCATGGTTTAAACTCGATAAAAGATTTGAAGG
TTCCTTCCGACTCTTCTGGACCTGTCGGTGTATGCACATATGATGATCATCGTGTGGCCATGAGTTTCTCGCTTCTTGCAG
GAATGGTAAATTCTCAAAATGAACGTGACGAAGTTGCTACTCCTGTAAGAATACTTGAAAGACATTGTACTGGTAAAACC
TGGCCTGGCTGGTGGGATGTGTTACATTCCGAACTAGGTGCCAAATTAGATGGTGCAGAACCTTTAGAGTGCACATCCAA
AAAGAACTCAAAGAAAAGCGTTGTCATTATTGGCATGAGAGCAGCTGGCAAAACTACTATAAGTAAATGGTGCGCATCC
GCTCTGGGTTACAAATTAGTTGACCTAGACGAGCTGTTTGAGCAACAGCATAACAATCAAAGTGTTAAACAATTTGTTGT
GGAGAACGGTTGGGAGAAGTTCCGTGAGGAAGAAACAAGAATTTTCAAAGAAGTTATTCAAAATTACGGCGATGATGGA
TATGTTTTCTCGACAGGTGGCGGTATTGTTGAAAGCGCTGAGTCTAGAAAAGCCTTAAAAGATTTTGCCTCATCAGGTGG
ATACGTTTTACACTTACATAGGGATATTGAGGAGACAATTGTCTTTTTACAAAGTGATCCTTCAAGACCTGCCTATGTGGA
AGAAATTCGTGAAGTTTGGAACAGAAGGGAGGGGTGGTATAAAGAATGCTCAAATTTCTCTTTCTTTGCTCCTCATTGCT
CCGCAGAAGCTGAGTTCCAAGCTCTAAGAAGATCGTTTAGCAAGTACATTGCAACCATTACAGGTGTCAGAGAAATAGA
AATTCCAAGCGGAAGATCTGCCTTTGTGTGTTTAACCTTTGATGACTTAACTGAACAAACTGAGAATTTGACTCCAATCTG
TTATGGTTGTGAGGCTGTAGAGGTCAGAGTAGACCATTTGGCTAATTACTCTGCTGATTITCGTGAGTAAACAGTTATCTAT
ATTGCGTAAAGCCACTGACAGTATTCCTATCATTTTTACTGTGCGTACCAAGAAGCAAGGTGGCAACTTTCCTGATGAAG
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AGTTCAAAACCTTGAGAGAGCTATACGATATTGCCTTGAAGAATGGTGTTGAATTCCTTGACTTAGAACTAACTTTACCT
ACTGATATCCAATATGAGGTTATTAACAAAAGGGGCAACACCAAGATCATTGGTTCCCATCATGACTTCCAAGGATTATA
CTCCTGGGACGACGCTGAATGGGAAAACAGATTCAATCAAGCGTTAACTCTTGATGTGGATGTTGTAAAATTTGTGGGTA
CGGCTGTTAATTTCGAAGATAATTTGAGACTGGAACACTTTAGGGATACACACAAGAATAAGCCTTTAATTGCAGTTAAT
ATGACTTCTAAAGGTAGCATTTCTCGTGTTTTGAATAATGTTTTAACACCTGTGACATCAGATTTATTGCCTAACTCCGCT
GCCCCCGGCCAATTGACAGTAGCACAAATTAACAAGATGTATACATCTATGGGAGGTATCGAGCCTAAGGAACTGTTTGT
TGTTGGAAAGCCAATTGGCCACTCTAGATCGCCAATTTTACATAACACTGGCTATGAAATTTTAGGTTTACCTCACAAGTT
CGATAAATTTGAAACTGAATCCGCACAATTGGTGAAAGAAAAACTTTTGGACGGAAACAAGAACTTTGGCGGTGCTGCA
GTCACAATTCCTCTGAAATTAGATATAATGCAGTACATGGATGAATTGACTGATGCTGCTAAAATTATTGGTGCTGTAAA
CACAGTTATACCATTGGGTAACAAGAAGTTTAAGGGTGATAATACCGACTGGTTAGGTATCCGTAATGCCTTAATTAACA
ATGGCGTTCCCGAATATGTTGGTCATACCGCTGGTTTGGTTATCGGTGCAGGTGGCACTTCTAGAGCCGCCCTTTACGCCT
TGCACAGTTTAGGTTGCAAAAAGATCTTCATAATCAACAGGACAACTTCGAAATTGAAGCCATTAATAGAGTCACTTCCA
TCTGAATTCAACATTATTGGAATAGAGTCCACTAAATCTATAGAAGAGATTAAGGAACACGTTGGCGTTGCTGTCAGCTG
TGTACCAGCCGACAAACCATTAGATGACGAACTTCTAAGTAAGCTGGAGAGATTCCTTGTGAAGGGTGCCCATGCTGCTT
TTGTACCAACCTTATTGGAAGCCGCATACAAACCAAGCGTTACTCCCGTTATGACAATTTCACAAGACAAATATCAATGG
CACGTTGTCCCTGGATCACAAATGTTAGTACACCAAGGTGTAGCTCAGTTTGAAAAGTGGACAGGATTCAAGGCCCCTTT
CAAGGCCATTTTTGATGCCGTTACGAAAGAGTAG
ATGTCAACGTTTGGGAAACTGTTCCGCGTCACCACATATGGTGAATCGCATTGTAAGTCTGTCGGTTGCATTGTCGACGG
TGTTCCTCCAGGAATGTCATTAACCGAAGCTGACATTCAGCCACAATTGACCAGAAGAAGACCGGGTCAATCTAAGCTAT
CGACCCCTAGAGACGAAAAGGATAGAGTGGAAATCCAGTCCGGTACCGAGTTCGGCAAGACTCTAGGTACACCCATCGC
CATGATGATCAAAAACGAGGACCAAAGACCTCACGACTACTCCGACATGGACAAGTTCCCTAGACCTTCCCATGCGGAC
TTCACGTACTCGGAAAAGTACGGTATCAAGGCCTCCTCTGGTGGTGGCAGAGCTTCTGCTAGAGAAACGATTGGCCGTGT
CGCTTCAGGTGCCATTGCTGAGAAGTTCTTAGCTCAGAACTCTAATGTCGAGATCGTAGCCTTTGTGACACAAATCGGGG
AAATCAAGATGAACAGAGACTCTTTCGATCCTGAATTTCAGCATCTGTTGAACACCATCACCAGGGAAAAAGTGGACTC
AATGGGTCCTATCAGATGTCCAGACGCCTCCGTTGCTGGTTTGATGGTCAAGGAAATCGAAAAGTACAGAGGCAACAAG
GACTCTATCGGTGGTGTCGTCACTTGTGTCGTGAGAAACTTGCCTACCGGTCTCGGTGAGCCATGCTTTGACAAGTTGGA
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AGCCATGTTGGCTCATGCTATGTTGTCCATTCCAGCATCCAAGGGTTTCGAAATTGGCTCAGGTTTTCAGGGTGTCTCTGT
TCCAGGGTCCAAGCACAATGACCCATTTTACTTITGAAAAAGAAACAAACAGATTAAGAACAAAGACCAACAATTCAGGT
GGTGTACAAGGTGGTATCTCTAATGGTGAGAACATCTATTTCTCTGTCCCATTCAAGTCAGTGGCCACTATCTCTCAAGAA
CAAAAAACCGCCACTTACGATGGTGAAGAAGGTATCTTAGCCGCTAAGGGTAGACATGACCCTGCTGTCACTCCAAGAG
CTATTCCTATTGTGGAAGCCATGACCGCTCTGGTGTTGGCTGACGCGCTTTTGATCCAAAAGGCAAGAGATTTCTCCAGA
TCCGTGGTTCATTAA
ATGTTCATTAAAAACGATCACGCCGGTGACAGGAAACGCTTGGAAGACTGGAGAATCAAAGGTTATGATCCATTAACCC
CTCCAGATCTGCTTCAACATGAATTTCCAATTTCAGCCAAAGGTGAGGAAAACATTATCAAGGCAAGAGACTCCGTCTGT
GATATTTTGAATGGTAAAGATGATCGTTTAGTTATCGTGATCGGGCCATGTTCCCTACATGACCCCAAAGCCGCTTACGA
TTACGCTGACAGATTGGCTAAAATTTCAGAAAAGTTGTCAAAAGACTTATTGATTATTATGAGAGCGTATTTAGAAAAAC
CAAGGACTACCGTTGGCTGGAAAGGGTTGATTAACGACCCTGATATGAATAACTCTTTTCAAATCAATAAAGGTCTACGG
ATTTCGAGAGAAATGTTCATAAGACTGGTTGAAAAATTACCCATTGCTGGTGAGATGTTGGATACCATTTCTCCGCAGTT
TTTGAGTGATTGTTTCTCCTTGGGTGCCATCGGTGCTAGAACTACTGAATCCCAACTGCACAGAGAATTAGCATCCGGTCT
ATCTTTCCCTATTGGATTTAAGAACGGTACTGATGGTGGTTTGCAAGTCGCCATCGACGCTATGAGAGCCGCTGCACATG
ATCATTACTTCCTTTCTGTCACAAAGCCAGGTGTCACTGCTATCGTGGGCACTGAAGGTAACAAGGATACCTTCCTGATCT
TGAGAGGTGGTAAGAACGGTACTAACTTTGACAAAGAAAGTGTTCAAAATACTAAGAAACAATTAGAAAAGGCCGGTTT
GACTGACGATTCACAGAAAAGAATCATGATCGATTGTTCACACGGGAACAGTAATAAAGATTTCAAGAACCAACCGAAG
GTTGCCAAATGCATTTATGACCAACTGACGGAAGGTGAAAATAGTCTTTGTGGTGTTATGATTGAGTCCAACATAAATGA
AGGTAGACAAGATATTCCTAAAGAAGGTGGCAGAGAGGGATTGAAGTATGGTTGTTCTGTAACGGATGCTTGTATTGGTT
GGGAGACCACCGAACAGGTATTGGAGCTATTGGCCGAAGGTGTTAGAAACAGAAGAAAAGCCTTGAAGAAATAA
ATGAGTGAATCTCCAATGTTCGCTGCCAACGGCATGCCAAAGGTAAATCAAGGTGCTGAAGAAGATGTCAGAATTTTAG
GTTACGACCCATTAGCTTCTCCAGCTCTCCTTCAAGTGCAAATCCCAGCCACACCAACTTCTTTGGAAACTGCCAAGAGA
GGTAGAAGAGAAGCTATAGATATTATTACCGGTAAAGACGACAGAGTTCTTGTCATTGTCGGTCCTTGTTCCATCCATGA
TCTAGAAGCCGCTCAAGAATACGCTTTGAGATTAAAGAAATTGTCAGATGAATTAAAAGGTGATTTATCCATCATTATGA
GAGCATACTTGGAGAAGCCAAGAACAACCGTCGGCTGGAAAGGTCTAATTAATGACCCTGATGTTAACAACACTTTCAA
CATCAACAAGGGTTTGCAATCCGCTAGACAATTGTTTGTCAACTTGACAAATATCGGTTTGCCAATTGGTTCTGAAATGCT
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TGATACCATTTCTCCTCAATACTTGGCTGATTTGGTCTCCTTCGGTGCCATTGGTGCCAGAACCACCGAATCTCAACTGCA
CAGAGAATTGGCCTCCGGTTTGTCTTTCCCAGTTGGTTTCAAGAACGGTACCGATGGTACCTTAAATGTTGCTGTGGATGC
TTGTCAAGCCGCTGCTCATTCTCACCATTTCATGGGTGTTACTAAGCATGGTGTTGCTGCTATCACCACTACTAAGGGTAA
CGAACACTGCTTCGTTATTCTAAGAGGTGGTAAAAAGGGTACCAACTACGACGCTAAGTCCGTTGCAGAAGCTAAGGCT
CAATTGCCTGCCGGTTCCAACGGTCTAATGATTGACTACTCTCACGGTAACTCCAATAAGGATTTCAGAAACCAACCAAA
GGTCAATGACGTTGTTTGTGAGCAAATCGCTAACGGTGAAAACGCCATTACCGGTGTCATGATTGAATCAAACATCAACG
AAGGTAACCAAGGCATCCCAGCCGAAGGTAAAGCCGGCTTGAAATATGGTGTTTCCATCACTGATGCTTGTATAGGTTGG
GAAACTACTGAAGACGTCTTGAGGAAATTGGCTGCTGCTGTCAGACAAAGAAGAGAAGTTAACAAGAAATAG
ATGACACAACCTCTTTTTCTGATCGGGCCTCGGGGCTGTGGTAAAACAACGGTCGGAATGGCCCTTGCCGATTCGCTTAA
CCGTCGGTTTGTCGATACCGATCAGTGGTTGCAATCACAGCTCAATATGACGGTCGCGGAGATCGTCGAAAGGGAAGAG
TGGGCGGGATTTCGCGCCAGAGAAACGGCGGCGCTGGAAGCGGTAACTGCGCCATCCACCGTTATCGCTACAGGCGGCG
GCATTATTCTGACGGAATTTAATCGTCACTTCATGCAAAATAACGGGATCGTGGTTTATTTGTGTGCGCCAGTATCAGTCC
TGGTTAACCGACTGCAAGCTGCACCGGAAGAAGATTTACGGCCAACCTTAACGGGAAAACCGCTGAGCGAAGAAGTTCA
GGAAGTGCTGGAAGAACGCGATGCGCTATATCGCGAAGTTGCGCATATTATCATCGACGCAACAAACGAACCCAGCCAG
GTGATTTCTGAAATTCGCAGCGCCCTGGCACAGACGATCAATTGTTGA
ATGGATTTCACAAAACCAGAAACTGTTTTAAATCTACAAAATATTAGAGATGAATTAGTTAGAATGGAGGATTCGATCAT
CTTCAAATTTATTGAGAGGTCGCATTTCGCCACATGTCCTTCAGTTTATGAGGCAAACCATCCAGGTTTAGAAATTCCGAA
TTTTAAAGGATCTTTCTTGGATTGGGCTCTTTCAAATCTTGAAATTGCGCATTCTCGCATCAGAAGATTCGAATCACCTGA
TGAAACTCCCTTCTTTCCTGACAAGATTCAGAAATCATTCTTACCGAGCATTAACTACCCACAAATTTTGGCGCCTTATGC
CCCAGAAGTTAATTACAATGATAAAATAAAAAAAGTTTATATTGAAAAGATTATACCATTAATTTCGAAAAGAGATGGT
GATGATAAGAATAACTTCGGTTCTGTTGCCACTAGAGATATAGAATGTTTGCAAAGCTTGAGTAGGAGAATCCACTTTGG
CAAGTTTGTTGCTGAAGCCAAGTTCCAATCGGATATCCCGCTATACACAAAGCTGATCAAAAGTAAAGATGTCGAGGGG
ATAATGAAGAATATCACCAATTCTGCCGTTGAAGAAAAGATTCTAGAAAGATTAACTAAGAAGGCTGAAGTCTATGGTG
TGGACCCTACCAACGAGTCAGGTGAAAGAAGGATTACTCCAGAATATTTGGTAAAAATTTATAAGGAAATTGTTATACCT
ATCACTAAGGAAGTTGAGGTGGAATACTTGCTAAGAAGGTTGGAAGAGTAA
ATGGCCAGCAAGACTTTGAGGGTTCTTTTTCTGGGTCCCAAAGGTACGTATTCCCATCAAGCTGCATTACAACAATTTCA
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ATCAACATCTGATGTTGAGTACCTCCCAGCAGCCTCTATCCCCCAATGTTTTAACCAATTGGAGAACGACACTAGTATAG
ATTATTCAGTGGTACCGTTGGAAAATTCCACCAATGGACAAGTAGTTTTTTCCTATGATCTCTTGCGTGATAGGATGATCA
AAAAAGCCCTATCCTTACCTGCTCCAGCAGATACTAATAGAATTACACCAGATATAGAAGTTATAGCGGAGCAATATGTA
CCCATTACCCATTGTCTAATCAGCCCAATCCAACTACCAAATGGTATTGCATCCCTTGGAAATTTTGAAGAAGTCATAAT
ACACTCACATCCGCAAGTATGGGGCCAGGTTGAATGTTACTTAAGGTCCATGGCAGAAAAATTTCCGCAGGTCACCTTITA
TAAGATTGGATTGTTCTTCCACATCTGAATCAGTGAACCAATGCATTCGGTCATCAACGGCCGATTGCGACAACATTCTG
CATTTAGCCATTGCTAGTGAAACAGCTGCCCAATTGCATAAGGCGTACATCATTGAACATTCGATAAATGATAAGCTAGG
AAATACAACAAGATTTTTAGTATTGAAGAGAAGGGAGAACGCAGGCGACAATGAAGTAGAAGACACTGGATTACTACG
GGTTAACCTACTCACCTTTACTACTCGTCAAGATGACCCTGGTTCTTTGGTAGATGTTTTGAACATACTAAAAATCCATTC
ACTCAACATGTGTTCTATAAACTCTAGACCATTCCATTTGGACGAACATGATAGAAACTGGCGATATTTATTTTTCATTGA
ATATTACACCGAGAAGAATACCCCAAAGAATAAAGAAAAATTCTATGAAGATATCAGCGACAAAAGTAAACAGTGGTG
CCTGTGGGGTACATTCCCCAGAAATGAGAGATATTATCACAAATAA
ATGTCTTCTTCTTCTAAATCTTTGAAAATTGGTATTGTTGGTTTTGGTACCTTTGGTCAATTTTTGGCTAATACCATGATTA
AACAAGGTCATACCTTGACCGCTACCTCTAGAACCGATTATTCTCAATTGTGTGATCAAATGGGTATTCATTTTTTITAGAG
ATATTACCGCTTTTTTGGATGCTGATATGGATGTTATTTTGTTGTGTACCTCTATTTCTTCTTTGTCTGAAGTTGTTGGTTCT
ATGCCATTGGCTTGTTTGAAAAGACCAACCTTGTTTGTTGATGTTTTGTCTGTTAAAGAACATCCAAAAAATTTGTTGTTG
AAAGTTTTGCCAGAAGAATCTGATATTTTGTGTACCCATCCAATGTTTGGTCCAGTTTCTGGGAAAAATGGTTGGCAAAA
CCTAACATTTATGTTTGATAAGGTTAGAATCAAAGATGAGGTGACCTGCTCTAAATTTTITGCAAATTTTTGCTTCTGAAGG
TTGTAAAATGGTTGAAATGTCTTGTGAAGAACATGATAAAGCTGCTGCTAAATCTCAATTTATTACCCATACCATTGGTA
GAACCTTGGCTGAAATGGATATTAAATCTACCCCAATTGATACCAAAGGTTTTCAAACCTTGGTTGAATTGAAAAAACCA
GTTATGGGTTGTAGTTTTGACTTATATTCTGGTTTGTTCGTGTATAATAGATTTGCTAGACAAGAATTGGAAAATTTGGAA
CATGCTTTGCATAAAGTTAAAGAAATGTTGGTTCAAAGAATTGATGAAGGTCAAAATCCAGAAAGAACCGAATCTTAA
ATGGCTGGTAATGGTGCCATCGTCGAGAGTGACCCTTTGAATTGGGGTGCCGCTGCCGCTGAATTGAGTGGTTCTCACTT
GGACGAGGTCAAGAGAATGGTTGCCCAAGCTAGACAGCCAGTCGTCAAAATTGAGGGTTCTACTCTTAGGGTCGGTCAA
GTTGCTGCCGTCGCCTCTGCTAAAGATGCCAGTGGAGTTGCCGTTGAGTTGGATGAAGAGGCTAGGCCTAGGGTCAAGGC
CAGTAGTGAATGGATCTTGGACTGTATCGCCCACGGAGGTGACATCTACGGTGTCACCACCGGATTCGGAGGTACCTCTC
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ATAGAAGAACCAAGGATGGTCCAGCTTTGCAAGTTGAGCTTTTGAGGTTTTTGAACGCCGGAATCTTCGGTACCGGAAGT
GACGGTCACACCCTTCCATCTGAGGTTGTTAGAGCCGCCATGTTGGTTAGAATCAACACCCTTTTGCAAGGTTACAGTGG
AATTAGGTTTGAGATTTTGGAGGCCATCACCAAGCTTTTGAACACCGGTGTTTCTCCTTGCCTTCCTTTGAGGGGTACTAT
CACTGCCTCTGGTGACCTTGTCCCACTTTCTTACATCGCTGGACTTATCACCGGAAGGCCTAACGCTCAAGCTACCACTGT
CGACGGTAGAAAGGTTGACGCTGCCGAGGCCTTCAAGATCGCTGGAATTGAAGGAGGTTTTTTTAAATTGAACCCTAAG
GAGGGTCTTGCCATCGTCAATGGAACCAGTGTCGGTAGTGCTTTGGCTGCCACCGTCATGTACGATGCCAATGTCCTTGC
CGTCCTTTCTGAGGTCCTTTCTGCCATCTTCTGCGAGGTCATGAATGGTAAGCCAGAATACACCGACCACTTGACCCACA
AGTTGAAGCACCACCCCGGTTCTATCGAGGCTGCCGCCATTATGGAGCATATCCTTGATGGATCTGCTTTCATGAAGCAC
GCTAAAAAAGTTAACGAGCTTGACCCACTTTTGAAGCCAAAGCAAGATAGATACGCTCTTAGGACCAGTCCACAATGGT
TGGGTCCACAGATCGAGGTTTTGAGAGCCGCCACCAAGTCTATCGAAAGAGAAGTCAACAGTGTTAACGATAACCCAGT
CATCGACGTTCATAGAGGTAAAGCCTTGCATGGTGGAAATTTCCAAGGTACCCCAATCGGTGTCTCTATGGACAATGCTA
GATTGGCCATTGCCAATATCGGTAAACTTATGTTCGCCCAATTTTCTGAATTGGTCAATGAGTTTTACAATAACGGACTTA
CCAGTAACTTGGCCGGTAGTAGGAACCCTTCTTTGGACTACGGATTCAAGGGAACCGAGATTGCCATGGCTAGTTACTGC
AGTGAATTGCAGTACCTTGGTAACCCTATCACCAATCATGTCCAGTCTGCCGAGCAACACAACCAAGATGTCAACAGTCT
TGGACTTGTCAGTGCTAGAAAGACCGCTGAAGCCATTGATATTTTGAAATTGATGAGTTCTACCTATATCGTTGCCCTTTG
CCAAGCTATCGACTTGAGGCACTTGGAGGAGAACATCAAGACCTCTGTCAAGAACACTGTCACTCAAGTTGCCAAAAAG
GTCTTGACTATGAACCCAAGTGGTGACCTTTCTAGTGCCAGATTTTCTGAAAAGGAGCTTATTACCGCCATCGATAGAGA
GGGTGTCTTCACTTATGCCGAAGACCCAGCTAGTGCCTCTTTGCCATTGATGACCAAGTTGAGGGCTGTCCTTGTCGACCA
TGCTTTGTCTAGTGGAGACGCCGAGAGGGAGCCAAGTGTCTTCAGTAAGATCACCAAGTTTGAGGAAGAATTGAGAGCT
GTCCTTCCTAGGGAGGTCGAGGCCGCTAGGGTCGCTGTTGCTGAAGGTACTGCCCCAGTTGCCAATAGAATCGCCGACTC
TAGGAGTTTCCCTTTGTATAGATTCGTCAGAGAGGAGTTGGGTTGCGTCTTCCTTACCGGTGAAAAATTGAAATCTCCCG
GTGAAGAATGTACCAAAGTTTTCAACGGTATTAATCAAGGTAAGCTTGTCGACCCAATGTTGGAGTGCCTTAAGGAGTGG
GACGGTAAGCCTTTGCCTATCAACGTCGTCAATTAA
ATGAACACCATCAACGAATACTTGTCCTTGGAAGAATTCGAAGCCATCATCTTCGGTAATCAAAAGGTTACCATCTCCGA
TGTTGTTGTCAACAGAGTTAACGAATCCTTCAACTTCTTGAAAGAATTCTCCGGTAACAAGGTTATCTACGGTGTTAATAC
TGGTTTTGGTCCAATGGCTCAATACAGAATCAAAGAATCCGACCAAATCCAATTGCAATACAACTTGATCAGATCCCACT
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CTTCTGGTACTGGTAAACCATTGTCTCCAGTTTGTGCTAAAGCTGCTATTTTGGCTAGATTGAACACTTTGTCTTTGGGTA
ATTCAGGTGTTCACCCATCCGTTATTAACTTGATGTCCGAATTGATCAACAAGGACATTACCCCATTGATCTTTGAACATG
GTGGTGTTGGTGCTTCAGGTGATTTGGTTCAATTGTCTCATTTGGCCTTGGTTTTGATTGGTGAAGGTGAAGTTTTTTACAA
GGGTGAAAGAAGACCAACCCCAGAAGTTTTTGAAATCGAAGGTTTGAAGCCAATCCAAGTCGAAATTAGAGAAGGTTTG
GCTTTGATCAACGGTACTTCTGTTATGACTGGTATCGGTGTTGTTAATGTTTACCACGCTAAGAAGTTGTTGGATTGGTCC
TTGAAATCTTCCTGCGCTATTAACGAATTGGTTCAAGCTTACGATGATCACTTCTCCGCTGAATTGAATCAAACTAAGAG
ACACAAGGGTCAACAAGAAATTGCCTTGAAGATGAGACAAAACTTGTCCGATTCTACCTTGATTAGAAAGAGAGAAGAT
CACTTGTACTCCGGTGAAAACACCGAAGAAATCTTCAAAGAAAAGGTCCAAGAATATTACTCCTTGAGATGCGTTCCACA
AATTTTGGGTCCAGTTTTGGAAACCATTAACAATGTTGCCTCCATCTTGGAAGATGAATTCAACTCTGCTAACGACAACC
CAATCATCGATGTTAAGAATCAACACGTTTACCATGGTGGTAATTTCCACGGTGATTACATCTCATTGGAAATGGACAAG
TTGAAGATCGTCATTACCAAGTTGACTATGTTGGCCGAAAGACAATTGAATTACTTGTTGAACTCCAAAATCAATGAATT
ATTGCCACCATTCGTCAATTTGGGTACTTTGGGTTTTAACTTCGGTATGCAAGGTGTTCAATTCACTGCTACTTCTACTACT
GCTGAATCCCAAATGTTGTCTAACCCTATGTACGTTCATTCCATCCCAAACAACAACGACAATCAAGACATAGTCTCTAT
GGGTACAAACTCCGCTGTTATTACCTCCAAGGTTATTGAAAACGCCTTCGAAGTTTTGGCCATTGAAATGATTACTATCGT
TCAAGCCATCGACTACTTGGGTCAAAAGGATAAGATTTCCTCCGTCAGTAAAAAGTGGTACGACGAAATCAGAAACATC
ATCCCAACTTTCAAAGAAGATCAAGTCATGTACCCATTCGTCCAAAAAGTTAAGGATCACTTGATTAACAACTGA
ATGACCAGTGCTCTTTATGCTTCTGATTTGTTCAAACAACTTAAAAGTATCATGGGAACCGATAGTTTGAGTGATGACGTC
GTCCTTGTCATCGCCACTACCTCTCTTGCCTTGGTCGCTGGTTTTGTTGTCCTTTTGTGGAAAAAGACCACCGCCGACAGA
AGTGGAGAATTGAAGCCATTGATGATTCCTAAAAGTTTGATGGCCAAGGACGAGGACGACGACTTGGATCTTGGTTCTG
GAAAAACTAGAGTCTCTATTTTTTTCGGTACCCAGACCGGAACCGCTGAAGGTTTCGCTAAAGCCTTGTCTGAAGAAATT
AAGGCTAGATATGAAAAGGCCGCCGTCAAGGTCATCGACCTTGATGACTATGCCGCCGATGATGACCAGTACGAAGAGA
AATTGAAAAAAGAGACTTTGGCTTTCTTCTGCGTTGCCACCTATGGAGACGGTGAACCTACTGACAATGCCGCTAGATTT
TACAAGTGGTTCACCGAGGAAAACGAGAGGGACATCAAGTTGCAGCAGTTGGCCTACGGAGTCTTTGCCCTTGGTAATA
GGCAGTATGAACATTTTAACAAGATTGGTATCGTTCTTGATGAGGAGTTGTGCAAGAAGGGAGCCAAGAGGCTTATCGA
GGTCGGACTTGGTGATGACGACCAATCTATTGAGGACGACTTTAACGCTTGGAAGGAGTCTCTTTGGAGTGAGTTGGATA
AACTTCTTAAAGACGAGGATGATAAGAGTGTTGCCACCCCATACACCGCCGTCATTCCAGAATATAGAGTCGTTACCCAC
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GATCCTAGGTTCACTACTCAAAAAAGTATGGAGAGTAATGTCGCTAATGGAAATACCACCATCGACATCCACCATCCTTG
TAGAGTCGATGTCGCCGTCCAAAAGGAGTTGCACACCCATGAATCTGATAGATCTTGCATCCACCTTGAGTTCGATATCA
GTAGAACCGGTATTACTTATGAGACCGGTGATCACGTTGGAGTTTACGCCGAAAACCACGTTGAAATCGTCGAGGAGGC
CGGAAAGTTGTTGGGACATTCTCTTGACCTTGTCTTCAGTATTCACGCCGACAAGGAAGACGGTTCTCCATTGGAGTCTG
CCGTCCCTCCTCCATTTCCCGGTCCTTGTACCCTTGGTACCGGATTGGCTAGGTACGCCGACCTTCTTAATCCACCTAGGA
AGTCTGCTTTGGTCGCTTTGGCTGCCTATGCCACCGAACCATCTGAAGCCGAAAAGTTGAAACACCTTACCAGTCCAGAC
GGTAAAGACGAGTATTCTCAGTGGATCGTTGCCAGTCAGAGGAGTCTTCTTGAGGTCATGGCTGCCTTCCCTTCTGCTAA
ACCACCACTTGGTGTCTTCTTTGCCGCTATTGCCCCTAGGCTTCAACCAAGGTACTACTCTATCAGTTCTTCTCCAAGGTT
GGCTCCTAGTAGGGTCCACGTTACCTCTGCCCTTGTCTATGGTCCAACCCCAACTGGAAGGATCCACAAGGGTGTCTGTT
CTACTTGGATGAAGAACGCCGTCCCAGCTGAAAAGTCTCACGAATGCTCTGGTGCCCCTATTTTCATTAGAGCTAGTAAC
TTCAAGTTGCCTAGTAACCCTAGTACCCCAATCGTCATGGTCGGACCCGGTACCGGTTTGGCCCCTTTCAGAGGTTTTCTT
CAAGAAAGGATGGCCTTGAAAGAGGACGGTGAGGAACTTGGATCTTCTCTTTTGTTCTTCGGATGTAGAAATAGACAAAT
GGATTTTATTTACGAAGATGAGCTTAATAACTTCGTCGATCAAGGTGTTATTTCTGAGCTTATCATGGCTTTTAGTAGGGA
GGGAGCCCAAAAGGAATACGTCCAGCACAAGATGATGGAGAAAGCTGCTCAAGTTTGGGATCTTATCAAGGAAGAGGG
ATATTTGTACGTTTGCGGAGACGCCAAGGGTATGGCTAGAGACGTCCATAGAACCCTTCACACCATCGTCCAAGAACAA
GAAGGTGTCTCTTCTAGTGAGGCCGAGGCCATCGTCAAGAAGCTTCAGACCGAAGGTAGGTATTTGAGAGATGTTTGGTA
A
ATGGATTTGTTGCTTCTTGAGAAGACTTTGTTGGGTTCTTTCGTCGCTATCCTTGTCGCCATCCTTGTCAGTCAGTTGAGGG
GTAAGAGGTTTAAGTTGCCACCCGGTCCATTGCCAGTTCCAGTCTTCGGTAACTGGTTGCAAGTTGGAGACGATTTGAAC
CACAGAAATTTGACCGATTTGGCCAAAAAATTCGGAGACATCTTGTTGTTGAGGATGGGACAGAGGAACCTTGTCGTCGT
CAGTTCTCCAGACCTTGCCAAAGAGGTCTTGCATACCCAAGGAGTCGAGTTCGGTAGTAGGACTAGAAACGTCGTTTTCG
ACATCTTCACTGGAAAGGGACAAGATATGGTCTTCACCGTTTACGGTGAGCACTGGAGGAAGATGAGGAGAATCATGAC
TGTCCCTTTTTTTACCAACAAGGTCGTTCAGCAATACAGATATGGTTGGGAGGAAGAAGCCGCTCAAGTTGTCGAGGACG
TCAAAAAAAACCCAGAAGCTGCCACCCACGGTATTGTCTTGAGGAGGAGGTTGCAGTTGATGATGTACAATAACATGTA
CAGAATTATGTTTGATAGGAGGTTTGAATCTGAAGAAGATCCATTGTTCAACAAGTTGAAGGCCTTGAATGGAGAGAGG
AGTAGGTTGGCTCAGTCTTTCGATTACAACTACGGTGATTTTATCCCAATTCTTAGGCCTTTTCTTAGAGGTTATTTGAAA
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ATTTGCAAAGAAGTCAAGGAAAGAAGGCTTCAATTGTTTAAAGACTACTTCGTTGAAGAAAGAAAAAAACTTGGTAGTA
CTAAATCTATGAGTAATGAGGGATTGAAGTGCGCCATCGACCATATCCTTGACGCCCAGAAAAAGGGAGAAATCAACGA
GGATAATGTCTTGTATATCGTCGAAAACATTAACGTCGCCGCCATCGAGACCACCCTTTGGTCTATCGAGTGGGGTATTG
CCGAGCTTGTCAACCATCCAGAAATCCAAAAAAAGCTTAGAGACGAGTTGGATACCGTTCTTGGACCCGGTCATCAGATC
ACCGAACCAGACACCAACAAACTTCCATATTTGAATGCTGTTATTAAAGAAACCTTGAGGCTTAGGATGGCCATTCCATT
GTTGGTCCCACACATGAACCTTCACGACGCCAAGTTGGGTGGTTTCGATATTCCAGCTGAATCTAAGATCCTTGTCAACG
CTTGGTGGTTGGCTAACAACCCAGCTAAGTGGAAGAACCCAGAAGAGTTTAGACCAGAAAGATTTTTTGAAGAAGAAGC
CAAGGTCGAGGCTAACGGAAATGATTTCAGATATCTTCCTTTCGGAGTCGGAAGGAGATCTTGCCCCGGTATCATCTTGG
CCCTTCCAATCTTGGGTATCACCTTGGGAAGGCTTGTCCAGAACTTCGAGTTGCTTCCTCCACCCGGTCAGTCTAAAATCG
ACACCTCTGAGAAAGGAGGTCAATTTAGTTTGCATATCTTGAAGCATAGTACCATCGTCGCCAAGCCAAGGTCTTTCTAA
ATGGATTTGTTGCTTCTTGAGAAAACTTTGTTGGGTAGTTTCGTCGCTATCTTGGTCGCCATCCTTGTCAGTAAGTTGAGG
GGTAAGAGATTCAAGCTTCCTCCCGGTCCAATCCCAGTCCCAGTCTTTGGTAACTGGTTGCAAGTTGGTGACGACCTTAA
TCATAGGAACCTTACTGATCTTGCTAAAAAGTTTGGAGATATCTTCTTGCTTAGGATGGGACAGAGGAATTTGGTCGTCG
TCTCTAGTCCAGATTTGAGTAAGGAGGTCTTGCACACCCAAGGTGTCGAATTCGGAAGTAGGACTAGAAACGTCGTTTTC
GACATCTTCACCGGAAAGGGACAAGATATGGTCTTTACCGTCTACGGTGAGCACTGGAGAAAGATGAGAAGGATTATGA
CCGTCCCTTTTTTCACCAACAAAGTTGTTCAGCAATATAGATATGGTTGGGAGGAAGAGGCTGCCCAAGTCGTCGAGGAT
GTCAAGAAGAACCCAGAAGCTGCCACCAATGGTATCGTCTTGAGGAGGAGGCTTCAGTTGATGATGTACAATAACATGT
ATAGGATCATGTTCGATAGGAGGTTCGAAAGTGAGGACGACCCATTGTTCAACAAGTTGAAGGCCTTGAATGGAGAGAG
GAGTAGGTTGGCTCAGTCTTTCGACTACAACTACGGAGACTTTATTCCTATCTTGAGACCTTTTTTGAGAGGTTATTTGAA
AATCTGCCAAGAAGTCAAGGAGAGGAGGTTGCAGTTGTTCAAGGATTACTTCGTTGATGAAAGAAAGAAGCTTGCTAGT
ACTAAAAATATGAACAATGAGGGATTGAAGTGCGCCATCGACCACATTTTGGACGCCCAAAAAAAGGGTGAAATTAATG
AGGACAATGTCCTTTATATCGTCGAAAACATTAACGTTGCCGCTATCGAAACCACCTTGTGGTCTATCGAGTGGGGTATC
GCTGAGTTGGTCAACCATCCAGAAATCCAAAAAAAGCTTAGACACGAGTTGGATACCTTGCTTGGACCCGGTCATCAGAT
CACCGAACCAGACACCTACAAACTTCCATATTTGAATGCTGTTATTAAAGAAACCTTGAGGTTGAGAATGGCCATCCCAT
TGTTGGTCCCACACATGAACCTTCACGACGCCAAGTTGGGTGGTTTCGACATTCCAGCTGAATCTAAGATCCTTGTCAAC
GCTTGGTGGTTGGCTAACAACCCAGCTCATTGGAAGAACCCAGAAGAGTTTAGACCAGAAAGGTTTCTTGAGGAAGAAG
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CCAAGGTCGAGGCTAACGGAAATGATTTCAGATATTTGCCTTTTGGAGTCGGAAGGAGGAGTTGCCCCGGTATCATCTTG
GCCTTGCCTATCTTGGGTATCACCTTGGGAAGGCTTGTCCAGAACTTCGAGTTGCTTCCTCCACCCGGTCAGAGTAAGATC
GATACCGCCGAGAAAGGAGGTCAATTTAGTTTGCATATCTTGAAGCATAGTACCATCGTCGCCAAGCCAAGGTCTTTCTA
A
ATGAACCTTTTGTTGATCCCAATTAGTTTTATTACTTTGTTGCTTACCTACAAAATTTACCAGAGGTTGAGATTCAAGTTG
CCTCCCGGTCCAAGGCCATGGCCAATCGTCGGTAACCTTTACGACGTCAAGCCAGTTAGATTTAGATGCTTTGCTGAATG
GGCCCAAGCCTACGGACCTATCATTAGTGTCTGGTTTGGATCTACTTTGAATGTTATCGTCTCTAATACCGAGTTGGCCAA
GGAGGTTTTGAAGGAGAACGACCAGCAGCTTGCCGACAGACATAGATCTAGGAGTGCCGCCAAGTTCAGTAGAGATGGA
AAGGACCTTATCTGGGCCGACTACGGTCCACACTACGTCAAAGTTAGGAAAGTCTGTACCTTGGAATTGTTTAGTCCAAA
GAGGTTGGAGGCTTTGAGGCCAATTAGAGAGGACGAGGTCGCCGCCATGGTCGAAAGTATCTTCAACGACTGCACTAAC
CCAGAAAACAACGGAAAAACCCTTACCGTCAAGAAATACCTTGGAGCCGTCGCCTTCAACAACATCACTAGACTTGCTTT
TGGAAAAAGGTTTGTCAATGCTGAGGGTGTCATGGATGAGCAAGGTCTTGAGTTCAAGGCCATCGTTTCTAACGGTTTGA
AGTTGGGAGCCTCTCTTGCTATGGCCGAACATATTCCATGGTTGAGGTGGATGTTCCCATTGGAAGAGGACGCCTTTGCC
AAACATGGAGCTAGAAGGGATAGATTGACTAGAGCTATTATGGACGAACACACTTTGGCTAGACAGACCTCTGGTGGTG
CCAAGCAGCATTTCGTCGATGCCCTTCTTACCTTGAAAGAGAAATACGACCTTTCTGAAGATACTATTATCGGATTGTTGT
GGGATATGATCACCGCCGGTATGGACACCACTGCCATCAGTGTCGAGTGGGCTATGGCTGAGTTGATCAAGAACCCAAG
GGTCCAACAGAAGGCTCAAGAAGAGTTGGACAGTGTCGTCGGTTTCGAAAGGGTTATGACCGAGGCCGACTTCTCTGGA
TTGCCTTACTTGCAGTGCGTCGCTAAGGAAGCTCTTAGGCTTCACCCTCCAACCCCTTTGATGCTTCCTCACAGAGCCAAT
GCCAATGTCAAGGTCGGAGGTTACGACATCCCAAAGGGTTCTAACGTCCACGTCAATGTTTGGGCCGTTGCTAGGGACCC
AGCTACTTGGAAAAAACCACTTGAATTTAGACCAGAGAGGTTTCTTGAGGAGGACGTCGACATGAAGGGACACGACTTC
AGACTTTTGCCTTTCGGTGCCGGTAGAAGGGTCTGCCCCGGTGCCCAATTGGGAATCAACTTGGTTACCTCTATGTTGGG
ACATTTGTTGCACCACTTCTGCTGGACTCCACCAGAGGGTATGAAGCCAGAGGAGATCGACATGAGTGAGAACCCCGGT
CTTGTCACCTACATGACTACCCCACTTCAAGCTGTTGCCACCCCAAGATTGCCTTCTCACCTTTATAAAAGGGTCGCCGTC
GATATCTAA
ATGAAACCAGAGGATTTTAGAGCTAGTGCCACTAGACCATTCACCGGAGAGGAATACCTTGCCTCTCTTAGGGATGATAG
AGAAATCTATATCTACGGTGATAGAGTCAAGGATGTCACCTCTCACCCAGCTTTTAGGAACGCCGCTGCCTCTATGGCTA
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GACTTTATGACGCCCTTCACGACCCTCAGAGTAAGGAGAAGCTTTGCTGGGAAACCGACACCGGTAATGGAGGATACAC
CCACAAATTTTTTAGATACGCCAGATCTGCTGATGAGCTTAGGCAGCAAAGGGATGCCATCGCTGAGTGGAGTAGGTTGA
CCTACGGATGGATGGGAAGGACTCCAGATTACAAGGCTGCCTTCGGTTCTGCTTTGGGTGCCAATCCCGGTTTCTACGGT
AGGTTCGAGGACAATGCCAAGACTTGGTATAAGAGGATCCAAGAAGCTTGTTTGTACCTTAACCACGCTATCGTCAACCC
TCCTATCGATAGAGACAAACCAGTTGACCAAGTTAAAGACGTCTTCATCAGTGTCGACGAAGAGGTTGACGGTGGTATC
GTTGTCTCTGGTGCCAAAGTCGTTGCCACTAACTCTGCCTTGACCCACTACAACTTCGTCGGACAAGGTTCTGCCCAATTG
TTGGGTGACAACACCGATTTCGCCCTTATGTTCATCGCCCCTATGAACACCCCCGGTATGAAGCTTATCTGTAGACCATCT
TACGAGCTTGTCGCCGGTATTGCCGGTTCTCCATTCGACTACCCTTTGTCTTCTAGGTTCGACGAAAACGACGCCATCTTG
GTCATGGACAAGGTCTTCATCCCATGGGAAAACGTCTTGATTTATAGAGACTTCGAAAGATGCAAGCAGTGGTTCCCTCA
AGGTGGTTTCGGAAGGCTTTTCCCTATGCAAGGTTGTACTAGATTGGCCGTCAAGCTTGACTTTATCACCGGTGCCTTGTA
CAAGGCCTTGCAATGCACCGGTTCTTTGGAGTTTAGAGGAGTTCAAGCCCAAGTTGGTGAAGTTGTCGCTTGGAGGAACC
TTTTCTGGTCTCTTACCGACGCCATGTACGGTAATGCCTCTGAATGGCACGGTGGTGCTTTCCTTCCTAGTGCCGAAGCCC
TTCAAGCCTATAGGGTTCTTGCTCCTCAAGCTTACCCAGAGATCAAGAAGACCATCGAGCAAGTTGTCGCCTCTGGACTT
ATCTACCTTCCAAGTGGTGTTAGAGACTTGCACAACCCTCAGCTTGACAAGTACCTTAGTACCTACTGTAGAGGATCTGG
TGGTATGGGTCATAGAGAGAGGATCAAAATCTTGAAATTGTTGTGGGACGCCATCGGATCTGAGTTCGGAGGTAGGCAC
GAGTTGTACGAGATCAACTACGCCGGTAGTCAAGACGAGATCAGAATGCAAGCTTTGAGACAAGCTATCGGTTCTGGTG
CCATGAAGGGTATGCTTGGTATGGTCGAGCAGTGCATGGGTGATTACGACGAGAATGGTTGGACCGTCCCACACCTTCAC
AATCCAGATGATATTAATGTTCTTGATAGAATCAGACAATAA
ATGCAAGTCGATGAGCAAAGGTTGAGGTTTAGAGATGCCATGGCTAGTTTGGCCGCCGCTGTTAACATTGTCACCACCGC
TGGTCATGCTGGTAGATGTGGAATTACCGCCACCGCTGTTTGTAGTGTCACCGATACCCCACCATCTGTCATGGTCTGCAT
CAACGCCAACTCTGCCATGAACCCAGTTTTCCAAGGTAACGGTAGGCTTTGCATCAACGTCTTGAACCACGAGCAAGAAC
TTATGGCTAGGCACTTCGCTGGTATGACCGGTATGGCTATGGAGGAGAGGTTCCATCAACCATGCTGGCAAAACGGTCCA
CTTGGTCAGCCAGTTTTGAACGGTGCTCTTGCTGGTTTGGAGGGTGAGATTTCTGAGGTCCAAACCATCGGTACCCACTTG
GTCTACTTGGTCGCCATCAAGAATATTATTTTGTCTCAAGATGGTCACGGATTGATCTACTTCAAGAGGAGGTTCCACCCA
GTTAGATTGGAGATGGAAGCTCCAGTTTAA
GCTAAGTTATATAAGGTGTTCACGCGATTTTCTTGTTATGATTTGACACTTGATTTGACACTTCTTTTTITTTTTTATTTATGT
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TTTGTTTAACTGACGGTGTTTTTTTTTTTACGTTATACTGATACATATATAGACGTGATTTATTTAAATAAAAAGTTCTATG
AAAAAAAAAAAAAATTAAAAAAAAAAAATTAAAAAAAAAAAATCTTTGACTATTCAATCATTGCGCTTACTTATTGAAC
TCCATGACCCAAGTATTGTAGGCGCAACAAGCCTTTCTGAATCCGGTGAAACCGGCACCCTTAGCAAGGGCTTCGAACTC
CTTCTCGGTTCTCTCCTTACCACCGGGGTTATGGGCAAGCATAACGATGTCGACGTGGACGGTGTTCTTGGTGGCCAAAG
AGGTATCTGGAGCTTCTGGAAGGATGCACTCAGCGATGATGACCTTACCGTTGGCTGGCAAGGCCTCATAGCAGTTCTTC
AAGAACTTAAGACAGTGCTCATCAGACCAATCGTGGCAAATCCACTTCATGAAGATGGCGTCGGCCTTAGGGACAGAGG
CAAACATGTCACCACCAACATGCTCGACACCGGGATAGGTTGGAGCATCTCCGATGACGTGAGGCAAATCGAAGTTAAT
ACCTTTAATACTTGGGTATTTACTGACAATCATATTGACGGTGGCACCGGTACCACCACCAACGTCGACGATACTGTTCA
ATCCTTCGAAACCTTTATAATCCTCCAAGATTTTTTTCATAGACATAGTAGAGTGGTCAGACATTCCCCTATTGAAGACCT
TGTTGAACCTTGGGTCGGTACCGTGGTATTCGAAGGCAGTCATACCGTAGGCCTTGTTGAATGGGATACCACCGTCAAGA
ACGGCGTCCTTAAGGTGGTACCAAGACTCCATCAAGACCTTATCTTGGTTCATAAGCAACAATGGGGCGACAGAGACTCC
GTCGGCGTTCTTGGTCAAGTATTTGCAGACTGGGGCAAGACTGTAAAGCCTCTCGACAGAACTGTCTGGCAAGGTCCTAA
GGGTGCAGTTCAAAACAGAGTAAGAGGCCAACAATCTCAACATTCTGTCCAACATGACTGGGGCTTCTGGATTCTGGGTA
GACAATTGGGCGGCCAATTCACTAGGAGAGATGGCAGCACCGGGTCCGGCTTTAGCCATCAACTCAAGCAAGTCCAACT
CGACGGCACTCTTAAGGACCATAGGCAAGACACTAGCACTGCAAAGCTGCATGGCGAAAAGAAAGGCCTCGTCTTCGGT
GTGGGTAAGACTGTTACTCTGACTTTCAGAGGTACTACCCATTTTGTTATATTGAATTTTCAAAAATTCTTACTTTTTTTTT
GGATGG
ATGTCAGTTCATTCATCATCACATGTTACAGGACATGATAAATGTGATGTTTCAGATGCAGTTGATGCATGTGCAGGAGA
CTCTAAAGTAGC
ATGCTCATGTGCAAAGACTGGTATGGTTATGGTTGGAACAACAAAGGCGGTCGATTATAAAGTTAGAAACACAAAGGAC
GGTGATTCAGCAG
ATAAAGGAGATTATTCATGTAACGTTGTTGCATCAGATTGTGGAGGAAACGATTCAGATGGAGCAGGAGATGGAATGAT
GGGATATGCAACA
GATACAACAATGACATATGCAAGAGGAGCAAAGAAGTACTCCAGAAGAGATGGATCATGGGCAAGAGATGCAAAGACC
GTAACAGTTTATGA
TTATGATACAAGAGGAAAGGTGACCAAGCGAGTCGCAGTTGTTTCAGCACATGATCATGTTACAAACGATAAATCAGTT
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GATATGAAAGTTA
AAGCAGTTGCAAACATGGATGCAACAAAGTACTGGAACTCAGGAAGAGTTAGAGGAGGACATGGAGATGCAGGAACAG
GAAGAAAGGTGGAC
ACATATGGAGGATGGGGTGCTCATGGAGGAGGAGCATCAGGAAAGGATTCCAAAGTAGATCGGTCAGCAGCATATGCA
GCAAGATGGGCAAA
GAGCGTCGCAGGAGGAGCAAGAAGATGTGTTGCATATGCAGGAGTTGCATCAATGCACGTAACCTACGGCACTGGGAAA
TATGATGACGCCA
AAGTCAAGAACAAGAGATATGATAACAGAAGATATTATACATCAAGAGGACATGGAAGAAAGGACGGCACAGGAGGAA
CATGGGTTAAGAAG

