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peroxisomal acetyl-CoA and systematic engineering in yeast
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Fig. S1 The production of friedelin in engineered S. cerevisiae strains harboring MVA pathway modifications. ODggg
indicates the final yeast biomass after fermentation. “O” indicates that the specified genetic modification was
applied, and “©” indicates no modification. ODgqyq indicates the final yeast biomass after fermentation. Cells
were grown in defined minimal medium, and cultures were sampled after 72 h of growth for detection. All

data represent the mean of n=3 biologically independent samples, and error bars show standard deviation.
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Fig. S21 The production of friedelin and squalene in strain LAC117. Cells were grown in defined
minimal medium, and cultures were sampled after 72 h of growth for detection. Data represent

the mean of n=3 biologically independent samples, and error bars show standard deviation.



25 ~15

20 12
I ® ¢ 3 ¢
o
E
£ 154 -9
[7]

o

: 8
T °
w 10 6
-
g
[~

5] 3

0 Lo

LAC117 LAC30 LAC31 LAC32 LAC36

ererpa:ixte [ [l H B B
rSE B i B e

SE O O O m O

ERG1 O O O O .

Fig. S37 The production of friedelin in strains with ERG7 promoter replacement and squalene
epoxidase expression, including native ERG1 and squalene epoxidase in Rattus norvegicus (SE)
and truncated SE(rSE). “O” indicates that the specified genetic modification was applied,
and “©” indicates no modification. ODgyq indicates the final yeast biomass after fermentation.
Cells were grown in defined minimal medium, and cultures were sampled after 72 h of growth
for detection. Data represent the mean of n=3 biologically independent samples, and error bars

show standard deviation.
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Fig. S471 Effect of increasing tHMG1 copy number or introducting heterologous mvaS and mvaE in LAC117 on friedelin
production. ODgqg indicates the final yeast biomass after fermentation. Cells were grown in defined minimal
medium, and cultures were sampled after 72 h of growth for detection. Data represent the mean of n=3

biologically independent samples, and error bars show standard deviation.
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Fig. S57 The production of squalene in strains SQ18, with coexpression of AnACL and
AnACL~pex15p, and deletion of MLS1p. “O” indicates that the specified genetic modification
was applied, and “©” indicates no modification. ODgg indicates the final yeast biomass
after fermentation. Cells were grown in defined minimal medium, and cultures were
sampled after 72 h of growth for detection. Data represent the mean of n=3 biologically

independent samples, and error bars show standard deviation.
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Fig. S61 Effects of peroxisomal metabolic and morphological engineering on squalene
production. “O” indicates that the specified genetic modification was applied, and “©”
indicates no modification. Cells were grown in defined minimal medium, and cultures
were sampled after 72 h of growth for detection. Data represent the mean of n=3

biologically independent samples, and error bars show standard deviation.
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Fig. 77 Effect of increasing copy number of TrCYP716C52 in strain LAC41. ODgqo indicates
the final yeast biomass after fermentation. Cells were grown in defined minimal medium,
and cultures were sampled after 72 h of growth for detection. Data represent the mean of

n=3 biologically independent samples, and error bars show standard deviation.
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Fig. S81 AlphaFold3-predicted structures of wild-type ThCYP712K1 (A), expected position

error (B), and substrate-channel analysis performed using CAVER 3.0 (C).
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Fig. S91 AlphaFold3-predicted structures of ThCYP712K1'124V (A), expected position error

(B), and substrate-channel analysis performed using CAVER 3.0 (Q).
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Fig. S10+ AlphaFold3-predicted structures of ThCYP712K17488A (A), expected position error

(B), and substrate-channel analysis performed using CAVER 3.0 (Q).
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Fig. S117 Effect of LD formation on wilforic acid C production in LAC122. DGAI, AREI and

OLE] were overexpressed in strain LAC122 individually or in combination. “O” indicates that
the specified genetic modification was applied, and “©” indicates no modification. ODgq
indicates the final yeast biomass after fermentation. Cells were grown in defined minimal medium,
and cultures were sampled after 72 h of growth for detection. Data represent the mean of n=3

biologically independent samples, and error bars show standard deviation.
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Fig. 121 Effect of NADPH supply on wilforic acid C production in LAC138. ZWF1, GNDI and
POS5 were overexpressed in strain LAC138 individually or in combination. “O” indicates that
the specified genetic modification was applied, and “©” indicates no modification. ODgq
indicates the final yeast biomass after fermentation. Cells were grown in defined minimal medium,
and cultures were sampled after 72 h of growth for detection. Data represent the mean of n=3

biologically independent samples, and error bars show standard deviation.
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Fig. 137 Effect of ER morphology engineering on wilforic acid C production. The genes OPI1,
encoding a transcriptional regulator which negatively regulates phospholipid biosynthesis, and
PAHI, encoding Mg?" dependent phosphatidate (PA) phosphatase were deleted. INO2 encoding a
transcription activator for phospholipid biosynthesis was overexpressed in strain LAC122. “O”
indicates that the specified genetic modification was applied, and “©” indicates no
modification. ODg indicates the final yeast biomass after fermentation. Cells were grown in
defined minimal medium, and cultures were sampled after 72 h of growth for detection. Data
represent the mean of n=3 biologically independent samples, and error bars show standard

deviation.
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Fig. S147 Effection of maintaining ER stability on wilforic acid C production. HAC!I and ICE?2
were overexpressed in strain LAC122 individually or in combination. “O” indicates that the
specified genetic modification was applied, and “©” indicates no modification. ODgqg
indicates the final yeast biomass after fermentation. Cells were grown in defined minimal
medium, and cultures were sampled after 72 h of growth for detection. Data represent the

mean of n=3 biologically independent samples, and error bars show standard deviation



BEBY TR BT RREA I NN R AR ER LN NHECEEIYTSITTRRRANNRERAANIBINGERAZEERLEE [0
LLLLL ) prdinr
bl 1700000
[~ 1800000
(- 1500000
[ 1400000
[~ 1300000
[~ 1200000
[~ 1100000
[~ 1000000
Cim
i 2.3 E (900000
Aft)||B(a) | K(dt) s)
389|290 | 1.9 &3] 800000
Jz (“h; : [~ 700000
"1‘ ) I-so00n
L ( 500000
19
[-400000
300000
I ol 200000
I
J M w 100000
o }_}.__‘ A ‘ o ) Lo

i B e A s S 100000

3 SHRRNSS3RNERR

- 2R0IANPEEAEES

16 15 14 13 ‘\IZ " 10 9 & g 5 4 ‘3 |2 % (Il -‘1 ‘Z -l'i
1{ppm}

Fig. S157 The *H NMR spectrum of wilroric acid C (CD;0D, 800 MHz). & 3.89 (t, J = 3.0 Hz, 1H),
2.90 (q,J=6.7 Hz, 1H), 2.43 — 2.36 (m, 1H), 2.15 - 2.10 (m, 1H), 1.99 (dt, J = 13.2, 2.7 Hz, 2H),
1.82 — 1.74 (m, 2H), 1.53 — 1.48 (m, 3H), 1.43 — 1.28 (m, 13H), 1.18 (s, 3H), 1.10 (s, 3H), 1.06 (s,

3H), 0.90 (d, J = 4.0 Hz, 7H), 0.83 (d, J = 6.7 Hz, 3H), 0.68 (s, 3H).
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Fig. S167 The 3C NMR spectrum of wilroric acid C (CD;0D, 201 MHz). 6§ 215.3, 182.9, 75.2, 53.9,

53.5,51.7,46.1,44.3,42.3,41.4, 40.6, 40.5, 38.1, 37.7, 37.5, 36.0, 32.6, 32.3, 31.4, 31.4, 31.2,

31.0, 30.6, 30.2, 19.3, 19.0, 18.5, 16.6, 14.4, 6.7.
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Fig. S171 The *H NMR spectrum of polpunonic acid (CDCls, 800 MHz). 6 2.43 —2.38 (m, 1H), 2.34
(dt, J = 15.1, 2.2 Hz, 1H), 2.23 (dp, J = 27.9, 7.0 Hz, 2H), 2.16 (dq, J = 14.3, 2.3 Hz, 1H), 2.03 — 1.96
(m, 2H), 1.75 (d, J = 12.7 Hz, 1H), 1.68 (ddt, J = 15.8, 12.8, 6.3 Hz, 2H), 1.59 (dd, J = 15.1, 7.8 Hz,
1H), 1.56 (dd, J = 7.9, 2.6 Hz, 1H), 1.50 (dd, J = 12.8, 3.3 Hz, 2H), 1.49 — 1.45 (m, 2H), 1.40 — 1.28

(m, 8H), 1.26 (s, 4H), 1.09 (s, 3H), 1.00 (s, 4H), 0.87 (t, J = 5.5 Hz, 9H), 0.72 (s, 3H).
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Fig. S18} The 3C NMR spectrum of polpunonic acid (CDCls;, 201 MHz). 6 213.4, 184.1, 59.9, 58.4,
50.9,44.4,42.2,41.7,41.5, 40.6, 39.3, 39.3, 37.6, 36.8, 36.3, 35.5, 32.0, 31.7, 30.4, 30.3, 29.7,

29.6, 29.5, 22.4, 18.6, 18.4, 18.2, 16.5, 14.8, 7.0.



Table S17 List of yeast strains in this study

Parent
Strain Genotype Reference
strain
Retained
CEN.PK113- MATa ura3-52 trp1-289 leu2-3, 112 his3A1 MAL2-8c
in the
5D SUC2
laboratory
Retained
CEN.PK113-
THYO02 CAN1A:: pTEF1-CAS9-tCYC1, Gal8oA in the
5D
laboratory
LACO1 THYO02 X-2::IDP1t-MiFRS4-gal10,gal1-TwCPR3-FBA1t This study
LACO2 THYO02 X-2::IDP1t-KdFRS-gal10,gal1-TwCPR3-FBA1t This study
LACO3 THYO02 X-2::IDP1t-KdGLS-gal10,gal1-TwCPR3-FBA1t This study
LACO4 THYO02 X-2::IDP1t-TwOSC1™026-g3l10,gal1-TwCPR3-FBA1t This study
LACOS THYO02 X-2::TEF1p-1cOSC3-ADH1t-TDH3p-TwCPR3-IDP1t This study
LACO8 LACO4 X-3:: TDH3p-ERG20-FBA1t This study
LACO9 LACO4 X-3:: TDH3p-ERGY9-FBA1t This study
LAC10 LACO4 X-3:: TDH3p-ERG20~ERGY9-FBA1t This study
LAC11 LACO4 X-3:: TDH3p-ERG9~ERG20-FBA1t This study
LAC12 LACO4 X-3:: TDH3p-ERG20-CYC1t-PGK1p-ERG9-FBA1t This study
LAC14 LAC12 BTS1A This study
LAC16 LACO9 BTS1A::THD3p-tHMG1-FBA1t-TEF1p-ERG1-IDP1t This study
LAC17 LAC12 BTS1A::THD3p-tHMG1-FBA1t-TEF1p-ERG1-IDP1t This study
LAC18 LAC11 BTS1A::THD3p-tHMG1-FBA1t-TEF1p-ERG1-IDP1t This study
LAC116 LAC17 XII-1::TDH3p-ERG12-IDP1t-TEF1p-ERG8-FBA1t This study
XII-5::TDH3p-ERG10-IDP1t-TEF1p-ERG13-FBA1t-
LAC117 LAC116
tHXT7p This study
XII-5::TDH3p-ERG10-IDP1t-TEF1p-ERG13-FBA1t-
LAC118 LAC116
tHXT7p-tHMG1-ADH1t This study

