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1 Supplementary data 
 

 
 
Fig. S1| Key reac/ons steps employed for recombinant synthesis of indigo from glucose. Simplified 
scheme of the main steps involved in glucose conversion to indigo through the tryptophan-shikimate 
pathway. Hydroxyla:on-steps of indole to indoxyl are depicted in detail in the inset, illustra:ng the two 
poten:al pathways to indoxyl either via enzyme-catalysed monooxygena:on or dioxygena:on 
followed by chemical decay. NDO: naphthalene dioxygenase; FMO: flavine monooxygenase; SMO; 
styrene monooxygenase; BX1: indole-3-glycerol phosphate lyase Zea mays; DAHP: 3-deoxy-D-arabino-
heptulosonic acid 7-phosphate; E4P: erythrose 4-phosphate; PEP: phosphoenolpyruvate. 
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Fig. S2| Tryptophan-shikimate regula/on. Simplified scheme of the kine:c and gene:c regula:on of 
the enzymes involved in the produc:on of indole from erythrose 4-phosphate (E4P) and 
phosphoenolpyruvic acid (PEP). Highlighted in red are the targets that were modified by us. CHA: 
chorismite; Tyr: tyrosine; Phe: phenylalanine. 
 
 
 
 
Table S1| Tryptophan (Trp) producing strains. Trp produc:on of two E. coli strains BL21(DE3) and 
W3110 harbouring J23119-aroGS180F and J23119-trpES40F modifica:ons. Experiments were performed 
in flask 1:10 filling volume at 30°C with fermenta:on medium containing 1% glucose (Table S5). 
 

Strain code E. coli  Max Trp titre (g L-1) 

G0b 
BL21(DE3) J23119-aroGS180F 
J23119-trpES40F 

0.7 

G0w 
W3110 J23119-aroGS180F J23119-
trpES40F 

0.5 

 
 
 
 
 



 3 

Table S2| In vivo hydroxyla/on ac/vity. O2 consump:on rate of res:ng E. coli BL21(DE3) cells 
harbouring one of four different plasmids (P2, P4, P5, P6), each expressing a different indole-
hydroxyla:ng enzyme, in the presence of indole. O2 consump:on rate was measured in reac:on 
chamber equipped an oxygen electrode. U: µmol min-1, CDW: cell dry weight, NDOb: Naphthalene 
dioxygenase from Pseudomonas balearica DSM 6083; NDO: Naphthalene dioxygenase form 
Pseudomonas pu7da; SMO: styrene monooxygenase from Pseudomonas sp.; mFMO: flavine 
monooxygenase from Methylophaga sp. 
 

E. coli BL21(DE3) +  Whole-cell ac/vity for O2 (U/gCDW) 

NDOb 55 

NDO 43 

SMO 47 

mMFO 41 
Cell prepara(on: E. coli BL21(DE3) cells (harbouring the appropriate expression plasmid; see Table S8) were 
cul(vated in M9 mineral medium supplemented with 10 g L⁻¹ glucose and the appropriate an(bio(c. Cultures 
were grown at 30 °C in baffled flasks filled to 1/10 of their volume and shaken at 200 rpm (2.5 cm amplitude). 
When the culture reached an OD₆₀₀ of 0.6, protein expression was induced by adding 0.1 mM IPTG, followed by 
overnight incuba(on. Cells were then harvested by centrifuga(on, washed twice with an equal volume of PBS 
(pH 7.4), and resuspended in PBS to an OD₆₀₀ of 2.0. 
Assay condi(on: Res(ng cells of E. coli BL21(DE3) (OD₆₀₀ = 2.0) were resuspended in PBS (pH 7.4) that had been 
saturated with 240 μM O₂ by bubbling air through it for 10-15 minutes. The suspension, supplemented with 
10 mM glucose, was maintained at 30 °C with gentle s(rring (100 rpm) using a magne(c s(rring bar. The cell 
suspension was then transferred to the chamber of an oxygen electrode (Hansatech Instruments Ltd). Aier a 1-
minute equilibra(on period, the baseline (substrate-free) oxygen consump(on rate was recorded for 1 minute. 
Subsequently, indole (final concentra(on: 1 mM) was added, and the change in oxygen consump(on was 
measured to assess the cell-specific respiratory ac(vity in the presence of the substrate. 
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Fig. S3| Fed-batch cul/va/on with strain G1. Representa:ve fed-batch cul:va:on with E. coli 
BL21(DE3) J23119-aroGS180F J23119-trpES40F (strain G1) ajer process op:miza:on. a. Indigo 
accumula:on (g L-1); b. biomass accumula:on as cell-dry-weight (CDW, g L-1); c. pO2 (dissolved 
oxygen, %); d. s:rring speed profile (rpm); e. total amount of glucose (g L-1 of liquid volume) added to 
the bioreactor; f. total amount of base (mL of 20 % NH4OH per L of liquid volume) added to the 
bioreactor; g. accumula:on of glucose and overflow metabolites as quan:fied in clarified 
supernatants(g L-1). 
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Fig. S4| G2 strain fermenta/on. Results obtained with the G2 strain ajer process op:miza:on. a. 
indigo accumula:on (g L-1); b. biomass accumula:on as cell-dry-weight (CDW, g L-1); c. pO2 (dissolved 
oxygen, %); d. steering speed profile (rpm); e. total amount of glucose (g L-1) added to the bioreactor; 
f. total amount of base (mL of 20 % NH4OH per L) added in the bioreactor; g. glucose and overflow as 
quan:fied in clarified supernatants (g L-1). 
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Fig. S5| G3 strain fermenta/on. Results obtained with the G3 strain ajer process op:miza:on. a. 
indigo accumula:on (g L-1); b. biomass accumula:on as cell-dry-weight (CDW, g L-1); c. pO2 (dissolved 
oxygen, %); d. steering speed profile (rpm); e. total amount of glucose (g L-1) added to the bioreactor; 
f. total amount of base (mL of 20 % NH4OH per L) added to the bioreactor; g. O2 and CO2 air 
concentra:on at the off-gas (entry composi:on 20.8% and 0%, respec:vely); h. glucose and overflow 
metabolites accumula:on (g L-1); i. aroma:c amino acids as quan:fied in clarified supernatants (g L-
1). 
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Fig. S6| G4 strain fermenta/on. Results obtained with the G4strain ajer process op:miza:on. a. 
indigo accumula:on (g L-1); b. biomass accumula:on as cell-dry-weight (CDW, g L-1); c. pO2 (dissolved 
oxygen, %); d. steering speed profile (rpm); e. total amount of glucose (g L-1) added to the bioreactor; 
f. total amount of base (mL of 20% NH4OH per L) added in the bioreactor; g. O2 and CO2 air 
concentra:on at the off-gas (entry composi:on 20.8% and 0%, respec:vely); h. glucose and overflow 
metabolites accumula:on (g L-1); i. aroma:c amino acids accumula:on as quan:fied in clarified 
supernatants (g L-1). 
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Fig. S7| G5 strain fermenta/on. Results obtained with the G5 strain ajer process op:misa:on. a. 
indigo accumula:on (g L-1); b. biomass accumula:on as cell-dry-weight (CDW, g L-1); c. pO2 (dissolved 
oxygen, %); d. steering speed profile (rpm); e. total amount of glucose (g L-1) added in the bioreactor; 
f. total amount of base (mL of 20 % NH4OH per L) added in the bioreactor; g. O2 and CO2 air 
concentra:on at the off-gas (entry composi:on 20.8% and 0%, respec:vely); h. glucose and overflow 
metabolites accumula:on (g L-1); i. aroma:c amino acids accumula:on as quan:fied in clarified 
supernatants (g L-1). 
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Fig. S8 | RP-HPLC analysis of indigo samples. Representa:ve LC chromatograms of indigo analysed by 
reverse-phase HPLC and corresponding UV spectra recorded at the apex of the indigo peak. a. Indigo 
chemical standard (reten:on :me [RT] = 9.880 min); b. Biologically produced indigo (RT = 9.879 min). 
HPLC method: indigo powder dissolved in DMSO at ca. 0.1 mg L-1 (5 µL) was loaded onto an Supersil 
AQ-C18, 5 µm, ID 4.6 mm x 150 mm; flow rate: 1 mL/min. Gradient: 7 min from 80:20 to 30:70 H₂O 
(0.01 % TFA)/MeCN; 4 min isocra:c at 30:70 H₂O (0.01 % TFA)/MeCN; 1 min gradient back to 80:20 
H₂O (0.01 % TFA)/MeCN (610 nm 1000 AI9.88min = 0.014 gindigo L-1). 
 