ATGGTGTAA
ATGGTTTCAGCAGTTGGAAGAGGAAACAGAAAGAAGGCGACGGATTATTGGAACGGAAAGACGGTAGATAAAGTTGGA
AAGGACCGCACAAATTGGAAAAAAGCGGGAGTAGACAGTAACGATAGTTACGACGTCGATAGCAACGTCGATCGGTAC
ACAAAGTACGACTCAGATACAGCAATGGGAAGAGGAAGAAAGGCGACTACAAAGGCTGTCGATGTTACAGCTATGGTG
AAGTGGGACTCGAATTACCACTACGTACGTACTTCCAAGACAACCAAGAATGGTAAGGTTGACGCTAAAGGACATACGA
GAGTTGGAGTCTCGTACGGGAAAGCAGACAAAGATTCAGATTCATATACATCAAAGGCCTCGGCAGGAGCAACAGTTGA
TGTAGTCGACGCCAATGCGGCAGCAAAGAAGGCGTACACTTACGGCTCGAATAAGACAGCAACATATGGAACAGTTGTA
AATGATGCAAAGGGAGTCGCGGCACATGTTGATGTTAGAGCTGACGTCGTCGCTGCGGGCAACAAGACGTCTGTTGGAG
TTGATGGAAGAAATTGGAAAAACGATAAGAAGTCCTCGGCAGTTAACAAAGCAAAGGGCGCTGACAGAGTTGTTGTAGC
TACGAGCAGCTCTCATACAGTTGATAACAACACGAAAGACGCTAAGGGAAGTGCTACAAAGGACGTGGTTGTTACCACG
AAGAATGTGAGTGGAGATGTTGCAGCAGCAGCAAACGCAAAGTCGGTCTCAAGAGGAAAGTCCAAACACGACGCAGCA
GTTAAAGCTCGCGTGGCCTCCGACAAGATGTCGACAAGAGCAGCAAGAAAGGTGAATACAACAACAGGATCAACAAAG
GACCGAAACAGAAACAAAAACAAAGGAACATCAGCATATAAGAATAGCAAGGTCCGCGGAGATGTTGTTCATGGAAGA
AACGATATGGTTTATGGAAACGGATATGCAACAGTTAACGGATGGGTGTCATATGGAAGTCGGTACGTTAGAGTTGGAG
ATTCAAGAAAGGCGATGTCAGTTAAATCAGTTTATGCATCAACATCAAAGGTGAAGGGAATGACAGGAACATGTAGATG
GTCAAGAGATGATGTTGATAAGACCGCCATGGCAGCAAGAGATGTGAATGACGCAGCTGGTAAAGTGGTCGACGCCCGT
GGGAGAGGAACAAGATCAGCATATTATACATGGGCAGCAGCTCGGGTTGCAACTAGTGGCGTGGCAAACAAAACACATT
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CACATTGTTATTCAGATGATAACCATAAAGCAGATGCGGACGTCGTAAGTAGCAAGAAGGACGACGCAAACTATGCAAA
GAATTACAACCATGGAGGAGATCATTCAAGAAGTAAAGATGCCAAATCCACGAAGTCCTACGCAAAGTGGGTCAACGAT
TGTGGAAAGACCCGCGGGTGGACAAGATCAACACATATGGTTGCAGCAAAGTACCGGTATAAGAATTAA
ATGAAGATTACTGAAAAGTTAGAACAACATAGACAAACTTCTGGTAAACCAACCTACTCTTTCGAATACTTCGTTCCAAA
AACTACTCAAGGTGTTCAAAACTTATATGATAGAATGGATAGAATGTATGAAGCTTCTTTGCCTCAATTCATTGATATTAC
TTGGAATGCTGGTGGTGGTAGATTGTCACATTTGTCTACTGATTITGGTTGCCACTGCCCAATCTGTCTTAGGTTTGGAAAC
TTGTATGCACTTAACTTGTACTAACATGCCAATTTCTATGATTGATGATGCTTTGGAAAACGCTTACCATTCTGGTTGTCA
AAATATTTTGGCTTTGAGAGGTGACCCACCACGTGATGCTGAAAACTGGACTCCAGTTGAAGGTGGTTTCCAATACGCTA
AGGACTTGATTAAGTACATCAAGTCTAAATATGGAGATCATTTTGCTATTGGTGTCGCTGGTTACCCAGAATGTCATCCA
GAATTGCCAAACAAGGATGTTAAGTTGGATTTGGAATATTTGAAGCAAAAGATTGACGCTGGTGGTGACTTTATTATTAC
TCAAATGTTCTACGATGTTGATAATTTCATTAACTGGTGTTCTCAAGTTAGAGCTGCTGGTATGGATGTTCCAATTATCCC
AGGTATTATGCCAATCACTACTTACGCTGCTTTCTTGAGAAGAGCTCAATGGGGTCAAATCTCTATTCCACAACATTTTTC
TTCTAGATTAGATCCTATTAAGGATGATGATGAATTAGTTAGAGATATTGGTACTAACTTAATTGTTGAAATGTGTCAAA
AGTTATTGGACTCCGGTTACGTTTCCCACTTGCACATCTATACTATGAATTTGGAAAAGGCTCCATTGATGATTTTAGAAA
GATTGAACATTTTGCCAACTGAATCTGAGTTTAACGCTCATCCTTTGGCTGTTTTGCCATGGAGAAAGTCTTTGAACCCTA
AGAGAAAAAATGAAGAAGTTAGACCAATTTTCTGGGCTAACAGACCAAAGTCTTATATTTCTAGAACTAAGGGTTGGAA
TGATTTCCCACATGGTAGATGGGGTGACTCTCATTCTGCTGCATACTCTACTTTATCTGATTACCAATTTGCTAGACCTAA
GGGTAGAGATAAGAAGTTACAACAAGAATGGGTTGTTCCATTGAAGTCCATTGAAGATGTTCAAGAAAAGTTCAAGGAA
TTGTGTATTGGTAACTTGAAATCTTCTCCATGGTCTGAATTGGATGGTTTGCAACCAGAAACTAAGATTATTAACGAACA
ATTGGGTAAAATTAATTCTAACGGTTTCTTGACTATTAACTCCCAACCATCTGTCAACGCTGCTAAGTCTGATTCTCCAGC
TATTGGTTGGGGTGGTCCAGGTGGTTATGTTTACCAAAAGGCTTATTTGGAATTCTTCTGTTCCAAGGATAAGTTGGATAC
TTTGGTTGAAAAGTCTAAGGCTTTCCCATCTATTACTTACATGGCCGTTAACAAGAGTGAAAACTGGGTTTCTAACACTG
GTGAATCTGATGTTAACGCTGTTACTTGGGGTGTTTTCCCAGCTAAAGAAGTCATCCAACCTACTATTGTTGATCCAGCTT
CTTTTAAGGTTTGGAAGGATGAAGCTTTTGAAATTTGGTCTAGATCTTGGGCTAATTTGTACCCAGAAGATGATCCATCTA
GAAAGTTGTTGGAAGAAGTTAAGAATTCTTATTACTTGGTTTCTTTGGTTGATAATAACTACATTAACGGTGACATTTTCT
CTGTTTTCGCTTAA
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ScSAHI

ScADO!