LAC119 LAC116 XII-5::TDH3p-mvaE-IDP1t-TEF1p-mvaS-FBA1t-tHXT7p This study



LAC92

LAC93

LAC114

LAC120

LAC121

LAC122

LAC123

LAC124

LAC125

LAC126

LAC127

LAC129

LAC133

LAC134

LAC135

LAC136

LAC137

LAC138

LAC139

LAC140

LAC141

LAC142

LAC150

LAC117

LAC117

LAC93

LAC93

LAC114

LAC121

LAC122

LAC123

LAC124

LAC124

LAC121

LAC122

LAC122

LAC122

LAC122

LAC122

LAC122

LAC122

LAC122

LAC122

LAC122

LAC122

LAC127

UCC1A: IDP1t-AnACLa-gall,10-AnACLb-FBA1t;
MLS1pA

pex31A

XIl-2::gal1,10-TwOSC1T>02- | DP1t
XIl-4::FBA1t-TwOSC1™02E-gal1,10-TwOSC1T502E-IDP1t
XIl-4::FBA1t-TwOSC1™%2E-gal1,10-TwOSC1T502E-IDP1t
XI-3::IDP1t-ThCYP712K-SptGal2-SkGal2-TrCYP716C52-
FBA1t-gal7-TwCPR3-TDH2t
int14::IDP1t-ThCYP712K1'124V-SptGAL2-SkGAL2-
TrCYP716C52-FBA1t

YPRC deltal5::IDP1t-ThCYP712K1124V-SptGAL2-
SkGAL2-TrCYP716C52-FBA1t
int17::IDP1t-ThCYP712K1'124V-SptGAL2
int17::IDP1t-ThCYP712K1'124V-SptGAL2-SkGAL2-
ThCYP712K1"24V-FBA1t
XI-3::IDP1t-ThCYP712K'124V-SptGal2-SkGal2-
TrCYP716C52-FBA1t-gal7-TwCPR3-TDH2t

OPIA

PAH1A:: TDH3p-INO2-IDP1t

X1-2::TDH3p-HAC1-IDP1t

XI-2::TEF1p-ICE2-FBA1t
X|-2::TDH3p-HAC1-IDP1t-TEF1p-ICE2-FBA1t
V-1::TDH3p-DGA1-FBA1t

V-1::TEF1p-ARE1-FBA1t

V-1::tHXT7p-OLE1-ADH1t
V-1::TDH3p-DGA1-IDP1t-TEF1p-ARE1-FBA1t
V-1::TDH3p-DGA1-IDP1t-TEF1p-OLE1-FBA1t
V-1::TEF1p-ARE1-FBA1t-tHXT7p-OLE1-ADH1t

V-1::TEF1p-ARE1-FBA1t

This study
This study
This study
This study

This study

This study

This study

This study

This study

This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study



LAC156
LAC157
LAC158
LAC159
LAC160

LAC161

LAC162

LAC168
LAC24
LAC33

LAC107

LAC108

LAC109

LAC110
LAC42
LAC30
LAC31
LAC32
LAC36
LAC41
LAC25
LAC34
sQ17
sQ37

SQ76

sQ77

SQ78

LAC138
LAC138
LAC138
LAC138
LAC138

LAC138

LAC138

LAC150
LAC117
LAC24
LAC33
LAC33
LAC33
LAC33
LAC33
LAC117
LAC117
LAC117
LAC117
LAC117
LAC24
LAC25
LAC17
sQ17

sQ17

SQ17

sQ77

I11-2::TDH3p-ZWF1-IDP1t

I11-2::TEF1p-GND1-FBA1t

I11-2::tHXT7p-POS5-ADH1t
[11-2::TDH3p-ZWF1-IDP1t-TEF1p-GND1-FBA1t
[11-2::TDH3p-ZWF1-IDP1t-tHXT7p-POS5-ADH1t
I11-2::TEF1p-GND1-FBA1t-tHXT7p-POS5-ADH1t
[11-2::TDH3p-ZWF1-IDP1t-TEF1p-GND1-FBA1t-tHXT7p-
POS5-ADH1t
I11-2::-TEF1p-GND1-FBA1t-tHXT7p-POS5-ADH1t
int14::gall,10-TrCYP716C52-FBA1t
XI-3::IDP1t-ThCYP712K1-gal1,10-TrCYP716C52-FBA1t
int17::gal7-ATR1-TDH2t

intl17::gal7-MTR1-TDH2t

int17::gal7-SmCPR1-TDH2t
int17::gal7-TwCPR3-TDH2t
int17::gal7-AtCYB5-TDH2t

PERG7A::PHXT1

ERG7pA::tHXT7p-rSE-CYC1t-HXT1p
ERG7pA::tHXT7p-SE-CYC1t-HXT1p
ERG7pA::tHXT7p-ERG1-CYC1t-HXT1p
XI-3::IDP1t-ThCYP712K1-gal1,10-TrCYP716C52-FBA1t
17 site::gal1,10-TrCYP716C52-FBA1t
XI-3::IDP1t-ThCYP712K1-gal1,10-TrCYP716C52-FBA1t
TwOSC1T302EA

uccia

UCC1A:: IDP1t-AnACLa-gall,10-AnACLb-FBA1t
UCC1A:: IDP1t-AnACLa~pex15p-gall,10-
AnACLb~pex15p-FBA1t