 
 
 
 
 
 
 
Table S3| Indigo purifica/on and fabric dying. Results obtained during screening of different 
purifica:on protocols. The last condi:on (entry 6) selected for further studies and tested in replicates 
(n >3). For details on the purifica:on procedure, refer to main text.  
 

Entry Acid Acid conc. 
(% w/w) 

Time 
(min) 

Temperature 
(°C) 

Purity 
(% w/w) 

Dye strength 
(%)a CMC DEb 

1 - - - - 68 57 n/a 
2 - - - - 91 102 n/a 
3 HCl  4 1440 90 79 108 1.3 
4 Sulfuric  10 1440 90 84 107 0.7 
5 Citric  10 1440 90 80 111 1.4 
6 Citricc 0.5 20 121 84 ± 5 105 ± 9 1.3 ± 0.2 

a commercial synthe(c indigo with 96% purity was used as a reference compound 
b CMC-factor Delta E: Colour measurement commikee factor varia(on value of the ellipsoid around a standard 
colour corresponding to hue, chroma and lightness. Commercial factor (cf) tolerance set at 1.0.  
c technical replicate 
n/a: not available 
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Table S4| Elemental analysis. Comparison of elemental composi:on of chemically synthesized indigo 
and indigo produced by microbial cul:va:on ajer biomass removal and three sedimenta:on-washing 
cycles. 
 

Sample / Element Carbon % Hydrogen % Nitrogen % Oxygen % Sulphur % 
Chemically synthesized 
indigo (99.8 %) 74.8 4.3 10.6 12.1 0.0 

Indigo by fermentation after 
sedimentation & washing 
(70 %) 

64.7 5.1 11.4 16.5 0.3 

 
 
 

 
Fig. S9| Electron microscopy pictures of indigo par/cles. a. Chemically synthesized indigo; b. to d.: 
Indigo obtained from microbial produc:on. b. Indigo par:cles ajer from microbial produc:on ajer 
three washing-sedimenta:on cycles. Puta:ve proteinaceous impuri:es adhered to indigo par:cles are 
marked with red arrows); c. indigo purified as in (b) but followed by reduc:on to leucoindigo, filtra:on, 
and re-oxida:on; d. indigo purified as in (b) followed by temperature / citric acid treatment. Uranyl 
acetate was used as nega:ve stain. 
 
 
 

 
 
Fig. S10| Indigo stability at elevated temperature in acids. UV-Vis spectrum illustra:ng the stability 
of indigo treated for 10 hours (or 20 hours, if separately men:oned) at temperatures ranging from 120 
to 220°C with a. 5 % sulfuric acid and b. 5 % citric acid. The experiments were carried out in a 
pressurized stainless-steel reactor, with samples for analysis taken ajer cooling of the indigo mixture 
to room temperature (r.t. = room temperature as control). 
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Table S5| Aroma/c amine content in different indigo prepara/ons. Quan:fica:on of aroma:c amines 
aniline and N-methylaniline. Chemical indigo 96% rou:nely used for dyeing was test as benchmark (GC 
method details were not disclosed by Archroma’s QC to us but the protocol described by Tahara et al.1 
may serve as a reference).  
 

Entry Batch name Aniline 
(ppm) 

N-methylaniline 
(ppm) 

1 Chemical indigo 95% (reference in dying experiment) 5130.8 2237.6 

2 Only decantation step (entry 1 Table S3) n.d. n.d. 

3 Indigo-white method (entry 2 Table S3) n.d. n.d. 

4 4% Hydrochloric acid (entry 3 Table S3) n.d. n.d. 

5 10% Sulfuric acid (entry 4 Table S3) n.d. n.d. 

6 10% Citric acid (entry 5 Table S3) n.d. n.d. 

7 0.5 % Citric acid (entry 6 Table S3) n.d. n.d. 
n.d.: not detectable (< 6.3 ppm) 
 
 
 

 
 
Fig. S11| Cocon fibre dying. Dyeing experiment on co$on fibre using a. Indigo ajer three 
sedimenta:on and washing cycles (refer to Table S3, entry 1); b. Indigo purified by the leucoindigo 
method (Table S3, entry 2); c. Indigo purified by HCl treatment (Table S3, entry 3); d. Indigo purified 
with H2SO4 treatment (Table S3, entry 4); e. Indigo purified with 10% citric acid treatment (Table S3, 
entry 5); f. Indigo purified with 0.5 % citric acid treatment. c. - f. were all done at elevated temperature 
(Table S3, entry 6). 
 
 
 

 
1 M. Tahara, T. Kawakami and Y. Ikarashi, J. AOAC Int., 2024, 107, 61–68. 
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Fig. S12| 500 L Pilot Scale. Image of the isolated indigo obtained from the 500 L pilot fermenta:on. A 
total of 5 kg was isolated ajer purifica:on. 
 
 
 
2 Media 
 
Table S6| Fermenta/on media. Receipt for the prepara:on of the media: yeast extract and peptone 
were autoclaved in the reactor vessel in 0.45 L dis:lled water and the remaining components, 
separately sterilised by filtra:on (0.2 µm), and added prior inocula:on. pH was adjusted to 7.00 in the 
bioreactor with NH4OH  
 

 Components Final concentra/on 
1 Yeast extract 24 g L-1 
2 Peptone 20 g L-1 
3 Glucoseb 50 g L-1 
4 KH2PO4

b 2.3 g L-1 
5 K2HPO4

b 126 g L-1 
6 MgSO4

b 8 mM 
7 VB1b 0.01 g L-1 
8 Trace elementsa, b 2x 
9 An:bio:csb 1x 

a Trace elements (1000x): 1.5 g L-1 MnCl2, 1.05 g L-1 ZnSO4, 0.3 g L-1 H2BO4, 0.25 g L-1 Na2MoO4, 0.15 g L-1 CuCl2, 
0.84 g L-1 in NaEDTA, 4.87 g L-1 FeSO4, 4.12 g L-1 CaCl2, in 1 M HCl3 
b mixed post individual sterilisa(on by filtra(on (0.2 µm) 
 
 
Table S7| Feeding solu/on composi/on. Receipt for the prepara:on of the feeding solu:on: glucose 
was sterilised at pH 5 (0.01 mM HCl) by autoclaving, while the remaining components were separately 
sterilized and added prior to u:lisa:on. 
 