NP 010961.3

NP 012639.1

ATGTCTGCTCCAGCTCAAAACTACAAAATCGCTGATATCTCTTTGGCTGCCTTCGGTAGAAAGGAAATCGAATTGGCTGA
ACATGAAATGCCAGGTTTGATGGCCATCAGAAAGGCTTACGGTGACGTCCAACCTTTGAAAGGCGCCCGTATTGCTGGTT
GTTTGCACATGACCATTCAAACTGCTGTTTTAATTGAAACTTTAGTTGCTTTGGGTGCCGAAGTTACCTGGTCCTCTTGTA
ACATCTATTCGACTCAAGATCATGCCGCCGCTGCTATTGCCGCTTCCGGTGTTCCAGTTTTTGCCTGGAAGGGTGAAACTG
AAGAAGAGTATTTGTGGTGTATTGAACAACAATTGTTTGCCTTCAAGGACAACAAGAAATTGAACTTGATCTTAGATGAT
GGTGGTGATTTAACCACTTTAGTTCATGAAAAGCACCCTGAAATGTTGGAAGACTGCTTTGGTCTTTCCGAAGAAACTAC
CACCGGTGTTCACCACTTATACAGAATGGTCAAAGAAGGCAAGTTAAAGGTTCCTGCCATTAACGTTAACGACTCCGTCA
CTAAGTCCAAGTTTGACAACTTGTACGGCTGTAGAGAATCCTTAGTCGACGGTATTAAGAGAGCCACTGATGTCATGTTG
GCTGGTAAGGTTGCCGTTGTTGCTGGTTACGGTGATGTCGGTAAGGGTTGTGCTGCTGCCTTAAGAGGAATGGGTGCTCG
TGTCTTGGTTACCGAAATTGACCCAATCAACGCTTTACAAGCTGCCATGGAAGGCTACCAAGTTGTTACCATGGAAGATG
CATCCCACATTGGTCAAGTTTTCGTTACCACCACTGGTTGTAGAGATATTATCAACGGTGAACATTTCATCAACATGCCAG
AAGATGCCATTGTTTGTAACATTGGCCATTTCGACATCGAAATTGATGTCGCCTGGTTAAAGGCTAACGCTAAAGAATGT
ATTAACATCAAACCACAAGTCGACCGTTACTTGTTGTCTTCTGGTAGACACGTCATCTTGTTGGCTAACGGTAGATTAGTT
AACTTGGGTTGTGCTACTGGTCACTCATCTTTCGTTATGTCTTGTTCCTTCTCTAACCAAGTCTTAGCTCAAATTGCTTTGT
TCAAGTCTAACGATAAGTCTTTCAGAGAAAAGCACATTGAATTCCAAAAGACAGGCCCATTCGAAGTTGGTGTCCACGTT
TTGCCAAAGATCTTGGATGAAGCTGTCGCTAAGTTCCACTTGGGCAACTTGGGTGTTAGATTGACTAAATTGAGTAAAGT
CCAATCTGAATACTTGGGTATCCCAGAAGAAGGTCCATTCAAGGCCGACCACTACAGATACTGA
ATGACCGCACCATTGGTAGTATTGGGTAACCCACTTTTAGATTTCCAAGCCGACGTCACGGCTGAATACCTGGCCAAGTA
TTCTCTAAAGGAAAACGACGCAATTTTGGTCGATGCCAAATCAGGCGATGCTAAGATGGCTATTTTTGACGAGCTCTTAC
AGATGCCAGAAACAAAGCTTGTTGCAGGTGGTGCTGCTCAAAACACTGCTAGAGGGGCAGCATACGTTTTGGGCGCCGG
CCAGGTGGTGTACTTCGGTTCCGTCGGTAAGGACAAGTTCAGCGAGAGATTGCTTAACGAAAACGAAAAAGCTGGTGTC
AAGTCTATGTACCAAGTTCAAAATGATATTGGTACCGGTAAGTGTGCCGCATTAATCACTGGCCATAACCGGTCCTTGGT
CACTGACTTGGGTGCTGCCAATTTCTTTACTCCAGACCACTTGGACAAGCATTGGGACTTGGTCGAAGCAGCTAAGCTCT
TCTACATCGGTGGTTTCCACTTGACCGTGTCTCCAGACGCTATCGTTAAGTTGGGCCAACATGCTAAAGAGAACAGCAAA
CCTTTCGTGTTGAACTTTAGTGCTCCTTTCATTCCTCATGTCTTCAAAGACGCATTGGCCAGAGTTTTGCCTTATGCTACCG
TCATCATCGCTAACGAATCGGAGGCCGAAGCCTTTTGCGACGCCTTCCAATTAGACTGTGCCAACACTGATTTGGAAGCT
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ScFLX1

ScRIBI

EIW09878.1

NP_009520.1

ATTGCTCAAAGAATTGTCAAGGACTCTCCAGTTGAAAAGACTGTCATCTTCACCCACGGTGTCGAACCAACAGTGGTCGT
GTCCTCCAAGGGTACCAGCACATATCCAGTCAAACCTTTGGACTCTTCTAAGATCGTCGACACCAACGGTGCTGGTGACG
CCTTCGCTGGTGGCTTTATGGCTGGGTTGACTAAAGGTGAAGATTTGGAAACCTCTATTGACATGGGTCAATGGCTAGCT
GCTTTGTCTATTCAAGAAGTTGGTCCCTCTTACCCTTCCGAAAAAATATCTTACTCTAAATAG
ATGGTCGATCACCAGTGGACGCCACTGCAGAAGGAGGTTATCTCAGGTCTGTCCGCGGGATCCGTCACCACATTGGTAGT
GCATCCATTAGATTTACTGAAGGTTCGTTTGCAATTATCCGCTACAAGCGCACAAAAGGCCCATTACGGCCCATTTATGG
TAATCAAAGAGATTATACGTTCGTCGGCGAATAGTGGACGTAGTGTTACGAACGAACTGTATCGCGGATTAAGCATAAA
TTTGTTTGGAAATGCCATTGCATGGGGTGTTTATTTCGGTTTATATGGTGTCACGAAAGAATTGATATACAAGTCAGTGGC
AAAGCCAGGGGAAACGCAGCTTAAAGGTGTTGGGAACGACCACAAAATGAATTCGCTTATTTATTTGTCTGCCGGTGCTT
CCAGTGGGTTGATGACAGCTATCCTAACAAACCCTATCTGGGTTATAAAGACCAGGATAATGTCTACAAGTAAAGGCGC
CCAAGGAGCGTACACTTCTATGTACAACGGTGTCCAACAACTGTTACGAACTGATGGCTTCCAGGGCCTATGGAAGGGCC
TTGTACCCGCACTGTTTGGTGTTTCGCAAGGTGCTTTATATTTTGCAGTTTACGATACCTTAAAGCAAAGAAAATTGCGAC
GGAAGAGGGAAAATGAGCTTGACATCCATTTAACAAATCTTGAAACCATTGAAATCACATCGTTGGGAAAAATGATCTC
CGTCACTTTGGTTTACCCTTTTCAATTATTAAAATCAAACTTACAAAGTTTCAGGGCCAATGAGCAAAAATTTAGGCTCTT
TCCTTTGATAAAATTAATCATTGCTAATGATGGTTTTGTTGGACTTTATAAGGGCCTATCTGCAAACTTAGTACGGGCCAT
TCCATCCACTTGCATTACATTTITGTGTATACGAGAACCTTAAGCATAGGCTTTAG
ATGACCATAGATAACTACGACAACAGTAAACAGGATAGCAGCAAATACGAGGTTAGTGGTACGGGTGATGGCAGGAAC
GGCGATGGCGGCTTGCCTCTAGTACAATGTGTCGCAAGAGCTCGTATCCCAACCACACAGGGTCCGGATATCTTTTTACA
TCTTTACAGTAACAACAGGGACAACAAGGAACATCTAGCCATTGTGTTTGGTGAAGACATACGGTCGCGCTCGCTATTCC
GTAGAAGACAGTGCGAGACGCAACAAGATAGAATGATCAGGGGCGCTTATATTGGCAAACTGTATCCCGGCAGAACTGT
GGCAGACGAAGACGATAGACTCGGATTAGCTCTGGAGTTTGATGATAGTACAGGTGAGTTATTAGCTTCCAAAGCCACT
ACATGGGACGCCCATAACGACACGCTGGTACGGATCCATTCTGAATGTTACACCGGTGAAAACGCATGGAGCGCCCGTT
GTGATTGTGGTGAACAATTCGATAGGGCCGGTAGGCTTATCGCTTGCGACCACGAACCCACAAGCAACATCAAAGGTGG
AAACGGCCATGGTGTTATCGTGTATCTAAGACAAGAGGGTCGTGGCATCGGGTTAGGTGAGAAACTCAAGGCCTACAAC
CTGCAAGACTTAGGTGCTGACACAGTGCAGGCCAACTTAATGCTGAAACATCCCGTGGATGCTAGGGACTTCTCGCTGGG
TAAGGCTATTTTGCTGGATCTTGGCATCGGTAATGTCAGGCTGCTGACAAATAACCCGGAAAAGATAAAACAGGTAGAT
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ScURA3

ScHIS3

ScMET]
5

AJU50614.1

AJT72119.1

NP_013406.1

CATGCGCCTTACCTTAAGTGCGTTGAACGAGTGCCTATGGTACCCATACACTGGACAAACTCCAGTGAAGGCATAGACTC
CAAGGAGATAGAAGGTTATCTCAGGACCAAGATAGAAAGAATGGGTCATTTACTAACGGAGCCTCTGAAACTTCATACA
AACCCTCAACCTACTGAGACAAGTGAAGCCCAAAACCAAAACCGTATGAACTCTGCGTTGTCATCAACATCGACGCTGG
CAATATAA
ATGTCGAAAGCTACATATAAGGAACGTGCTGCTACTCATCCTAGTCCTGTTGCTGCCAAGCTATTTAATATCATGCACGA
AAAGCAAACAAACTTGTGTGCTTCATTGGATGTTCGTACCACCAAGGAATTACTGGAGTTAGTTGAAGCATTAGGTCCCA
AAATTTGTTTACTAAAAACACATGTGGATATCTTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTAAAGGCATTA
TCCGCCAAGTACAATTTTTTACTCTTCGAAGACAGAAAATTTGCTGACATTGGTAATACAGTCAAATTGCAGTACTCTGC
GGGTGTATACAGAATAGCAGAATGGGCAGACATTACGAATGCACACGGTGTGGTGGGCCCAGGTATTGTTAGCGGTTTG
AAGCAGGCGGCGGAAGAAGTAACAAAGGAACCTAGAGGCCTTTTGATGTTAGCAGAATTGTCATGCAAGGGCTCCCTAG
CTACTGGAGAATATACTAAGGGTACTGTTGACATTGCGAAGAGCGACAAAGATTTTGTTATCGGCTTTATTGCTCAAAGA
GACATGGGTGGAAGAGATGAAGGTTACGATTGGTTGATTATGACACCCGGTGTGGGTTTAGATGACAAGGGAGACGCAT
TGGGTCAACAGTATAGAACCGTGGATGATGTGGTCTCTACAGGATCTGACATTATTATTGTTGGAAGAGGACTATTTGCA
AAGGGAAGGGATGCTAAGGTAGAGGGTGAACGTTACAGAAAAGCAGGCTGGGAAGCATATTTGAGAAGATGCGGCCAG
CAAAACTAA
ATGACAGAGCAGAAAGCCCTAGTAAAGCGTATTACAAATGAAACCAAGATTCAGATTGCGATCTCTTTAAAGGGTGGTC
CCCTAGCGATAGAGCACTCGATCTTCCCAGAAAAAGAGGCAGAAGCAGTAGCAGAACAGGCCACACAATCGCAAGTGA
TTAACGTCCACACAGGTATAGGGTTTCTGGACCATATGATACATGCTCTGGCCAAGCATTCCGGCTGGTCGCTAATCGTT
GAGTGCATTGGTGACTTACACATAGACGACCATCACACCACTGAAGACTGCGGGATTGCTCTCGGTCAAGCTTTTAAAGA
GGCCCTAGGGGCCGTGCGTGGAGTAAAAAGGTTTGGATCAGGATTTGCGCCTTTGGATGAGGCACTTTCCAGAGCGGTG
GTAGATCTTTCGAACAGGCCGTACGCAGTTGTCGAACTTGGTTTGCAAAGGGAGAAAGTAGGAGATCTCTCTTGCGAGAT
GATCCCGCATTTTCTTGAAAGCTTTGCAGAGGCTAGCAGAATTACCCTCCACGTTGATTGTCTGCGAGGCAAGAATGATC
ATCACCGTAGTGAGAGTGCGTTCAAGGCTCTTGCGGTTGCCATAAGAGAAGCCACCTCGCCCAATGGTACCAACGATGTT
CCCTCCACCAAAGGTGTTCTTATGTAG
ATGCCATCTCATTTCGATACTGTTCAACTACACGCCGGCCAAGAGAACCCTGGTGACAATGCTCACAGATCCAGAGCTGT
ACCAATTTACGCCACCACTTCTTATGTTTTCGAAAACTCTAAGCATGGTTCGCAATTGTTTGGTCTAGAAGTTCCAGGTTA
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ScADE?2

NP 014771.3

CGTCTATTCCCGTTTCCAAAACCCAACCAGTAATGTTTTGGAAGAAAGAATTGCTGCTTTAGAAGGTGGTGCTGCTGCTTT
GGCTGTTTCCTCCGGTCAAGCCGCTCAAACCCTTGCCATCCAAGGTTTGGCACACACTGGTGACAACATCGTTTCCACTTC
TTACTTATACGGTGGTACTTATAACCAGTTCAAAATCTCGTTCAAAAGATTTGGTATCGAGGCTAGATTTGTTGAAGGTG
ACAATCCAGAAGAATTCGAAAAGGTCTTTGATGAAAGAACCAAGGCTGTTTATTTGGAAACCATTGGTAATCCAAAGTA
CAATGTTCCGGATTTTGAAAAAATTGTTGCAATTGCTCACAAACACGGTATTCCAGTTGTCGTTGACAACACATTTGGTGC
CGGTGGTTACTTCTGTCAGCCAATTAAATACGGTGCTGATATTGTAACACATTCTGCTACCAAATGGATTGGTGGTCATG
GTACTACTATCGGTGGTATTATTGTTGACTCTGGTAAGTTCCCATGGAAGGACTACCCAGAAAAGTTCCCTCAATTCTCTC
AACCTGCCGAAGGATATCACGGTACTATCTACAATGAAGCCTACGGTAACTTGGCATACATCGTTCATGTTAGAACTGAA
CTATTAAGAGATTTGGGTCCATTGATGAACCCATTTGCCTCTTTCTTGCTACTACAAGGTGTTGAAACATTATCTTTGAGA
GCTGAAAGACACGGTGAAAATGCATTGAAGTTAGCCAAATGGTTAGAACAATCCCCATACGTATCTTGGGTTTCATACCC
TGGTTTAGCATCTCATTCTCATCATGAAAATGCTAAGAAGTATCTATCTAACGGTTTCGGTGGTGTCTTATCTTTCGGTGT
AAAAGACTTACCAAATGCCGACAAGGAAACTGACCCATTCAAACTTTCTGGTGCTCAAGTTGTTGACAATTTAAAGCTTG
CCTCTAACTTGGCCAATGTTGGTGATGCCAAGACCTTAGTCATTGCTCCATACTTCACTACCCACAAACAATTAAATGAC
AAAGAAAAGTTGGCATCTGGTGTTACCAAGGACTTAATTCGTGTCTCTGTTGGTATCGAATTTATTGATGACATTATTGCA
GACTTCCAGCAATCTTTTGAAACTGTTTTCGCTGGCCAAAAACCATGA
ATGGATTCTAGAACAGTTGGTATATTAGGAGGGGGACAATTGGGACGTATGATTGTTGAGGCAGCAAACAGGCTCAACA
TTAAGACGGTAATACTAGATGCTGAAAATTCTCCTGCCAAACAAATAAGCAACTCCAATGACCACGTTAATGGCTCCTTT
TCCAATCCTCTTGATATCGAAAAACTAGCTGAAAAATGTGATGTGCTAACGATTGAGATTGAGCATGTTGATGTTCCTAC
ACTAAAGAATCTTCAAGTAAAACATCCCAAATTAAAAATTTACCCTTCTCCAGAAACAATCAGATTGATACAAGACAAAT
ATATTCAAAAAGAGCATTTAATCAAAAATGGTATAGCAGTTACCCAAAGTGTTCCTGTGGAACAAGCCAGTGAGACGTC
CCTATTGAATGTTGGAAGAGATTTGGGTTTTCCATTCGTCTTGAAGTCGAGGACTTTGGCATACGATGGAAGAGGTAACT
TCGTTGTAAAGAATAAGGAAATGATTCCGGAAGCTTTGGAAGTACTGAAGGATCGTCCTTTGTACGCCGAAAAATGGGC
ACCATTTACTAAAGAATTAGCAGTCATGATTGTGAGATCTGTTAACGGTTTAGTGTTTTCTTACCCAATTGTAGAGACTAT
CCACAAGGACAATATTTGTGACTTATGTTATGCGCCTGCTAGAGTTCCGGACTCCGTTCAACTTAAGGCGAAGTTGTTGG
CAGAAAATGCAATCAAATCTTTTCCCGGTTGTGGTATATTITGGTGTGGAAATGTTCTATTTAGAAACAGGGGAATTGCTT
ATTAACGAAATTGCCCCAAGGCCTCACAACTCTGGACATTATACCATTGATGCTTGCGTCACTTCTCAATTTGAAGCTCAT
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ScTHR4

NP _009982.1

TTGAGATCAATATTGGATTTGCCAATGCCAAAGAATTTCACATCTTTCTCCACCATTACAACGAACGCCATTATGCTAAAT
GTTCTTGGAGACAAACATACAAAAGATAAAGAGCTAGAAACTTGCGAAAGAGCATTGGCGACTCCAGGTTCCTCAGTGT
ACTTATATGGAAAAGAGTCTAGACCTAACAGAAAAGTAGGTCACATAAATATTATTGCCTCCAGTATGGCGGAATGTGA
ACAAAGGCTGAACTACATTACAGGTAGAACTGATATTCCAATCAAAATCTCTGTCGCTCAAAAGTTGGACTTGGAAGCA
ATGGTCAAACCATTGGTTGGAATCATCATGGGATCAGACTCTGACTTGCCGGTAATGTCTGCCGCATGTGCGGTTTTAAA
AGATTTTGGCGTTCCATTTGAAGTGACAATAGTCTCTGCTCATAGAACTCCACATAGGATGTCAGCATATGCTATTTCCGC
AAGCAAGCGTGGAATTAAAACAATTATCGCTGGAGCTGGTGGGGCTGCTCACTTGCCAGGTATGGTGGCTGCAATGACA
CCACTTCCTGTCATCGGTGTGCCCGTAAAAGGTTCTTGTCTAGATGGAGTAGATTCTTTACATTCAATTGTGCAAATGCCT
AGAGGTGTTCCAGTAGCTACCGTCGCTATTAATAATAGTACGAACGCTGCGCTGTTGGCTGTCAGACTGCTTGGCGCTTA
TGATTCAAGTTATACAACGAAAATGGAACAGTTTTTATTAAAGCAAGAAGAAGAAGTTCTTGTCAAAGCACAAAAGTTA
GAAACTGTCGGTTACGAAGCTTATCTAGAAAACAAGTAA
ATGCCTAACGCTTCCCAAGTTTACAGATCTACCAGATCCAGCTCTCCAAAGACCATCTCTTTITGAAGAGGCTATCATTCAA
GGTCTGGCCACTGACGGTGGTCTTTTCATTCCACCAACTATTCCACAAGTGGACCAAGCCACTCTTTTCAATGATTGGTCA
AAGCTCTCCTTCCAAGACTTAGCCTTTGCTATCATGAGACTATACATTGCCCAAGAAGAGATTCCAGATGCTGATCTAAA
GGACTTGATCAAGAGATCTTATTCTACTTTCCGTTCTGATGAAGTCACCCCCTTGGTGCAAAACGTCACTGGTGACAAGG
AGAATTTGCACATTTTAGAATTATTCCACGGTCCTACCTACGCTTTCAAAGACGTTGCTTTACAATTTGTCGGTAATCTTTT
TGAATACTTCTTACAAAGAACCAACGCCAATTTACCTGAAGGCGAGAAAAAGCAAATCACTGTGGTCGGTGCTACTTCCG
GTGACACTGGTTCTGCAGCCATCTACGGTTTAAGAGGCAAAAAGGACGTTTCCGTTTTCATCTTATATCCAACCGGTAGA
ATTTCCCCAATTCAAGAAGAACAAATGACCACCGTTCCAGATGAAAACGTCCAGACTTTGTCTGTTACCGGTACTTTCGA
CAACTGTCAAGATATCGTCAAAGCTATTTTCGGTGACAAAGAATTCAACTCTAAACACAACGTCGGTGCTGTTAACTCCA
TCAACTGGGCAAGAATCTTGGCCCAAATGACCTATTACTTTTATTCATTCTTCCAAGCCACCAACGGTAAGGACTCCAAG
AAGGTCAAGTTCGTTGTGCCAAGTGGGAACTTCGGTGATATATTGGCCGGTTATTTTGCCAAGAAAATGGGTTTGCCTAT
TGAAAAACTGGCCATCGCTACCAATGAAAACGACATTTTGGACAGATTTTTGAAATCTGGTCTATACGAAAGATCAGACA
AGGTTGCTGCTACTTTATCCCCAGCAATGGATATCTTAATCTCTTCTAACTTTGAAAGACTACTATGGTACCTAGCTCGTG
AATACCTAGCTAATGGTGATGATTTGAAAGCCGGTGAAATCGTCAACAATTGGTTCCAGGAATTGAAGACCAACGGTAA
GTTCCAAGTTGACAAATCCATCATTGAAGGCGCATCAAAGGACTTTACATCAGAAAGAGTTTCCAATGAAGAAACATCT