XI-5:: IDP1t-AnACLa-gall,10-AnACLb-FBA1t

This study
This study
This study
This study
This study

This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study

This study

This study



sQ79

SQ80

sQ81

SQ82

SQ83

sSQ18

SQ6

sQi4

sQ15

sQ16

sQ19

SQ20

sQ21

SQ22

sQ23

SQ24

SQ25

SQ76

SQ76

SQ76

SQ76

SQ76

SQ78

SQ83

SQ83

SQ83

SQ83

SQ83

SQ83

SQ83

SQ83

SQ83

SQ83

SQ83

MLS1pA::PCK1p
MLS1pA::FBP1p
MLS1pA::ICL2p
MLS1pA::HXT13p

MLS1pA

MLS1pA

CAT2A
I11-2::TDH3p-POX1-FBA1t
I11-2::TDH3p-POT1-FBA1t
[11-2::TDH3p-POT1-IDP1t-TEF1p-POX1-FBA1t
Pex30A

Pex31A

Pex32A

ATG36A
int19::TDH3p-pex11-FBA1t
int19::TDH3p-pex3-FBA1t

int19::TDH3p-pex34-FBA1t

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study

Table S2§ The nucleotide sequences of the genes identified in this study

Gene

Sequence

MiFRS4

ATGTGGAAAATCAAAATCGCCGATAGAGGTAACTGCCCATACAACGAATACTTATACACT

ACCAACGATTTCGTCGGTAGACAAATCTGGGAATTCGATCCAAACTCTGGTACATCTGAA

GAATTGGCTGAAATTGAAGAGGTGAGAAGAAAGTTCACCGAAAACAGATACGAAGTTAA

GCCAGCTTCTGATTTATTGTGGATGATGCAATTCCTAAGAAAGAACAACTTCAAGCAAAC

CATCCCACCATTAAGGATCGGTGAAAAGGAACAAGTCACCTACGAAGATGTCACTACTGC

CTTGAGGAGAGCTTCTTCTTTCTTCAGTGCTTTGCAAGCCTCCGATGGTCACTGGCCAGCT

GAAAATGCTGGTGTCTCTTTCTTCTTGCCACCATTCATCTTCTGTTTGTACATTACCGGTCA

TTTGAACTCTATTATCACTCCAGAACATAGAAAGGAAATTTTGAGATTCATTTACAACCAC

CAAAATGAAGACGGTGGTTGGGGTATCCACATCGAAGGTCACTCCACTGTTTTCGCTACT

GCCTTCACTTACGTTTGTATGAGAATCTTAGGTGTTGGTCCGGATGAAGATGCTTGTGCTA



GAGCCAGAAAATGGATCTTGGACAGAGGTGGTATTACCTACATGGCTTCCTGGGGTAAG

ACCTGGTTCTCTGTCTTGGGCATCTTTGACTGGTACGGTTGTAACCCAATGCCACCAGAAT

TCTGGATTTTGCCATCATATCTACCTATCCACCCAGCTAAAATGTGGTGTTACTGTAGAAT

GGTTTATATGCCAATGTCTTACTTATACGGTAAGAGATTCGTTGCCCCAATTACCCCTTTG

ATCTTGCAACTTCGTGAAGAATTGCACACCCAACCATACCATGAAATCGAATGGAGAAAG

ATGAGACACAGATGTGCCAAGGAAGACTTGTACTTCCCACACTCTTTGATTCAAAACTTCT

TGTGGGACTCCTTGTACGTCGCATCCGAACCTTTGTTAACCAGATGGCCTTTCTCTAAGAT

CAGAGAACGTGCCTTGGAAAAGGCTATGGAACACATTCATTACGAAGATGAAAACTCTA

GATATATTACCATTGGTTGTGTTGAAAAGGCCTTATGTATGTTGTGTTGTTGGGTCGAAG

ACCCAAACGGTGAATATTTTAAGAAACACTTGGCCAGAATTCCAGACTACCTCTGGGTTG

CTGAGGATGGTATGAAAGTTGTTTCCTTCGGTTCTCAATTGTGGGATGCCACCTTTGGTTT

CCAAGCTTTAGTCGCTTCCAACTTGACTGATGAAGTTGCTCCAACCTTGGTTAAGGCTTAC

GATTTCATCAAGAAGTGCCAGGTTAGAGATAATCCATCTGGTAACTTCGAAAAGATGTTC

CGGCATATCTCTAAGGGTTCCTGGACATTCTCCGACCAAGACCACGGTTGGCAATTGTCT

GACTGTACTGCTGAAGCTTTGAAGTGTTGTTTGCTAGCTGCTACTATGCCAGAAGAATTG

GTCGGTGAAAAGTTGGATCCACAATGGATCTTTGAATCCGTCAACATCATCTTGTCCTTGC

AAGAACCAAAGACTGGTGGTTTGGCTGGTTGGGAACCAGTTCGTGCTGGTCAATGGATG

GAAATGTTGAACCCAATGGAATTTTTGGAAAACATTGTGATTGAACACACTTACATTGAAT

GTACTGGTTCCTCTATTATCGCTTTCATTACTTTGAAGAAGTTGTTCCCAGGTCACAGAACC

AAGGACATTGACAACTTTATTGTTAACGCTATCAGATACTTGGAAGACGAACAATACCCT

GACGGTTCTTGGTACGGTAACTGGGGTATCTGTTTCATCTACTCTACTATGTTTGCTTTGG

GTGGGCTGGCAGCTGCTGGTAGAACTTACAAGAACTGCCAAGCTGTCAGAAGAGGTGTT

GACTTCTTGTTAATTAACCAATCTGACGACGGAGGTTGGGGTGAATCTTACATTTCTTGTC

CAAGAAAGAAGTACACCCCTCTAGAAGGTCGTAGATCCAATGTAGTCCAAACTGCATGG

GCTATGTTGGGTTTGTTGTACGCTGGTCAAGCTGAAAGAGACCCAACTCCATTACACCGT

GGTGCTAAGTTGTTAATTAACTACCAAATGGAAGAAGGTGGTTACCCACAACAAGAAATA

ACCGGTGTCTTCAAGATGAACTGTATGTTGCACTACCCAATCTACAGAAACGCTTTCCCAA

TCTGGGCTTTGGGTGAATACCGTAAGAGAGTTCCACTACCATCCAAGGGTAACTCCATGG

CCATGAAAATCAACTCCGCTTGA



KdFRS

ATGTGGAAACTAAAGATTGCTGAAGGTGGTTCAGATCCATACATCTACACCACCAACAAC

TTTGTCGGTAGACAAATCTGGGAATTTGATCCTCAAGCAACTGACCCACAACAATTGGCT

AAGGTTGAAGCTGCCAGATTGAACTTTTACAACCACAGACACAAGATTAAGCCATCCTCT

GACTTGTTGTGGAGATTACAATTTTTGGAAGAAAAGGATTTCAGACAAAACATTGCTCAA

GTTAAGGTCGAAGACGGCGAAGAAGTCTCTTACGAAGCTGCTACTGCTGCTTTGAAGCG

GGGTGTTCACTTCTACTCTGCTTTGCAAGCCTCTGACGGTCACTGGCCAGCTGAAAATGCC

GGTCCAATGTTCTTCATGTCTCCACTCGTTATGTGTTTGTACATCACTGGTCACTTAAACAC

CATTTTCACTGAAGAACATAGAAGAGAAACATTGCGTTACATTTACTACCACCAAAACGA

AGATGGTGGTTGGGGTTTCCACATTGAAGGTCAATCCACCATGTTCGGAACTGTTTTGAA

CTACATCTGTATGAGATTGTTGGGTGAAGGTCCAGAAGGTGGTCAAGACAATGCTGTTTC

TAGAGGTAGAAAGTGGATTCTAGACCACGGTGGTGCTACCGCCATTCCATCTTGGGGTAA

GACCTGGTTGTCCATCATGGGTTTGTGTGACTGGTCTGGTTGTAATCCAATGCCACCAGA

ATTCTGGTTATTGCCATCCTATTTGCCAATGCACCCAGCTAAGATGTGGTGTTACTGTAGA

ATGGTTTACATGCCCATGTCCTACTTGTACGGTAAAAGATTCACCACTCACATAACCCCTCT

AATCTTGCAATTGAGAGAGGAATTGCACACTCAACCATACGATCAAATTAACTGGAAGAA

GGTCCGTCACGTCTGTTGTAAGGAAGACACTTACTACCCACATCCAATCTTGCAAGATTTG

ATCTGGGATACTCTCTACTTGACTACTGAACCATTGTTGACCAGATGGCCATTGAACAAGT

TGATCAGAGAAAGAGCTTTGAAGAAGACTATGAAACACATTCACTACGAAGATGAAAAC

TCCAGATATATTGTTATCGGTGCCGTCGAAAAGGTCTTGTGTATGTTGGCCTGTTGGGTTG

AAGATCCAAACGGTGATTACTTCAAAAAGCACTTGGCAAGAGTACCAGATTACTTCTGGG

TTGCTGAAGATGGTATGAAGATCCAAAGTTTCGGTTCCCAGCACTGGGATACCGCTTTCTT

TGTTCAAGCCCTCTTGGCTTCTGACATGACTGACGAAATTAGAACTACCCTAGCAAAGGCT

CACGACTGTATCAAGAAAAGCCAAGTCAAGGACAACCCTTCCGGTGATTTCAGATCCATG

TACAGACATATCTCCAAAGGTGCTTGGACTTTCTCTGACCAAGATCACGGTTGGCAATTGT

CTGATTGTACTGCTGAAGGTTTGAAGTGCTGCTTGTTGTTTTCTTTGATGCAACCAGAAGT

TGTTGGTGAAGCTATGCCACCAGAACGTTTGTACGACTCGGTTAACGTTTTATTATATTTG

CAATCCAAGAACGGTGGTATGCCAGGTTGGGAACCAGCCGGTGAATCTGAATGGTTGGA

ATTGCTCAACCCAACCGAATTCTTCGAAAACATTGTCATCGAACACGAATACGTCGAATGT

ACCTCTTCTGCCGTCCAAGCTTTGGTCTTGTTCAAGAAATTGTACCCTTTACATAGACGAA



KdGLS

AGGAAGTTGAAAGATTCATTACCAACGGTGCTAAGTATTTGGAGGACATTCAAATGCCAG

ATGGCTCTTGGTACGGTAACTGGGGTGTTTGTTTCACCTACGGTGCTTGGTTCGCCTTGGA

AGGTTTATCCGCCGCTGGTAAGACGTACAACAACTGTGCTGCTGTTAGAAAGGGTGTTGA

TTTTTTGTTGAACATCCAATTAGAAGACGGTGGTTGGGGTGAATCTTACCAATCTTGTCCA

GACAAGAAGTACGTTCCATTGGAAGACAACAGATCTAACTTGGTCCAAACTTCCTGGGCT

TTGATGGGCTTAATTTACGCTGGCCAAGCTGACAGAGACCCAACTCCACTGCATAGAGCT

GCCAAGTTGTTAATCAACTCTCAATTGGAAGACGGTGACTTCCCACAACAAGAAATTGCT

GGTGTCTTCAAGATGAACTGCACCTTGCATTTCGCTGCTTACAGAAACATCTTCCCAATCT

GGGCTTTGGCTGTCTATCGTCGTTTCTGTAACCCAAATAGTGAAGCCATCTCGAAGCCATC

TAAGTGA

ATGTGGAAGTTGAAGATTGCTGATGGTGGCTCCAACCCATACATTTTTACCACTAACAACT

TCGTCGGTAGACAAATCTGGGAATTCGATCCACAAGCCACCGATCCTCAACAATTGGCTA

AGGTTGAAGCTGCTCGTCTTGATTTCTACCACAACAGATACAAATTGAAGCCAAATTCTGA

TTTGTTGTGGAGAATGCAATTCTTGGAAGAAAAGGATTTCAGACAAAACATCCCACAAGT

TAAGGTCGAGGATGGTGAAGAAGTTTCTTACGAAGCTGTCACCGCTGCTTTGCGTAGAG

GTGTTCACTTGTACTCTGCTCTACAAGCTTCTGACGGACATTGGCCAGCTGAAAACGCTG

GTCCAATGTTCTTCATGCCACCAATGGTTATGTGTTTGTACATCACTGGCCATTTGAACGC

TATTTTCACTGAAGAACATAGATCTGAAACTCTAAGATACATCTACTACCACCAGAACGAA

GATGGTGGTTGGGGTTTCCACATTGAAGGTCACTCTACCATGTTCGGTACCGTCTTGAACT

ATATCTGTATGAGATTGTTGGGTGAAGGTCCAGAAGGTGGTCAAGACAATGCTGTCTCCA

GAGGTAGAAAATGGATTTTGGACCACGGTGGTGCTACTTCCATTCCATCTTGGGGTAAAA

CCTGGTTATCTATCATGGGTTTGTGCGATTGGTCTGGTTGTAACCCTATGCCACCTGAATT

CTGGTTGTTGCCATCCTACTTGCCAATGCACCCAGGTAAGATGTGGTGTTACTGTCGTATG