 Components Final concentra/on 
1 Glucose 600 g L-1 
2 Saltsa, c 1x 
3 Yeast Extract 5 g L-1 
4 Peptone 5 g L-1 
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5 MgSO4
c 8 mM 

6 VB1c 0.05 g L-1 
7 Trace elements b, c 6x 
8 An:bio:cs c 1x 

a Feeding salts (20x): 140 g L-1 K2HPO4, 80 g L-1
 (NH4)2SO4, 50 g L-1 NH4Cl, 60 g L-1 NaCl 

b Trace elements (1000x): 1.5 g L-1 MnCl2, 1.05 g L-1 ZnSO4, 0.3 g L-1 H2BO4, 0.25 g L-1 Na2MoO4, 0.15 g L-1 CuCl2, 
0.84 g L-1 in NaEDTA, 4.87 g L-1 FeSO4, 4.12 g L-1 CaCl2, in 1 M HCl2 
c mixed post individual sterilisa(on by filtra(on (0.2 µm) 
 
 
 

3 Protein sequences 

NDOb: Naphthalene dioxygenase from Pseudomonas balearica DSM 6083 (3 domains) 
 
MTEKWIDAVALYEIPEGDVLGVTVEGKELALYEVEGEIYATDNLCTHGAARMSDGFLEGREIECPLHQGRFDVCTGRALCAPVTQN
IKTYPVKIEGQRVMIDLS 
 
MNYKNKNLVSESGLTQKHLIHGDEELFQRELETIFARNWLFLTHDSLIPSPGDYVTAKMGVDEVIVSRQNDGSIRAFLNVCRHRGK
TLVHAEAGNAKGFVCSYHGWGFGANGELQSVPFEKELYGEALDKKCMGLKEVARVESFHGFIYGCFDEEAPSLKDYMGDAGWY
LEPMFKHSGGLELIGPPGKVIIKANWKAPAENFVGDAYHVGWTHAASLRTGQSVFSSLAGNAALPPEGAGLQMTSKYGSGMGV
LWDGYSGVHSADLVPELMAFGGAKQERLNKEIGEVRARIYRSHLNGTVFPNNSFLTCSGVFKVWHPIDANTTEVWTYAMVEKD
MPEDLKRRLVDAVQRTFGPAGFWESDDNDNMETESQNAKKYQSRDGDLVSNLGFGGDVYGDEVYPGIVGKSAIGETSYRGFYR
AYGAHISSSSWAEFEDVSKNWHTELAKTTDR 
 
MMINIQEDKLVSAHDAEEFLRFFNSGDEALQQEATTLLTREAHLLDIQAYRAWLEHCVDSEVKYQIISRELRSASERRYQLNETMNI
FNENYEQLEVRVAHQLDPQNWGNSPKVRFTRFITNIQAAMDENEDLLHIRSNLIVHRARRGNQVDVFYATREDKWKRGEDGAR
KLVQRLIDYPERTFQTHNVMIFM- 
 
 
IH: IsaBn hydrolase from Pseudomonas pu1da 
 
MTSIKLLAESLLKDKIKIVDLSHTLRSEFPTLTLPPQFGQTWAFKKEEISRYDDRGPAWYWNNFSCGEHTGTHFDAPVHWVTGESV
PENSVDRIEPQRFMAPAVVIDASKEVLENPDWVLEPEFIQEWEKLHGRIEAGSWFLLRTDWSKKINNPLEFANLIDGAPHTPGPS
QRTVEWLIAERDVVGFGVETINIDAGLSGRWEVPYPCHNKMLGAGRFGLQCLNNLDLLPPTGAVIISAPLKIEDGSGSPLRVLAIFD
RE 
 
 
BX1: Indole-3-glycerol phosphate lyase Zea mays 
 
MAFAPKTSSSSSLSSALQAAQSPPLLLRRMSSTATPRRRYDAAVVVTTTTTARAAAAAVTVPAAPPQAPAPAPVPPKQAAAPAERR
SRPVSDTMAALMAKGKTAFIPYITAGDPDLATTAEALRLLDGCGADVIELGVPCSDPYIDGPIIQASVARALASGTTMDAVLEMLRE
VTPELSCPVVLLSYYKPIMSRSLAEMKEAGVHGLIVPDLPYVAAHSLWSEAKNNNLELVLLTTPAIPEDRMKEITKASEGFVYLVSVN
GVTGPRANVNPRVESLIQEVKKVTNKPVAVGFGISKPEHVKQIAQWGADGVIIGSAMVRQLGEAASPKQGLRRLEEYARGMKNA
LP 
 
 
TnaA: Tryptophanase from E. coli 
 
MENFKHLPEPFRIRVIEPVKRTTRAYREEAIIKSGMNPFLLDSEDVFIDLLTDSGTGAVTQSMQAAMMRGDEAYSGSRSYYALAESV
KNIFGYQYTIPTHQGRGAEQIYIPVLIKKREQEKGLDRSKMVAFSNYFFDTTQGHSQINGCTVRNVYIKEAFDTGVRYDFKGNFDLE
GLERGIEEVGPNNVPYIVATITSNSAGGQPVSLANLKAMYSIAKKYDIPVVMDSARFAENAYFIKQREAEYKDWTIEQITRETYKYAD

 
2 H. Preusting, et al., Biotechnol. Bioeng., 1993, 42, 550–556 
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MLAMSAKKDAMVPMGGLLCMKDDSFFDVYTECRTLCVVQEGFPTYGGLEGGAMERLAVGLYDGMNLDWLAYRIAQVQYLVD
GLEEIGVVCQQAGGHAAFVDAGKLLPHIPADQFPAQALACELYKVAGIRAVEIGSFLLGRDPKTGKQLPCPAELLRLTIPRATYTQTH
MDFIIEAFKHVKENAANIKGLTFTYEPKVLRHFTAKLKEV 

 
NDO: Naphthalene dioxygenase from Pseudomonas pu1da (4 domains) 
 
MELLIQPNNRLISFSPGANLLEVLRENGVAISYSCMSGRCGTCRCRVTDGSVIDSGAGSGLPNLVDEHYVLACQS
VLTHNCAIEIPETDEIVTHPARIIKGTVVAVESPTHDIRRLRVRLAKPFEFSPGQYATLQFSPEHARPYSMAGLP
DDQEMEFHIRKVPGGRVTEYVFEHVREGTSIKLSGPLGTAYLRQNHTGPMLCVGGGTGLAPVLSIVRGALKLGMT
NPILLYFGVRSQQDLYDAERLHKLAADHPQLTVHTVIAMGPINESQRAGLVTDVIEKDIISLAGWRAYLCGAPAM
VEALCTVTKHLGISPEHIYADAFYPGGI 
 
MTEKWIEAVALSDIPEGDVLGVTVEGKELALYEVEGEIYATDNLCTHGAARMSDGYLEGREIECPLHQGRFDVCT
GRALCAPVTENIKTYAVKIENLRVMIDLSGEF 
 
MNYKNKILVSESGLTQKHLIHGDEELFQHELRTIFARNWLFLTHDSLIPSPGDYVTAKMGIDEVIVSRQSDGSIR
AFLNVCRHRGKTLVNAEAGNAKGFVCSYHGWGFGSNGELQSVPFEKELYGESLNKKCLGLKEVARVESFHGFIYG
CFDQEAPPLMDYLGDAAWYLEPIFKHSGGLELVGPPGKVVIKANWKAPAENFVGDAYHVGWTHASSLRSGESIFA
SLAGNAVLPPEGAGLQMTSKYGSGMGVLWDGYSGVHSADLVPELMAFGGSKQERLNKEIGDVRARIYRSHLNCTV
FPNNSMLTCSGVFKVWNPIDANTTEVWTYAIVEKDMPEDLKRRLADSVQRTFGPAGFWESDDNDNMETASQNGKK
YQSRDSDLLSNLGFGKDVYGDAVYPGVVGKSAIGETSYRGFYRAYQAHVSSSNWAEFEDASSTWHTELTKTTDR 
 