58



ScILVI

EDV08916.1

GAAACAATCAAGAAGATCTACGAATCATCTGTAAATCCAAAACATTACATCTTAGATCCTCACACAGCTGTCGGTGTTTG
CGCCACAGAAAGATTGATTGCAAAAGATAATGACAAGTCCATCCAATACATTTCTCTATCTACCGCTCACCCAGCTAAAT
TTGCCGATGCTGTAAACAATGCATTGTCTGGATTTTCCAATTATTCATTTGAAAAGGATGTTTTGCCTGAGGAATTGAAGA
AATTATCCACATTAAAGAAGAAATTAAAATTCATCGAAAGAGCTGACGTTGAATTGGTCAAAAACGCTATTGAAGAAGA
ACTTGCTAAAATGAAATTATAA
ATGTCAGCTACTCTACTAAAGCAACCATTATGTACGGTTGTTCGGCAAGGTAAACAGTCCAAAGTGTCTGGATTGAACCT
TTTGAGACTAAAGGCTCATTTGCACAGACAACACCTGTCACCTTCCTTGATAAAACTACACTCTGAATTGAAATTGGATG
AGCTGCAAACTGATAACACCCCTGATTACGTCCGTTTAGTTTTAAGGTCCTCTGTATACGATGTTATTAATGAATCTCCAA
TCTCTCAAGGTGTAGGTTTGTCTTCCCGTCTAAACACGAATGTCATCTTGAAAAGAGAAGATCTATTGCCTGTTTTCTCTT
TCAAGCTTCGTGGTGCCTATAACATGATTGCCAAGTTGGACGATTCTCAAAGAAACCAGGGTGTTATTGCCTGTTCAGCT
GGGAATCATGCCCAAGGTGTGGCCTTTGCTGCTAAACACTTGAAAATACCTGCTACTATCGTTATGCCTGTTTGTACACCA
TCTATTAAGTATCAAAATGTCTCGAGATTAGGGTCTCAAGTCGTCCTATATGGTAACGATTTTGACGAGGCTAAGGCTGA
ATGTGCCAAATTGGCTGAAGAGCGTGGCTTAACGAACATTCCTCCTTTCGATCATCCTTATGTCATTGCGGGTCAAGGTA
CTGTAGCTATGGAAATCCTAAGACAAGTACGTACCGCTAATAAGATCGGTGCTGTCTTTGTTCCCGTCGGCGGTGGTGGT
TTAATTGCTGGTATTGGTGCTTATTTGAAAAGGGTTGCTCCTCATATCAAAATCATTGGTGTTGAAACTTACGATGCGGCC
ACTTTACATAATTCCTTGCAACGCAACCAGAGAACTCCTTTACCTGTGGTGGGTACTTTTGCCGATGGTACGTCTGTGCGT
ATGATTGGTGAAGAAACATTTAGAGTCGCCCAACAAGTGGTTGATGAAGTTGTTCTTGTTAACACTGACGAAATCTGTGC
TGCAGTAAAGGATATTTTTGAAGATACTAGAAGTATTGTAGAACCATCTGGTGCCCTTTCAGTAGCCGGTATGAAGAAAT
ACATCTCTACCGTACATCCAGAAATTGACCACACTAAAAACACCTATGTTCCCATCCTTTCTGGTGCTAACATGAACTTTG
ATAGATTAAGATTTGTTTCCGAACGTGCTGTTCTTGGTGAAGGAAAGGAAGTCTTCATGTTAGTTACTTTACCCGACGTCC
CTGGTGCGTTCAAGAAAATGCAAAAGATCATCCACCCAAGATCTGTTACTGAATTCTCTTACCGTTACAATGAACATCGT
CATGAGTCCTCTAGTGAAGTGCCCAAGGCTTACATTTACACTTCTTTCAGCGTCGTTGACAGAGAAAAGGAAATCAAGCA
AGTTATGCAACAGTTGAATGCTTTAGGTTTTGAAGCTGTGGATATCTCCGATAACGAATTGGCTAAATCTCATGGTAGAT
ACTTGGTTGGTGGTGCTTCTAAGGTTCCTAATGAAAGAATTATTTCATTTGAATTCCCTGAAAGACCAGGTGCCTTGACTA
GGTTCCTTGGAGGCCTAAGCGATTCTTGGAATCTTACTTTATTCCATTATAGAAACCATGGTGCCGATATCGGTAAGGTTT
TAGCTGGTATTTCCGTTCCTCCAAGGGAAAACTTAACCTTCCAAAAATTCTTGGAAGATTTAGGCTACACTTATCATGATG
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ScSER?2

ScPRO?2

NP _011724.1

NP 014968.1

AAACTGATAACACTGTTTATCAAAAATTCTTGAAATATTAA
ATGTCAAAGTTTGTTATCACCTGCATAGCTCATGGAGAAAATCTCCCAAAAGAAACCATCGACCAGATTGCGAAAGAAA
TTACTGAAAGCTCGGCGAAAGATGTATCAATCAATGGTACCAAGAAACTATCGGCCAGAGCTACCGATATATTCATTGA
AGTCGCAGGATCGATTGTTCAAAAAGACCTCAAGAATAAGCTGACGAACGTCATTGACAGTCATAATGATGTTGATGTTA
TTGTTTCTGTCGACAATGAATATCGTCAAGCCAAAAAGCTCTTTGTCTTTGACATGGATTCAACATTAATCTACCAAGAGG
TCATCGAATTGATTGCCGCTTATGCTGGTGTTGAAGAACAAGTGCACGAGATCACAGAAAGAGCCATGAACAATGAACT
TGATTTCAAAGAGTCTTTAAGAGAACGCGTTAAATTATTGCAAGGCCTCCAAGTCGATACACTATATGATGAAATAAAAC
AAAAGCTAGAGGTCACCAAGGGTGTGCCAGAACTATGCAAGTTCCTTCACAAAAAAAATTGCAAGCTCGCTGTTTTAAG
CGGTGGTTTTATTCAGTTTGCCGGTTTTATCAAGGATCAGTTAGGTTTAGATTTTTGTAAGGCAAACTTGTTGGAAGTTGA
CACTGATGGAAAATTAACCGGTAAAACACTGGGTCCTATCGTAGACGGACAGTGCAAGAGTGAAACCCTTCTGCAACTA
TGTAATGACTACAATGTTCCAGTTGAAGCAAGTTGTATGGTGGGTGACGGTGGTAACGACCTGCCAGCCATGGCTACCGC
CGGGTTTGGGATCGCATGGAACGCCAAGCCAAAGGTGCAGAAAGCTGCACCTTGTAAGTTGAATACCAAGAGCATGACT
GACATTTTATACATTCTTGGTTACACCGATGATGAAATATACAATAGACAATGA
ATGTCCAGTTCACAACAAATAGCCAAAAATGCCCGTAAAGCAGGGAATATTTTGAAAACCATCTCAAACGAGGGCAGAT
CAGATATTTTATACAAAATTCACGATGCCCTGAAGGCTAATGCGCATGCCATTGAAGAAGCGAATAAAATCGATTTAGCT
GTTGCCAAAGAGACTGGCCTAGCGGATTCTTTATTGAAACGTCTCGACCTATTTAAAGGGGACAAATTTGAAGTTATGTT
ACAAGGTATTAAGGATGTAGCCGAACTAGAAGACCCTGTTGGCAAGGTTAAAATGGCCAGGGAATTAGATGATGGCTTG
ACGTTGTACCAAGTAACCGCTCCAGTCGGCGTTTTGTTAGTTATCTTTGAATCCCGTCCAGAAGTTATTGCCAATATTACC
GCATTGAGTATCAAGTCTGGTAATGCTGCAATTTTGAAGGGTGGTAAAGAGTCTGTGAACACGTTCAGAGAAATGGCAA
AGATCGTTAACGACACCATTGCACAATTCCAAAGTGAGACTGGTGTTCCTGTGGGCTCTGTGCAATTGATCGAAACCAGA
CAGGATGTTTCCGACTTGTTGGATCAAGATGAGTACATCGACTTAGTTGTTCCTCGTGGTTCCAATGCCTTAGTCAGAAAA
ATCAAGGACACTACAAAAATTCCCGTGTTGGGTCATGCGGATGGTATCTGCTCAATTTACTTGGATGAAGACGCAGATTT
GATTAAGGCAAAAAGAATTAGTTTGGATGCAAAGACTAACTACCCAGCTGGTTGCAACGCTATGGAAACGTTGTTGATT
AACCCAAAATTCTCTAAGTGGTGGGAAGTTCTGGAAAACTTAACTTTGGAAGGCGGAGTGACTATCCACGCTACAAAAG
ATTTGAAAACTGCGTATTTTGATAAACTGAATGAGTTAGGGAAATTGACAGAAGCAATTCAATGCAAAACCGTTGATGCT
GATGAGGAGCAAGATTTTGATAAGGAATTTTTATCCTTGGATTTGGCTGCCAAGTTTGTTACATCTACAGAATCGGCCATT
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ScARG4

ScTRPI

NP_011882.1

NP 010290.3

CAACATATAAATACACACTCTTCGAGACATACCGACGCTATTGTAACGGAAAATAAAGCAAACGCTGAAAAATTTATGA
AGGGTGTCGACTCCTCTGGTGTTTACTGGAATGCATCAACTAGATTTGCCGATGGTTTCAGGTACGGTTTTGGTGCTGAAG
TGGGTATTTCTACCTCTAAGATTCACGCCCGTGGTCCAGTTGGCTTGGACGGTCTGGTGAGTTATCAATACCAAATAAGA
GGTGACGGCCAGGTTGCTAGTGACTACCTTGGTGCTGGTGGTAACAAAGCTTTTGTTCACAAGGATTTAGATATAAAGAC
TGTGACATTATAA
ATGTCAGACGGCACTCAAAAACTATGGGGTGGGAGATTCACTGGTGAAACCGATCCTTTGATGCATCTTTACAATGCCTC
TCTTCCGTATGATTATAAGATGTATAAGGCAGATTTAGAAGGAACTAAAGTATACACAGCGGGCTTGCAGAAGTTGGGTC
TTCTAACGGAGACAGAATTGGCAAAGATCCATGAAGGTTTGGCTGAAATCAAAAAAGAATGGGACGCTGACAAATTTGT
CCGTCATCCAAACGACGAGGATATCCATACTGCGAATGAAAGACGTCTTGGTGAACTAATTGGCCGCGATATTGCTGGTA
AAGTCCACACCGGTAGATCCCGTAATGATCAAGTTGTTACCGATTTGAGAATATACTGTCGTGACATTGTCAATGACACC
CTCTTTCCAGCTCTAAAGGGCTTGGTTGAAGTTCTAATTAAGAGGGCCGAAGGTGAGATAGATGTCTTAATGCCAGGCTA
CACACATTTACAAAGGGCACAACCTATTAGATGGTCTCATTGGTTGAGCTCTTATGCAACATACTTCACCGAAGATTACA
AGAGACTGGGTCAAATACTACACAGATTGAATCAATCACCACTGGGTGCAGGCGCTCTTGCTGGTCATCCTTACGGCATT
GATAGAGAATTTTTGGCTGAAGGTTTGGGTTTCAATAGTGTAATTGGTAACTCCTTGGTTGCTGTTTCTGATAGAGATTTC
ATCGTGGAGTTGATGTTTTGGGGAACTTTGTTCATGAACCATATTTCTCGTTTTGCTGAAGATTTGATTATATATTGTACA
GCAGAATTTGGTTTCATACAGTTGAGCGACGCCTATTCAACAGGTTCTTCTTTAATGCCTCAGAAAAAGAATGCAGACTC
GTTAGAGTTGTTAAGAGGTAAATCCGGTAGAGTGTTTGGTGATCTGACAGGATTCTTGATGAGTTTGAAGGGTATCCCAT
CTACTTATGATAAAGACATGCAAGAAGACAAAGAGCCATTATTTGATTGCTTAACAACTGTAGAGCACTCCATGCTGATT
GCCACAGGTGTTATTTCTACCTTAACTGTAAATAAGGAAAAGATGGAAGCTGCTCTCACGATGGATATGCTAGCTACCGA
CTTGGCAGATTACTTGGTCAGAAAGGGTGTTCCATTCAGAGAGACTCATCACATATCTGGTGAGTGTGTCGCTACTGCTG
AAAGACTTGGTCTAAGCGGTATTGATAAATTAACCTTGGAGCAGTATCAAAAGATCGATTCGAGATTCGGACAAGATCTT
TTTGAAACTTTTAACTTTGAACAAAGCGTTGAAAGACGAGATGCTACTGGTGGCACTGCTAAATCTGCTGTATTGAAGCA
ATTGGATAATTTGAAATCCCAATTAAATTAG
ATGTCTGTTATTAATTTCACAGGTAGTTCTGGTCCATTGGTGAAAGTTTGCGGCTTGCAGAGCACAGAGGCCGCAGAATG
TGCTCTAGATTCCGATGCTGACTTGCTGGGTATTATATGTGTGCCCAATAGAAAGAGAACAATTGACCCGGTTATTGCAA
GGAAAATTTCAAGTCTTGTAAAAGCATATAAAAATAGTTCAGGCACTCCGAAATACTTGGTTGGCGTGTTTCGTAATCAA
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CCTAAGGAGGATGTTTTGGCTCTGGTCAATGATTACGGCATTGATATCGTCCAACTGCATGGAGATGAGTCGTGGCAAGA
ATACCAAGAGTTCCTCGGTTTGCCAGTTATTAAAAGACTCGTATTTCCAAAAGACTGCAACATACTACTCAGTGCAGCTT
CACAGAAACCTCATTCGTTTATTCCCTTGTTTGATTCAGAAGCAGGTGGGACAGGTGAACTTTTGGATTGGAACTCGATTT
CTGACTGGGTTGGAAGGCAAGAGAGCCCCGAAAGCTTACATTTTATGTTAGCTGGTGGACTGACGCCAGAAAATGTTGG
TGATGCGCTTAGATTAAATGGCGTTATTGGTGTTGATGTAAGCGGAGGTGTGGAGACAAATGGTGTAAAAGACTCTAAC
AAAATAGCAAATTTCGTCAAAAATGCTAAGAAATAG
ATGACTAACGAAAAGGTCTGGATAGAGAAGTTGGATAATCCAACTCTTTCAGTGTTACCACATGACTTTTTACGCCCACA
ACAAGAACCTTATACGAAACAAGCTACATATTCGTTACAGCTACCTCAGCTCGATGTGCCTCATGATAGTTTTTCTAACA
AATACGCTGTCGCTTTGAGTGTATGGGCTGCATTGATATATAGAGTAACCGGTGACGATGATATTGTTCTTTATATTGCGA
ATAACAAAATCTTAAGATTCAATATTCAACCAACGTGGTCATTTAATGAGCTGTATTCTACAATTAACAATGAGTTGAAC
AAGCTCAATTCTATTGAGGCCAATTTTTCCTTTGACGAGCTAGCTGAAAAAATTCAAAGTTGCCAAGATCTGGAAAGGAC
CCCTCAGTTGTTCCGTTTGGCCTTTTTGGAAAACCAAGATTTCAAATTAGACGAGTTCAAGCATCATTTAGTGGACTTTGC
TTTGAATTTGGATACCAGTAATAATGCGCATGTTTTGAACTTAATTTATAACAGCTTACTGTATTCGAATGAAAGAGTAAC
CATTGTTGCGGACCAATTTACTCAATATTTGACTGCTGCGCTAAGCGATCCATCCAATTGCATAACTAAAATCTCTCTGAT
CACCGCATCATCCAAGGATAGTTTACCTGATCCAACTAAGAACTTGGGCTGGTGCGATTTCGTGGGGTGTATTCACGACA
TTTTCCAGGACAATGCTGAAGCCTTCCCAGAGAGAACCTGTGTTGTGGAGACTCCAACACTAAATTCCGACAAGTCCCGT
TCTTTCACTTATCGCGACATCAACCGCACTTCTAACATAGTTGCCCATTATTTGATTAAAACAGGTATCAAAAGAGGTGAT
GTAGTGATGATCTATTCTTCTAGGGGTGTGGATTTGATGGTATGTGTGATGGGTGTCTTGAAAGCCGGCGCAACCTTTTCA
GTTATCGACCCTGCATATCCCCCAGCCAGACAAACCATTTACTTAGGTGTTGCTAAACCACGTGGGTTGATTGTTATTAGA
GCTGCTGGACAATTGGATCAACTAGTAGAAGATTACATCAATGATGAATTGGAGATTGTTTCAAGAATCAATTCCATCGC
TATTCAAGAAAATGGTACCATTGAAGGTGGCAAATTGGACAATGGCGAGGATGTTTTGGCTCCATATGATCACTACAAA
GACACCAGAACAGGTGTTGTAGTTGGACCAGATTCCAACCCAACCCTATCTTTCACATCTGGTTCCGAAGGTATTCCTAA
GGGTGTTCTTGGTAGACATTTTTCCTTGGCTTATTATTTCAATTGGATGTCCAAAAGGTTCAACTTAACAGAAAATGATAA
ATTCACAATGCTGAGCGGTATTGCACATGATCCAATTCAAAGAGATATGTTTACACCATTATTTTTAGGTGCCCAATTGTA
TGTCCCTACTCAAGATGATATTGGTACACCGGGCCGTTTAGCGGAATGGATGAGTAAGTATGGTTGCACAGTTACCCATT
TAACACCTGCCATGGGTCAATTACTTACTGCCCAAGCTACTACACCATTCCCTAAGTTACATCATGCGTTCTTTGTGGGTG
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ACATTTTAACAAAACGTGATTGTCTGAGGTTACAAACCTTGGCAGAAAATTGCCGTATTGTTAATATGTACGGTACCACT
GAAACACAGCGTGCAGTTTCTTATTTCGAAGTTAAATCAAAAAATGACGATCCAAACTTTTTGAAAAAATTGAAAGATGT
CATGCCTGCTGGTAAAGGTATGTTGAACGTTCAGCTACTAGTTGTTAACAGGAACGATCGTACTCAAATATGTGGTATTG
GCGAAATAGGTGAGATTTATGTTCGTGCAGGTGGTTTGGCCGAAGGTTATAGAGGATTACCAGAATTGAATAAAGAAAA
ATTTGTGAACAACTGGTTTGTTGAAAAAGATCACTGGAATTATTTGGATAAGGATAATGGTGAACCTTGGAGACAATTCT
GGTTAGGTCCAAGAGATAGATTGTACAGAACGGGTGATTTAGGTCGTTATCTACCAAACGGTGACTGTGAATGTTGCGGT
AGGGCTGATGATCAAGTTAAAATTCGTGGGTTCAGAATCGAATTAGGAGAAATAGATACGCACATTTCCCAACATCCATT
GGTAAGAGAAAACATTACTTTAGTTCGCAAAAATGCCGACAATGAGCCAACATTGATCACATTTATGGTCCCAAGATTTG
ACAAGCCAGATGACTTGTCTAAGTTCCAAAGTGATGTTCCAAAGGAGGTTGAAACTGACCCTATAGTTAAGGGCTTAATC
GGTTACCATCTTTTATCCAAGGACATCAGGACTTTCTTAAAGAAAAGATTGGCTAGCTATGCTATGCCTTCCTTGATTGTG
GTTATGGATAAACTACCATTGAATCCAAATGGTAAAGTTGATAAGCCTAAACTTCAATTCCCAACTCCCAAGCAATTAAA
TTTGGTAGCTGAAAATACAGTTTCTGAAACTGACGACTCTCAGTTTACCAATGTTGAGCGCGAGGTTAGAGACTTATGGT
TAAGTATATTACCTACCAAGCCAGCATCTGTATCACCAGATGATTCGTTTTTCGATTTAGGTGGTCATTCTATCTTGGCTA
CCAAAATGATTTTTACCTTAAAGAAAAAGCTGCAAGTTGATTTACCATTGGGCACAATTTTCAAGTATCCAACGATAAAG
GCCTTTGCCGCGGAAATTGACAGAATTAAATCATCGGGTGGATCATCTCAAGGTGAGGTCGTCGAAAATGTCACTGCAA
ATTATGCGGAAGACGCCAAGAAATTGGTTGAGACGCTACCAAGTTCGTACCCCTCTCGAGAATATTTTGTTGAACCTAAT
AGTGCCGAAGGAAAAACAACAATTAATGTGTTTGTTACCGGTGTCACAGGATTTCTGGGCTCCTACATCCTTGCAGATTT
GTTAGGACGTTCTCCAAAGAACTACAGTTTCAAAGTGTTTGCCCACGTCAGGGCCAAGGATGAAGAAGCTGCATTTGCAA
GATTACAAAAGGCAGGTATCACCTATGGTACTTGGAACGAAAAATTTGCCTCAAATATTAAAGTTGTATTAGGCGATTTA
TCTAAAAGCCAATTTGGTCTTTCAGATGAGAAGTGGATGGATTTGGCAAACACAGTTGATATAATTATCCATAATGGTGC
GTTAGTTCACTGGGTTTATCCATATGCCAAATTGAGGGATCCAAATGTTATTTCAACTATCAATGTTATGAGCTTAGCCGC
CGTCGGCAAGCCAAAGTTCTTTGACTTTGTTTCCTCCACTTCTACTCTTGACACTGAATACTACTTTAATTTGTCAGATAA
ACTTGTTAGCGAAGGGAAGCCAGGCATTTTAGAATCAGACGATTTAATGAACTCTGCAAGCGGGCTCACTGGTGGATAT
GGTCAGTCCAAATGGGCTGCTGAGTACATCATTAGACGTGCAGGTGAAAGGGGCCTACGTGGGTGTATTGTCAGACCAG
GTTACGTAACAGGTGCCTCTGCCAATGGTTCTTCAAACACAGATGATTTCTTATTGAGATTTTTGAAAGGTTCAGTCCAAT
TAGGTAAGATTCCAGATATCGAAAATTCCGTGAATATGGTTCCAGTAGATCATGTTGCTCGTGTTGTTGTTGCTACGTCTT
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TGAATCCTCCCAAAGAAAATGAATTGGCCGTTGCTCAAGTAACGGGTCACCCAAGAATATTATTCAAAGACTACTTGTAT
ACTTTACACGATTATGGTTACGATGTCGAAATCGAAAGCTATTCTAAATGGAAGAAATCATTGGAGGCGTCTGTTATTGA
CAGGAATGAAGAAAATGCGTTGTATCCTTTGCTACACATGGTCTTAGACAACTTACCTGAAAGTACCAAAGCTCCGGAAC
TAGACGATAGGAACGCCGTGGCATCTTTAAAGAAAGACACCGCATGGACAGGTGTTGATTGGTCTAATGGAATAGGTGT
TACTCCAGAAGAGGTTGGTATATATATTGCATTTTTAAACAAGGTTGGATTTTTACCTCCACCAACTCATAATGACAAACT
TCCACTGCCAAGTATAGAACTAACTCAAGCGCAAATAAGTCTAGTTGCTTCAGGTGCTGGTGCTCGTGGAAGCTCCGCAG
CAGCTTAA
ATGTCTGCCCCTAAGAAGATCGTCGTTTTGCCAGGTGACCACGTTGGTCAAGAAATCACAGCCGAAGCCATTAAGGTTCT
TAAAGCTATTTCTGATGTTCGTTCCAATGTCAAGTTCGATTTCGAAAATCATTTAATTGGTGGTGCTGCTATCGATGCTAC
AGGTGTTCCACTTCCAGATGAGGCGCTGGAAGCCTCCAAGAAGGCTGATGCCGTTTTGTTAGGTGCTGTGGGTGGTCCTA
AATGGGGTACCGGTAGTGTTAGACCTGAACAAGGTTTACTAAAAATCCGTAAAGAACTTCAATTGTACGCCAACTTAAG
ACCATGTAACTTTGCATCCGACTCTCTTTTAGACTTATCTCCAATCAAGCCACAATTTGCTAAAGGTACTGACTTCGTTGT
TGTCAGAGAATTAGTGGGAGGTATTTACTTTGGTAAGAGAAAGGAAGACGATGGTGATGGTGTCGCTTGGGATAGTGAA
CAATACACCGTTCCAGAAGTGCAAAGAATCACAAGAATGGCTGCTTTCATGGCCCTACAACATGAGCCACCATTGCCTAT
TTGGTCCTTGGATAAAGCTAATGTTTTGGCCTCTTCAAGATTATGGAGAAAAACTGTGGAGGAAACCATCAAGAACGAAT
TCCCTACATTGAAGGTTCAACATCAATTGATTGATTCTGCCGCCATGATCCTAGTTAAGAACCCAACCCACCTAAATGGT
ATTATAATCACCAGCAACATGTTTGGTGATATCATCTCCGATGAAGCCTCCGTTATCCCAGGTTCCTTGGGTTTGTTGCCA
TCTGCGTCCTTGGCCTCTTTGCCAGACAAGAACACCGCATTTGGTTTGTACGAACCATGCCACGGTTCTGCTCCAGATTTG
CCAAAGAATAAGGTCAACCCTATCGCCACTATCTTGTCTGCTGCAATGATGTTGAAATTGTCATTGAACTTGCCTGAAGA
AGGTAAGGCCATTGAAGATGCAGTTAAAAAGGTTTTGGATGCAGGTATCAGAACTGGTGATTTAGGTGGTTCCAACAGT
ACCACCGAAGTCGGTGATGCTGTCGCCGAAGAAGTTAAGAAAATCCTTGCTTAA
ATGGATGCCATCATGAATTCTCAAGAAGAATTTATCTTCAGAAGTAAATTGCCAGACATTTATATTCCAAAAAATCTTCC
ATTGCATTCTTACGTTTTGGAAAACTTGTCTAAATATTCTTCTAAACCTTGTTTGATTAACGGTGCCAACGGAGACGTCTG
TACCTATGCCGATGTCGAGCTTACCGCTAGAAGAGTCGCCTCTGGTCTTAATAAAATCGGAATTCAACAAGGTGATGTTA
TTATGTTGTTTTTGCCTAGTAGTCCAGAATTCGTCTTGGCTTTCTTGGGTGCCTCTCATAGAGGTGCCATTGTCACCGCTGC
CAACCCATTCAGTACTCCAGCCGAATTGGCTAAGCACGCCAAGGCCAGTAGAGCTAAGCTTTTGATCACCCAAGCTTGTT
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ACTATGACAAGGTCAAGGACTTCGCCAGAGAGAGTGACGTCAAGGTTATGTGCGTTGACTCTGCTCCAGACGGTTGCCTT
CACTTCAGTGAGTTGACCCAAGCTGATGAGAACGAGGTTCCTCAAGTTGACTTTAGTCCAGATGACGTTGTCGCCTTGCC
TTACAGTAGTGGTACCACCGGTTTGCCTAAAGGTGTCATGCTTACCCACAAGGGTTTGATCACCTCTGTTGCCCAGCAAG
TTGACGGAGATAACCCAAACTTGTATTTTCACTCTGAAGATGTTATTTTGTGCGTCTTGCCTATGTTCCACATCTACGCCTT
GAACTCTATCATGTTGTGCGGACTTAGGGTCGGTGCCTCTATCCTTATCATGCCAAAGTTTGACATTGGTACCTTGCTTGG
TTTGATCGAAAAGTATAAGGTTTCTATCGCCCCAGTTGTTCCACCAGTTATGCTTGCCATCGCCAAGTCTCCAGACTTCGA
CAAACACGATTTGTCTAGTCTTAGGATGATCAAGTCTGGTGGTGCCCCTCTTGGTAAGGAACTTGAAGACACCGTTAGAG
CTAAGTTCCCTCAAGCTAGGCTTGGTCAAGGTTACGGTATGACCGAAGCCGGTCCAGTTTTGGCTATGTGCCTTGCCTTCG
CCAAGGAGCCATTCGACATCAAACCCGGTGCTTGTGGAACCGTCGTTAGGAACGCTGAGATGAAGATCGTCGACCCAGA
AACTGGAGCTAGTTTGCCAAGGAACCAACCCGGTGAGATCTGCATCAGAGGAGACCAAATTATGAAAGGATACCTTAAC
GACCCAGAGGCTACCAGTAGGACCATCGACAAGGAAGGTTGGTTGCATACCGGAGACATCGGTTACATTGACGACGACG
ACGAATTGTTCATCGTCGACAGATTGAAAGAATTGATCAAGTATAAAGGTTTCCAAGTTGCCCCAGCTGAGCTTGAGGCC
TTGCTTTTGGCTCACCCAGAAATCTCTGACGCCGCCGTCGTTGGTATGAAAGATGAGGATGCCGGAGAGGTCCCAGTTGC
CTTTGTCGTCAAGAGTGAGAAGTCTCAAGCTACCGAGGACGAGATCAAACAGTATATCAGTAAGCAAGTCATTTTTTACA
AGAGAATCAAAAGGGTCTTCTTCATCGAGGCCATCCCAAAGGCCCCTTCTGGTAAGATCCTTAGAAAAAACTTGAGAGA
AACTCTTCCCGGTATTTAA
ATGGATACTATTACTAAACAAAAAGAAGAATTCATTTTCAGAAGTAAACTTCCAGATATTGACATTCCAAAAGGTTTGCC
ATTGCATAGTTATGTCTTTGAAAACTTCTCTAAATACCCTTCTAAGCCATGCTTGATCAATGGTGCCAACGGAGACGTCTA
CACCTACGCCGATGTCGAATTGACCGCCAGAAGAGCCGCCTCTGGTTTGAACAAGCTTGGAATCCAGCAAGGTGATGTTA
TTATGTTGATCCTTCCATCTTCTCCAGAATTCGTCTTGGCCTTCCTTGGTGCTTCTCACAGAGGTGCTATTACCACCGCCGC
TAACCCTTTTTCTACCCCAGCCGAGTTGGCCAAGCAAGCTAAGGCCTCTAAGGCCAAGTTGTTGATCACCCAAGCTTGTT
ATTACGACAAGGTCAAGGACTACGCCCAACAGAACGACGTTAAGGTCATGTGCGTCGACTCTGCCCCAGATGTTTGTTTG
CACTTCTCTGAGTTGACCCAAGCCGATGACAACGACATGCCACAAGTTGACATCAGACCAGACGATGTCGTCGCCCTTCC
ATACAGTTCTGGTACCACCGGATTGCCAAAGGGTGTCATGTTGACCCACAAGGGATTGATCACCAGTGTCGCCCAACAAG
TTGACGGTGACAACCCAAACTTGTACTTCCATTCTGAGGACGTCATCTTGTGCGTCCTTCCTATGTTCCATATCTACGCCC
TTAACAGTATCATGTTGTGCGGTCTTAGAGTCGGTGCCGCCATCCTTATCATGCCAAAGTTTGAAATTGGTTCTCTTTTGG
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GTTTGATTGAAAAATATAAGGTTAGTATCGCCCCAGTTGTCCCTCCAGTTATGGTCGCTATCGCTAAGTCTCCAGACTTGG
ACAAGCACGACTTGAGTTCTCTTAGGATGTTGAAGTCTGGTGGAAGTCCTCTTGGTAAGGAGTTGGAGGACACCGTTAGG
GCCAGATTTCCTCAAGCTAGGCTTGGTCAAGGTTATGGTATGACCGAGGCCGGTCCAGTTTTGGCCATGTGTTTGGCTTTC
GCCAAGGAGCCTTTCGACATTAAGCCCGGTGCTTGTGGTACTGTTGTTAGAAACGCCGAAATGAAGATCGTCGATCCAGA
AACCGGAAGTAGTCTTCCTAGGAACCTTCCCGGTGAGATCTGCATCAGAGGAGACCAGATCATGAAGGGTTACTTGAAC
GACCCAGAGGCCACTTCTAGGACCATCGATAACGACGGATGGCTTCATACCGGAGACATCGGTTTCATTGACGACGATG
ACGAGTTGTTCATCGTTGATAGGCTTAAAGAATTGATTAAGTACAAGGGTTTCCAAGTCGCCCCAGCTGAACTTGAAGCC
TTGCTTCAAGCCCACACTGGTATCAGTGACGCCGCTGTTGTCGGAATGAAGGACGAGAACAGTGGTGAGATCCCAGTCG
CCTTCGTCATTAAGAGTGAGAACTCTCAAGTTACCGGTGAGGAGATTATGCAGTACATTAGTAAACAAGTTATTTACTAT
AAAAAAATCAAAAGGGTCTTCTTCGTTGAGGCCATCCCAAAGGCCCCATCTGGTAAGATCTTGAGGAAGAACTTGAGGG
AGAGGTTGGCTGGTGGATTGCAAAAGTAA
ATGCAAAAGCAAAGTTCTAATTCTGACATCATTTTTAGATCTAAATTGCCAGATATTTATATTCCTAATCACCTTCCTTTG
CATGATTACATTTTCGAAAATCTTAGTGAGTTTGCTTCTAAACCTTGCCTTATCAATGGTCCTACCGGACATGTCTACACC
TACAGTGACGTCCACGTTTCTTCTAGGAGGATTGCTGCCGGTTTCCAGAAGCTTGGTGTCGGTAGGAACGACGTCGTTAT
GATTCTTCTTTCTAACTGTCCAGAATTCGTTCTTAGTTTCTTGGCCGCCAGTTTCAGAGGTGCCACCGCCACTGCCGCCAA
TCCTTTCTTCACCCCAGCTGAGATCGCCAAACAAGCCAAAGCCTCTAACTCTAAATTGATTGTCACTGAGTCTAGATATGT
TGATAAAATTAAGGATTTGCAGAATGACGGTGTCATTATCGTCTGCACCGATGACGAACCTTCTCCTATCCCAGAGGGTT
GCTTGAGGTTCTCTGAATTGACCCAGAGTACCGAAATCGAGACCGTCGAGATCTCTTCTGACGATGTCGTCGCCCTTCCA
TACAGTTCTGGTACCACCGGACTTCCTAAGGGTGTTATGCTTACCCACAAAGGATTGATCACCAGTGTCGCTCAGCAAGT
CGATGGTGAAAACCCAAATCTTTACTTTCATAGTGACGACGTCATCTTGTGCGTCCTTCCTATGTTCCATATTTACGCCCT
TAACAGTATCATGTTGTGCGGTCTTAGAGTCGGTGCCGCCATCCTTATCATGCCAAAGTTTGAAATTAATCTTCTTTTGGA
ATTGATTCAGAGATTGAAGGTTACCGTCGCCCCAATGGTCCCACCTATCGTCTTGGCCATCGCCAAGTCTCCAGAGACCG
AGAAGTATGACTTGAGTTCTATCAGAGTCGTTAAGAGTGGTGCCGCTCCTTTGGGAAAGGAACTTGAGGACGCCGTTAAC
GCCAAGTTCCCAAACGCCAAGTTGGGACAAGGTTATGGAATGACCGAAGCCGGACCAGTTCTTGCCATGTCTTTGGGATT
CGCCAAGGAGCCATTCCCAGTTAAGTCTGGTGCTTGTGGTACCGTTGTTAGAAACGCCGATATGAAAATCGTCGACCCAG
ACACCGGAGACAGTCTTCCTAAGAACAAGCCCGGTGAGATCTGCATTAGAGGTCACCAGATCATGAAGGGTTATCTTAA
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TAATCCAGCCGCCACCGCCGAAACCATCGATAAAGACGGTTGGCTTCACACCGGTGACATCGGTCTTATCGATGACGACG
ACGAGCTTTTCATCGTCGACAGATTGAAAGAGTTGATTAAATACAAGGGTTTTCAAGTTGCCCCAGCTGAATTGGAAGCC
TTGTTGATCGGTCACCAAGATATCACCGATGTCGCCGTCGTTGCCATGAAAGACGAAGCTGCTGGTGAGGTCCCAGTCGC
CTTCGTTGTCAAGTCTAAAGATAGTGAATTGAGTGAAGATGATGTCAAGCAGTTCGTTTCTAAACAAGTCGTCTTTTACA
AAAAAATTAATAAGGTCTTTTTTGTCGATTCTATTCCTAAAGCCCCAAGTGGTAAGATCCTTAGGAAGGACTTGAGGGCC
AAGCTTGCCACCGGTTTGGTCAATTAA
CCTCTATACTTTAACGTCAAGGAGAAAAAACTATACAAAATGCCAGTTGATGTTGCTAGTCCAGCTGGAAAGACTGTCTG
TGTTACCGGTGCTGGTGGATACATCGCCTCTTGGATCGTCAAGATCTTGCTTGAGAGGGGTTACACCGTCAAGGGAACCG
TTAGAAATCCAGACGACCCAAAGAACACCCATCTTAGGGAGCTTGAGGGTGGTAAGGAGAGGCTTATCTTGTGCAAGGC
CGACCTTCAAGACTACGAGGCTCTTAAGGCTGCCATTGACGGATGCGATGGTGTTTTCCACACCGCTAGTCCAGTTACCG
ACGACCCAGAGCAAATGGTTGAACCAGCTGTCAACGGAGCCAAGTTTGTCATCAACGCCGCTGCTGAGGCCAAAGTCAA
AAGGGTCGTCATCACCTCTTCTATCGGAGCCGTCTACATGGACCCAAACAGAGATCCAGAGGCTGTCGTTGACGAGAGTT
GCTGGTCTGACTTGGACTTCTGCAAGAACACTAAGAACTGGTACTGCTATGGAAAGATGGTTGCCGAGCAAGCTGCTTGG
GAAACCGCCAAAGAGAAGGGTGTCGACCTTGTCGTTTTGAACCCAGTTTTGGTCTTGGGTCCTCCATTGCAGCCAACCAT
CAACGCTTCTCTTTACCATGTTTTGAAGTACTTGACCGGTAGTGCCAAAACCTATGCCAACTTGACCCAAGCCTACGTCGA
TGTTAGGGATGTCGCTTTGGCCCATGTCTTGGTTTACGAAGCTCCTTCTGCCAGTGGTAGGTACCTTTTGGCTGAGAGTGC
CAGACATAGAGGTGAAGTCGTTGAGATCCTTGCCAAGCTTTTCCCAGAATACCCATTGCCTACCAAGTGCAAGGACGAG
AAGAATCCAAGGGCTAAGCCATACAAATTCACTAACCAAAAAATTAAAGATCTTGGACTTGAATTGACCTCTACCAAAC
AAAGTTTTTACGACACCGTCAAGTCTCTTCAAGAAAAGGGTCACTTGGCTCCACCACCTCCACCACCATCTGCTAGTCAA
GAATCTGTCGAGAACGGTATTAAAATCGGTTCTTAAATAGATTAATTTAAACAGTATATGTACAGTTTTATATATATATAT
ATATATATATACATATATAAAGAAACCTGTGCGTTTTTTGTATTTTCAAATACATTTAGTTTTGGCGCCACTTCTATAAAA
GGTCTCATGATATTGTTACGGAGTTCACCACGTAATGCCTGTTTAAGACCATCAG
ATGCCAGTCGATGCCTCTAGTCTTTCTGGTCAAGGTCAGACCATCTGCGTTACTGGTGCCGGAGGTTTCATCGCCTCTTGG
ATGGTCAAGCTTCTTTTGGACAAGGGATACACCGTTAGGGGTACCGCTAGGAATCCAGCTGACCCTAAGAACTCTCACCT
TAGGGGTTTGGAGGGTGCTGAGGAGAGATTGACCTTGTGCAAAGCCGACTTGCTTGACTACGAGAGTCTTAAGGAGGCC
ATCCAAGGTTGTGATGGAGTTTTCCACACCGCTAGTCCAGTTACCGATGATCCAGAGGAAATGGTTGAGCCAGCTGTCAA
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CGGTACCAAAAACGTCATCATCGCCGCTGCCGAAGCCAAAGTTAGAAGGGTCGTCTTTACCAGTTCTATCGGAGCCGTCT
ACATGGACCCAAACAAGGGTCCAGACGTTGTCATCGACGAGTCTTGCTGGAGTGACTTGGAGTTCTGCAAGAACACCAA
GAACTGGTACTGCTACGGTAAGGCCGTTGCCGAACAAGCCGCTTGGGACATGGCTAAGGAAAAGGGTGTCGACTTGGTC
GTCGTCAACCCAGTCTTGGTCCTTGGTCCTCTTTTGCAGCCAACCGTCAACGCCTCTATCACCCACATCTTGAAGTACTTG
ACCGGTTCTGCCAAGACCTACGCCAACTCTGTCCAAGCTTATGTTCATGTCAGAGACGTCGCTTTGGCCCACATCCTTGTC
TTCGAGACTCCATCTGCCAGTGGTAGGTACCTTTGCTCTGAGTCTGTCCTTCATAGAGGTGAGGTCGTCGAGATCTTGGCC
AAATTCTTCCCAGAATACCCAATTCCAACCAAGTGCAGTGACGAGAAAAATCCAAGAAAGCAACCTTATAAGTTTTCTAA
TCAAAAGCTTAGGGATTTGGGTTTCGAGTTCACCCCAGTCAAACAGTGTCTTTACGAGACCGTCAAGTCTTTGCAAGAAA
AGGGTCACTTGCCAATCCCAAAACAAGCTGCTGAGGAGTCTTTGAAGATCCAATAA
ATGTCTTATCCTGAGAAATTTGAAGGTATCGCTATTCAATCACACGAAGATTGGAAAAACCCAAAGAAGACAAAGTATG
ACCCAAAACCATTTTACGATCATGACATTGACATTAAGATCGAAGCATGTGGTGTCTGCGGTAGTGATATTCATTGTGCA
GCTGGTCATTGGGGCAATATGAAGATGCCGCTAGTCGTTGGTCATGAAATCGTTGGTAAAGTTGTCAAGCTAGGGCCCAA
GTCAAACAGTGGGTTGAAAGTCGGTCAACGTGTTGGTGTAGGTGCTCAAGTCTTTTCATGCTTGGAATGTGACCGTTGTA
AGAATGATAATGAACCATACTGCACCAAGTTTGTTACCACATACAGTCAGCCTTATGAAGACGGCTATGTGTCGCAGGGT
GGCTATGCAAACTACGTCAGAGTTCATGAACATTTTGTGGTGCCTATCCCAGAGAATATTCCATCACATTTGGCTGCTCCA
CTATTATGTGGTGGTTTGACTGTGTACTCTCCATTGGTTCGTAACGGTTGCGGTCCAGGTAAAAAAGTTGGTATAGTTGGT
CTTGGTGGTATCGGCAGTATGGGTACATTGATTTCCAAAGCCATGGGGGCAGAGACGTATGTTATTTCTCGTTCTTCGAG
AAAAAGAGAAGATGCAATGAAGATGGGCGCCGATCACTACATTGCTACATTAGAAGAAGGTGATTGGGGTGAAAAGTA
CTTTGACACCTTCGACCTGATTGTAGTCTGTGCTTCCTCCCTTACCGACATTGACTTCAACATTATGCCAAAGGCTATGAA
GGTTGGTGGTAGAATTGTCTCAATCTCTATACCAGAACAACACGAAATGTTATCGCTAAAGCCATATGGCTTAAAGGCTG
TCTCCATTTCTTACAGTGCTTTAGGTTCCATCAAAGAATTGAACCAACTCTTGAAATTAGTCTCTGAAAAAGATATCAAAA
TTTGGGTGGAAACATTACCTGTTGGTGAAGCCGGCGTCCATGAAGCCTTCGAAAGGATGGAAAAGGGTGACGTTAGATA
TAGATTTACCTTAGTCGGCTACGACAAAGAATTTTCAGACTAG
ATGGCTGCTAATGGAGAGGAACAACAGACCCAAGCTGGTAGACACCAAGAAGTTGGTCACAAGTCTCTTTTGCAGTCTG
ACGCCCTTTACCAGTACATCTTGGAAACCTCTGTCTACCCAAGGGAACCAGAGTGCATGAAGGAGTTGAGGGAGTTGAC
CGCCAAGCATCCTTGGAACATCATGACCACCTCTGCCGACGAGGGACAGTTCTTGAACATGTTGCTTAAATTGATCAACG
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CTAAGAACACCATGGAGATCGGAGTCTTCACCGGATACAGTTTGTTGGCCACCGCCTTGGCTATCCCAGAAGACGGAAA
GATCTTGGCCATGGACATCAATAGAGAGAACTACGAGTTGGGTTTGCCAGTTATCCAGAAGGCCGGATTGGAACACAAG
ATCGAGTTCAAGGAGGGTCCAGCTTTGCCAGTCTTGGACCAGATGATCGAGGACGGTAAGTATCACGGTACCTACGACTT
CATCTTCGTCGACGCCGATAAGGATAACTATATTAACTATCACAAGAGGTTGATCGAGTTGGTCAAGGTCGGTGGATTGA
TCGGATACGACAACACCTTGTGGAACGGTTCTGTCGTTGCCCCAGCTGATGCCCCTATGAGAAAGTACGTTAGATATTAT
AGAGATTTTGTCTTGGAGTTGAACAAAGCTTTGGCTGCCGACCCAAGGATTGAGATCTGCATGTTGCCAGTCGGTGATGG
TATCACCCTTTGCAGAAGGATTAAATAA
ATGGGAAGTACCGGTGAGACCCAAATGACTCCAACCCAAGTTTCTGACGAAGAAGCCCACTTGTTCGCCATGCAATTGG
CCTCTGCCAGTGTCTTGCCAATGATCTTGAAAACCGCCATCGAGTTGGACCTTCTTGAGATCATGGCCAAGGCCGGACCC
GGTGCCTTCTTGAGTACCTCTGAGATCGCCAGTCACTTGCCTACCAAAAACCCAGATGCCCCAGTTATGTTGGATAGGAT
CTTGAGGCTTTTGGCTAGTTACTCTATCTTGACTTGTTCTTTGAAAGACTTGCCAGATGGAAAGGTTGAGAGGTTGTACGG
ATTGGCCCCAGTCTGCAAGTTCTTGACTAAGAACGAGGACGGTGTCTCTGTCTCTCCTTTGTGCTTGATGAACCAAGATA
AAGTTCTTATGGAAAGTTGGTACTACTTGAAGGACGCCATCCTTGACGGTGGAATCCCATTCAACAAGGCCTACGGTATG
ACTGCCTTCGAATACCACGGAACCGACCCAAGGTTCAACAAGGTCTTCAATAAGGGAATGAGTGACCATTCTACCATTAC
CATGAAAAAGTTGCTTGAAACTTATAAAGGTTTCGAGGGTTTGACCTCTTTGGTCGATGTTGGTGGAGGTACTGGTGCCG
TCGTCAACACCATCGTCTCTAAGTACCCTTCTATTAAAGGTATTAATTTTGATTTGCCACACGTCATTGAAGACGCCCCAA
GTTACCCCGGTGTTGAGCATGTCGGTGGTGACATGTTCGTCTCTGTCCCAAAGGCCGATGCCGTCTTCATGAAGTGGATCT
GTCACGACTGGTCTGACGCCCACTGCTTGAAGTTCCTTAAGAACTGCTACGACGCCCTTCCAGAAAACGGTAAGGTCATC
CTTGTCGAGTGCATCCTTCCAGTTGCCCCAGACACTTCTTTGGCCACCAAGGGTGTCGTTCATATCGACGTCATCATGCTT
GCCCACAACCCCGGTGGTAAGGAGAGGACCGAGAAGGAATTCGAAGGATTGGCCAAGGGTGCTGGATTCCAAGGTTTCG
AGGTTATGTGCTGCGCCTTCAACACCCACGTTATCGAATTCAGAAAAAATTAA
CCTCTATACTTTAACGTCAAGGAGAAAAAACTATACAAAATGACTTCTAGTTTTTCTAGAAGGCAGTTCCTTTTGGGAGG
ATTGGTTCTTGCCGGTACCGGTGCTGTTGCTGCTTGTACTAGTGATCCCGGTCCAGCTGCCTCTGCTCCCGGTCCTTCTCTT
AGACCAACTCCAACCCCTACCGCTCTTGGAGAACCAACCGTTAGGAGAACTCTTACCGCTAGACCTTTGTCTTTGGACAT
CGGAGGTATCGAGGCCAAGACTTGGGGTTACGTCAGTGATACCGGTGATGCCGCCATTGAGGCCACTGCTGGAGATGTC
TTGCAAGTTGACATCACTAACGAGTTGCCAGAGTCTACTTCTATCCACTGGCACGGAATCGCTTTGCACAACGCTGCTGA
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TsLAC3