GTCTACATGCCAATGTCTTACTTGTACGGTAAGCGTTTCACCGCTAGAATTACTCCACTCA

TTTTGCAATTGAGAGAAGAAATTCACATTCAACCATACGATCAAATTGACTGGAAGAAGG

TCAGACACGTCTGTTGTAAGGAAGACATGTATTACCCACATCCTCTCTTGCAAGACTTGTT

GTGGGACACTTTATACTTGACCACCGAACCATTGTTGACTAGATGGCCATTAAACAAGTT

GATCAGACAAAGAGCTTTGCAAAAGACAATGAAGCACATTCATTACGAAGATGAAAATTC

GCGTTACATTACCATTGGTACTGTTGAAAAGGTTTTGTGTATGTTGGCTTGTTGGGTTGAA



TwOSC1T

502E

GACCCAAACGGTGACTACTTTAAGAAGCACCTGGCCAGAGTTCCAGATTATTTCTGGGTT

GCTGAAGACGGCATGAAGATCCAATCTTTCGGTTCTCAACACTGGGATACGGTTTTCTCT

GCTCAAGCTTTGTTGGCTTCTGACATGGCTGACGAAATCGGTACTACTTTGGCCAAGGCT

CACTACTGTATCAAGGAATCTCAAGTCAAGGACAACCCATCTGGTGACTTCAGATCCATGT

ACAGACACATCTCCAAGGGTTCCTGGACTTTCTCAGACCAAGATCATGGTTGGCAATTGTC

CGACTGTACTGCTGAAGGTTTGAAATGCTGCTTATTGTTTTCCTTGATGCAACCAGAAGTC

GTTGGTGAAGCTATGCCACCAGAAAGATTATTTGACTCCGTTAACATCTTGTTATATTTAC

AATCCAAGAACGGTGGTATGCCTGGTTGGGAACCAGCCGGTGCCAGTGAATGGTTAGAA

TTGTTGAACCCAACCGAATTCTTCGAAAATATTGTCATTGAACACGAATACGTTGAATGTA

CCTCATCTGCGGTTCAAGCCTTGGTTTTGTTTAAAAAGTTGCACCCAGGTCACAGAAGAAA

GGAAGTCGAAAGATTCATCACCAACGGTGCTAAGTACATCGAAGACATCCAAATGCCAG

ACGGTGCCTGGTACGGTAACTGGGGTGTTTGTTTCACTTACGGTGCTTGGTTCGCTCTAG

GTGGTTTAGCCGCCGCTGGTAAGACCTACAACAACTGTGCTGCCGTTAGAAAGGGTGTA

GATTTTTTGTTACGGATTCAACTAGAAGATGGTGGTTGGGGTGAATCCTACCAATCTTGTC

CAGACAAGAAATACGTCCCATTGGAAGACAACAGATCTAACTTAGTCCACACTTCTTGGG

CTTTGATGGGTTTGTTGTGTTCTGGTCAAGCCGACAGAGACCCGAACCCACTTCATCGTGC

TGCAAAATTATTGATCAACTCCCAACTAGAAGATGGTGACTTCCCACAACAAGAAATCAC

CGGTGTGTTCAAGATGAACTGTATGTTGCACTTCGCCGCTTACAGATCCATCTTCCCAGTC

TGGGCTCTAGCAGAATACAAGAGATTCTGTAATCTGTCCTCTGAAGCTATCTCTAAGCCAT

CCAAGTGA

ATGTGGAAGTTGAAAGTTGCCGAAAGAGGTAACGCTCCATATTCTGAATACTTGTACACT

ACCAACGACTTCTCTGGTAGACAAACTTGGGAATTTGATCCAAATGCTGGTACTCCACAA

GAATTGGCTAAAGTTGAAGAAGCCAGAAGAAAGTTCACCGAAGATAGACATACTGTTAA

GCCAGCTTCAGATTTGTTGTGGATGATGCAATTCATGCGTGAGAAGAACTTCAAGCAAAC

TATTCCACCAGTTAGGTTGGGTGAAGAGGAACAAGTTACTTACGAAGATTTGACTACTGC

TTTGACTAGGACTACCAATTTCTTTACCGCTTTACAAGCTTCTGATGGTCATTGGCCAGCT

GAAAATGGTGGTGTTTCTTTTTTCTTGCCACCATTCATCTTCAGCTTGTACATTACTGGTCA

CCTGAACTCTATTATTACCCCAGAGTACAGAAAAGAGATCCTGAGATTCATCTACAACCAC

CAAAATGAAGATGGTGGTTGGGGTATTCATATCGAAGGTCATTCTACTATGTTCGGTACT



GCTTTCTCTTACGTCTGCTTGAGAATTTTGGGTATCGAAGTTGATGGTGGTAAGGATAAT

GCTTGTGCTAGAGCTAGAAAGTGGATTTTGGATCATGGTGGTATTACCTATATGCCATCTT

GGGGTAAAACCTGGTTGTCTATTTTGGGTGTTTATGATTGGTACGGCTGTAATCCAATGC

CACCTGAATTTTGGTTGTTGCCATCTTACTTGCCAATTCATCCAGCTAAGATTTGGTGTTAC

TGCAGAATGGTTTACATGCCCATGTCTTACTTGTACGGTAAAAGATTCGTTGGTCCAATCA

CTCCATTGATCTTGCAATTGAGAGAAGAATTGCATACCCAACCATTCCACGAAATTCAATG

GCGTCAAACTAGACATAGATGTGCTAAAGAGGACTTGTACTACCCACACTCTTTGATTCAA

GATTTCATCTGGGATTCCTTGTACGTTGCTTCTGAACCATTATTGACTAGATGGCCATTGA

ACAAGATTAGAGAAAAGGCTTTGGCTAAGGCCATGGAACATATTCATTATGAGGACGAA

AACTCCAGGTACATTACCATTGGTTGTGTTGAAAAAGCCTTGTGTATGTTGTGTTGCTGGG

TTGAAGATCCAAACTCTGACTACTTCAAGAAACACTTGGCTAGAATTCCAGATTACTTGTG

GGTTGCCGAAGATGGTATGAAGGTTCAATCTTTTGGTTCCCAATTGTGGGATGCTACTTTT

GGTTTTCAAGCTTTGGTTGCTTCTAACTTGACCGAAGATGAAGTTGGTCCAGCTTTGGCAA

AAGCTTACGATTTCATTAAGAAGTCCCAAGTCAAGGATAACCCATCTGGTGATTTTGAATC

CATGCATAGGCATATCTCTAAAGGTTCTTGGACCTTCTCTGATCAAGATCATGGTTGGCAA

TTGTCTGATTGCACTGCTGAAGCTTTGAAGTGTTGTTTGTTGGCTGCTGAAATGCCACAAG

AAGTTGTTGGAGAAAAAATGAAGCCTGAATGGGTTTACGAAGCCATCAACATTATCTTGT

CCTTGCAATCTAAATCCGGTGGTTTGGCTGGTTGGGAACCTGTTAGAGCTGGTGAATGGA

TGGAAATTTTGAACCCAATGGAATTCTTGGAGAACATCGTTATCGAACACACCTACGTTG

AATGTACCGGTTCTTCTATTATTGCCTTCGTGTCTCTGAAAAAGTTGTACCCAGGTCATAG

AACTAAGGACATCGATAACTTCATTAGAAACGCCATCAGGTACTTGGAAGATGTTCAATA

TCCAGATGGTTCTTGGTATGGTAACTGGGGTATTTGTTTCATCTACTCTACCATGTTTGCCT

TAGGTGGTTTAGCTGCTACTGGTAGAACTTACGATAATTGCCAAGCTGTTAGAAGAGGTG

TCGACTTCATATTGAAGAACCAGTCTGATGACGGTGGATGGGGTGAATCTTATTTGTCTT

GTCCAAGAAAGGTTTACACCCCATTGGATGGTAGAAGATCTAACGTTGTTCAAACTGCTT

GGGCTATGTTGGGTTTGTTGTATGCTGGTCAAGCTGAAAGGGATCCAACTCCATTGCATA

GAGGTGCAAAAGTTTTGATCAACTACCAGATGGAAGATGGCGGTTACCCACAACAAGAA

ATTACTGGTGTTTTCAAGATGAACTGCATGTTGCATTACCCCATCTACAGAAATGCTTTTCC

AATTTGGGCTTTGGGTGAATACCGTAAAAGAGTTCCATTGCCATCTAAGGGTTACTAA



1cOSC3

ATGTGGAGATTGAAGGTCGGTGAAAGACCATCCAACCCACTGTTAAGATCTCCAAACGGT

TTCTTGGGTAGAGAAGTCTGGGAATTCGACCCAGCTGCCGGTACTCCAGAAGAAAGAGC

TGAGGTCGAAAGATTGAGACAAGAATACACCAGAAACAGATTCACTCAAAGAGAATGTG

GTGATTTATTGATGAGAATGCAATACACCAAGCAAAACTTGCACAACACCAACTTGCAAG

CTATCAAGATCGATAAGGACTCCGATGTTACTGGGGAAACTATCTTGATCGTTTTGAGAA

GAGCTCTTTCTCAATATTCTTCCCTACAAGGTCCAGACGGTCACTGGCCAGGTGACTACTC

CGGTATCTCTTTCATTTTGCCATTGATGATTTTCGCTCTACATGTCACCAGATCTTTGAACG

AAGTATTGTCTATTGAACACATCAGAGAAATTTGTAGATACATCTACAACATCCAAAATGA

AGACGGTGGTTGGGGTACCCACACTTTGGGCCCATCATCCATGTTCGGTACTTGTGTCAA

CTACGCCACCTTGAGAATTTTGGGAGAAGTTTTGGATGGTGAAAACGACGCTTTGTCCAA

GGGTAGAGCTTGGATCCTCTCTCACGGTTCTGCTACCGCCGCTCCACAATGGGCTAAAAT

CTACTTGTCTGTTATTGGTGCTTACAACTGGGCCGGTAACAACGCTATCATCCCCGAATTG

TGGATGTTGCCACACTTCTTACCAATTCACCCAGGTAGATTCTGGTGTTTCTGTCGTATGG

TTTACATGCCAATGGCTTACATTTACGGAAAGAGATTTGTTGGTCCTATCACACCAACCAT

TTTGGCTATTAGAAACGAAATTTACAACATTCCGTACAATGAGATTAACTGGGACAAAGC

TCGTAACTCTTGTGCTAAGGAAGACTTGATCTACCGTCCATCTTGGTTGCAATCCATTGCT

ATTGCTTACTTGAACAAGTTCATCGAACCATTGTCTAATTTATGGCCGATGAACAAATTGA

GAGAACGTGCCATGTCTAACTTGATGGAACACATTCACTACGAAGATGAAACCTCAAACT

ATGTTGGTCTTTGCCCAATCAATAAGGCATTGAACATGATCTGTTGTTGGATTGAAAAGCC

AAACTCTAACGAATTCAGACAACATTTGCCAAGAATCCATGACTTCCTCTGGTTGGCTGAA

GATGGTATGAAATCTAAGGTCTACGTTGGTTGTCACTCTTGGGAAACTGCTTTGATTGTTC

AAGCTTTCTGTTCTACTGGTTTGACTGAAGAATTTTGCTCTACCTTGCGAAAGGCTCACCA

ATTCTTGAAGAACGCTCAAGTCATCCAAAACATTCCAAACTACAAGTCTTACTACAGAGAA

CGTACCAAGGGTTCTTGGACTTTGTCCAACGGTGAAAACTTCTGGCCAATCGCTGACACT

AACGCTGAAGCTTTGAAAGCCATCTTGTTGTTGTCTAACATCCCATCCGAATTGGTCGGTA

ATCCAATTCGTCAAGAACGCCTATACGATGCCGTTGACTGTTTGTTATCATTCGTTAACAA

GGATGGTACTCTGTCTTCCGCCGAATGTAAGAGAACCACCCCATGGGTTGAATTTATCAA

CCCTTCCGAATCCTTCAGAAACATCATTGTCGACTACCCATACCCTGAATGTACTAGCTCCT

TGATTCAAGCCTTAATCTTATTCAGAGACAAGTGTCCAATGTACAGACACGAAGAAATTG



mvak

ACAAGATTATCAAGTCCGGTGCCTTATTTATTGAAAAGGTTCAAAGAAAGGACGGTTCCT

GGTACGGCTCTTGGGCTGTCTGTTTCACCTACGCTACTTTCTTTGCTATTAAGGGTTTGGCT

GCCGCCGGTAGAACTTACCAAAACAGCCTGGCTATTCGTAAGGCTTGTGATTTCTTGCTGT

CTAAGCAATTGGGTACCGGTGGTTGGGGTGAAAATTATTTGGGTTGCCAAATCGAAGAA

TACGTCGATTCTGGTACCCCACATGCTGTTAACACTGCTCAAGCTATGTTGGCTTTGCTTTA

TGCTGGTCAAGTTGGTCAAGATCCAGCTCCATTATACCGGGCAGCTAAGGAATTGATCAA

CATGCAAATGGAAAACGGTGAATTCCCACAACAAGAAATCGTCGGTAACTTTAACTCTTC

TTTGTTCTTCAACTACCCAAACTATAGAAATTTATTCCCAATCTGGGCTTTGGGTGAATTCA

GAAGAAGATTGTTGGCGAAGAAGGGTTGA

ATGAAAACAGTTGTAATAATTGATGCACTAAGAACTCCAATCGGCAAATATAAAGGAAGT

TTGTCCCAAGTATCAGCTGTGGATTTGGGCACCCATGTCACTACTCAGCTTCTAAAAAGAC

ATTCAACTATCTCAGAAGAAATCGATCAGGTTATTTTCGGTAATGTCCTTCAGGCCGGTAA