MMINIQEDKLVSAHDAQEFLRFFNCHDAALQQEATTLLNREAHLLDIQAYRAWLEHCVGSEVQYQVISRELRAAS
ERRYKLNEAMNVYNENFQQLKVRIEHQLDPQNWSNSPKLRFTRFITNVQAARDVDDEELLHIRSNVILHRARRGN
QVDVFYAAREDKWKRGEGGVRKLVQRFVDYPERILQTHNLMVFL 
 
 
SMO: Styrene monooxygenase from Pseudomonas sp. (2 domains) 
 
MKKRIGIVGAGTAGLHLGLFLRQHDVDVTVYTDRKPDEYSGLRLLNTVAHNAVTVQREVALDVNEWPSEEFGYFG
HYYYVGGPQPMRFYGDLKAPSRAVDYRLYQPMLMRALEARGGKFCYDAVSAEDLEGLSEQYDLLVVCTGKYALGK
VFEKQSENSPFEKPQRALCVGLFKGIKEAPIRAVTMSFSPGHGELIEIPTLSFNGMSTALVLENHIGSDLEVLAH
TKYDDDPRAFLDLMLEKLGKHHPSVAERIDPAEFDLANSSLDILQGGVVPAFRDGHATLNNGKTIIGLGDIQATV
DPVLGQGANMASYAAWILGEEILAHSVYDLRFSEHLERRRQDRVLCATRWTNFTLSALSALPPEFLAFLQILSQS
REMADEFTDNFNYPERQWDRFSSPERIGQWCSQFAPTIAA 
 
MTLKKDMAVDIDSTNFRQAVALFATGIAVLSAETEEGDVHGMTVNSFTSISLDPPTVMVSLKSGRMHELLTQGGR
FGVSLLGESQKVFSAFFSKRAMDDTPPPAFTIQAGLPTLQGAMAWFECEVESTVQVHDHTLFIARVSACGTPEAN
TPQPLLFFASRYHGNPLPLN 
 
 
mFMO: Flavine monooxygenase from Methylophaga sp. 
 
MATRIAILGAGPSGMAQLRAFQSAQEKGAEIPELVCFEKQADWGGQWNYTWRTGLDENGEPVHSSMYRYLWSNGP
KECLEFADYTFDEHFGKPIASYPPREVLWDYIKGRVEKAGVRKYIRFNTAVRHVEFNEDSQTFTVTVQDHTTDTI
YSEEFDYVVCCTGHFSTPYVPEFEGFEKFGGRILHAHDFRDALEFKDKTVLLVGSSYSAEDIGSQCYKYGAKKLI
SCYRTAPMGYKWPENWDERPNLVRVDTENAYFADGSSEKVDAIILCTGYIHHFPFLNDDLRLVTNNRLWPLNLYK
GVVWEDNPKFFYIGMQDQWYSFNMFDAQAWYARDVIMGRLPLPSKEEMKADSMAWREKELTLVTAEEMYTYQGDY
IQNLIDMTDYPSFDIPATNKTFLEWKHHKKENIMTFRDHSYRSLMTGTMAPKHHTPWIDALDDSLEAYLSDKSEI
PVAKEA 
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4 Plasmids 

Table S8| Plasmid summary 

Name Purpose Origin of 
replication (ORI) 

Resistance 
marker 

P1 Over-expression of BX1 and IH p15A Kan 

P2 Over-expression of NDOb pMB1 Amp 

P3 Over-expression of TnaA pUC Cm 

P4 Over-expression of NDO pBR322 Amp 
P5 Over-expression of SMO pBR322 Kan 
P6 Over-expression of mFMO pBR322 Kan 

GM1 pCas (λ-red recombinase and Cas9), plasmid p15A Kan 

GM2 
pTarget (sgRNA and template) plasmid for 
introducing the gene modification J23119-
aroGS180F 

pBR322 Amp 

GM3 
pTarget (sgRNA and template) plasmid for 
introducing the gene modification J23119-
trpES40F 

pBR322 Amp 

GM4 pTarget (sgRNA and template) plasmid for 
introducing the gene modification pL-aroL pBR322 Amp 

GM5 
pTarget (sgRNA and template) plasmid for 
introducing the gene modification WG219-
ahpC  

pBR322 Amp 

GM6 pTarget (sgRNA and template) plasmid for 
introducing the gene modification ptaP69L pBR322 Amp 

 