AY397783.1

TGGAGTCCCCGGTATGACTCAAGATCCTATCGAGCCCGGTGAGAGTTTCTCTTACGTCTTCGAGGTTCCTCATGGTGGAA
CCTACTTCTACCACTCTCACACTGGTCTTCAGTTGGATAGAGGTCTTCACGCTCCACTTATCATTAGAGACCCTCAAGATG
CTGAAGATCAAGATGTCGAGTGGACCATTGTCCTTGACGACTGGGTTGACGGAATTCAAGGTACCCCAGATGACGAGTT
GGACAAGCTTACCGGAATGGGTTCTGGTGACCATAACGGTAGGATGGGTATGGGTGGTCACGGTCAAATGATGCACGGA
ACCCCAGATAGGGTCTTGGGTGGTGACGTCGGTGACGTCATGTACCCTCATTACCTTATCAACGGTAGGATTCCTAGAGC
CCACAGAACTTTCGAAGCTAGACCCGGTGATAAGGCTAGACTTAGGTTCATCAACAGTGGTGGAGACACTATCTTCAAG
GTTGCCTTGGGAGGACATAGAATGACCGTCACTCATACCGATGGTTTCCCAGTCCAGCCTTGGGAGACCGAAAGTATCTA
CTTGAGTATGGGTGAGAGAGTCGACGTCGAAGTCATCTTGGGTGACGGTATCTTCCCACTTACCGCTTTGGCTGTCGGAA
AGGACGATAGGGCCTTCGCCGTTATCAGAACTGCTGGTGGTCAAGCTCCAAGGCCAGATGTCGATTTCCCAGAATTGAGT
TCTACCGGACTTTTGTTGTCTAGTTTGAAACCAGCCGATAGAGCTTTGCTTCCAGAAGGAACCCCAGACAGAGAGGTCTC
TATCGACCTTGGTGGTCAGATGATGCCATACGAGTGGTCTATCCTTACCGACGGACAATCTTCTTCTGCCACTGTTCAAGA
AGGTCAAAGGTTGAGGATGGTCATGAGGAATAGAACCATGATGCCACATCCTATGCACATCCACGGACACACTTGGGCT
TTGCCCGGTTCTGGAGGTTTGAGGAAGGATACCGTCCTTTTGAGACACGGAGAGACCATGATCGCTGACCTTATCGCTGA
TAACCCCGGTGAGTGGGCCTTCCATTGCCACAATGCCTACCACATGGAGACCGGTATGGTCAGTAGTTTGAGGTACGAGT
AATCGAATTTACGTAGCCCAATCTACCACTTTTTTTTTTCATTTTTTAAAGTGTTATACTTAGTTATGCTCTAGGATAATGA
ACTACTTTTTTTTTTTTITTTITTTACTGTTATCATAAATATATATACCTTATTGTTGTTTGCAACCGTCGGTTAATTCCTTATC
AAGGTTCCCCAAGTTCGGATCATTACCATCCTTCCACGGAATACCAAGCCCATTGCATCGCGATG
CCTCTATACTTTAACGTCAAGGAGAAAAAACTATACAAAATGGGTAGGCTTCAGAGGTTTTCTGCCTTCGTCCCATTGAC
CTTGTCTTTCATCAGTCAAGCTAGTGCCGCCATTGGTCCAGTCACCGACTTGACTATCTCTGACGCCGATATTTCTCCAGA
TGGTTTCACCAGAGCCGCCGTCGTCATGAATGACCAGTTCCCCGGTCCTTTGATTGCCGGAAACAAGGGTGACAACTTTC
AAATTAATGTCATCGATAATCTTTCTAACAGTACCATGTTGACCTCTACCACCATCCATTGGCATGGTTTCTTCCAGAAAG
GTACCAACTGGGCTGACGGAGCTGCCTTTGTCAACCAGTGCCCAATCTCTGCCGGAAACTCTTTCTTGTACGATTTCACCG
CCACCGACCAAGCTGGTACTTTCTGGTACCACTCTCACTTGTCTACCCAGTACTGCGACGGTTTGAGAGGTCCTATGGTCG
TCTACGATCCAGATGACCCACACGCTTCTCTTTACGATGTCGACGACGACTCTACCGTCATCACCTTGAGTGACTGGTACC
ATACCGCCGCTAGACTTGGAGCTAGATTTCCAGCTGGAGCCGACAGTACCCTTATCAACGGATTGGGAAGAGCTGCTGGT
GGAGATGCCGACGCTGCCTTGGCCGTTTTCAACGTCACCCAAGGTTCTAGATATAGATTTAGATTGGTCAGTTTGAGTTGT
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TvLACI

AF414109.1

GATCCAAACTTTAATTTCACCATTCAAGATCACAATATGACCATTATTGAAGTTGATGGAGTCAACGTCGAGCCAGTTAC
CGTCGACTCTATCCAGATCTTCGCCGGACAGAGGTACAGTTTTGTCTTGACTGCCGACCAAGATATCGGTAACTACTGGA
TCCAAGCTGTCCCAAACACCGGAACTGTCACCACTGACGGTGGAGTCAATTCTGCCATCTTGAGGTATGACACCGCCGAT
CCAATTGAACCAGATGCCGCCGATCCTACTAGTAGTATCCCATTGGTCGAAACCGACCTTGTCCCTTTGGAGAACCTTGC
TGCCCCCGGTGATCCTACCGTTGGAGGAGTCGACTTGGCTATGAACTTGGAATTTGATTTTAATGGTACTTGGTTCTTCAT
CAACGGAGAACCATTCGTCCCTCCTTCTGTCCCAGTTTTGTTGCAGATCATGAGTGGTGCCCAGAGTGCCGCTGATTTGCT
TCCTTCTGGATCTGTTTACACCTTGCCAGCCAACTCTACCATTGAAATTTCTTTCCCAATGAACACCACCGCTGCTCCCGG
TGCCCCTCATCCTTTTCATCTTCACGGTCACACCTTTTACGTCGTTAGGAGTGCCGGATCTACCGAGTACAACTACGTCAA
CCCACCACAGAGAGATACCGTCTCTACCGGTACCGACGGTGACAATGTCACCATTAGGTTCACCACCAACAACCCCGGTC
CTTGGTTCCTTCACTGTCACATCGACTTTCACTTGGATGCCGGTTTCGCCATCGTCTTGAGTGAGGACACCCCAGATGCCG
CCTCTGCCAACACTCCTAGTAGTGCTTGGGACGACTTGTGCCCAACCTACAACACCGACTACCCAGATGGTCTTGGTAGG
TAATCGAATTTACGTAGCCCAATCTACCACTTTTTTITTTCATTTTTTAAAGTGTTATACTTAGTTATGCTCTAGGATAATG
AACTACTTTTTITTTITTTTTTTTTTACTGTTATCATAAATATATATACCTTATTGTTGTTTGCAACCGTCGGTTAATTCCTTAT
CAAGGTTCCCCAAGTTCGGATCATTACCATCCTTCCACGGAATACCAAGCCCATTGCATCGCGATG
CCTCTATACTTTAACGTCAAGGAGAAAAAACTATACAAAATGAGTAGGTTCCACTCTTTGTTCGCCTTCGTCGTCGCCTCT
TTGACTGCTGTTGCCCACGCTGGAATTGGTCCAGTCGCCGATCTTACCATCACCAATGCTGCTGTCAGTCCAGATGGTTTC
AGTAGGCAAGCTGTCGTTGTCAACGGTGGTACCCCCGGTCCTCTTATCACCGGTAACATGGGAGATAGATTCCAATTGAA
TGTTATTGACAACCTTACCAACCATACCATGCTTAAAAGTACCTCTATTCATTGGCACGGATTCTTTCAGAAGGGAACCA
ACTGGGCCGATGGACCAGCTTTCATCAATCAATGCCCTATTTCTTCTGGTCATTCTTTCTTGTATGATTTCCAAGTCCCAG
ACCAAGCCGGAACCTTCTGGTACCACAGTCACTTGTCTACCCAATACTGCGACGGTTTGAGGGGTCCTTTCGTCGTCTAC
GATCCAAATGACCCAGCTGCTGACTTGTACGACGTTGACAACGACGACACTGTCATCACCCTTGTCGATTGGTACCATGT
TGCCGCCAAATTGGGACCAGCTTTTCCATTGGGTGCTGACGCTACCCTTATCAACGGAAAGGGAAGGTCTCCATCTACCA
CCACCGCCGACCTTAGTGTCATCAGTGTCACCCCCGGTAAGAGGTATAGATTCAGATTGGTTTCTTTGAGTTGTGACCCTA
ATTATACTTTTAGTATCGACGGACACAACATGACCATCATCGAGACCGACTCTATCAACACCGCCCCTCTTGTCGTCGATT
CTATCCAAATCTTCGCCGCTCAGAGGTACAGTTTCGTCTTGGAAGCCAACCAAGCCGTCGACAACTACTGGATTAGGGCC
AACCCAAATTTCGGAAACGTCGGATTCACCGGAGGAATCAATAGTGCCATCTTGAGGTACGACGGTGCCGCCGCTGTCG
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EbPEX]