TGGACAAAACCCAGCTAGACAAATAGCTATTAATTCCGGCTTATCTCATGAAATACCAGC

AATGACTGTTAATGAAGTGTGTGGTTCAGGTATGAAAGCTGTTATACTGGCCAAGCAATT

GATTCAGCTTGGGGAAGCGGAAGTTTTGATAGCAGGTGGCATTGAAAACATGTCACAAG

CCCCCAAATTACAAAGGTTTAATTATGAAACTGAGTCATACGATGCACCTTTTTCTTCTATG

ATGTATGACGGTTTAACTGACGCATTTTCTGGACAAGCTATGGGTTTAACTGCTGAAAAC

GTAGCCGAAAAGTACCACGTGACAAGAGAAGAACAAGATCAATTTTCAGTGCATAGCCA

GTTAAAAGCAGCTCAAGCACAAGCCGAAGGTATTTTTGCCGATGAAATAGCCCCATTAGA

AGTATCTGGAACCTTAGTTGAGAAAGATGAGGGAATTAGACCAAATTCCAGTGTTGAGA

AATTGGGGACGTTAAAAACAGTTTTCAAAGAAGATGGTACTGTGACGGCTGGTAACGCTT

CAACTATTAATGATGGGGCTAGTGCTTTAATCATTGCCAGTCAAGAATATGCTGAAGCGC

ACGGCTTACCATATTTAGCGATAATACGTGACAGCGTCGAGGTTGGTATTGACCCTGCCT

ACATGGGCATAAGCCCGATCAAAGCGATCCAAAAATTATTGGCACGTAATCAACTAACTA

CAGAAGAAATAGACCTTTATGAGATCAACGAAGCTTTCGCAGCAACATCCATAGTTGTCC

AGAGAGAGTTAGCACTACCAGAAGAGAAAGTAAATATTTATGGTGGTGGTATAAGTCTT

GGACACGCAATAGGAGCTACTGGCGCAAGACTATTGACCTCATTATCTTACCAGTTGAAC

CAAAAGGAAAAAAAATACGGTGTTGCCTCACTATGCATAGGTGGTGGGTTAGGTTTAGC

CATGCTATTAGAAAGGCCTCAACAGAAAAAAAACTCTAGGTTCTATCAAATGTCACCAGA



mvas

AGAGCGTCTTGCGAGCCTGTTAAATGAAGGCCAAATTTCAGCCGATACAAAGAAAGAATT

TGAAAATACCGCTCTAAGCAGTCAAATTGCGAACCACATGATTGAAAATCAAATTAGTGA

AACTGAAGTCCCTATGGGAGTCGGTTTGCACTTAACTGTGGATGAAACAGATTATCTAGT

TCCAATGGCTACTGAAGAACCAAGTGTTATTGCTGCATTGTCTAACGGTGCAAAAATAGC

CCAAGGTTTTAAGACTGTTAATCAACAAAGATTAATGAGAGGACAGATAGTCTTCTACGA

TGTGGCAGACGCTGAGTCCTTGATTGATGAGCTACAAGTTAGAGAGACTGAGATTTTTCA

GCAGGCTGAATTAAGCTATCCAAGTATTGTAAAGAGAGGGGGTGGCCTTAGAGACTTGC

AATACAGAGCTTTTGATGAAAGTTTCGTATCTGTTGATTTTTTGGTTGACGTCAAAGATGC

TATGGGCGCGAATATTGTTAATGCAATGTTAGAGGGCGTCGCAGAATTATTTCGTGAATG

GTTCGCCGAACAAAAGATCCTATTTAGTATATTGTCCAACTATGCAACTGAATCAGTAGTA

ACAATGAAGACTGCAATCCCTGTGTCCCGTTTAAGTAAGGGTTCTAATGGTAGAGAAATC

GCAGAGAAGATCGTTCTTGCATCAAGATACGCTTCACTGGACCCGTATAGGGCAGTAACA

CATAACAAAGGTATTATGAATGGAATCGAAGCTGTTGTATTGGCTACAGGGAATGATACA

AGAGCTGTAAGCGCTTCCTGTCATGCATTTGCAGTCAAGGAGGGAAGGTATCAGGGGTT

AACCTCTTGGACTCTGGATGGTGAGCAATTAATTGGGGAAATTTCTGTACCTTTAGCTTTA

GCCACCGTTGGGGGGGCAACGAAAGTTTTGCCAAAGTCCCAGGCAGCAGCGGATCTATT

AGCAGTAACCGACGCCAAGGAATTGTCTAGAGTTGTTGCCGCAGTCGGTCTAGCACAAA

ATTTAGCTGCTCTGAGGGCACTAGTAAGTGAGGGTATTCAAAAAGGCCACATGGCCCTTC

AAGCTAGATCTTTAGCCATGACTGTAGGTGCTACTGGGAAGGAAGTCGAAGCTGTCGCA

CAACAGTTGAAAAGGCAAAAGACTATGAATCAAGATAGAGCGTTGGCAATCTTAAATGA

CTTGAGAAAGCAAtaa

ATGACAATTGGCATCGATAAAATAAGTTTCTTTGTTCCACCATATTATATTGATATGACAG

CTTTAGCAGAAGCTCGTAACGTAGATCCAGGTAAGTTCCATATAGGGATAGGCCAAGACC

AAATGGCCGTAAATCCGATTTCCCAAGATATTGTTACATTCGCGGCAAACGCGGCTGAAG

CCATCCTGACAAAGGAGGACAAAGAAGCCATTGATATGGTGATCGTCGGCACTGAATCA

AGTATTGATGAATCAAAAGCCGCCGCAGTAGTCTTACACAGATTAATGGGAATACAACCT

TTCGCGAGATCATTCGAGATCAAGGAAGCATGTTATGGAGCTACCGCTGGTTTACAATTG

GCTAAGAATCACGTGGCATTGCACCCAGACAAAAAAGTTTTGGTAGTCGCCGCAGATATT

GCAAAATATGGTTTGAACTCCGGAGGAGAACCTACTCAAGGAGCTGGAGCTGTGGCTAT



AnACLa

GTTAGTCGCTTCTGAACCTAGGATACTTGCTTTAAAAGAGGACAATGTCATGTTGACTCAA

GACATATACGACTTTTGGAGACCAACCGGACATCCTTATCCTATGGTGGACGGTCCATTAT

CTAATGAAACGTACATTCAATCTTTTGCACAAGTATGGGATGAACATAAGAAAAGAACTG

GTTTGGACTTCGCCGATTATGATGCATTGGCATTTCACATACCATATACCAAGATGGGAAA

AAAAGCTCTGCTTGCCAAAATATCTGATCAAACAGAAGCAGAACAAGAAAGAATATTAGC

AAGATATGAAGAATCAATTATCTATTCAAGAAGGGTTGGCAATTTATACACCGGTTCACT

GTATTTAGGATTAATAAGCCTTCTTGAAAATGCAACTACACTAACTGCAGGTAATCAAATA

GGACTATTTTCATATGGATCTGGTGCTGTAGCAGAATTTTTCACCGGTGAATTAGTTGCCG

GTTATCAAAACCACTTACAAAAGGAGACTCATCTAGCTTTGTTGGATAACAGGACAGAAC

TAAGTATAGCTGAATACGAAGCTATGTTTGCAGAAACATTGGATACAGATATTGACCAGA

CTTTAGAGGATGAACTGAAATACAGCATTTCTGCTATCAACAATACTGTTCGTAGCTACAG

GAACtaa

ATGTCTGCCAAATCCATCTTCGAAGCCGATGGTAAGGCTATTTTGAATTACCATTTGACCA

GAGCCCCAGTCATTAAGCCTACTCCATTGCCTCCATCCAACACTCACAACCCACCTCCAAA

GCTGGCCTCTTTGTACTTCCCAGACGATTTGTCCGTCAAGGACGTCTTGGATCAAGCTGAA

GTCACTTACCCATGGTTGTTGACCCCAGGTTCTAAGTTTGTCGCTAAGCCTGACCAATTGA

TAAAGAGAAGAGGTAAGTCTGGTCTATTAGCATTGAACAAGACCTGGGCAGAAGCTAGA

GAGTGGATTGAAGCTAGAGCTACCAAGGAACAACAAGTTGAAACCGTTGTGGGAGTTTT

GAGACACTTCTTGGTCGAACCATTCGTTCCACACCCACAAGAAACTGAATACTACATTAAT

ATTCACTCTGTCAGAGAAGGTGACTGGATCTTATTTACCCACGAAGGTGGTGTCGACGTT

GGTGATGTCGATGCCAAAGCTGAAAAGTTGTTGATTCCAGTTAACTTGAAGAACTACCCA

TCTAACGAAGAAATTGCTTCTGCTTTATTGTCTAAAGTTCCAAAGGGTATCCATAACGTCT

TAGTTGATTTCATCTCTAGATTGTACGCTGTCTACGTTGACTGTCAATTCACTTATTTGGAA

ATCAACCCATTGGTTGTCATCCCAAACGCTGATGCTACTTCTGCTGATGTTCACTTCTTGGA

CTTAGCTGCTAAGTTGGACCAAACCGCCGAATTCGAATGTGGTACCAAGTGGGCTGTTGC

TAGATCTCCAGCTAACTTGGGTTTAGCTGCTTTGCCAACTAGTGACAAGGTCAACATTGAC

GCCGGTCCACCAATGGAATTCCCAGCACCATTTGGTAGAGAATTATCGAAGGAAGAAAA

GTTCATCTCCGACATGGATGCTAAGACTGGTGCTAGCTTGAAATTGACTGTCTTAAACCCA

AACGGTCGTGTCTGGACTTTGGTGGCCGGTGGTGGTGCTTCCGTTGTTTACGCTGACGCT



AnACLb

ATCGCTTCTGCTGGTTTCGTTTCTGAATTGGCTAACTATGGTGAATACTCTGGTGCCCCAA
CCGAAACTCAAACATTCAACTACGCCAGAACCATTCTGGACTTGATGTTGCGTTCACCAAT
TCATCCAGACGGTAAAGTTTTGTTTATTGGTGGCGGTATCGCCAACTTCACCAACGTTGCC
TCCACCTTCAAGGGTGTTATCAGAGCTTTGCGTGAAGTTGCTCCGGTTCTTAATGAACACA
AGGTTCAAATCTGGGTTAGAAGAGCTGGTCCAAACTACCAAGAAGGTTTGAAGAACATC
AAGGCTGTTGGTGAAGAATTGGGTTTGAACATGCACGTTTACGGTCCAGAAATGCACGTC
TCCGGTATTGTCCCATTGGCTTTGCAAGGTAAGCAAACTGACATCAAGGAATTCGGTACT
GCTTGA
ATGCCAGCCGCTCCATTGGTCAGCACGGCCAATGGTCCAAACGCTAACGACAACATCACA
AGATTTGAACCTCCATCTAGGGTCAGATCTCCATTTGCTGACGCTTTGTTCCACAACAAGA
CCAGATGTTTCGTCTACGGTATGCAACCAAGAGCCGTTCAAGGTATGTTGGATTTCGATTT
CATTTGTAAGAGATCCACTCCATCAGTTGCCGGTATTATTTACACCTTCGGTGGTCAATTT
GTCTCCAAGATGTACTGGGGTACCTCTGAAACTTTACTACCTGTTTACCAAGATACAGCCA
AGGCTATGGCTAAGCACCCAGATGTCGACACTGTAGTTAACTTCGCTTCTTCTCGTTCCGT
TTACTCTTCTACCATGGAATTGATGCAATACCCACAAATCAAGTGCATTGCTATTATCGCT
GAAGGTGTCCCAGAGAGAAGAGCTAGAGAAATCTTGGTTACTGCTAAGGAAAAGGGTAT
TACCATTATCGGTCCAGCTACTGTTGGTGGCATCAAACCAGGTGCTTTCAAGATTGGTAAC
ACTGGTGGCATGATGGATAATATCGTTGCTTCCAAGTTGTACAGAAAGGGTTCAGTCGGT
TACGTTTCCAAGTCTGGTGGTATGTCTAACGAATTGAACAACATTATCTCCCAAACTACTG
ATGGTGTTTATGAAGGTGTTGCTATCGGTGGTGACCGTTACCCAGGTACTACTTTTATTGA
CCACTTGTTGAGATACCAAGCTGAACCAGAATGTAAGATTTTGGTTTTGTTGGGTGAAGT
TGGTGGTGTTGAAGAATACAGAGTCATTGAAGCCGTCAAGAACGGAGTTATCACCAAGC
CTATTGTCGCTTGGGCCATTGGTACCTGTGCTTCCATGTTCAAGACTGAAGTCCAATTCGG
TCACGCTGGTGCTTCTGCCAACTCTGACTTGGAAACCGCAGTTGCCAAGAACAAAGCTAT
GAGAGAAGCTGGTATCTACGTTCCAGACACTTTCGAAGACATGCCTGCTGTCTTGAAGAA
GGTTTACGAAGAACAAGTCCAAAACGGTGTTATCAAGCCACAACCAGAACCAGTCCCACC
AAAGATCCCAATTGATTATTCTTGGGCTCAAGAATTAGGTTTAATCAGAAAGCCAGCTGCT
TTCATCTCTACTATCTCTGACGACAGAGGTCAAGAATTGCTCTACGCTGGTATGCCAATCT

CTGATGTTTTCAAAGAAGACATCGGTATCGGTGGTGTTATGTCCTTATTGTGGTTCAGAA
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GGCGTTTGCCATCTTACGCTACCAAGTTCTTGGAAATGGTCTTGATGTTGACCGCTGATCA