P1 
CATAAACGAAATACGTGGAAAAAGGCGGTATGTTATGCTACCCTGGCGGCGTTATACGGCTAGCTCAGTCCTAGG
TATAGTGCTAGCTACTAGAGAAAGAGGAGAAATACTAGATGACCTCGATTAAACTGCTGGCGGAATCCTTGCTGA
AAGATAAAATTAAAATTGTCGACTTATCGCATACCCTGCGTTCTGAATTTCCTACCTTGACCCTGCCGCCGCAAT
TTGGTCAGACCTGGGCGTTCAAAAAAGAAGAAATCAGTCGTTACGATGACCGGGGCCCGGCGTGGTATTGGAACA
ACTTCTCTTGCGGTGAACATACAGGTACCCATTTTGATGCACCAGTTCATTGGGTAACGGGCGAAAGTGTTCCGG
AAAATAGCGTGGACCGCATCGAACCTCAACGTTTCATGGCACCCGCGGTCGTTATTGACGCGAGCAAGGAAGTGC
TGGAAAACCCGGATTGGGTACTGGAACCTGAATTTATCCAAGAGTGGGAGAAATTGCACGGCCGGATTGAAGCTG
GGAGTTGGTTTCTTTTACGCACCGATTGGAGTAAAAAAATTAATAATCCGTTGGAATTTGCGAACCTGATTGATG
GCGCCCCGCACACTCCGGGGCCGAGCCAGCGCACAGTGGAATGGTTAATCGCTGAACGCGATGTGGTAGGTTTTG
GCGTAGAAACCATCAACATTGACGCGGGTCTGTCTGGTCGTTGGGAGGTACCCTATCCGTGCCATAACAAAATGC
TGGGCGCAGGCCGCTTCGGTCTGCAGTGCCTGAATAACTTAGATCTGTTGCCGCCAACCGGTGCAGTGATTATTT
CTGCTCCTCTGAAGATCGAGGATGGTAGCGGCAGCCCACTCCGCGTTCTCGCTATTTTTGACCGTGAGTGATAAC
TCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCA
CCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAA
CTATATCCGGATTGGCGAATGGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAG
CGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGC
CGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCC
CAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTT
GGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTT
TGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAA
TTTTAACAAAATATTAACGCTTACAATTTAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTA
TTTTTCTAAATACATTCAAATATGTATCCGCTCATGAATTAATTCTTAGAAAAACTCATCGAGCATCAAATGAAA
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CTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTC
ACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACC
TATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAA
TGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGC
ATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATT
ACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATA
TTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGAT
AAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATT
GGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGC
ACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGG
CCTAGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTT
TATTGTTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GTCTAGAGAGCTGCTCGAGTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATACTGAGCACAT
CAGCAGGACGCACTGACCGAATTCATTAAAGAGGAGAAAGGTACCATGGCGTTTGCGCCGAAGACGTCGTCTAGC
TCTTCTTTGTCTAGCGCACTTCAGGCAGCTCAATCCCCACCCTTGCTGTTACGCCGTATGTCTTCGACGGCAACC
CCGCGCCGCCGTTATGATGCGGCGGTTGTTGTAACAACAACAACCACAGCCCGTGCCGCAGCAGCAGCCGTCACA
GTTCCTGCAGCTCCTCCACAGGCTCCTGCTCCTGCCCCGGTTCCCCCTAAGCAGGCCGCTGCCCCAGCCGAGCGT
CGCAGTCGCCCCGTCAGTGACACAATGGCAGCATTAATGGCTAAGGGAAAGACGGCGTTCATCCCGTATATTACC
GCGGGTGACCCAGACTTGGCGACCACAGCTGAGGCGCTTCGTTTATTGGACGGCTGTGGCGCGGATGTTATCGAA
TTAGGTGTGCCCTGCTCAGACCCATACATCGATGGGCCGATTATTCAAGCGTCAGTGGCTCGCGCTTTAGCAAGC
GGGACAACGATGGATGCAGTATTAGAAATGTTACGTGAAGTTACGCCTGAGCTGTCATGCCCAGTCGTATTGTTG
TCTTACTATAAGCCCATCATGAGTCGTAGTTTGGCGGAGATGAAGGAAGCAGGAGTTCACGGGCTTATCGTCCCA
GACCTTCCCTACGTTGCCGCGCACAGTTTATGGTCTGAGGCCAAGAATAACAACCTTGAGCTGGTGTTATTGACA
ACACCCGCAATTCCCGAGGACCGCATGAAAGAGATCACAAAAGCCTCAGAAGGGTTTGTGTATCTGGTTTCTGTG
AACGGAGTGACTGGTCCACGTGCCAATGTTAACCCTCGTGTCGAGTCTTTAATCCAGGAGGTCAAAAAGGTCACG
AATAAACCCGTCGCCGTAGGATTCGGGATTAGCAAGCCCGAGCATGTGAAGCAGATCGCTCAGTGGGGTGCTGAT
GGCGTCATTATCGGAAGCGCAATGGTGCGCCAATTGGGGGAGGCAGCTAGTCCCAAACAGGGGTTGCGTCGTTTG
GAAGAATACGCTCGCGGTATGAAGAACGCGTTACCTTAGTGACTCTAGAGGCATCAAATAAAACGAAAGGCTCAG
TCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGCCC
TAGACCTAGGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAA
TGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGC
AAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCG
GTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAG
TTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTC
TTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTC
TTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCT
CGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAA
GAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAATCAGATAAAATATTTCTAGATTTCAGTG
CAATTTATCTCTTCAAATGTAGCACCTGAAGTCAGCCCCATACGATATAAGTTGTTACTAGTGCTTGGATTCTCA
CCCCAGAAGTGGTGGTGACAGC 
 