WP_0011994
71.1

AGCCTACTACCACTCAAACCACCTCTACCGCCCCTTTGAATGAGGTCAACTTGCACCCTTTGGTCGCCACCGCCGTTCCCG
GTTCTCCAGTTGCCGGTGGTGTCGATCTTGCCATCAATATGGCCTTTAATTTCAATGGTACTAACTTCTTCATTAACGGAG
CCTCTTTCACCCCTCCAACCGTCCCAGTTTTGTTGCAGATCATCTCTGGTGCCCAAAACGCCCAAGACTTGTTGCCATCTG
GTTCTGTCTATTCTCTTCCATCTAACGCCGATATCGAAATCTCTTTCCCAGCCACCGCTGCTGCTCCCGGTGCTCCTCACCC
ATTCCATTTGCACGGTCATGCCTTCGCCGTTGTTAGGAGTGCCGGAAGTACCGTCTACAATTACGATAACCCAATCTTTAG
GGACGTCGTCAGTACTGGTACTCCAGCTGCCGGAGACAACGTCACTATCAGATTTAGAACCGACAACCCCGGTCCATGGT
TCTTGCACTGCCACATCGACTTCCATCTTGAGGCTGGATTTGCCGTTGTCTTCGCTGAGGACATCCCAGATGTCGCCTCTG
CCAATCCAGTTCCTCAAGCTTGGTCTGACCTTTGTCCAACCTATGATGCTAGAGACCCATCTGATCAGTAATCGAATTTAC
GTAGCCCAATCTACCACTTTTTTTTTTCATTTTTTAAAGTGTTATACTTAGTTATGCTCTAGGATAATGAACTACTTTTTTTT
TTTTTTTTTTACTGTTATCATAAATATATATACCTTATTGTTGTTTGCAACCGTCGGTTAATTCCTTATCAAGGTTCCCCAA
GTTCGGATCATTACCATCCTTCCACGGAATACCAAGCCCATTGCATCGCGATG
ATGCAATATAAAGATGAGAATGGCGTTAACGAACCTTCAAGAAGAAGACTTCTTAAAGTTATTGGAGCACTTGCACTTGC
AGGATCATGTCCTGTTGCACATGCACAGAAGACTCAGTCAGCACCTGGAACACTTTCACCTGATGCAAGAAACGAGAAG
CAGCCATTCTACGGTGAACATCAAGCAGGAATTCTTACACCTCAACAAGCAGCAATGATGCTTGTTGCATTTGATGTTCT
TGCATCAGATAAAGCAGATCTTGAAAGACTGTTCCGTCTGCTTACACAAAGATTTGCATTTCTTACACAAGGAGGAGCAG
CACCTGAAACACCTAACCCTAGACTTCCTCCTCTTGATTCAGGAATTCTTGGAGGATATATTGCACCTGATAACCTTACAA
TTACACTTTCAGTTGGACATTCACTGTTCGACGAGAGATTTGGACTTGCACCTCAAATGCCTAAGAAGTTACAGAAGATG
ACAAGATTTCCTAACGATTCACTTGATGCAGCACTTTGTCATGGAGATGTTCTTCTTCAAATTTGTGCAAACACACAAGAT
ACAGTTATTCATGCACTTAGAGATATTATTAAACATACACCTGATCTTCTTTCAGTTAGATGGAAGCGAGAGGGATTTATT
TCAGATCATGCAGCAAGATCAAAGGGCAAAGAGACTCCTATTAACCTTCTTGGATTTAAAGATGGAACAGCAAACCCTG
ATTCACAGAATGACAAACTTATGCAGAAGGTCGTATGGGTTACAGCAGATCAACAAGAACCTGCATGGACAATTGGAGG
ATCATATCAAGCAGTTAGACTTATTCAATTTAGAGTTGAATTCTGGGACAGAACACCTCTTAAAGAACAACAAACAATAT
TCGGTCGCGATAAACAAACAGGAGCACCTCTTGGAATGCAACATGAACATGATGTTCCTGATTATGCATCAGATCCTGAA
GGAAAGGTCATAGCACTTGATTCACATATTAGACTTGCAAACCCTAGAACAGCAGAATCAGAATCATCACTTATGCTTAG
AAGAGGATATTCATATTCACTTGGAGTTACAAACTCAGGACAACTTGATATGGGATTATTGTTTGTGTGCTATCAACATG
ATCTTGAGAAGGGTTTCCTTACAGTTCAGAAGCGCTTGAACGGAGAAGCACTTGAAGAATATGTTAAACCTATAGGCGGT
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EcPEX2

YpPEX3

ABE08224.1

AAS62840.1

GGCTACTTCTTTGCGCTACCTGGAGTTAAAGATGCAAACGATTATTITCGGTAGCGCACTTCTTAGAGTCGGTGGAGGGTC
CGCTGCAGTTAAACTTTCACAAGCAAAGTCTAAACTATGA
ATGTCACAAGTTCAATCAGGAATTCTTCCTGAACATTGTAGAGCAGCAATTTGGATTGAAGCAAACGTTAAAGGAGAAG
TTGATGCACTTAGAGCAGCATCAAAGACCTTCGCAGATAAACTTGCAACATTTGAAGCAAAGTTCCCGGACGCCCATCTT
GGAGCAGTTGTTGCATTTGGAAACAACACATGGAGAGCACTTTCAGGAGGAGTTGGAGCAGAAGAACTTAAAGATTTCC
CTGGGTATGGCAAAGGGCTGGCTCCGACAACACAATTTGATGTTCTTATTCATATTCTTTCACTTAGACATGATGTTAACT
TCTCGGTGGCACAAGCAGCAATGGAAGCATTTGGAGATTGTATTGAAGTTAAAGAAGAAATTCATGGATTTAGATGGGT
TGAAGAAAGAGATCTTTCAGGATTTGTTGATGGAACAGAGAATCCGGCAGGAGAAGAAACAAGAAGAGAAGTTGCAGT
TATTAAAGATGGAGTTGATGCAGGAGGATCATATGTATTCGTGCAGAGATGGGAACATAACCTTAAACAACTTAACAGA
ATGTCAGTTCATGATCAAGAAATGATGATTGGAAGAACAAAGGAGGCCAACGAAGAAATTGATGGAGATGAAAGACCT
GAAACATCACATCTTACAAGAGTTGATCTTAAAGAAGACGGTAAAGGATTGAAGATTGTTAGACAATCACTTCCTTATGG
AACAGCATCAGGAACACATGGACTTTATTTCTGCGCCTATTGTGCAAGACTTCATAACATTGAACAACAACTTCTTTCAA
TGTTTGGAGATACAGATGGAAAGCGGGACGCAATGCTTAGATTTACAAAGCCGGTGACAGGAGGATATTATTTCGCGCC
ATCACTTGATAAACTTATGGCACTTGGAGGAGGATCAGCAGCAGTTAAACTTTCACAAGCAAAGTCTAAACTATGA
ATGACACAAGTTCAATCAGGAATTCTTCTTGAACATTGTAGATTTGCAATATTCATGGAGGCAAAGGTACAGGGAGAACT
TGATGCAATTAGACTTGGATGTAAGAAGTTCTGCCAATCACTTCAAGAACTACAGCAGCAGTTCCCGGATGAACATCTTG
GAGCTGTCATAGCGTTTGGCAGTAATGTATGGCATGATCTTTCAAACGGACAAGGAGCAAAGGAGTTAAAGCCGTTTGT
GCCACTTGGGAAAGGATTGGCGCCAGCAACACAAAGAGATCTTCTTATTCATATTCAATCACTTAGACAAGATATTAACT
TTACACTTGCACAAGCAGCAGTTGCAGCGTTCGGGTCTGCTATCGCAGTTGAAGAAGAAACACATGGATTTAGATGGGTT
GAAGAAAGAGATTTCACTGGTTTCATCGACGGAACAGAGAATCCACAGGGCGACAAACGGCCGGAAGTTGCCGTAATCG
CCGACGGTGAAGAAGATGCAGGAGGATCATATGTTCTTGTTCAAAGATATGAACATAACCTTAACAAATGGCAAAGAAT
TCCTGAGAATGAGCAAGAGAAGATCATAGGAAGAACAAAGTTAGACTCACAAGAACTTCCTTCAGATCAAAGACCTGAT
ACATCACATGTTTCAAGAGTTGATCTTAAAGAGAATGGAAAGGGTTTAAAGATACTAAGACAATCACTTCCTTATGGACT
TGCATCAGGAAAGCACGGTCTTTATTTTATTGCATATTGTGCAAGACTTCATAACATTGAGCAGCAGCTATTGAGTATGTT
TGGAGATATTGATGGAAAGCACGACCAACTTCTTAGATTCTCTAAACCCGTAACAGGATCATATTATTTCGCTCCATCTTT
AACAGCACTTCTTTCACTTGGAGGAGGATCAGCAGCAGTTAAACTTTCACAAGCAAAGTCCAAACTCTGA
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DdPEX4 XP 644511.1

PfPEXS

ABA74996.1

ATGGCACAATCAACAGTTCTTCCTATGCATTGTCTTTATGGAATCTTCCTCGAAGGGAATCTCAAGATTCAGAAAAACGA
CCAGGAGGGACTGAAGAAATTTAAAGACAATATCAAGAAGTTCACACTTGAGTTAGACGAGATCGATAAGATAAGTCCT
CAATCAAGAATTGGAGGAGCGATCTGCTTCTCGTCAGACATATGGGACACCGTCACTAAGAAGATAAGCAAACCAAAGG
AACTAAAGTCCGTGAACACACTTTCATCATACATGCCGGGCACCAGCCAGCGGGACATCCTAATACACATCATCAGTGAC
AGAATGGATACCTGCTTTAAATTGGCTCAGGACACTATGCGCAATTTCGGTGAGGACCAGCTAGACATCAAGCAGGAGA
TTCATGGATTTAGAAGAGTTGAAGAAAGAGATCTTACAGATTTCATAGACGGAACAGAGAATCCGGATGGAGATGAACT
TAGAACACAATATGGACTTGTTGCAGCAGGACAACCTAACGAATTTGGATCATATGTATTCACTCAGAGATATGTTCATA
ACCTTAAGAAGTGGTACCCTGAACCTCTTTCAGTCCAGCAGGACACCGTAGGTCGGACGAAGAAGGACTCAATAGAGAT
ACCCAGAGATAAGCGGCCCATTACATCACACGTGTCGCGAACTGATCTTTCAGAGAATGGTAAGGACCTGAAGATAGTG
AGACAATCACTTCCTTATGGACAAATTACAGGAGAGAAGGGCCTGATGTTTATTGCATATGCATGTTCACTTCATAACAT
TGAGAAGCAGCTACAATCAATGTTTGGACAACTTGATGGAAAGCACGACCTTCTTCTTAAATATACAACACCTGTTACAG
GATCATTTTATTTTGCACCTTCAAAGAAGGAGTTGCTTGAACTTGGAGGAGGATCAGCAGCAGTTAAACTTTCACAAGCA
AAGTCGAAACTGTGA
ATGGGAGTTACAATTATTGATACACCTGATCCTCAAGCAGTTTGTTCACCTATTACATCAGCAGCAATCTTCATCGTCGCA
ACACTTAACGCAGAAGCAGAAGCAGCAGAGAAGGTCCGAGGATGGTGTGCAGATATTGCAGGACTTACAAGATCAGTTG
GAAAGAGGGTCCCTTCAGGAAACCTTTCATGTGTTTGTGGATTCAGCAGCTCAGCATGGGATAGATTGTTCGGCAGTCCT
AGACCTGCATCACTTCATGATTTCCGAGAGTTTGGAGTTGAAGGAAGAAGAGCAGTTTCAACACCTGGAGATCTTCTTCT
TCATATTAGAGCAGATCAAATGGATCTTTGTTTCGAGTTAGCAACACAACTTATGTCAGCACTCGACGGTACTGTGACCG
TAACCGACGAGGTGCAGGGTTTCCGCTATTTTGATATGCGTTCAATTATTGGATTTGTTGATGGTACCGAGAATCCTGTTG
GAAGAAAGGCCGAGCATTTCACCCTCGTTGGAGATGAAGATCAACCTTTCAGCGGTGGATCATATGTTCTTGTTCAGAAG
TACTTGCATAACATGAAAGCATGGAACGAACTTCCTGTTGAAGCACAAGAAAGAGTTATTGGAAGAACAAAGTTGAGTG
ATATTGAACTTGATGATTCAGTTAAACCTTCAAACTCACATTCAGCACTTACAACAATTACAAAGGACGGAGAGGAGGTT
AAGATCTTAAGAGATAACATGCCTTTCGGCCGTCCTGGAGCAGGAGAATTTGGAACATATTTCATAGGGTATGCAAGATC
ACCTGAACCTCTTGAACAAATGCTTGAGAATATGTTTGTTGGAAAGCCACCCGGCAACTATGATAGACTTCTTGATTTCTC
CACCGCAGTTACAGGATCATTGTTCTTCGTACCATCAGCAGATCTTCTTGAAGAACTTGCAGAAAGAGGAGGAGGATCAG
CAGCAGTTAAACTTTCACAAGCAAAGTCCAAACTCTGA
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IiDIR]
IiDIR2

AtPRR

TliPLR]

/
/

NM_117440.

JF264893.1

Studied in the previous study'.

Studied in the previous study'.
CGTTTTAGGATATTGACGCCAAGCGTGCGTCTGATTTCATAGAACCCAAAAAGAGAGACTAAACAAATAATATAATAAG
TTATAGAAGTTAATAATACTCCTACTATTTTATATTTTTTATGTAATTACTACCACTGCTTAAAAAAAATATTGCAAAATA
TCATAAAAGTTTTTAAACAAAGATTTTCAAATATTCATCCATCCTTTTATACTTGACATCTGGGTAAAGCTTGGTGGCTTC
CTCATCGTCACCAACCTCGTGATCGGTCAAGCATCCCTCGTAGTAGATGTGGTAGAAATGACCCAAACCAGCTTGGTGAG
AGATTTCCTTGTCCTCGATGTCGGCCAAGAAATCGTTTCCAGAGACGTAGGTCTTCTCCAACTCCTTTTCAGTAAGTTTTT
CCCAAATCTGGACAAGTTCCATCTGGGTCAAAATGTTGTCGGTAGGTCTAACGTAGACGGTCTTGTTCAAGGTCCTAGGG
TCGTTCAAGGTCTTGGCGGTGTACTTGGCCATATCGTCTTCGTCGACGAAGACGACCTTGACATTACCGTCACCGTAGAT
GTCGACCTTGTTCTTAGGAGGAAACAAGGTACCCATCTGAGACAAGTTACCACCGAAGTAGGCGGCGAAACAAGCACCA
ACCAAGTAGGTGTGACTAATACCGGCGGCCTTGATGGCATTTCTGATCTCCATCTTTTGATCGAAGGTCTCACTACCGGGT
GGCATAGCGTGACCCATCCTACTTGGGTCCATACCAAACTCACTTGGAAGGAACCTCTTGACGTTTCCGGCCTCCTTGAT
GGCGGCGACAAGCTTCAATTGGACTGGGATGTTGTGGGTTCTAAAGTGGACACCAGACATGGCAGAGACAACAACGTCA
ACTTGCTTGACGGCACTGACAAGAGATTGATGATCAGAGAAACTACCCTCGACCAAATGGGCACCCAACCTCTTGAAAG
AAAGCAACAACTGGACCTTCTCGATGTCGACTCCGATTTCTGGCCTTTGAAGGACGTAGGTTTCGTGTCCCTCGGCAAGA
CAAGCACTAACGATCCTCCTACCCAAAGATCCGGTACCTCCGACGACAAGAACTCTAGTCTTCTCTCCAAAGTTGGTTTC
CTTCATTTTGTTATATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGG
CGTTTTAGGATATTGACGCCAAGCGTGCGTCTGATTTCATAGAACCCAAAAAGAGAGACTAAACAAATAATATAATAAG
TTATAGAAGTTAATAATACTCCTACTATTTTATATTTTTTATGTAATTACTACCACTGCTTAAAAAAAATATTGCAAAATA
TCATAAAAGTTTTTACAAAAAGATTTTAAGGTACTCGTCCATTCTGGTATATTTGACGTCTGGGTAAAGCTTAGAGGCCTC
TTCGTCGTCACCAACTTCGTGATCGGTAAGGCATCCCTCGTAGAAGATGTGGTAAAAGTGTCCCAATCCAGCTTGGTGTG
GGATTTCCTTGTCCTCGATGTCGGCAAGGAAGTCGTTGGCAGAGATGTTGGTCTTCTCCAACTCCTTACCGGTAAGTTTCT
CCCAGATCTGGACCAACTCCATCTGGGTAAGGACGTTCTCGGTAGGTCTAACGTAGACGGTCTTGTTAATGGTCCTAGGA
TCGTCAAGGGTCTTGGCGGTATATTCGGCGATGTCGTCCTCATCGACGTAGACGACCTTGACGTTACCGTCACCGTAGAT
GTTGACCTTCTTCTTTGGTGGGATCAAGGTTCCCATCTGACTCAAGTTTCCGGCAAAGTAGGCGGCAAAGCAAGCACCGA
CAACGTAGGTATGAGGGATACCGGCGGCCTCGATGGCGTTTCTGACTTCAAGCTTCTGGTCGAAGGTCTCTCTACCGGGT
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ShPLR

LiUGT71
B2
LiUGT71
B5a
LiUGT71
B5b

ScPGM1

EU240218

MK704396.1

MWO051594

MWO051595

NP_012795.1

GGCATGGCATGTCCCATCCTAGAAGGGTCCATACCGAACTCACTAGGAAGGAACCTCTTGATGTTTCCGGCCTCTTTGAT
GGCCTCAACAAGCTTAAGCTGAACCAAAATACTATGAGATCTGAAGTGGACTCCAGACATGGCGGCAACGACAATGTCA
ACTTGCTTGACGGCACTGACAAGAGATTGGTGGTCAGAGAAACTGGCCTCGATCAATCTGGCACCCAATCTTTTATAAGA
GTACAACAACTGGACCTTCTCGATGTCGACTCTGGTTTCTGGTTGCTGAAGGACATAGGTCTCGTGTCCTTCAGCCAAAC
AAGCTCTAACGATCCTTCTTCCCATAGTACCGGTTCCTCCGACGACAAGAACTCTAGTCTTTTCTCCAGAATTATTTTCTCT
CATTTTGTTATATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGG
ATGGCTAAGTCTAGAGTTTTGATTGTTGGTGGTACTGGTTATTTGGGTAGAAGAATGGTTAAGGCTTGCTTGGATCAAGG
TCATACTACTTACGTTTTGCATAGACAAGAAGTTGGTGTTGATATTGATAAAATTCAAATGTTATTGTCCTTTAAAGAACA
AGGTGCTCATTTGGTTGAAGGTTCTTTCAACGATCATAGATCTTTGGTTGAAGCTGTTAAGTTGGTTGATGTTGTTATTTGT
ACTATTTCTGGTGTCCACATTAGATCTCATCAAATTTTGTTACAATTGAAGTTGGTTGAAGCTATCGAAGAAGCTGGTAAC
GTTAAGAGATTCTTGCCATCTGAATTTGGTATGGATCCAGCTAGAATGGCTCATGCTATGGAACCAGGTAGAGCTACTTT
CGATGAAAAGATGGTTGTCAGAAAGGCTATTGAAGATGCTAAGATTCCACATACTTATGCTTCCGCTAACTGTTTTGCTG
GTTATTTCTTAGGTGGTTTATGTCAATTCGGTAAAATTATCCCATCAAAGGAATCTGTTATTTTGTCTGGTGACGGTAATG
TTAAGGGTATCTACGTTGATGAATATGACATCGCTACTTATACTATTAAGACTATGGATGATCCAAGAACTTTGAACAAG
ACCATCTACATTAGACCACCTGCTAATATTTTGTCTCAAAGAGAAGTTGTTGAAATCTGGGAAAAGTTAATTGGAAAGGT
TTTAGACAAATCTTCTTTATCTGAAGAAGATTTCTTGGCTTTGATGAAAGGTTTGTCCCATGGTCATCAAGCTGGTTTGAC
TCACTACTACCATGTCTCTTACGAAGGTTGTTTGACCAATTTCGAAGTTGAAGATGGTGTTGATGCTTCAAAGTTGTACCC
ACAAGTTAACTACACTACTGTTTCTGAATACTTGAAGAGATACTTGTAA

Not optimized

Not optimized

Not optimized

ATGTCACTTCTAATAGATTCTGTACCAACAGTTGCTTATAAGGACCAAAAACCGGGTACTTCAGGTTTACGTAAGAAGAC
CAAGGTTTTCATGGATGAGCCTCATTATACTGAGAACTTCATTCAAGCAACAATGCAATCTATCCCTAATGGCTCAGAGG
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ScUGPI

NP_012889.3

GAACCACTTTAGTTGTTGGAGGAGATGGTCGTTTCTACAACGATGTTATCATGAACAAGATTGCCGCAGTAGGTGCTGCA
AACGGTGTCAGAAAGTTAGTCATTGGTCAAGGCGGTTTACTTTCAACACCAGCTGCTTCTCATATAATTAGAACATACGA
GGAAAAGTGTACCGGTGGTGGTATCATATTAACTGCCTCACACAACCCAGGCGGTCCAGAGAATGATTTAGGTATCAAG
TATAATTTACCTAATGGTGGGCCAGCTCCAGAGAGTGTCACTAACGCTATCTGGGAAGCGTCTAAAAAATTAACTCACTA
TAAAATTATAAAGAACTTCCCCAAGTTGAATTTGAACAAGCTTGGTAAAAACCAAAAATATGGCCCATTGTTAGTGGACA
TAATTGATCCTGCCAAAGCATACGTTCAATTTCTGAAGGAAATTTTTGATTTTGACTTAATTAAAAGCTTCTTAGCGAAAC
AGCGCAAAGACAAAGGGTGGAAGTTGTTGTTTGACTCCTTAAATGGTATTACAGGACCATATGGTAAGGCTATATTTGTT
GATGAATTTGGTTTACCGGCAGAGGAAGTTCTTCAAAATTGGCACCCTTTACCTGATTTCGGCGGTTTACATCCCGATCCG
AATCTAACCTATGCACGAACTCTTGTTGACAGGGTTGACCGCGAAAAAATTGCCTTTGGAGCAGCCTCCGATGGTGATGG
TGATAGGAATATGATTTACGGTTATGGCCCTGCTTTCGTTTCGCCAGGTGATTCTGTTGCCATTATTGCCGAATATGCACC
CGAAATTCCATACTTCGCCAAACAAGGTATTTATGGCTTGGCACGTTCATTTCCTACATCCTCAGCCATTGATCGTGTTGC
AGCAAAAAAGGGATTAAGATGTTACGAAGTTCCAACCGGCTGGAAATTCTTCTGTGCCTTATTTGATGCTAAAAAGCTAT
CAATCTGTGGTGAAGAATCCTTCGGTACAGGTTCCAATCATATCAGAGAAAAGGACGGTCTATGGGCCATTATTGCTTGG
TTAAATATCTTGGCTATCTACCATAGGCGTAACCCTGAAAAGGAAGCTTCGATCAAAACTATTCAGGACGAATTTTGGAA
CGAGTATGGCCGTACTTTCTTCACAAGATACGATTACGAACATATCGAATGCGAGCAGGCCGAAAAAGTTGTAGCTCTTT
TGAGTGAATTTGTATCAAGGCCAAACGTTTGTGGCTCCCACTTCCCAGCTGATGAGTCTTTAACCGTTATCGATTGTGGTG
ATTTTTCGTATAGAGATCTAGATGGCTCCATCTCTGAAAATCAAGGCCTTTTCGTAAAGTTTTCGAATGGGACTAAATTTG
TTTTGAGGTTATCCGGCACAGGCAGTTCTGGTGCAACAATAAGATTATACGTAGAAAAGTATACTGATAAAAAGGAGAA
CTATGGCCAAACAGCTGACGTCTTCTTGAAACCCGTCATCAACTCCATTGTAAAATTCTTAAGATTTAAAGAAATTTTAG
GAACAGACGAACCAACAGTCCGCACATAG
ATGTCCACTAAGAAGCACACCAAAACACATTCCACTTATGCATTCGAGAGCAACACAAACAGCGTTGCTGCCTCACAAA
TGAGAAACGCCTTAAACAAGTTGGCGGACTCTAGTAAACTTGACGATGCTGCTCGCGCTAAGTTTGAGAACGAACTGGA
TTCGTTTTTCACGCTTTTCAGGAGATATTTGGTAGAGAAGTCTTCTAGAACCACCTTGGAATGGGACAAGATCAAGTCTCC
CAACCCGGATGAAGTGGTTAAGTATGAAATTATTTCTCAGCAGCCCGAGAATGTCTCAAACCTTTCCAAATTGGCTGTTT
TGAAGTTGAACGGTGGGCTGGGTACCTCCATGGGCTGCGTTGGCCCTAAATCTGTTATTGAAGTGAGAGAGGGAAACAC
CTTTTTGGATTTGTCTGTTCGTCAAATTGAATACTTGAACAGACAGTACGATAGCGACGTGCCATTGTTATTGATGAATTC
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eGFP ABF13214.1

mPLUM  AAV65487.1

TTTCAACACTGACAAGGATACGGAACACTTGATTAAGAAGTATTCCGCTAACAGAATCAGAATCAGATCTTTCAATCAAT
CCAGGTTCCCAAGAGTCTACAAGGATTCTTTATTGCCTGTCCCCACCGAATACGATTCTCCACTGGATGCTTGGTATCCAC
CAGGTCACGGTGATTTGTTTGAATCTTTACACGTATCTGGTGAACTGGATGCCTTAATTGCCCAAGGAAGAGAAATATTA
TTTGTTTCTAACGGTGACAACTTGGGTGCTACCGTCGACTTAAAAATTTTAAACCACATGATCGAGACTGGTGCCGAATA
TATAATGGAATTGACTGATAAGACCAGAGCCGATGTTAAAGGTGGTACTTTGATTTCTTACGATGGTCAAGTCCGTTTAT
TGGAAGTCGCCCAAGTTCCAAAAGAACACATTGACGAATTCAAAAATATCAGAAAGTTTACCAACTTCAACACGAATAA
CTTATGGATCAATCTGAAAGCAGTAAAGAGGTTGATCGAATCGAGCAATTTGGAGATGGAAATCATTCCAAACCAAAAA
ACTATAACAAGAGACGGTCATGAAATTAATGTCTTACAATTAGAAACCGCTTGTGGTGCTGCTATCAGGCATTTTGATGG
TGCTCACGGTGTTGTCGTTCCAAGATCAAGATTCTTGCCTGTCAAGACCTGTTCCGATTTGTTGCTGGTTAAATCAGATCT
ATTCCGTCTGGAACACGGTTCTTTGAAGTTAGACCCATCCCGTTTTGGTCCAAACCCATTAATCAAGTTGGGCTCGCATTT
CAAAAAGGTTTCTGGTTTTAACGCAAGAATCCCTCACATCCCAAAAATCGTCGAGCTAGATCATTTGACCATCACTGGTA
ACGTCTTTTTAGGTAAAGATGTCACTTTGAGGGGTACTGTCATCATCGTTTGCTCCGACGGTCATAAAATCGATATTCCAA
ACGGCTCCATATTGGAAAATGTTGTCGTTACTGGTAATTTGCAAATCTTGGAACATTGA
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAA
GCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGA
AGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAA
CTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAG
GAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGA
AGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCA
GAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGAC
CCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGT
ACAAGTAA
ATGGTTTCTAAAGGTGAAGAAGTTATTAAAGAATTTATGAGATTTAAAGAACATATGGAAGGTTCTGTTAATGGTCATGA
ATTTGAAATTGAAGGTGAAGGTGAAGGTAGACCATATGAAGGTACCCAAACCGCTAGATTGAAAGTTACCAAAGGTGGT
CCATTGCCATTTGCTTGGGATATTTTGTCTCCACAAATTATGTATGGTTCTAAAGCTTATGTTAAACATCCAGCTGATATT

78



CCAGATTATTTGAAATTGTCTTTTCCAGAAGGTTTTAAATGGGAAAGAGTTATGAATTTTGAAGATGGTGGTGTTGTTACC
GTTACCCAAGATTCTTCTTTGCAAGATGGTGAATTTATTTATAAAGTTAAAGTTAGAGGTACCAATTTTCCATCTGATGGT
CCAGTTATGCAAAAAAAAACCATGGGTTGGGAAGCTTCTTCTGAAAGAATGTATCCAGAAGATGGTGCTTTGAAAGGTG
AAATGAAAATGAGATTGAGATTGAAAGATGGTGGTCATTATGATGCTGAAGTTAAAACCACCTATATGGCTAAAAAACC
AGTTCAATTGCCAGGGGCTTATAAAACCGATATAAAATTGGATATTACCTCTCACAATGAAGATTATACCATTGTTGAAC
AATATGAAAGAGCTGAAGGTAGACATTCTACCGGTGCTTAA
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Supplementary Data 4 Homology sequences for integration at selected chromosomal loci.