CGGTCCAGCTGTTTCTGGTGCTATGAACACTATCATCACCACCAGAGCTGGTAAGGATTT

GATTTCCGCTCTAGTGTCGGGTTTGTTGACTATTGGTTCCAGATTCGGTGGTGCCTTGGAT

GGTGCTGCTGAAGAATTCACTAAAGCTTTCGACAAGGGTATGTCTCCAAGAGACTTCGTT

GACACCATGAGAAAGGAAAACAAGTTAATTCCAGGTATCGGGCACAGAATCAAATCCAG

AAACAACCCAGACTTGCGTGTTGAACTAGTTAAGGAATATGTTAAGAAGCATTTCCCAAG

TACCAAATTGCTGGACTACGCCATTGCTGTCGAAACCGTCACCACTTCTAAGAAGGACAA

CTTGATCTTGAACGTTGACGGTTGTATCGCTGTCTGTTTCGTTGATTTGATGAGAAACTGT

GGTGCCTTCTCCGCTGAAGAATCCGAAGACTACATGAAGATGGGTGTGTTGAATGGTTTA

TTCGTATTGGGTAGATCCATAGGTTTGATTGCTCACTACTTAGACCAAAAGCGTTTGAGAA

CCGGTTTGTACAGACATCCATGGGATGACATTACTTACTTACTTCCCGCCTTGCAAAAGGG

TGGTTCTGAAGGTAGAGTTGAAGTCAACGTCTGA

ATGGCCACCATCACTGACATCCAATACTACGTCGTTTTGTTCTTCTTGTGGTTGTTCTCTAC

TTTGTTGTTGCAATACGCTTTCAGAAGATCCACTAAGGGTGCTACCCACTTGAGATTGCCA

CCATCTCCACCATCTTTGCCAGTCGTTGGTCACATCCACTTGTTGTCCAAGGACATCCACAT

CTGTTTCCAAAACTTGGCCAGAAAGTACGGTCCATTGTTGTACTTGAGATTCGGTTCCTTC

AAGTGTTTGTTGATCTCCTCTGCCTCCGTCGCCACCGAAGTCTTCAAGTCCAATGACGTTG

CGTTCTCTTCTAAGCCATTCTCTTGTTTGGGTGATAGATTGATCTTCGGCAATACTGGCTTC

ATTATTTCTCAGTACGGTGATTACTGGAGATACATGAAGAAGTTGACTGTTACTGAATTGT

TGGGTGCTAGACAATTGGAAAGATCTAGAAAGGTTAGACAAGAAGAATTGCACAGATAC

TTGCAAAGAGTTTTCGAAAAGGCTGGTGCTGGTGAAGTTTTCGATGTTGGTTCTGAATTG

ATGAAGTTGACTAATAACACTATCTGCAGAATGGTTTTGTCTACCAGATGTTCTGAAGATG

ATAACGAAGCTGAAGAAGTTAAGAAGTTGGTTGAGGGCTCCTTCGATCTCGCTATGAAG

ATGACCATGGTTGCCATGTCTGGTCCATTGAAGAAGGTTGTTGGTAAGTACTACGAAAAG

GAAGATAAGGATATCAACAGAAGATGTGATGAATTGTTGGAAAGAATGTGGAAGGAAC

ACGAAGAAAGAGCTAAGAGAGAAGGTGTTGATAGAGAAGACAAGGATTTCATGGATAT

TTTGTTGGAAGCTTACTACAACGACAAGGCTGAATTCAAGATTACCAGAAACCAAGTCAA

GGCCTTCATTTTGGACATTTTCATTGCTGGTACTTCTACTTCTGCTGATACTATGCAATGGG

TTATGGCTAACTTGATCAACCACCCAGATGTTTTGAAGAAGGTTAGACAAGAAATTGAAT
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CTGTTGTTGGTAACTCTAAGAGAGTTGTTGAAGAATCTGATTTGCCAAACTTCCCATACTT

GCAAGCTGTTGTTAAGGAAACTTTGAGATTGTACCCACCAGGTCCAGTTTTGCCAAGAAG

AACCAACGAAGACCGTAAGGTTTCTGGCTTCGATATCCCAAAGGATTTGATTGTAGCGTT

CAACGTGTACGCCATCATGAGAGACCCAGAAGCTTGGGATAAGCCAAACGAATTCATCCC

AGAAAGATTCTTGTCTTCCACCAAGGAACAAAACACCCAATTGGTCAACTTCATGGCTTTC

GGTGCCGGTAGAAGATTGTGTCCAGGTTCTACTCTCGCTCTCACCTTGATGAATACTGCTA

TCGCTAACATGGTTCAATGTTTCGACTGGAAGGTCGGTATCGACGGTGATATCGTTAACA

TGAAGGCTGGTACTGGTTTCACCTTGGCTTTGGCCGAACCATTGATGTGTAGACCAGTCG

TTAGATTCAACCCATTCGCCGGTTAA

ATGGCTTTCTACCAAACTTTGTCCGTTGATTCTATCTTGGAGCCAAAGGTGCTATTGTTGG

GTGCTATCTTCATCGTCTCCAACTACTTCTTGTTCAAGAGAATCTTCGGTACCAAGAAGTT

GCCACCAGGTTCTTTGGGTTGGCCAGTTGTTGGTGAAACCGTTCAATTCTTGCACAACCCA

GCTAAGTTCGTTGTTTCTAGAATGGGTAAGTACTCCAACGAAGTTTTCAAGACTAACATCT

TGGGTGAAAACACTGCTGTTTTGTGTGGTCCAGCTGGTAACAAGTTCATGTTCACTAACG

AACAAAAGTTGGTCAAGGTCTGGCACCCACACTCTACTCAAAAGATTTTCTACTCCAACAA

GCCACAACAAGCTCCACCACCACCACCAAACCCAACCCCACAAGAAGCTGGTAAGCAAGG

TGCTTTGAGATCTATGGGTTTCTTGAGACCAGAAGCTGTTATGAGATACTTGGACAAGAT

TGATTTGATCACCAAGCACCACTTGAACACTCACTGGGAAGGTAAGCAAGAAGTTAAGGT

TTACTCTTTGGTCAAGACCTACACTTTGGCCTTGGCTTGTCAATTGTTCATGGGTGTTAAC

GATCCAGACTTGGTTGAAAGATTGGTTGGTAAGTTCGATGAATTGTCTCACGGTATTCAC

ACTATTGCTTGGAACATTCCAGGTATGGCTTTCTACTCTGCTAAGAAGGCTGCCGTTGCTA

TTTCTGGTGAAATTCAACAAGTTATCAAGCAAAAGACTGATGCTATGGCTTCTGGTGTTCA

AATGCAAGACATCTTGTCTTACATGATCAAGGCTGGTCAAGAAGGTAAGTTCAAGGCCCC

AGCTGATATTGCTGAAGCTATCATGGGTTTGATCTCTGCTGGTTACGGTACTACTGCCATC

GCCTTGACCTTCGCCATGAAGTACATTGGTGAAAGACCAGATGTCTACCAAAAGATCTTG

GCTGAACAAATGGAAATCAAGTCCTCTGAAGGTTTCAACGGTGTTTTGGATTGGGATCAC

ATGCAAAAGATGAAGTACACTTGGAACGTTGTTTCTGAAACCATGAGATTGAGAGCTCCA

TTGCAAGGTATGTTCAGAGAAGCCATGACTGACTTGACCTACGCTGGTTACACCATCCCA

AAGGGTTGGAAGTTGTACTGGACTGTTTCTTCTACTAACAAGAACCCAGACTACTTCCCAA
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ACCCAGAAAAGTTCGATCCATCTAGATTCGAAGATGGTTCTACTCCATACACTTTCAACCC

ATTCGGTGGTGGTCCAAGAATGTGTCCAGGTAAGGAATACGCTAGAGTTGTTGTTTTGAC

TTTCTTGCACAACGTTGTTACTAAGTTCAAGTGGGATTTGTTGTGTCCAGATGAAAAGGTT

ATTGGTGACATGGCTCCAGCTCCAGAATTGGGTGTCCCAATCAGATTGCACTCTGCCAACT

AA

ATGACTTCTGCCTTGTATGCCTCTGATTTGTTCAAGCAATTGAAGTCCATTATGGGCACCG

ATTCTTTGTCTGATGATGTTGTTTTGGTTATCGCTACTACCTCTTTGGCTTTGGTTGCTGGT

TTTGTTGTTCTGTTGTGGAAAAAGACTACCGCTGATAGATCTGGTGAATTGAAACCATTG

ATGATCCCCAAATCTTTGATGGCCAAAGATGAAGATGATGACTTGGACTTAGGTTCTGGT

AAGACTAGAGTTTCCATTTTCTTCGGTACTCAAACTGGTACTGCTGAAGGTTTTGCTAAAG

CTTTGTCCGAAGAAATCAAGGCCAGATACGAAAAAGCTGCCGTTAAGGTTATTGATTTGG

ATGATTATGCTGCCGATGACGACCAATACGAAGAAAAGTTGAAGAAAGAAACCTTGGCC

TTCTTCTGTGTTGCTACTTATGGTGATGGTGAACCTACTGATAATGCTGCTAGATTTTACA

AGTGGTTCACCGAAGAGAACGAAAGAGATATCAAGTTGCAACAATTGGCCTACGGTGTT

TTTGCTTTGGGTAATAGACAATACGAGCACTTCAACAAGATCGGTATCGTTTTGGATGAA

GAGTTGTGTAAAAAGGGTGCCAAGAGATTGATTGAAGTTGGTTTGGGTGATGATGACCA

GTCTATCGAAGATGATTTTAACGCCTGGAAAGAATCCTTGTGGTCTGAATTGGATAAGTT

GTTGAAGGACGAAGATGACAAATCTGTTGCTACACCATACACTGCTGTTATTCCAGAGTA

TAGAGTTGTTACTCACGATCCAAGATTCACGACTCAAAAGTCTATGGAATCTAACGTTGCT

AACGGTAACACCACCATCGATATTCATCATCCATGTAGAGTTGATGTCGCCGTCCAAAAA

GAATTGCATACTCATGAATCCGACAGATCCTGCATTCATTTGGAATTCGATATTTCCAGAA

CCGGTATTACTTACGAAACCGGTGATCATGTTGGTGTTTACGCTGAAAATCACGTTGAAAT

CGTTGAAGAAGCCGGTAAGTTGTTAGGTCATTCATTGGATTTGGTGTTCTCCATTCATGCC

GACAAAGAAGATGGTTCTCCTTTGGAATCTGCTGTTCCACCACCATTTCCAGGTCCATGTA

CTTTAGGTACTGGTTTGGCTAGATATGCTGACTTGTTGAATCCACCAAGAAAGTCTGCTTT

AGTTGCTTTGGCTGCTTATGCTACTGAACCATCTGAAGCCGAAAAATTGAAACATTTGACT

TCCCCAGATGGTAAGGACGAATATTCTCAATGGATAGTTGCCTCTCAGAGGTCTTTGTTG

GAAGTTATGGCTGCTTTTCCATCTGCTAAACCACCATTGGGTGTTTTTTTTGCTGCTATTGC

TCCAAGATTGCAACCTAGGTATTACTCCATTTCTTCATCACCAAGATTGGCCCCATCTAGA
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GTTCATGTTACATCTGCTTTGGTTTATGGTCCAACTCCAACTGGTAGAATTCATAAGGGTG