 
P2 
AGGGTGCAATGTATCTTTTAAACACCTGTTTATATCTCCTTTAAACTACTTAATTACATTCATTTAAAAAGAAAA
CCTATTCACTGCCTGTCCTGTGGACAGACAGATATGCACCTCCCACCGCAAGCGGCGGGCCCCTACCGGAGCCGC
TTTAGTTACAACACTCAGACACAACCACCAGAAAAACCCCGGTCCAGCGCAGAACTGAAACCACAAAGCCCCTCC
CTCATAACTGAAAAGCGGCCCCGCCCCGGCCCGAAGGGCCGGAACAGAGTCGCTTTTAATTATGAATGTTGTAAC
TACTTCATCATCGCTGTCAGTCTTCTCGCTGGAAGTTCTCAGTACACGCTCGTAAGCGGCCCTGACGGCCCGCTA
ACGCGGAGATACGCCCCGACTTCGGGTAAACCCTCGTCGGGACCACTCCGACCGCGCACAGAAGCTCTCTCATGG
CTGAAAGCGGGTATGGTCTGGCAGGGCTGGGGATGGGTAAGGTGAAATCTATCAATCAGTACCGGCTTACGCCGG
GCTTCGGCGGTTTTACTCCTGTATCATATGAAACAACAGAGTGCCGCCTTCCATGCCGCTGATGCGGCATATCCT
GGTAACGATATCTGAATTGTTATACATGTGTATATACGTGGTAATGACAAAAATAGGACAAGTTAAAAATTTACA
GGCGATGCAATGATTCAAACACGTAATCAATATCCGAGCTCGGATCTGGGAACGAAAACTCACGTTAAGGGATTT
TGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAA
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GTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTAT
TTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCA
GTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGG
CCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAA
GTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTG
GTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGG
TTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCAC
TGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAA
CTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCA
GTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTT
TTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATA
AACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAGAGAGCTGTTGACAATTAATCAT
CGGCTCGTATAATGTGTGGACGCGAATACAAATCTTATAAAAATTAAGCCGGAATTCATGGAACTTCTCGTACTA
CCGAACAATCGCCGCTTGCCTTTTGATTCCGGTGCCAACCTTTTGGAAGTGCTCCGTGAGCACCGTGTGGGTATT
TCCTACAGCTGTATGTCTGGACGATGCGGTACTTGCCGCTGCCGAGTTATAGATGGCAGCGTCATTAGTTCGGCG
GCGAAAAGCGGTGACTCAAATCGCATCGAAGAGCATTATGTACTCGCCTGTCAGTCAGTGCTCACCAGCAATTGC
GCAATTGAGATCATAGACTCAGACGACATAGTCACTCACCCGGCGCGAATCATCAAAGGCATGGTTGTCGCCGTC
GAGTCGCCCACTCACGATATTCGCCGCATCCGCATTCGCCTCGCCAAGCCCTTCGAGTTCTCACCCGGACAGTAC
GCGATGCTACAGTTCAGTCCCGAACATGTGCGTCCATATTCAATGGCTGGTCTGCCAGATGACCAAGAAATGGAG
TTCCATATCCGCAAAGTGCCGGGCGGGCGTGTCACGGAGTATATTTTCGAGCACGTCCGCGAAGGTACAAGCATT
AAGTTGAGTGGGCCTCTTGGTACGGCCTATCTGCGTCAGGCTCACACCGGGCCGATGCTGTGTGTGGGCGGCGGG
ACCGGACTCGCACCGGTGCTGTCGATTGTTCGCGGCGCGCTGAAGTCGGGAATGACGAACCCCATCCACCTTTAT
TTCGGGGTGCGCAGTCAGCAAGACCTTTACGACGCAGACCGATTGAACCAACTCGCGGCTATCCACCCTCAACTG
ACTGTCCATACAGTGATCGCGACGGGCCCGATTAATGAGGGCCAGCGGGCCGGCCTAATTACCGATTTGATTGAA
AAAGACATTCCCTCGCTGGCTGGGTGGAGAGCCTACCTGTGCGGCGCACCAGCGATGGTTGACGCTCTATGCACC
GTCGCCAAAGATCTTGGAATATCGCCCGAGCATATTTATGCCGACGCCTTCTATCCCAGCGGGGTCTGAATTGCC
CCGACCCTGCACCTCTGTACATCGAGAATTCATCAGGAAGACACTTAAATGAGCATCACTAACAACAGCCGCGTC
TGAATATTTAGGACAGCTGGATGATCTCTAACTCCATCATTACCCCATTTGAAGATAGCTTTATGACAGAAAAAT
GGATTGACGCAGTCGCTCTTTATGAAATCCCTGAAGGTGACGTCCTCGGCGTGACAGTCGAAGGTAAGGAACTAG
CGCTGTATGAAGTGGAAGGCGAAATCTACGCTACCGACAACCTGTGCACACATGGTGCTGCCCGCATGAGTGATG
GCTTTCTAGAAGGCAGAGAAATTGAATGTCCTTTGCATCAAGGTAGATTTGATGTTTGCACAGGCAGGGCCTTGT
GCGCCCCTGTGACACAGAACATCAAAACATACCCGGTGAAGATTGAGGGCCAGCGTGTGATGATTGATTTGAGCT
GAGAATTTTAATAGGAGGCACCCCGGACCCTAGAGCGTAATCCCCCCCATTCGATCTCTTTAGGTGAAAATATGA
ATTACAAAAATAAAAACTTGGTGAGTGAATCTGGGCTGACCCAAAAACACCTGATTCATGGCGACGAAGAACTTT
TCCAGCGCGAACTGGAAACCATTTTTGCTCGGAACTGGCTTTTCCTGACTCATGACAGCCTGATTCCGTCCCCTG
GCGACTATGTTACGGCAAAAATGGGGGTTGATGAGGTTATCGTCTCCAGGCAGAACGACGGTTCGATTCGTGCTT
TCCTGAACGTTTGTCGTCACCGTGGCAAGACGCTGGTACACGCAGAAGCAGGTAATGCTAAAGGTTTCGTTTGCA
GCTATCACGGCTGGGGCTTCGGCGCTAACGGTGAACTGCAGAGCGTCCCGTTTGAAAAAGAACTGTATGGCGAGG
CGCTCGACAAGAAATGTATGGGATTGAAAGAAGTCGCTCGTGTAGAGAGCTTCCATGGCTTCATCTATGGTTGCT
TCGATGAGGAAGCCCCTTCTCTCAAAGACTACATGGGGGACGCTGGCTGGTACCTGGAGCCTATGTTTAAGCATT
CCGGAGGGCTAGAACTGATCGGTCCTCCAGGAAAGGTCATAATCAAGGCTAACTGGAAAGCGCCCGCGGAAAACT
TTGTGGGGGATGCGTACCACGTGGGTTGGACGCATGCGGCTTCGCTTCGCACAGGGCAGTCGGTCTTCTCGTCGT
TAGCTGGCAACGCAGCTTTGCCCCCAGAAGGTGCAGGTCTGCAAATGACCTCCAAATACGGCAGCGGCATGGGTG
TGTTGTGGGACGGATATTCAGGCGTGCACAGCGCAGACCTGGTTCCGGAATTGATGGCCTTCGGCGGTGCTAAGC
AGGAACGGCTGAACAAAGAAATTGGCGAGGTTCGCGCACGAATCTATCGTAGCCACCTCAACGGCACCGTTTTCC
CGAACAACAGTTTTCTGACCTGCTCGGGTGTCTTCAAGGTATGGCACCCGATCGACGCAAATACCACTGAGGTAT
GGACCTACGCCATGGTCGAAAAAGACATGCCCGAGGATCTCAAGCGCCGCTTGGTCGACGCGGTTCAGAGAACGT
TTGGGCCTGCTGGCTTCTGGGAAAGCGACGACAACGACAATATGGAAACGGAATCGCAAAACGCCAAGAAATATC
AGTCCAGAGATGGCGATCTGGTTTCCAACCTGGGTTTCGGCGGGGACGTATACGGCGACGAGGTTTATCCTGGCA
TCGTCGGCAAATCGGCGATTGGCGAGACCAGTTATCGTGGCTTCTATCGGGCTTACGGCGCGCACATCAGCAGCT
CTAGCTGGGCTGAATTCGAGGATGTCTCTAAAAATTGGCATACCGAACTGGCAAAGACTACTGATCGCTAACAGA
CGAGAGGGACCATGATGATTAATATTCAGGAAGACAAGCTTGTCTCCGCCCACGACGCCGAAGAGTTTCTTCGTT
TCTTCAATTCCGGCGACGAGGCTTTGCAACAAGAAGCTACCACGTTGCTAACCCGGGAAGCGCATCTTTTAGACA



 18 

TTCAGGCTTACCGCGCCTGGTTAGAGCACTGCGTGGACTCAGAGGTGAAATATCAGATTATCTCACGCGAACTGC
GCTCAGCTTCCGAGCGCCGTTACCAGCTCAATGAAACCATGAACATTTTCAACGAGAATTATGAACAACTGGAAG
TTCGCGTAGCGCATCAACTGGATCCGCAAAACTGGGGCAATAGTCCAAAGGTGCGCTTTACTCGTTTCATCACAA
ATATCCAGGCTGCAATGGACGAAAATGAAGATTTGCTTCACATTCGCTCCAACCTAATTGTTCACCGAGCACGAC
GCGGCAATCAAGTCGATGTCTTCTATGCCACTCGGGAGGATAAATGGAAGCGCGGCGAAGATGGAGCGCGTAAGT
TGGTCCAACGATTGATTGATTATCCAGAGCGCACATTCCAGACGCACAATGTGATGATCTTTATGTGAAAGCTTA
CTCGAGGATCCGGTCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGT
TTTTTATTGGTGAGAATCGCAGCAACTTGTCGCGCCAATCGAGCCATGTCGTCGTCAACGACCCCCCATTCAAGA
ACAGCAAGCAGCATTGAGAACTTTGGAATCCAGTCCCTCTTCCACCTGCTGACCGGATCAGCAGTCCCCGGAACA
TCGTAGCTGACGCCTTCGCGTTGCTCAGTTGTCCAACCCCGGAAACGGGAAAAAGCAAGTTTTCCCCGCTCCCGG
CGTTTCAATAACTGAAAACCATACTATTTCACAGTTTAAATCACATTAAACGACAGTAATCCCCGTTGATTTGTG
CGCCAACACAGATCTTCGTCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCC
CTGTTTGAGTATTGAGGAGGCGAGATGTCGCAGACAGAAAATGCAGTGACTTCCTCATTGAGTCAAAAGCGGTTT
GTGCGCAGAGGTAAGCCTATGACTGACTCTGAGAAACAAATGGCCGTTGTTGCAAGAAAACGTCTTACACACAAA
GAGATAAAAGTTTTTGTCAAAAATCCTCTGAAAGATCTCATGGTTGAGTACTGCGAGAGAGAGGGGATAACACAG
GCTCAGTTCGTTGAGAAAATCATCAAAGATGAACTGCAGAGACTGGATATACTAAAGTAAAGACTTTACTTTGTG
GCGTAGCATGCTAGATTACTGATCGTTTAAGGAATTTTGTGGCTGGCCACGCCGTAAGGTGGCAAGGAACTTTCT
GATGTGGATTTACAGGAGCCAGAAAAGCAAAAACCCCGATAATCTTCTTCAACTTTGGCGAGTACGAAAAGATTA
CCGGGGCCCACTTAAACCGTATAGCCAACAATTCAGCTATGCGGGGAGTATAGTTATATGCCCGGAAAAGTTCAA
GACTTCTTTCTGTGCTCGCTCCTTCTGCGCATTGTAAGTGCAGGATGGTGTGACTGATCTTCACCAAACGTATTA
CCGCCAGGTAAAGAACCCGAATCCGGTGTTTACACCCCGTGAAGGTGCAGGAACGCTGAAGTTCTGCGAAAAACT
GATGGAAAAGGCGGTGGGCTTCACTTCCCGTTTTGATTTCGCCATTCATGTGGCGCATGCCCGTTCGCGTGGTCT
GCGTCGACGCATGCCACCAGTGCTGCGTCGACGGGCTATTGATGCGCTCCTGCAGGGGCTGTGTTTCCACTATGA
CCCGCTGGCCAACCGCGTCCAGTGCTCCATCACCACGCTGGCCATTGAGTGCGGACTGGCGACGGAGTCTGCTGC
CGGAAAACTCTCCATCACCCGTGCCACCCGGGCCCTGACGTTCCTGTCAGAGCTGGGACTGATTACCTACCAGAC
GGAATATGACCCGCTTATCGGGTGCTACATTCCGACCGATATCACGTTCACATCTGCACTGTTTGCTGCCCTCGA
TGTATCAGAGGAGGCAGTGGCCGCCGCGCGCCGCAGCCGTGTGGTATGGGAAAACAAACAACGCAAAAAGCAGGG
GCTGGATACCCTGGGCATGGATGAACTGATAGCGAAAGCCTGGCGTTTTGTTCGTGAGCGTTTTCGCAGTTATCA
GACAGAGCTTAAGTCCCGGGGAATAAAGCGTGCCCGTGCGCGTCGTGATGCGGACAGGGAACGTCAGGATATTGT
CACCCTGGTGAAACGGCAGCTGACGCGCGAAATCGCGGAAGGGCGCTTCACTGCCAATCGTGAGGCGGTAAAACG
CGAAGTTGAGCGTCGTGTGAAGGAGCGCATGATTCTGTCACGTAACCGTAATTACAGCCGGCTGGCCACAGCTTC
CCCCTGAAAGTGACCTCCTCTGAATAATCCGGCCTGCGCCGGAGGCTTCCGCACGTCTGAAGCCCGACAGCGCAC
AAAAAATCAGCACCACATACAAAAAACAACCTCATCATCCAGCTTCTGGTGCATCCGGCCCCCCCTGTTTTCGAT
ACAAAACACGCCTCACAGACGGGGAATTTTGCTTATCCACATTAAACTGCAAGGGACTTCCCCATAAGGTTACAA
CCGTTCATGTCATAAAGCGCCATCCGCCAGCGTTAC 
 