Chromosomal

loci

Sequence (5°-3”)

gRNA1
(20bp, 5°-37)

gRNA2
(20bp, 5°-3”)

XI5

X1

GCGGAGAAGTCGTTGATAGCATTTCCGAAGGCTTTTCCACATTGACTGCAGTATCTAAAAGAGCTC
CAGCAGCGGTCTTAGTAGTTCCTGTGCTTGCCGCTTTGCAGTATACAGGGACATTGGGAACTACGG
AGGAAAAATCGGAATGCTCTGAGCTCTTCTCAAAACCAGACGAACTCGTCTTATTTCTCAGTAAAT
TACCCAACATATAAACTCTCCCTCTTCACCTTCTCTACAAGGCCACACACAAGACAGTTTTAACAG
GCAAATGGTACTGGAGGCTCTCACCAATGGGGTTTAAGACGCTCCAAACACACGCTCTCCTTTTTT
TCTTTATATATCGGTAGCAACGAAAGCTAGTCGCAGAACGTTACACACTAAAGCAGATCAATCAA
TCAATCCTGAGAACCTGCTTCGTTCAAACCATCCACTAGAAGAAACACGCACGTGTACCCAAAAA
TAGAGACAAACAAACAGACAAAAATAACAATGATTCCTACCGACTAAAGTAAAACAACACTCAC
GTAATAAAAAATCCTAGATACAACTCACTTGTATTCCTCTCTTCTTTGACCATCACTAAAGCTTCTC
TCTTACTATATTCCTCAAATAAAAAAAAGTTGCAATGATTACTTACCAATGTGCCATAAACTCCGT
GCACCA
TGTTGAGCTCTGTCCTTCATGGACTTTTTGGACCACTTCTTCTTGGACTTCTTACCACCAGCAAGAG
CGGCAGCGGCTTTGGCAGCTTTAGACAATTGTTGCTTTGGAGGCATGTTATATTATGTTCTGAGAC
GTAAGAAAGGGTGAAAATTGATGTTAGTGTCAAAAATTATATTACAAAATACGCAGAGATATTCT
AGTTCCTTTGATGAATGAATCTTTCAGAAAAAAAAGTCAAAGCAAAAGCAAAATGGCCTGCAGAC
TAAACTGTATGGTGGTCTTGGAATGATAAAGATCTGTTTAATAGATTTAGTAGATACAATAGCACA
TCTCATTACCCAGTTATGATTGACGTCATTCTGAGTTACAATGATCTTAGCGACCTGTGCTCATTAT
TTGCTCCACTAATTCTAATTTTCCTCGCCTTTCATATTTCGTATCTTTATTCTATATCCTAAAATTTT
TTTGGCAAATCCCAGATTTGGCTTTGATTTTGGCATCGGTTCGGTTCTTTCAAATATCTTCTTCCCG
TGAATCAACTGCACATACCTTAATAACTAGTTCAGTTTAGTGCTCTGTCTGAGTGACTGTAATAAT
AAATTTTACAAGCCACTTCTCATGACATATATTGGTAAGTAACTTCATCAATACTAATTAGTCTTTG
CCGGTTACCCATCTGGCCCCTGACTTGCGATGCTTAGGAAGTTCCATACTCGCGGCTCTTCCCAAC
AGTAGCACATCCGTGAAACTTCTGGCGCTATTCATTATGCAGTACCAGGACAAGAAGTTAAAAAA

CCACTTCTC
ATGACATAT
AT

CAATACTA
ATTAGTCT
TTGC
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XI5

AAAGCTCTGTTACAAGTTCAATGGTGGTGCAAGGATTGAAGTTATTATCCAGGAGGCACGGATGC
AAAAGATAGAAGACAAATTAATTTCCTTAAAATTCAAAATGCTCATTATTGTCACGCTGTATGAGC
ATTTGGTGAAGATTTCACTGGGAAATGTTGCAATAATTTGATAATCGTTCGTATTGGATGAAACTG
TAACATCATCTGTTTATTAAGTATCCGTGTTATTAGTATATCATCACATACGGTGTAAGAAGATAA
CATAAAGATTGAGAAACAGTCATCAAATATAATGGAAGCTGAAATGCGAGGATTGATGATGTAAT
AGGACAATAAAAAATATAAGACGGAAGAAGAAATAATCGTAATAGCATTATGTAAAAATAGGGA
TTTGAGGATTCCTATATCCTCGAGGAGAACTTCTAGTATATTAACTATACAGAATATCATAGCCTT
GATCAACAATAAAATCCCAGCAATTATCAAATTATCCATCCATTTCTCAGTGACATTCTCACTAGA
TGAGCGTTTTTGAGAATAATGCTAACATTTGGTAAGGTATGAAATAAAATGCGATATCCTCCGTAG
TTGTCGTCCGATATAGTGTAACGGCTATCACATCACGCTTTCACCGTGGAGACCGGGGTTCGACTC
CCCGTATCGGAGATATATTTAATATTTTTTTTGATTTGACTTCAAATGAGAACTATTTTTTTAAAGC
ATCGTGTGGTAAACAAGCTTCCACCGAATGAGCTTAAGAAAGCGCAAACAATTTTCAACCTGACA
AAGCATACATCATTTTTCATACAAGTCCTTGTTAAGTAACTCAAAAAAATCATTAACGAGATGGCC
AAAAGAGTTGCCGATGCGCAAATACAGAGAGAAACGTACGATTCTAACGAGTCTGACGATGACGT
GACTCCCTCCACTAAGGTTGCGTCATCTGCTGTGATGAATAGAAGAAAAATTGCCATGCCAAAGC
GCAGGATGGCGTTCAAACCTTTTGGTTCTGCAAAATCGGATGAAACCAAGCAGGCTAGTTCCTTTA
GCTTCCTGAACCGGGCGGACGGCACTGGAGAAGCTCAGGTTGATAATAGCCCTACCACAGAAAGC
AATTCCAGACTAAAAGCATTGAAC
GGAGGAGACCGCTATAACCGGTTTGAATTTATTGTCACAGTGTCACATCAGCGGCAACTCAGAAG
TTTGACAGCAAGCAAGTTCATCATTCGAACTAGCCTTATTGTTTTAGTTCAGTGACAGCGAACTGC
CGTACTCGATGCTTTATTTCTCACGGTAGAGCGGAAGAACAGATAGGGGCAGCGTGAGAAGAGTT
AGAAAGTAAATTTTTATCACGTCTGAAGTATTCTTATTCATAGGAAATTTTGCAAGGTTTTTTAGCT
CAATAACGGGCTAAGTTATATAAGGTGTTCACGCGATTTTCTTGTTATGTATACCTCTTCTCTGAGG
AATGGTACTACTGTCCTGATGTAGGCTCCTTAAATTGGTGGGCAAGAATAACTTATCGATATTTTG
TATATTGGTCTTGGAGTTCACCACGTAATGCCTGTTTAAGACCATCAGTTAACTCTAGTATTATTTG
GTCTTGGCTACTGGCCGTTTGCTATTATTCAAGTCTTTITGTGCCTTCCCGTCGGGTAAGGGAGTTAT

CTTATCGAT

TGGTACTA

ATTTTGTATA CTGTCCTG

T

ATGT

81



TTAGGGATACAGAATCTAACGAAAACTAAATCTCAATGATTAACTCCATTTAATCCTTTTTTGAAA
GGCAAAAGAGGTCCCTTGTTCACTTACAACGTTCTTAGCCAAATTCGCTTATCACTTACTACTTCA
CGATATACAGAAGTAAAAACATATAAAAAGATGTCTGTTTGTTTAGCCATCACAAAAGGTATCGC

AG

TATGTCTACCTTTCATATCATTTCTTGTAAGCAACTCCTGCATTTCCGCTTCCTGGGCAGCCTTGAG
TAAATCATATCTGGTAATTTTATCAGGTTTATTGCTCACATATCTGCCTGAACCAACAACGTTGAT
ATATTTCCATGGACATGCTACCCACTCTGCAATAGTGGAAGCTGAATTGATTGTGTTTTTTGAAAC
TAACCCGATGGGACAATTACTGATCGATTGCATTATTAAAGGTGATAAATAATCCTTTGTTATTTG
TGCCCCTTAAAATTCATATACACTTTATGTTTAATTCGACAGGTATAACAGAAAGAAACAAGGAA
AACAATGCAATTAATCATTAACTGCACCAACTTTTATATGAATATATTGTGCTACATGTCTTAATT
AGTCCTCTGTGAATGAGCATCACAAAGAATCACGAGGAAAAGATTGATTACTTAATATTGATAGG
AATCAGCCGCGGAAATGGAAATCTTGGTAATATAATTTTAATGCGGCACGCTGAAAATTGATGGC
GGCCTGCTAGGAGCCCTATTGATTCCGCGGAAATAGGCGGATTATTACAAACGTTGAGCATTCAG
CAGGTGCGGCTGTGCCTTTTCACTTTCAGCTAAGATGTTTGCAAGCAAGAATTAACAGATAAGCCG

CTTTATGCAT TACATTGA
X3 CTTCGCTAGTAACGCAACTCATTGTGTTTTTAATGGAAGCTAAGGATGGTTGAAATTATGGGTACC AGAGCTAAT CTATTAAC

CTGAGATAAGATTATTAACTATGATGTAAGTATTAATCATTATAATAAGGGGTACCTGCTCATTCG
CATTACCATACATTGACTATTAACGAGCAGAAAGTTTTTGGAAGTTTTGCAGATGAAGTGCATGTT B GAGC
TGATAATTTGAATATGCGGATTTCCTTATTCAAAACTTTCTTTATGCATAGAGCTAATTAGGTTTGA
GTTAAGGAAAAAAATCTATCATAAGTGTCTTGAGGTATTTACTATAATGTATACGGGAAATATTAG
GTGTGATAGGCTCTAGGAACGAATATTAATATTGGGGGGGGGAAACTGGAATGAAATTAAACAA
AAGCAAAAAAATCTAAAAGAAGAAAAAAAGGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGATGAGGGTTATTGATAATATAATATAATAATAA
AAGAGAAGATAGTAGAAAAGGAAGAAAGAAAAAAAAAAATTAAGATGTACTTTAATAAAAAGA
GGGAAATTCTAAAAAGTGCGACTGGAATTAGAAGAATGCAGGTATTTTGTTTTCTCTCCTATGACG
GAGAAGGTAACAAAATCATAAAGGTAAAATAACAAATTAATTATGATCAAAGAGAAATGCCCTTT
GTAAACCGTGGTTTGTAAATGCGTTGGTAACTGCAGCAGATGTTAAGAAACAAAGATGGAAAAGA
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METIS

ADE?2

ACCAAAATCAGCTTGTAAGTTCTATCGTAATTATAAGGATAATTGACGCTTCTGTTGCTCTCTAGC
CCATCTTGCTGTATCTTTTGTGGCTTGACTGAACAATTGGCCACTCCTAGTTCTTTTAATGTAATCA
ATAACCCAGTCTTGTCCATAAAATTGTTTGATTGAGCCGTCTGGAAACATCGCTGCTATATCACCA
ATCAATCCGACTGCTGCTCTTGAGGTAGCATCCTCACTGTACAGCTGAGGATCTTCTGCAACTT
ATGCCATCTCATTTCGATACTGTTCAACTACACGCCGGCCAAGAGAACCCTGGTGACAATGCTCAC
AGATCCAGAGCTGTACCAATTTACGCCACCACTTCTTATGTTTTCGAAAACTCTAAGCATGGTTCG
CAATTGTTTGGTCTAGAAGTTCCAGGTTACGTCTATTCCCGTTTCCAAAACCCAACCAGTAATGTTT
TGGAAGAAAGAATTGCTGCTTTAGAAGGTGGTGCTGCTGCTTTGGCTGTTTCCTCCGGTCAAGCCG
CTCAAACCCTTGCCATCCAAGGTTTGGCACACACTGGTGACAACATCGTTTCCACTTCTTACTTAT
ACGGTGGTACTTATAACCAGTTCAAAATCTCGTTCAAAAGATTTGGTATCGAGGCTAGATTTGTTG
AAGGTGACAATCCAGAAGAATTCGAAAAGGTCTTTGATGAAAGAACCAAGGCTGTTTATTTGGAA
ACCATTGGTAATCCAAAGTACAATGTTCCGGATTTTGAAAAAATTGTTGCAATTGCTCACAAACAC
GGTATTCCAGTTGTCGTTGACAACACATTTGGTGCCGGTGGTTACTTCTGTCAGCCAATTAAATAC
GGTGCTGATATTGTAACACATTCTGCTACCAAATGGATTGGTGGTCATGGTACTACTATCGGTGGT
ATTATTGTTGACTCTGGTAAGTTCCCATGGAAGGACTACCCAGAAAAGTTCCCTCAATTCTCTCAA
CCTGCCGAAGGATATCACGGTACTATCTACAATGAAGCCTACGGTAACTTGGCATACATCGTTCAT
GTTAGAACTGAACTATTAAGAGATTTGGGTCCATTGATGAACCCATTTGCCTCTTTCTTGCTACTAC
AAGGTGTTGAAACATTATCTTTGAGAGCTGAAAGACACGGTGAAAATGCATTGAAGTTAGCCAAA
TGGTTAGAACAATCCCCATACGTATCTTGGGTTTCATACCCTGGTTTAGCATCTCATTCTCATCATG
AAAATGCTAAGAAGTATCTATCTAACGGTTTCGGTGGTGTCTTATCTTTCGGTGTAAAAGACTTAC
CAAATGCCGACAAGGAAACTGACCCATTCAAACTTTCTGGTGCTCAAGTTGTTGACAATTTAAAGC
TTGCCTCTAACTTGGCCAATGTTGGTGATGCCAAGACCTTAGTCATTGCTCCATACTTCACTACCCA
CAAACAATTAAATGACAAAGAAAAGTTGGCATCTGGTGTTACCAAGGACTTAATTCGTGTCTCTGT
TGGTATCGAATTTATTGATGACATTATTGCAGACTTCCAGCAATCTTTTGAAACTGTTTTCGCTGGC
CAAAAACCATGA
ATGGATTCTAGAACAGTTGGTATATTAGGAGGGGGACAATTGGGACGTATGATTGTTGAGGCAGC

TGCCATCCA
AGGTTTGGC
AC

AAGAATTTC

GTTTCCAC
TTCTTACT
TATA

GCCATTAT
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AAACAGGCTCAACATTAAGACGGTAATACTAGATGCTGAAAATTCTCCTGCCAAACAAATAAGCA ACATCTTTCT GCTAAATG
ACTCCAATGACCACGTTAATGGCTCCTTTTCCAATCCTCTTGATATCGAAAAACTAGCTGAAAAAT C TTCT
GTGATGTGCTAACGATTGAGATTGAGCATGTTGATGTTCCTACACTAAAGAATCTTCAAGTAAAAC
ATCCCAAATTAAAAATTTACCCTTCTCCAGAAACAATCAGATTGATACAAGACAAATATATTCAA
AAAGAGCATTTAATCAAAAATGGTATAGCAGTTACCCAAAGTGTTCCTGTGGAACAAGCCAGTGA
GACGTCCCTATTGAATGTTGGAAGAGATTTGGGTTTTCCATTCGTCTTGAAGTCGAGGACTTTGGC
ATACGATGGAAGAGGTAACTTCGTTGTAAAGAATAAGGAAATGATTCCGGAAGCTTTGGAAGTAC
TGAAGGATCGTCCTTTGTACGCCGAAAAATGGGCACCATTTACTAAAGAATTAGCAGTCATGATT
GTGAGATCTGTTAACGGTTTAGTGTTTTCTTACCCAATTGTAGAGACTATCCACAAGGACAATATT
TGTGACTTATGTTATGCGCCTGCTAGAGTTCCGGACTCCGTTCAACTTAAGGCGAAGTTGTTGGCA
GAAAATGCAATCAAATCTTTTCCCGGTTGTGGTATATTTGGTGTGGAAATGTTCTATTTAGAAACA
GGGGAATTGCTTATTAACGAAATTGCCCCAAGGCCTCACAACTCTGGACATTATACCATTGATGCT
TGCGTCACTTCTCAATTTGAAGCTCATTTGAGATCAATATTGGATTTGCCAATGCCAAAGAATTTC
ACATCTTTCTCCACCATTACAACGAACGCCATTATGCTAAATGTTCTTGGAGACAAACATACAAAA
GATAAAGAGCTAGAAACTTGCGAAAGAGCATTGGCGACTCCAGGTTCCTCAGTGTACTTATATGG
AAAAGAGTCTAGACCTAACAGAAAAGTAGGTCACATAAATATTATTGCCTCCAGTATGGCGGAAT
GTGAACAAAGGCTGAACTACATTACAGGTAGAACTGATATTCCAATCAAAATCTCTGTCGCTCAA
AAGTTGGACTTGGAAGCAATGGTCAAACCATTGGTTGGAATCATCATGGGATCAGACTCTGACTT
GCCGGTAATGTCTGCCGCATGTGCGGTTTTAAAAGATTTTGGCGTTCCATTTGAAGTGACAATAGT
CTCTGCTCATAGAACTCCACATAGGATGTCAGCATATGCTATTTCCGCAAGCAAGCGTGGAATTAA
AACAATTATCGCTGGAGCTGGTGGGGCTGCTCACTTGCCAGGTATGGTGGCTGCAATGACACCAC
TTCCTGTCATCGGTGTGCCCGTAAAAGGTTCTTGTCTAGATGGAGTAGATTCTTTACATTCAATTGT
GCAAATGCCTAGAGGTGTTCCAGTAGCTACCGTCGCTATTAATAATAGTACGAACGCTGCGCTGTT
GGCTGTCAGACTGCTTGGCGCTTATGATTCAAGTTATACAACGAAAATGGAACAGTTTTTATTAAA
GCAAGAAGAAGAAGTTCTTGTCAAAGCACAAAAGTTAGAAACTGTCGGTTACGAAGCTTATCTAG
AAAACAAGTAA
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ATGCCTAACGCTTCCCAAGTTTACAGATCTACCAGATCCAGCTCTCCAAAGACCATCTCTTTTGAA
GAGGCTATCATTCAAGGTCTGGCCACTGACGGTGGTCTTTTCATTCCACCAACTATTCCACAAGTG
GACCAAGCCACTCTTTTCAATGATTGGTCAAAGCTCTCCTTCCAAGACTTAGCCTTTGCTATCATG
AGACTATACATTGCCCAAGAAGAGATTCCAGATGCTGATCTAAAGGACTTGATCAAGAGATCTTA
TTCTACTTTCCGTTCTGATGAAGTCACCCCCTTGGTGCAAAACGTCACTGGTGACAAGGAGAATTT
GCACATTTTAGAATTATTCCACGGTCCTACCTACGCTTTCAAAGACGTTGCTTTACAATTTGTCGGT
AATCTTTTTGAATACTTCTTACAAAGAACCAACGCCAATTTACCTGAAGGCGAGAAAAAGCAAAT
CACTGTGGTCGGTGCTACTTCCGGTGACACTGGTTCTGCAGCCATCTACGGTTTAAGAGGCAAAAA
GGACGTTTCCGTTTTCATCTTATATCCAACCGGTAGAATTTCCCCAATTCAAGAAGAACAAATGAC
CACCGTTCCAGATGAAAACGTCCAGACTTTGTCTGTTACCGGTACTTTCGACAACTGTCAAGATAT
CGTCAAAGCTATTTTCGGTGACAAAGAATTCAACTCTAAACACAACGTCGGTGCTGTTAACTCCAT
GATTCCAGA  GTATAGTC
THR4 CAACTGGGCAAGAATCTTGGCCCAAATGACCTATTACTTTTATTCATTCTTCCAAGCCACCAACGG TGCTGATCT  TCATGATA
TAAGGACTCCAAGAAGGTCAAGTTCGTTGTGCCAAGTGGGAACTTCGGTGATATATTGGCCGGTT
ATTTTGCCAAGAAAATGGGTTTGCCTATTGAAAAACTGGCCATCGCTACCAATGAAAACGACATTT AA GEAA
TGGACAGATTTTTGAAATCTGGTCTATACGAAAGATCAGACAAGGTTGCTGCTACTTTATCCCCAG
CAATGGATATCTTAATCTCTTCTAACTTTGAAAGACTACTATGGTACCTAGCTCGTGAATACCTAG
CTAATGGTGATGATTTGAAAGCCGGTGAAATCGTCAACAATTGGTTCCAGGAATTGAAGACCAAC
GGTAAGTTCCAAGTTGACAAATCCATCATTGAAGGCGCATCAAAGGACTTTACATCAGAAAGAGT
TTCCAATGAAGAAACATCTGAAACAATCAAGAAGATCTACGAATCATCTGTAAATCCAAAACATT
ACATCTTAGATCCTCACACAGCTGTCGGTGTTTGCGCCACAGAAAGATTGATTGCAAAAGATAAT
GACAAGTCCATCCAATACATTTCTCTATCTACCGCTCACCCAGCTAAATTTGCCGATGCTGTAAAC
AATGCATTGTCTGGATTTTCCAATTATTCATTTGAAAAGGATGTTTTGCCTGAGGAATTGAAGAAA
TTATCCACATTAAAGAAGAAATTAAAATTCATCGAAAGAGCTGACGTTGAATTGGTCAAAAACGC
TATTGAAGAAGAACTTGCTAAAATGAAATTATAA
ATGTCAGCTACTCTACTAAAGCAACCATTATGTACGGTTGTTCGGCAAGGTAAACAGTCCAAAGT  GGCGGTGGT GACAGCAC
GTCTGGATTGAACCTTTTGAGACTAAAGGCTCATTTGCACAGACAACACCTGTCACCTTCCTTGAT GGTTTAATT  CGATCTTA

ILVI
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AAAACTACACTCTGAATTGAAATTGGATGAGCTGCAAACTGATAACACCCCTGATTACGTCCGTTT GC TTAG
AGTTTTAAGGTCCTCTGTATACGATGTTATTAATGAATCTCCAATCTCTCAAGGTGTAGGTTTGTCT
TCCCGTCTAAACACGAATGTCATCTTGAAAAGAGAAGATCTATTGCCTGTTTTCTCTTTCAAGCTTC
GTGGTGCCTATAACATGATTGCCAAGTTGGACGATTCTCAAAGAAACCAGGGTGTTATTGCCTGTT
CAGCTGGGAATCATGCCCAAGGTGTGGCCTTTGCTGCTAAACACTTGAAAATACCTGCTACTATCG
TTATGCCTGTTTGTACACCATCTATTAAGTATCAAAATGTCTCGAGATTAGGGTCTCAAGTCGTCCT
ATATGGTAACGATTTTGACGAGGCTAAGGCTGAATGTGCCAAATTGGCTGAAGAGCGTGGCTTAA
CGAACATTCCTCCTTTCGATCATCCTTATGTCATTGCGGGTCAAGGTACTGTAGCTATGGAAATCC
TAAGACAAGTACGTACCGCTAATAAGATCGGTGCTGTCTTTGTTCCCGTCGGCGGTGGTGGTTTAA
TTGCTGGTATTGGTGCTTATTTGAAAAGGGTTGCTCCTCATATCAAAATCATTGGTGTTGAAACTT
ACGATGCGGCCACTTTACATAATTCCTTGCAACGCAACCAGAGAACTCCTTTACCTGTGGTGGGTA
CTTTTGCCGATGGTACGTCTGTGCGTATGATTGGTGAAGAAACATTTAGAGTCGCCCAACAAGTGG
TTGATGAAGTTGTTCTTGTTAACACTGACGAAATCTGTGCTGCAGTAAAGGATATTTTTGAAGATA
CTAGAAGTATTGTAGAACCATCTGGTGCCCTTTCAGTAGCCGGTATGAAGAAATACATCTCTACCG
TACATCCAGAAATTGACCACACTAAAAACACCTATGTTCCCATCCTTTCTGGTGCTAACATGAACT
TTGATAGATTAAGATTTGTTTCCGAACGTGCTGTTCTTGGTGAAGGAAAGGAAGTCTTCATGTTAG
TTACTTTACCCGACGTCCCTGGTGCGTTCAAGAAAATGCAAAAGATCATCCACCCAAGATCTGTTA
CTGAATTCTCTTACCGTTACAATGAACATCGTCATGAGTCCTCTAGTGAAGTGCCCAAGGCTTACA
TTTACACTTCTTTCAGCGTCGTTGACAGAGAAAAGGAAATCAAGCAAGTTATGCAACAGTTGAAT
GCTTTAGGTTTTGAAGCTGTGGATATCTCCGATAACGAATTGGCTAAATCTCATGGTAGATACTTG
GTTGGTGGTGCTTCTAAGGTTCCTAATGAAAGAATTATTTCATTTGAATTCCCTGAAAGACCAGGT
GCCTTGACTAGGTTCCTTGGAGGCCTAAGCGATTCTTGGAATCTTACTTTATTCCATTATAGAAAC
CATGGTGCCGATATCGGTAAGGTTTTAGCTGGTATTTCCGTTCCTCCAAGGGAAAACTTAACCTTC
CAAAAATTCTTGGAAGATTTAGGCTACACTTATCATGATGAAACTGATAACACTGTTTATCAAAAA
TTCTTGAAATATTAA
SER2 ATGTCAAAGTTTGTTATCACCTGCATAGCTCATGGAGAAAATCTCCCAAAAGAAACCATCGACCA  GCAAGTTGT GTCATTAC