TTTGTTCTACCTGGATGAAGAACGCTGTTCCAGCTGAAAAATCTCATGAATGTTCTGGTGC

CCCAATTTTCATTAGAGCTTCTAATTTCAAGCTGCCAAGCAATCCATCTACTCCAATAGTTA

TGGTTGGTCCAGGTACAGGTTTAGCTCCTTTTAGAGGTTTCCTACAAGAAAGGATGGCCT

TGAAAGAGGATGGCGAAGAATTGGGTTCTTCCTTGTTGTTTTTTGGTTGCAGAAACAGAC

AGATGGATTTCATCTATGAGGACGAGTTGAACAACTTCGTTGATCAAGGTGTTATCTCCG

AATTGATTATGGCCTTTTCTAGAGAAGGTGCCCAGAAAGAATATGTCCAACATAAGATGA

TGGAAAAAGCCGCTCAAGTTTGGGACCTAATCAAAGAAGAAGGATACTTGTACGTTTGC

GGTGATGCTAAAGGTATGGCTAGAGATGTTCATAGAACATTGCATACCATCGTCCAAGAA

CAAGAAGGTGTTTCATCTTCTGAAGCTGAAGCTATCGTTAAGAAGTTGCAAACTGAAGGT

AGATACTTGAGAGATGTCTGGTGA

ATGACTTCTTCCAACTCTGACCTTGTTAGAACCATTGAATCCGTTCTAGGTGTTAGTTTGG

GAGACTCCGTTTCCGACTCTGTTGTTTTGATCGTTACCACCTCTGCTGCTGTCATCATAGGT

TTGTTGGTCTTCTTGTGGAAGAAGTCTTCTGACAGAAGTAAGGAGCTAAAGCCAGTTATC

GTCCCAAAGTCCTTGGTCAAGGAAGAAGATGATGATGCTGACATCGCTGATGGTAAGAC

CAAGGTTACTGTCTTTTTCGGTACCCAAACCGGTACTGCCGAAGGTTTCGCGAAGGCCTT

GGCCGAAGAAATCAAGGCAAGATATGAAAAGGCTTTCGTCAAGGTTGTTGACATGGACG

ACTACGCCGCTGATGACGATCAATACGAGGAAAAATTAAAGAAGGAAACCTTAGCTTTTT

TCATGTTGGCCACTTACGGTGACGGTGAACCAACCGATAACGCTGCTAGATTCTACAAGT

GGTTCACTGAAGGTAAGGACGAAAGAGGTACCTGGTTGCAACAATTGACTTACGGTGTTT

TCGGTTTAGGTAACAGACAATATGAACACTTCAACAAGATTGGTAAGGTCGTGGACGAC

GATTTGTCTGAACAAGGTGCCAAGAGATTAGTTCCATTGGGCATGGGTGATGACGACCA

ATCTATCGAAGACGACTTCAATGCTTGGAAGGAATCTTTATGGCCAGAATTGGATCAATT

ATTGCGTGATGAAGATGATGTTAACACTGTCTCTACTCCATACACTGCTGCCATCTCTGAA

TACAGAGTTGTTTTCCACGACCCAACGGTCACTCCATCTTACGAAAACCATTTCAATGCTG

CTAACGGTGGTGCTGTTTTTGATATTCACCACCCATGCAGAGCCAACGTTGCTGTCAGAA

GAGAATTGCATAAGCCACAAAGCGACCGTTCCTGTATCCATTTGGAATTCGATGTCTCCG

GTACAGGTGTTACTTACGAAACCGGTGACCACGTCGGTGTCTACGCTGACAACTGTGATG

AAACTGTCAAAGAAGCTGGTAAGTTGTTGGGTCAAGATTTGGACTTGTTGTTCTCCTTGC
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ACACCGACAACGAAGACGGTACTTCATTAGGTGGTTCTTTGTTGCCTCCATTCCCAGGTCC

ATGTACTGTCCGTACCGCTTTGGCTAGATACGCTGACTTGTTGAACCCACCTAGAAAGGCT

GCTTTGATTGCCCTTGCCGCTCACGCTTCCGAACCATCCGAAGCTGAAAGATTGAAATTCT

TGTCCTCCCCACAAGGTAAAGACGAATATTCTAAATGGGTTGTCGGTTCCCACAGAACTTT

GCTAGAAGTTATGGCTGATTTCCCATCCGCTAAGCCACCATTGGGTGTCTTCTTTGCCGCA

ATTGCCCCAAGATTGCAACCAAGATACTACTCCATTTCCTCTTCTCCAAGATTCGCTCCGCA

AAGAGTTCATGTCACCTGTGCTCTGGTCGAAGGTCCAACCCCAACTGGTCGTATTCACAA

GGGTGTTTGTTCCACTTGGATGAAGAACGCTATCCCATCTGAAGAATCTAGAGACTGTTC

TTGGGCTCCAATTTTCATCAGACCTTCTAACTTCAAGTTGCCAGCTGATCCATCTATTCCAA

TTATCATGGTTGGTCCAGGTACTGGTTTGGCCCCCTTCAGAGGTTTCTTGCAAGAAAGATT

CGCTTTGAAGGAAGACGGGGTACAATTGGGTCCAGCTTTATTGTTCTTCGGTTGTAGAAA

CCGTCAAATGGATTTTATCTACGAAGAAGAATTGAACAACTTCGTTGAACAGGGTTCTCT

GAGTGAATTGATCGTTGCCTTTTCCAGAGAAGGTCCAGAAAAGGAATACGTTCAACACAA

GATGATGGACAAGGCTTCTTACTTCTGGTCTTTGATTTCTCAAGGTGGTTACTTGTACGTC

TGTGGTGACGCTAAGGGCATGGCTAGAGATGTTCACAGAACCTTGCACACTATCGTTCAA

CAACAAGAAAATGCTGATTCCTCTAAGGCTGAAGCTACCGTTAAGAAACTCCAAATGGAC

GGTAGATACTTGCGGGACGTTTGGTGA

ATGGAACCATCTTCTAAGAAATTGTCTCCATTGGATTTCATTACCGCCATTTTGAAGGGTG

ACATTGAAGGAGTCGCTCCAAGAGGTGTTGCTGCTATGTTGATGGAAAACAGAGATTTA

GCTATGGTTTTGACTACTTCCGTTGCCGTATTGATTGGTTGTGTCGTTGTCTTGGCTTGGA

GAAGGACCGCTGGTTCCGCTGGTAAGAAGCAACTGCAACCTCCGAAGTTAGTTGTTCCAA

AACCAGCTGCTGAGCCAGAAGAAGCTGAAGACGAAAAGACCAAGGTTTCTGTCTTCTTCG

GTACTCAAACCGGTACTGCTGAAGGTTTCGCTAAAGCCTTTGCTGAAGAAGCTAAGGCTC

GTTACCCACAAGCTAAGTTCAAGGTCATTGACTTGGATGACTACGCCGCGGACGATGACG

AATATGAAGAAAAGCTAAAAAAGGAATCCTTGGCATTCTTCTTTTTGGCTTCCTACGGTGA

TGGTGAACCAACTGACAACGCTGCCAGATTCTACAAGTGGTTCACCGAAGGTAAGGACA

GAGAAGACTGGTTGAAGAACTTGCAATACGGTGTTTTCGGTTTGGGTAACAGACAATATG

AACACTTCAACAAGATCGCCATCGTTGTTGACGATTTGATTACTGAACAAGGTGGTAAGA

AGTTAGTCCCAGTTGGTTTGGGTGATGATGACCAATGTATCGAAGATGACTTCTCTGCTT
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GGAGAGAATTGGTCTGGCCAGAATTGGACAAGTTGTTGAGAAACGAAGACGACGCTACT