 
P3 
TCAATTGTGAGCGGATAACAATTTCACACAGAATTCATTAAAGAGGAGAAATTAACTATGAGAGGATCTCACCAT
CACCATCACCATACGGATCCGGCCCTGAGGGCCGAAAACTTTAAACATCTCCCTGAACCGTTCCGCATTCGTGTT
ATTGAGCCAGTAAAACGTACCACTCGCGCTTATCGTGAAGAGGCAATTATTAAATCCGGTATGAACCCGTTCCTG
CTGGATAGCGAAGATGTTTTTATCGATTTACTGACCGACAGCGGCACCGGGGCGGTGACGCAGAGCATGCAGGCT
GCGATGATGCGCGGCGACGAAGCCTACAGCGGCAGTCGTAGCTACTATGCGTTAGCCGAGTCAGTGAAAAATATC
TTTGGTTATCAATACACCATTCCGACTCACCAGGGCCGTGGCGCAGAGCAAATCTATATTCCGGTACTGATTAAA
AAACGCGAGCAGGAAAAAGGCCTGGATCGCAGCAAAATGGTGGCGTTCTCTAACTATTTCTTTGATACCACGCAG
GGCCATAGCCAGATCAACGGCTGTACCGTGCGTAACGTCTATATCAAAGAAGCCTTCGATACGGGCGTGCGTTAC
GACTTTAAAGGCAACTTTGACCTTGAGGGATTAGAACGCGGTATTGAAGAAGTTGGTCCGAATAACGTGCCGTAT
ATCGTTGCAACCATCACCAGTAACTCTGCAGGTGGTCAGCCGGTTTCACTGGCAAACTTAAAAGCGATGTACAGC
ATCGCGAAGAAATACGATATTCCGGTGGTAATGGACTCCGCGCGCTTTGCTGAAAACGCCTATTTCATCAAGCAG
CGTGAAGCAGAATACAAAGACTGGACCATCGAGCAGATCACCCGCGAAACCTACAAATATGCCGATATGCTGGCG
ATGTCCGCCAAGAAAGATGCGATGGTGCCGATGGGCGGCCTGCTGTGCATGAAAGACGACAGCTTCTTTGATGTG
TACACCGAGTGCAGAACCCTTTGCGTGGTGCAGGAAGGCTTCCCGACATATGGCGGCCTGGAAGGCGGCGCGATG
GAGCGTCTGGCGGTAGGTCTGTATGACGGCATGAATCTCGACTGGCTGGCTTATCGTATCGCGCAGGTACAGTAT
CTGGTCGATGGTCTGGAAGAGATTGGCGTTGTCTGCCAGCAGGCGGGCGGTCACGCGGCATTCGTTGATGCCGGT
AAACTGTTGCCGCATATCCCGGCAGACCAGTTCCCGGCACAGGCGCTGGCCTGCGAGCTGTATAAAGTCGCCGGT
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ATCCGTGCGGTAGAAATTGGCTCTTTCCTGTTAGGCCGCGATCCGAAAACCGGTAAACAACTGCCATGCCCGGCT
GAACTGCTGCGTTTAACCATTCCGCGCGCAACATATACTCAAACACATATGGACTTCATTATTGAAGCCTTTAAA
CATGTGAAAGAGAACGCGGCGAATATTAAAGGATTAACCTTTACGTACGAACCGAAAGTATTGCGTCACTTCACC
GCAAAACTTAAAGAAGTTGGCCTATGCGGCCGCTAAGGGTCGACCTGCAGCCAAGCTTAATTAGCTGAGCTTGGA
CTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCG
TTTTTTATTGGTGAGAATCCAAGCTAGGGGAATTCATCGTGACTGACTGACGATCTGCCTCGCGCGTTTCGGTGA
TGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAG
ACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAG
CGGAGTGTATAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAAT
GGTTTCTTAGGATCCGGGATGTCCGGCGGTGCTTTTGCCGTTACGCACCACCCCGTCAGTAGCTGAACAGGAGGG
ACAGCTGATAGAAACAGAAGCCACTGGAGCACCTCAAAAACACCATCATACACTAAATCAGTAAGTTGGCAGCAT
CACCCGACGCACTTTGCGCCGAATAAATACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCC
CTGTTGATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACGTAAGAGGTTCCAACT
TTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGTTATCGAGATTTTCAGGAGCTAAGGAAGCTA
AAATGGAGAAAAAAATCACTGGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCAT
TTCAGTCAGTTGCTCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGA
AAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTCCGTA
TGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACCCTTGTTACACCGTTTTCCATGAGCAAACTG
AAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGG
CGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCT
GGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCACCATGGGCA
AATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTCAGGTTCATCATGCCGTTTGTGATGGCTTCC
ATGTCGGCAGAATGCTTAATGAATTACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGTAATTTTTTTAAGGCA
GTTATTGGTGCCCTTAAACGCCTGGTTGCTACGCCTGAATAAGTGATAATAAGCGGATGAATGGCAGAAATTCGA
AAGCAAATTCGACCCGGTCGTCGGTTCAGGGCAGGGTCGTTAAATAGCCGCTTATGTCTATTGCTGGTTTACCGG
TTTATTGACTACCGGAAGCAGTGTGACCGTGTGCTTCTCAAATGCCTGAGGCCAGTTTGCTCAGGCTCTCCCCGT
GGAGGTAATAATTGACGATATGATCATTTATTCTGCCTCCCAGAGCCTGATAAAAACGGTTACCGGATCGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGA
CCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCT
TTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGAT
CAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGC
GGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACC
AAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGC
TCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATA
GTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTA
CACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA
TCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAG
TCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAA
AAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGA
GCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTAT
TTCACACCGCATAAATTCCGACACCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGA
GAGTCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCA
GACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGC
GGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCAC
CTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAG
CGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACG
CGTCAGTGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGT
TCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCG
ACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTC
GGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGG
CGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCT
GGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATAT
CTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTT
TCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCT
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GTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGC
CGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTAA
GTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCG
GATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGGATTCACTGGCCGTCGTTTTACAACGTCGTGAC
TGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAA
GAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATA
GGCGTATCACGAGGCCCTTTCGTCTTCACCTCGAGAAATCATAAAAAATTTATTTGCTTTGTGAGCGGATAACAA
TTATAATAGAT 