86



GATTGCGAAAGAAATTACTGAAAGCTCGGCGAAAGATGTATCAATCAATGGTACCAAGAAACTAT ATGGTGGGT ATAGTTGC
CGGCCAGAGCTACCGATATATTCATTGAAGTCGCAGGATCGATTGTTCAAAAAGACCTCAAGAAT GA AGAA
AAGCTGACGAACGTCATTGACAGTCATAATGATGTTGATGTTATTGTTTCTGTCGACAATGAATAT
CGTCAAGCCAAAAAGCTCTTTGTCTTTGACATGGATTCAACATTAATCTACCAAGAGGTCATCGAA
TTGATTGCCGCTTATGCTGGTGTTGAAGAACAAGTGCACGAGATCACAGAAAGAGCCATGAACAA
TGAACTTGATTTCAAAGAGTCTTTAAGAGAACGCGTTAAATTATTGCAAGGCCTCCAAGTCGATAC
ACTATATGATGAAATAAAACAAAAGCTAGAGGTCACCAAGGGTGTGCCAGAACTATGCAAGTTCC
TTCACAAAAAAAATTGCAAGCTCGCTGTTTTAAGCGGTGGTTTTATTCAGTTTGCCGGTTTTATCA
AGGATCAGTTAGGTTTAGATTTTTGTAAGGCAAACTTGTTGGAAGTTGACACTGATGGAAAATTAA
CCGGTAAAACACTGGGTCCTATCGTAGACGGACAGTGCAAGAGTGAAACCCTTCTGCAACTATGT
AATGACTACAATGTTCCAGTTGAAGCAAGTTGTATGGTGGGTGACGGTGGTAACGACCTGCCAGC
CATGGCTACCGCCGGGTTTGGGATCGCATGGAACGCCAAGCCAAAGGTGCAGAAAGCTGCACCTT
GTAAGTTGAATACCAAGAGCATGACTGACATTTTATACATTCTTGGTTACACCGATGATGAAATAT
ACAATAGACAATGA
ATGTCCAGTTCACAACAAATAGCCAAAAATGCCCGTAAAGCAGGGAATATTTTGAAAACCATCTC
AAACGAGGGCAGATCAGATATTTTATACAAAATTCACGATGCCCTGAAGGCTAATGCGCATGCCA
TTGAAGAAGCGAATAAAATCGATTTAGCTGTTGCCAAAGAGACTGGCCTAGCGGATTCTTTATTG
AAACGTCTCGACCTATTTAAAGGGGACAAATTTGAAGTTATGTTACAAGGTATTAAGGATGTAGC
CGAACTAGAAGACCCTGTTGGCAAGGTTAAAATGGCCAGGGAATTAGATGATGGCTTGACGTTGT
TGTGAACAC ACCAGACT
PRO? ACCAAGTAACCGCTCCAGTCGGCGTTTTGTTAGTTATCTTTGAATCCCGTCCAGAAGTTATTGCCA GTTCAGAGA TGATACTC
ATATTACCGCATTGAGTATCAAGTCTGGTAATGCTGCAATTTTGAAGGGTGGTAAAGAGTCTGTGA
ACACGTTCAGAGAAATGGCAAAGATCGTTAACGACACCATTGCACAATTCCAAAGTGAGACTGGT AA AATG
GTTCCTGTGGGCTCTGTGCAATTGATCGAAACCAGACAGGATGTTTCCGACTTGTTGGATCAAGAT
GAGTACATCGACTTAGTTGTTCCTCGTGGTTCCAATGCCTTAGTCAGAAAAATCAAGGACACTACA
AAAATTCCCGTGTTGGGTCATGCGGATGGTATCTGCTCAATTTACTTGGATGAAGACGCAGATTTG
ATTAAGGCAAAAAGAATTAGTTTGGATGCAAAGACTAACTACCCAGCTGGTTGCAACGCTATGGA
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AACGTTGTTGATTAACCCAAAATTCTCTAAGTGGTGGGAAGTTCTGGAAAACTTAACTTTGGAAGG
CGGAGTGACTATCCACGCTACAAAAGATTTGAAAACTGCGTATTTTGATAAACTGAATGAGTTAG
GGAAATTGACAGAAGCAATTCAATGCAAAACCGTTGATGCTGATGAGGAGCAAGATTTTGATAAG
GAATTTTTATCCTTGGATTTGGCTGCCAAGTTTGTTACATCTACAGAATCGGCCATTCAACATATA
AATACACACTCTTCGAGACATACCGACGCTATTGTAACGGAAAATAAAGCAAACGCTGAAAAATT
TATGAAGGGTGTCGACTCCTCTGGTGTTTACTGGAATGCATCAACTAGATTTGCCGATGGTTTCAG
GTACGGTTTTGGTGCTGAAGTGGGTATTTCTACCTCTAAGATTCACGCCCGTGGTCCAGTTGGCTT
GGACGGTCTGGTGAGTTATCAATACCAAATAAGAGGTGACGGCCAGGTTGCTAGTGACTACCTTG
GTGCTGGTGGTAACAAAGCTTTTGTTCACAAGGATTTAGATATAAAGACTGTGACATTATAA
ATGTCAGACGGCACTCAAAAACTATGGGGTGGGAGATTCACTGGTGAAACCGATCCTTTGATGCA
TCTTTACAATGCCTCTCTTCCGTATGATTATAAGATGTATAAGGCAGATTTAGAAGGAACTAAAGT
ATACACAGCGGGCTTGCAGAAGTTGGGTCTTCTAACGGAGACAGAATTGGCAAAGATCCATGAAG
GTTTGGCTGAAATCAAAAAAGAATGGGACGCTGACAAATTTGTCCGTCATCCAAACGACGAGGAT
ATCCATACTGCGAATGAAAGACGTCTTGGTGAACTAATTGGCCGCGATATTGCTGGTAAAGTCCA
CACCGGTAGATCCCGTAATGATCAAGTTGTTACCGATTTGAGAATATACTGTCGTGACATTGTCAA
TGACACCCTCTTTCCAGCTCTAAAGGGCTTGGTTGAAGTTCTAATTAAGAGGGCCGAAGGTGAGAT
AGATGTCTTAATGCCAGGCTACACACATTTACAAAGGGCACAACCTATTAGATGGTCTCATTGGTT GTATGATTA  GTAAAGAT
ARG4 GAGCTCTTATGCAACATACTTCACCGAAGATTACAAGAGACTGGGTCAAATACTACACAGATTGA  TAAGATGTA  GCATCAAA
ATCAATCACCACTGGGTGCAGGCGCTCTTGCTGGTCATCCTTACGGCATTGATAGAGAATTTTTGG TA GGAT
CTGAAGGTTTGGGTTTCAATAGTGTAATTGGTAACTCCTTGGTTGCTGTTTCTGATAGAGATTTCAT
CGTGGAGTTGATGTTTTGGGGAACTTTGTTCATGAACCATATTTCTCGTTTTGCTGAAGATTTGATT
ATATATTGTACAGCAGAATTTGGTTTCATACAGTTGAGCGACGCCTATTCAACAGGTTCTTCTTTA
ATGCCTCAGAAAAAGAATGCAGACTCGTTAGAGTTGTTAAGAGGTAAATCCGGTAGAGTGTTTGG
TGATCTGACAGGATTCTTGATGAGTTTGAAGGGTATCCCATCTACTTATGATAAAGACATGCAAGA
AGACAAAGAGCCATTATTTGATTGCTTAACAACTGTAGAGCACTCCATGCTGATTGCCACAGGTGT
TATTTCTACCTTAACTGTAAATAAGGAAAAGATGGAAGCTGCTCTCACGATGGATATGCTAGCTAC
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TRPI

LYS2

CGACTTGGCAGATTACTTGGTCAGAAAGGGTGTTCCATTCAGAGAGACTCATCACATATCTGGTGA
GTGTGTCGCTACTGCTGAAAGACTTGGTCTAAGCGGTATTGATAAATTAACCTTGGAGCAGTATCA
AAAGATCGATTCGAGATTCGGACAAGATCTTTTTGAAACTTTTAACTTTGAACAAAGCGTTGAAAG
ACGAGATGCTACTGGTGGCACTGCTAAATCTGCTGTATTGAAGCAATTGGATAATTTGAAATCCCA
ATTAAATTAG
ATGTCTGTTATTAATTTCACAGGTAGTTCTGGTCCATTGGTGAAAGTTTGCGGCTTGCAGAGCACA
GAGGCCGCAGAATGTGCTCTAGATTCCGATGCTGACTTGCTGGGTATTATATGTGTGCCCAATAGA
AAGAGAACAATTGACCCGGTTATTGCAAGGAAAATTTCAAGTCTTGTAAAAGCATATAAAAATAG
TTCAGGCACTCCGAAATACTTGGTTGGCGTGTTTCGTAATCAACCTAAGGAGGATGTTTTGGCTCT
GGTCAATGATTACGGCATTGATATCGTCCAACTGCATGGAGATGAGTCGTGGCAAGAATACCAAG
AGTTCCTCGGTTTGCCAGTTATTAAAAGACTCGTATTTCCAAAAGACTGCAACATACTACTCAGTG
CAGCTTCACAGAAACCTCATTCGTTTATTCCCTTGTTTGATTCAGAAGCAGGTGGGACAGGTGAAC
TTTTGGATTGGAACTCGATTTCTGACTGGGTTGGAAGGCAAGAGAGCCCCGAAAGCTTACATTITA
TGTTAGCTGGTGGACTGACGCCAGAAAATGTTGGTGATGCGCTTAGATTAAATGGCGTTATTGGTG
TTGATGTAAGCGGAGGTGTGGAGACAAATGGTGTAAAAGACTCTAACAAAATAGCAAATTTCGTC
AAAAATGCTAAGAAATAG
ATGACTAACGAAAAGGTCTGGATAGAGAAGTTGGATAATCCAACTCTTTCAGTGTTACCACATGA
CTTTTTACGCCCACAACAAGAACCTTATACGAAACAAGCTACATATTCGTTACAGCTACCTCAGCT
CGATGTGCCTCATGATAGTTTTTCTAACAAATACGCTGTCGCTTTGAGTGTATGGGCTGCATTGAT
ATATAGAGTAACCGGTGACGATGATATTGTTCTTTATATTGCGAATAACAAAATCTTAAGATTCAA
TATTCAACCAACGTGGTCATTTAATGAGCTGTATTCTACAATTAACAATGAGTTGAACAAGCTCAA
TTCTATTGAGGCCAATTTTTCCTTTGACGAGCTAGCTGAAAAAATTCAAAGTTGCCAAGATCTGGA
AAGGACCCCTCAGTTGTTCCGTTTGGCCTTTTTGGAAAACCAAGATTTCAAATTAGACGAGTTCAA
GCATCATTTAGTGGACTTTGCTTTGAATTTGGATACCAGTAATAATGCGCATGTTTTGAACTTAATT
TATAACAGCTTACTGTATTCGAATGAAAGAGTAACCATTGTTGCGGACCAATTTACTCAATATTTG
ACTGCTGCGCTAAGCGATCCATCCAATTGCATAACTAAAATCTCTCTGATCACCGCATCATCCAAG

GATTCAGAA GTTTCGTA
GCAGGTGGG ATCAACCT

AC

ACTCAAGAT
GATATTGGT
AC

AAGG

GCGGAATG
GATGAGTA
AGTA
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GATAGTTTACCTGATCCAACTAAGAACTTGGGCTGGTGCGATTTCGTGGGGTGTATTCACGACATT
TTCCAGGACAATGCTGAAGCCTTCCCAGAGAGAACCTGTGTTGTGGAGACTCCAACACTAAATTC
CGACAAGTCCCGTTCTTTCACTTATCGCGACATCAACCGCACTTCTAACATAGTTGCCCATTATTTG
ATTAAAACAGGTATCAAAAGAGGTGATGTAGTGATGATCTATTCTTCTAGGGGTGTGGATTTGATG
GTATGTGTGATGGGTGTCTTGAAAGCCGGCGCAACCTTTTCAGTTATCGACCCTGCATATCCCCCA
GCCAGACAAACCATTTACTTAGGTGTTGCTAAACCACGTGGGTTGATTGTTATTAGAGCTGCTGGA
CAATTGGATCAACTAGTAGAAGATTACATCAATGATGAATTGGAGATTGTTTCAAGAATCAATTCC
ATCGCTATTCAAGAAAATGGTACCATTGAAGGTGGCAAATTGGACAATGGCGAGGATGTTTTGGC
TCCATATGATCACTACAAAGACACCAGAACAGGTGTTGTAGTTGGACCAGATTCCAACCCAACCC
TATCTTTCACATCTGGTTCCGAAGGTATTCCTAAGGGTGTTCTTGGTAGACATTTTTCCTTGGCTTA
TTATTTCAATTGGATGTCCAAAAGGTTCAACTTAACAGAAAATGATAAATTCACAATGCTGAGCG
GTATTGCACATGATCCAATTCAAAGAGATATGTTTACACCATTATTTTTAGGTGCCCAATTGTATG
TCCCTACTCAAGATGATATTGGTACACCGGGCCGTTTAGCGGAATGGATGAGTAAGTATGGTTGC
ACAGTTACCCATTTAACACCTGCCATGGGTCAATTACTTACTGCCCAAGCTACTACACCATTCCCT
AAGTTACATCATGCGTTCTTTGTGGGTGACATTTTAACAAAACGTGATTGTCTGAGGTTACAAACC
TTGGCAGAAAATTGCCGTATTGTTAATATGTACGGTACCACTGAAACACAGCGTGCAGTTTCTTAT
TTCGAAGTTAAATCAAAAAATGACGATCCAAACTTTTTGAAAAAATTGAAAGATGTCATGCCTGC
TGGTAAAGGTATGTTGAACGTTCAGCTACTAGTTGTTAACAGGAACGATCGTACTCAAATATGTGG
TATTGGCGAAATAGGTGAGATTTATGTTCGTGCAGGTGGTTTGGCCGAAGGTTATAGAGGATTACC
AGAATTGAATAAAGAAAAATTTGTGAACAACTGGTTTGTTGAAAAAGATCACTGGAATTATTTGG
ATAAGGATAATGGTGAACCTTGGAGACAATTCTGGTTAGGTCCAAGAGATAGATTGTACAGAACG
GGTGATTTAGGTCGTTATCTACCAAACGGTGACTGTGAATGTTGCGGTAGGGCTGATGATCAAGTT
AAAATTCGTGGGTTCAGAATCGAATTAGGAGAAATAGATACGCACATTTCCCAACATCCATTGGT
AAGAGAAAACATTACTTTAGTTCGCAAAAATGCCGACAATGAGCCAACATTGATCACATTTATGG
TCCCAAGATTTGACAAGCCAGATGACTTGTCTAAGTTCCAAAGTGATGTTCCAAAGGAGGTTGAA
ACTGACCCTATAGTTAAGGGCTTAATCGGTTACCATCTTTTATCCAAGGACATCAGGACTTTCTTA
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AAGAAAAGATTGGCTAGCTATGCTATGCCTTCCTTGATTGTGGTTATGGATAAACTACCATTGAAT
CCAAATGGTAAAGTTGATAAGCCTAAACTTCAATTCCCAACTCCCAAGCAATTAAATTTGGTAGCT
GAAAATACAGTTTCTGAAACTGACGACTCTCAGTTTACCAATGTTGAGCGCGAGGTTAGAGACTT
ATGGTTAAGTATATTACCTACCAAGCCAGCATCTGTATCACCAGATGATTCGTTTTTCGATTTAGG
TGGTCATTCTATCTTGGCTACCAAAATGATTTTTACCTTAAAGAAAAAGCTGCAAGTTGATTTACC
ATTGGGCACAATTTTCAAGTATCCAACGATAAAGGCCTTTGCCGCGGAAATTGACAGAATTAAAT
CATCGGGTGGATCATCTCAAGGTGAGGTCGTCGAAAATGTCACTGCAAATTATGCGGAAGACGCC
AAGAAATTGGTTGAGACGCTACCAAGTTCGTACCCCTCTCGAGAATATTTTGTTGAACCTAATAGT
GCCGAAGGAAAAACAACAATTAATGTGTTTGTTACCGGTGTCACAGGATTTCTGGGCTCCTACATC
CTTGCAGATTTGTTAGGACGTTCTCCAAAGAACTACAGTTTCAAAGTGTTTGCCCACGTCAGGGCC
AAGGATGAAGAAGCTGCATTTGCAAGATTACAAAAGGCAGGTATCACCTATGGTACTTGGAACGA
AAAATTTGCCTCAAATATTAAAGTTGTATTAGGCGATTTATCTAAAAGCCAATTTGGTCTTTCAGA
TGAGAAGTGGATGGATTTGGCAAACACAGTTGATATAATTATCCATAATGGTGCGTTAGTTCACTG
GGTTTATCCATATGCCAAATTGAGGGATCCAAATGTTATTTCAACTATCAATGTTATGAGCTTAGC
CGCCGTCGGCAAGCCAAAGTTCTTTGACTTTGTTTCCTCCACTTCTACTCTTGACACTGAATACTAC
TTTAATTTGTCAGATAAACTTGTTAGCGAAGGGAAGCCAGGCATTTTAGAATCAGACGATTTAATG
AACTCTGCAAGCGGGCTCACTGGTGGATATGGTCAGTCCAAATGGGCTGCTGAGTACATCATTAG
ACGTGCAGGTGAAAGGGGCCTACGTGGGTGTATTGTCAGACCAGGTTACGTAACAGGTGCCTCTG
CCAATGGTTCTTCAAACACAGATGATTTCTTATTGAGATTTTTGAAAGGTTCAGTCCAATTAGGTA
AGATTCCAGATATCGAAAATTCCGTGAATATGGTTCCAGTAGATCATGTTGCTCGTGTTGTTGTTG
CTACGTCTTTGAATCCTCCCAAAGAAAATGAATTGGCCGTTGCTCAAGTAACGGGTCACCCAAGA
ATATTATTCAAAGACTACTTGTATACTTTACACGATTATGGTTACGATGTCGAAATCGAAAGCTAT
TCTAAATGGAAGAAATCATTGGAGGCGTCTGTTATTGACAGGAATGAAGAAAATGCGTTGTATCC
TTTGCTACACATGGTCTTAGACAACTTACCTGAAAGTACCAAAGCTCCGGAACTAGACGATAGGA
ACGCCGTGGCATCTTTAAAGAAAGACACCGCATGGACAGGTGTTGATTGGTCTAATGGAATAGGT
GTTACTCCAGAAGAGGTTGGTATATATATTGCATTTTTAAACAAGGTTGGATTTTTACCTCCACCA
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ACTCATAATGACAAACTTCCACTGCCAAGTATAGAACTAACTCAAGCGCAAATAAGTCTAGTTGC
TTCAGGTGCTGGTGCTCGTGGAAGCTCCGCAGCAGCTTAA
ATGTCTGCCCCTAAGAAGATCGTCGTTTTGCCAGGTGACCACGTTGGTCAAGAAATCACAGCCGA
AGCCATTAAGGTTCTTAAAGCTATTTCTGATGTTCGTTCCAATGTCAAGTTCGATTTCGAAAATCAT
TTAATTGGTGGTGCTGCTATCGATGCTACAGGTGTTCCACTTCCAGATGAGGCGCTGGAAGCCTCC
AAGAAGGCTGATGCCGTTTTGTTAGGTGCTGTGGGTGGTCCTAAATGGGGTACCGGTAGTGTTAG
ACCTGAACAAGGTTTACTAAAAATCCGTAAAGAACTTCAATTGTACGCCAACTTAAGACCATGTA
ACTTTGCATCCGACTCTCTTTTAGACTTATCTCCAATCAAGCCACAATTTGCTAAAGGTACTGACTT
CGTTGTTGTCAGAGAATTAGTGGGAGGTATTTACTTTGGTAAGAGAAAGGAAGACGATGGTGATG
GTGTCGCTTGGGATAGTGAACAATACACCGTTCCAGAAGTGCAAAGAATCACAAGAATGGCTGCT ATTTGGTCCT AAGATTAT
LEU2 TTCATGGCCCTACAACATGAGCCACCATTGCCTATTTGGTCCTTGGATAAAGCTAATGTTTTGGCC  TGGATAAAG GGAGAAA
TCTTCAAGATTATGGAGAAAAACTGTGGAGGAAACCATCAAGAACGAATTCCCTACATTGAAGGT C AACTG
TCAACATCAATTGATTGATTCTGCCGCCATGATCCTAGTTAAGAACCCAACCCACCTAAATGGTAT
TATAATCACCAGCAACATGTTTGGTGATATCATCTCCGATGAAGCCTCCGTTATCCCAGGTTCCTT
GGGTTTGTTGCCATCTGCGTCCTTGGCCTCTTTGCCAGACAAGAACACCGCATTTGGTTTGTACGA
ACCATGCCACGGTTCTGCTCCAGATTTGCCAAAGAATAAGGTCAACCCTATCGCCACTATCTTGTC
TGCTGCAATGATGTTGAAATTGTCATTGAACTTGCCTGAAGAAGGTAAGGCCATTGAAGATGCAG
TTAAAAAGGTTTTGGATGCAGGTATCAGAACTGGTGATTTAGGTGGTTCCAACAGTACCACCGAA
GTCGGTGATGCTGTCGCCGAAGAAGTTAAGAAAATCCTTGCTTAA
GGTTAGTTACTTGCTCTATGCGTTTGCGCATCCTCTTTTTACTTTTTTITTTTTCAGTAAAGCCTAAGC
ATAAATCGTTTTATACGTACGACACGTTCAACTTTTCTTGGTTAGTAGTGGCAATCTCTGCAATAC
ATACAGGGAGTCATGGTCTATCATCTTGTCCAATCAAAGAAGCATCGGTTCAGATCGAGCAAACT  AATCCGGAA TATGTTAC
XI3 GTAGGGAGAAAGGAAAGTAGAAATGCAGAGTGTGCTATATGTCCAATCTCGGTTTTGTAGTTTGG  GTAGCGACG GGATCTTG
ATGTCATTAGAGATCTACCACCCAACCGGCTGCTTTCATGTGGAACAGAAAAGAAATCGGGGCGC GG CACG
TTCCTCTTCTGTATTCCTTTAATTAACGTTTTTATTCAGCCATCTAACCATCATACCCCCATACGGT
AACAAAACCTCTTCTAAGAAAAGAAGTCTCTGCTCCTCCGCCATCTTATTTTTATTCGCTGCGCGC
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GTTTATTGTCGCATCGCTAGCCAGCAAAAAGTTGGTTGCCTTTTTTTACCTAAAAAAGACACATCT
AACTGATTAGTTTTCCGTTTTAGGATATTGACGCCAAGCGTGCGTCTGATTTCCCTTACGTGGATTG
AGCCAGCAATACAGATCATTATTAAACTGTTTTGTACATGATGTTAGTATATAATCGTAAAGCTTT
TCTAATATGTATACCTTATACATGGAACTCCACAGAACTTGCAAACATACCAAAAATCCTTTATTC
TTGTTCACTCATTTTACATCAAAAAATAATATTITCAGTTATTAAGGAAAATAAAAAAATAGATTAG
AGAAGCATTTTGAAGAAATAGTATATTCTTTTATTGAACCTAAGAGCGTGATATTTTTACTCGAAA
TAAAATACGAAAAATCTATACACTCATCTTTCCGACTACTATTGGCTCCTGCTCAAAAAAAGAGGG
AAAAAAAGCTCCAAAATTCTATCTTTTCCTATCGCTCCTGTCCTATCCTTATTACGTTCATTACTAT
TTTAATACTATCCATTCTTTTATTTTCAGTCTAAAAAAAACATTTCTCATAACGGGAAAAGCAAAA
AAATGTCAAGCTTATACATCAAAACACCACTGCATGCATTATCTGC
GTGAACAGCCTTCTCCGCAATTTAGCTTCAAGCTAATAAGTGGTTATTGTTTGCGCGCGCTTGAAG
GCAAGGATCATCGCTTTTTTCTTCTCACCATTGAATTTAAGGGACGCCGATTAGCATAATACACTT
ATCAACAACAACCGGATGTGTGTTATCTATCAGTGGTGGAAGGATTGGTAAGCAATTTGGTTTGAT
CCAGAGGACTAAGAAAAAAAAACGGCTCATCAAAGAAATTAGTTCAATTGAGTAGTTTAATAGAC
AGAGTTTGGAAAGATAACAGAAGTAGAAAAAGTAAAAATCTACACATGACACTCAACACATGTG
GACAGCAAGAGGGCAGATAGATAAGTCGACACTGCAAATTGTTGTGTATGTAATAGCCCTGGGTG
CGCCCATTT ATGGATAC
1l CAGGTTGGCCAAAACTGCCATTTATCCTTACATCGCTCGTATTTGCTCGTTCTGATAACTCTAATAA AAAGGTICA  ATGGCGTA
TCGTTATTGACAAGTTGGTTCAAGGTCAAAAATTTTGTTATTACAATCACTGAGCAATACGCTGTT
TTTCCATAGTATGGAGGCATTTTTTTTTTCTGTGAATGTACGTATATTTITACTGTATACTTCATTAAT AC GCTA
ATTTGGGAAATAGACATATTTTGAGATTATTTTTTAGATCCTGTTTACGTAAAAGACAATAATATA
GGTGTGTAAATTATACCCTAAGTTCTTCTCAAGGATGTAAGAATTCCACAAGAGAACCGGCAATTT
TATNNNNNNNNNNCAATAATAATATTTTTTCTITGGCTTTACATGTAGTCGTTTATTATCCTATTGA
ATCAGCAATTATCACATCTCAGCTTTCATTACTTTTGATGACTTTTTCTCAACTCCATGTCATTCTTA
CACTGTG

Engineering chromosomal locis related to strain RB218 have been studied in previous study?.
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Supplementary Data 5 Source data of Supplementary Fig. 1.

Supplementary Fig. 1a Remaining titer pCA (mg I'") Remaining titer CaA (mg 1)

RB57 139.3 194.6 176.5 195.7 175.8 176.3
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Supplementary Data 6 Source data of Supplementary Fig. 5.

Supplementary Fig. 5a pinoresinol glucoside titer (mg 1)
RB2187!54-XHTB4de24 1.4 0.6 1.6

Supplementary Fig. 5b pinoresinol diglucoside titer (mg I'")
RB218me5 X H8B 1 %de?4 0.6 0.4 0.5
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