GTTGCTACCCCATACACCGCTGTTGTTCTACAATACAGAGTCGTCTTACACGATCAAACTG

ATGGTTTGATCACTGAAAATGGTTCTCCAAACGGTCACGCTAACGGTAACACCATCTACG

ATGCCCAACATCCATGTCGTGCAAACGTCGCTGTCAGAAGAGAATTGCACACTCCAGCTT

CTGACAGATCTTGTACTCACCTGGAATTCGACACATCAGGGACTGGTTTAGTCTACGAAA

CTGGTGACCACGTTGGTGTTTACTGTGAAAACCTTTTGGAAAACGTTGAAGAAGCCGAAA

AATTGTTGAACTTGTCTCCTCAAACTTACTTCTCCGTTCACACTGATAACGAAGACGGTAC

CCCATTGTCCGGCTCTAGTTTACCACCACCATTCCCACCATGCACTTTGAGAACAGCGTTG

ACCAAGTACGCTGACTTGATTTCCATGCCAAAGAAGTCCGTTTTAGTTGCTTTAGCTGAAT

ACGCCTCTAACCAATCTGAAGCTGACCGTTTGAGATATTTGGCTTCCCCAGATGGTAAGG

AAGAATACGCTCAATACATTGTTGCGTCTCAAAGAAGCTTATTGGAAGTTATGGCTGAAT

TTCCTTCTGCCAAGCCACCACTAGGTGTGTTTTTTGCCGCTATTGCTCCACGTTTGCAACCA

AGATTCTACTCTATCTCTTCTTCTCCAAAGATCGCTCCAACCAGAGTTCATGTTACTTGTGC

TTTGGTCTACGACAAGACTCCTACCGGTAGAATCCACAAGGGTATCTGTTCTACCTGGATC

AAGAATGCTGTCCCATTGGAAGAGTCCTCCGACTGTTCTTGGGCTCCAATTTTCATTCGGA

ATTCCAACTTCAAGTTGCCAGCAGACCCAAAGGTTCCAATCATCATGGTCGGTCCAGGTA

CGGGTTTGGCCCCATTCAGAGGTTTCTTGCAAGAAAGACTAGCGTTGAAGGAATCTGGG

GCAGAATTGGGTCCAGCTATCTTATTCTTCGGTTGCAGAAACAGAAAGATGGATTTCATCT

ACGAAGATGAATTAAACTCTTTCGTCAAGGTCGGTGCTATCTCTGAATTGATCGTCGCTTT

CTCCAGAGAAGGTCCAGCCAAGGAATACGTTCAACACAAAATGTCTCAGAGAGCTTCTGA

TATCTGGAAGATGATTTCTGACGGTGGTTACATGTACGTCTGTGGTGATGCTAAGGGTAT

GGCCAGAGACGTCCACAGAACCTTGCATACCATTGCTCAAGAACAAGGTTCCCTCTCCTC

ATCCGAAGCTGAAGGTATGGTTAAGAACTTGCAAACCACTGGTAGATACTTGAGAGATGT

TTGGTGA

ATGTCTAGCAGCTCTGACCTAGTTCAGTCCGTGGAATCTTTGCTAGGCATTAGTTTTGGTG

GGTCAGTGTCTGATTCAATGCTGTTAGTGGCCACCACGTCACTTGCTGTAATAGTCGGACT

TCTTGTGTTTTTCTGGAAGAAGAGTTCTGACCGTGGCCGTGAAGTGAAACCCGTATTCGT

GCCCAAGCCATTGTCTGTCAAGGATGATGAAGCCGAAGCCGAAGCTACAAGTGGAAAGA

CGAGAATTACAATCTTCTTCGGGACGCAGACGGGTACGGCCGAGGGTTTCGCGAAGGCC



TTAGCGGAAGAAATTAAAGCCAGATATGAAAAAGCCGCTGTTAAGGTAGTTGACATGGA

TGATTATGCTGGCGACGACGACGAGTATGAAGAAAAGCTGAAGAAAGAAACCTTGGCTT

TCTTTATGGTCGCAACATATGGGGACGGCGAGCCGACTGACAACGCTGCGCGTTTCTACA

AATGGTTTACTGAAGGAGGCGAGAGAGGGAACTGGTTGCAACAATTGACATACGGCGTC

TTTGGTCTTGGGAATAGACAGTATGAACACTTTAATAAGATAGCTAAAGTTGTGGATGAA

CAGCTAAGTGAGCAGGGTGCGAAGAGACTTATCCAGGTGGGCTTAGGGGACGATGACC

AGTGTATCGAGGATGATTTCAGCGCGTGGAGAGACAGTCTTTGGCCCGAGTTAGACGCG

TTGCTATTTGACGAGGATGAGGCATCAGCGTCTACACCGTACACAGCGGCGATCCCTGAG

TATAGAGTGGTCATCCACGATCCATCAGTGACCAGTTGTGGTGACAAAGATCTGAATATG

GTGAATGGCAACGCTTCTTTCGACATACACCACCCGTGTAGAGTGAATGTAGCGGTGCAG

CGTGAGTTGCATAAACCCGTTAGTGATCGTAGTTGCATCCACCTTGAATTTGATATTCCGG

GGACAGGCATAACTTACGAAACCGGAGACCACGTTGGTGTCTTTGCAGATAATTGTGACG

AGACTGTAGAGGAAGCCGGGAGACTACTTGGCCAACCCCTGGACATGCTGTTCTCTGTGC

ATACAGATAATGAGGACGGGACCTCATTAGGGTCTAGTCTACCACCGCCCTTCCCAGGCC

CCTGTACTCTTAGAACCGCATTGGCACGTTATGCAGATCTTCTTAATGCGCCTAAGAAGGC

GGCACTGATTGCGTTAGCCGCTCACGCGACTGAGCCTAGTGAAGCGGAAAGGTTGAAAC

ATCTGTCATCCCCGCAAGGTAAAGAGGAGTATGCTCAATGGGTAGTCGGAAGCAAGCGT

TCTTTATTAGAGGTAATGCAGGAATTCCCGAGCGCAAGGCCTCCTCTGGGTGTCTTTTITG

CTGCAGTTGCTAGCCGTCTTCAGCCGAGGTACTATAGTATTTCAAGCTCCCCCCGTTATGT

CCCGAACAGAGTGCACGTAACCTGTGCCCTAGTGTACGGACCCACCCCAACTGGCCGTAT

CCATAGGGGTGTTTGCTCCACTTGGATGAAAAATGCAATCCCACTAGAGAAGTCACATGA

TTGTAGTTGGGCTCCCATCTTTATACGTCAGTCCAACTTTAAGTTACCTGCCGATCCATCAA

TACCTATAATTATGGTAGGGCCTGGTACCGGTCTTGCCCCTTTCAGGGGATTCCTACAGG

AAAGGATGGCCCTGAAAGAAGATGGCGCTGAAGTGGGTCCGGCGCTATTGTTCTTTGGT

TGCAGATCCCGTCAGATGGATTTCATTTACGAAGACGAATTAAATAACTTCGTGGAACAG

GGAGTGCTTAGCGAATTGGTAGTGGCCTTGTCAAGGGAGGGACCAGAGAAAGTATATGT

CCAACACAAAATGATGAACAAAGCGGCCGAGATATGGTCCGTAATCTCTCAAGGCGGCT

ACTTTTATGTTTGCGGCGACGCGAAAGGTATGGCCAGGGACGTGCATCGTACGTTGCACA

CCATAGTACAAGAGCAGGGAAACATGGACTCTTCCAAGACGGAATCAATGGTCAAAAAA
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CTACAGATGGAGGGAAGATATTTGAGGGATGTTTGGtaa

ATGGCTTCTGATCCAAAGAACTTCGTTTTCGACGATATCTCTAAACACAACAAGACTAAGG

ATTGCTGGTTGATCATTGATGGTAAGGTTTACGATGTTACGCCCTTCATGGAAGATCATCC

AGGTGGTGATGAAGTTTTGTTGGCTGCTACTGGTAAAGATGCTACTGATGATTTTGAAGA

TGTTGGTCATTCCGATGATGCCAGAGAAATGATGCATAAGTACTACATTGGTGAAGTTGA

TAAGGCTACGGTTCCAAAAAAAAGAGCTTACGTTCCACCAGCTGATAGACATTATAATCC

AGATAAGACCCAAGACTTCATCGTCAAGATCCTGCAATTTTTGGTTCCATTGGTCATTTTG

GGTTTAGCTTTCGCTGTTAGGTCTTACACCAAAGAAAGATCTGCTtaa

ATGTGGACATTTTTAGGAATAGCAACATTTACATACTTTTACAAGAAATGTGGTGATGTAA

CATTAGCCAATAAGGAGCTTCTTTTGTGTGTGTTGGTTTTCTTGTCCCTTGGCTTAGTGTTA

AGCTACAGATGTAGACATAGAAACGGTGGATTGCTTGGCAGGCATCAGAGTGGTAGCCA

GTTCGCTGCATTCTCTGATATTTTATCCGCATTACCGCTTATTGGTTTCTTTTGGGCCAAAT

CTCCTCCAGAAAGCGAAAAGAAAGAACAACTGGAGAGTAAAAGAAGACGTAAAGAAGT

TAACCTAAGCGAAACGACGCTTACAGGTGCTGCTACAAGTGTGAGCACATCCTCAGTTAC

CGATCCTGAAGTAATCATCATTGGTAGCGGGGTTCTTGGTTCAGCATTAGCCACTGTTTTG

TCAAGAGACGGGAGAACTGTTACAGTCATAGAACGTGACTTGAAAGAGCCGGATAGGAT

CTTAGGTGAATGTCTTCAACCAGGGGGATACAGAGTATTGAGGGAATTGGGTCTAGGCG

ATACTGTTGAATCTCTAAATGCTCATCATATTCATGGCTACGTCATACATGACTGCGAGTC

TAGGTCTGAGGTCCAAATACCATATCCAGTCTCAGAAAACAATCAAGTTCAATCCGGCGT

CGCATTTCATCATGGTAAATTTATAATGAGTTTAAGGAAAGCAGCTATGGCTGAACCGAA

TGTTAAGTTCATCGAGGGTGTCGTGTTGAGATTACTAGAAGAAGATGACGCAGTGATAG

GTGTACAATACAAGGATAAAGAAACTGGAGACACTAAAGAACTTCATGCTCCATTGACCG

TCGTTGCTGACGGTCTGTTCTCCAAATTCAGGAAGAATTTGATTTCTAACAAGGTCTCAGT

CTCTTCTCATTTTGTTGGGTTTATAATGAAGGATGCCCCACAATTTAAGGCGAATTTTGCT

GAGCTGGTATTAGTTGACCCATCTCCAGTACTGATTTACCAGATATCACCGTCCGAGACTA

GAGTACTTGTCGACATTAGAGGAGAGCTGCCAAGGAATTTGAGAGAATATATGACGGAA

CAGATATACCCGCAAATTCCGGACCATCTTAAGGAATCATTTTTGGAAGCATGTCAAAAC

GCTAGACTTAGGACAATGCCCGCTTCATTTCTACCGCCATCATCTGTTAATAAGAGAGGCG

TCTTGCTTTTGGGTGATGCCTATAATTTAAGACACCCCCTAACAGGAGGTGGTATGACTGT
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GGCCCTGAAAGATATCAAAATTTGGCGTCAGTTGTTGAAGGACATACCCGATCTATATGA

TGACGCGGCTATTTTTCAAGCTAAGAAATCTTTTTTCTGGAGCAGAAAAAGAAGTCATAG

CTTTGTTGTGAACGTTTTAGCTCAGGCACTTTACGAACTGTTCTCTGCCACAGATGACTCA

TTAAGACAATTGCGTAAGGCTTGTTTTTTGTATTTCAAACTTGGTGGTGAATGTTTGACAG

GTCCGGTAGGATTACTAAGCATCTTAAGCCCTGACCCACTATTATTAATAAGGCATTTTTT

TAGTGTCGCAGTATATGCTACATATTTTTGCTTCAAGAGCGAACCTTGGGCTACTAAACCA

AGGGCTCTTTTCAGTTCAGGCGCCATCTTATATAAGGCTTGCTCTATTATATTCCCGTTGAT

TTACTCTGAAATGAAGTATCTGGTACATtaa

ATGAAAGAAGTTAACCTAAGCGAAACGACGCTTACAGGTGCTGCTACAAGTGTGAGCAC

ATCCTCAGTTACCGATCCTGAAGTAATCATCATTGGTAGCGGGGTTCTTGGTTCAGCATTA

GCCACTGTTTTGTCAAGAGACGGGAGAACTGTTACAGTCATAGAACGTGACTTGAAAGA

GCCGGATAGGATCTTAGGTGAATGTCTTCAACCAGGGGGATACAGAGTATTGAGGGAAT

TGGGTCTAGGCGATACTGTTGAATCTCTAAATGCTCATCATATTCATGGCTACGTCATACA

TGACTGCGAGTCTAGGTCTGAGGTCCAAATACCATATCCAGTCTCAGAAAACAATCAAGT

TCAATCCGGCGTCGCATTTCATCATGGTAAATTTATAATGAGTTTAAGGAAAGCAGCTATG

GCTGAACCGAATGTTAAGTTCATCGAGGGTGTCGTGTTGAGATTACTAGAAGAAGATGA

CGCAGTGATAGGTGTACAATACAAGGATAAAGAAACTGGAGACACTAAAGAACTTCATG

CTCCATTGACCGTCGTTGCTGACGGTCTGTTCTCCAAATTCAGGAAGAATTTGATTTCTAA

CAAGGTCTCAGTCTCTTCTCATTTTGTTGGGTTTATAATGAAGGATGCCCCACAATTTAAG

GCGAATTTTGCTGAGCTGGTATTAGTTGACCCATCTCCAGTACTGATTTACCAGATATCAC

CGTCCGAGACTAGAGTACTTGTCGACATTAGAGGAGAGCTGCCAAGGAATTTGAGAGAA

TATATGACGGAACAGATATACCCGCAAATTCCGGACCATCTTAAGGAATCATTTTTGGAA

GCATGTCAAAACGCTAGACTTAGGACAATGCCCGCTTCATTTCTACCGCCATCATCTGTTA

ATAAGAGAGGCGTCTTGCTTTTGGGTGATGCCTATAATTTAAGACACCCCCTAACAGGAG

GTGGTATGACTGTGGCCCTGAAAGATATCAAAATTTGGCGTCAGTTGTTGAAGGACATAC

CCGATCTATATGATGACGCGGCTATTTTTCAAGCTAAGAAATCTTTTTTCTGGAGCAGAAA

AAGAAGTCATAGCTTTGTTGTGAACGTTTTAGCTCAGGCACTTTACGAACTGTTCTCTGCC

ACAGATGACTCATTAAGACAATTGCGTAAGGCTTGTTTTTTGTATTTCAAACTTGGTGGTG

AATGTTTGACAGGTCCGGTAGGATTACTAAGCATCTTAAGCCCTGACCCACTATTATTAAT




AAGGCATTTTTTTAGTGTCGCAGTATATGCTACATATTTTTGCTTCAAGAGCGAACCTTGG
GCTACTAAACCAAGGGCTCTTTTCAGTTCAGGCGCCATCTTATATAAGGCTTGCTCTATTA

TATTCCCGTTGATTTACTCTGAAATGAAGTATCTGGTACATtaa

Table S3F Tunnel statistics of ThCYP712K1 and its variant 1124V by Caver Analyst 2.0 BETA.

ID Avg BR(A) Avg_L(A) Avg_C(A) Priority
ThCYP712K1 1.63 17.65 1.15 0.717
ThCYP712K1'124v 1.95 16.59 1.16 0.808
ThCYP712K1T488A 3.43 29.00 1.16 0.806

Abbreviations: Avg BR: average bottleneck radius; Avg_L: average tunnel length; Avg C: average
tunnel curvature; Priority: tunnel priority calculated by averaging tunnel throughputs over all

snapshots.