 
 
P4 
AAGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTCTTCTCGCTAACCAAAC
CGGTAACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTG
TCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATAGCATTTTTAT
CCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGG
CTAACAGGAGGAATTACCCATGGAACTTCTCATACAGCCAAACAATCGCCTCATTAGCTTTAGTCCCGGCGCCAA
CCTTCTGGAAGTGCTTCGCGAAAACGGTGTCGCTATTTCCTACAGTTGTATGTCTGGGCGTTGCGGAACCTGCCG
CTGTCGGGTTACAGATGGCAGTGTAATTGATTCGGGGGCGGGAAGCGGGTTACCAAACCTCGTGGACGAGCATTA
TGTGCTCGCCTGTCAGTCAGTACTTACTCACAATTGCGCGATCGAAATCCCAGAAACCGACGAAATCGTCACCCA
CCCGGCGAGAATCATCAAGGGCACTGTGGTCGCCGTCGAGTCGCCCACTCACGATATCCGTCGCCTACGCGTACG
CCTCGCTAAGCCCTTCGAGTTCTCACCCGGACAGTACGCGACATTGCAGTTCAGTCCTGAGCATGCGCGTCCGTA
TTCAATGGCAGGTCTGCCAGATGACCAAGAAATGGAGTTCCACATACGCAAGGTGCCGGGTGGGCGCGTAACGGA
GTATGTTTTCGAGCACGTCCGCGAAGGTACAAGCATCAAGTTGAGCGGGCCACTTGGTACGGCTTATTTGCGTCA
GAACCACACCGGGCCGATGCTCTGTGTGGGCGGTGGGACCGGACTAGCACCGGTGCTGTCGATTGTTCGCGGCGC
GCTGAAGTTGGGTATGACAAACCCCATCCTCCTTTATTTCGGAGTGCGCAGTCAGCAAGACCTCTACGACGCAGA
GCGATTGCACAAACTCGCCGCTGATCACCCTCAACTGACCGTACACACGGTAATCGCAATGGGCCCGATTAATGA
GAGTCAGCGAGCCGGTCTAGTTACCGATGTGATCGAAAAAGACATCATTTCGCTGGCTGGGTGGAGGGCCTACCT
GTGCGGCGCACCAGCGATGGTTGAAGCGCTTTGCACCGTTACCAAGCATCTTGGAATATCACCCGAACATATTTA
TGCCGATGCCTTCTATCCCGGTGGAATCTGAATAGTCCCTTTCCCTGCACCTCTGTCCATCGAGGACTCATCAGG
AGGATACTCAAATAAGCGCAAATAATAACAGTCGCGTCAGTATTTGCGGCAGCGAAATGGTTTCCCTCTCCCTCA
TTTACCCCATCTGAGGATAGTTTTATGACAGAAAAATGGATTGAAGCAGTCGCCCTTTCTGACATCCCAGAAGGT
GATGTCCTCGGCGTGACTGTCGAGGGCAAGGAGCTGGCGTTGTACGAAGTGGAAGGCGAAATCTACGCTACCGAC
AACCTGTGCACGCATGGTGCCGCCCGCATGAGCGATGGTTATCTCGAGGGGCGAGAAATCGAATGCCCCTTGCAT
CAAGGTCGGTTTGACGTTTGTACAGGCAGAGCCCTCTGCGCCCCCGTGACAGAGAACATCAAAACATATGCAGTC
AAGATTGAGAACCTGCGCGTAATGATTGATTTGAGCGGAGAGTTTTAATAGGAGGTACCCCGGACCCTAGCGCGT
AACTACCCCAATTCCATCTTTTTTAGGTGAAAACATGAATTACAAAAACAAAATATTGGTGAGTGAATCTGGGCT
GACCCAAAAGCACCTGATTCATGGCGATGAAGAACTTTTCCAGCACGAACTGAGAACCATTTTTGCGCGGAACTG
GCTTTTTCTCACTCATGACAGCCTGATTCCATCCCCCGGCGACTATGTTACCGCAAAAATGGGTATTGACGAGGT
CATCGTCTCTCGGCAGAGCGACGGTTCGATTCGTGCCTTCCTGAACGTTTGTCGGCACCGTGGCAAGACGCTGGT
TAACGCGGAAGCCGGCAATGCCAAAGGTTTCGTTTGCAGCTATCACGGCTGGGGCTTCGGCTCCAACGGTGAACT
GCAGAGCGTTCCATTCGAAAAAGAGCTGTACGGCGAGTCGCTCAACAAAAAATGTCTGGGGTTGAAAGAAGTCGC
TCGCGTGGAGAGCTTCCATGGCTTCATCTATGGTTGCTTCGATCAGGAGGCCCCTCCTCTTATGGACTATCTGGG
TGACGCTGCTTGGTACCTAGAGCCCATCTTCAAACATTCAGGCGGTTTAGAACTGGTCGGTCCTCCAGGCAAGGT
TGTGATCAAGGCCAACTGGAAGGCACCCGCGGAAAACTTTGTGGGGGATGCATACCACGTGGGTTGGACGCACGC
GTCTTCGCTTCGCTCGGGAGAGTCTATCTTCGCGTCGCTCGCTGGCAACGCAGTGCTGCCCCCTGAAGGTGCAGG
CTTGCAAATGACCTCCAAATACGGCAGCGGCATGGGTGTGTTGTGGGACGGATATTCAGGCGTGCATAGCGCAGA
CTTGGTTCCGGAGTTGATGGCATTCGGCGGCTCTAAGCAGGAAAGGCTGAACAAAGAAATTGGCGATGTTCGCGC
CCGGATTTATCGCAGCCACCTCAACTGCACCGTTTTCCCGAACAACAGCATGCTGACCTGCTCGGGTGTTTTCAA
AGTATGGAACCCGATCGACGCAAACACCACCGAGGTCTGGACCTACGCCATTGTCGAAAAAGACATGCCCGAGGA
TCTCAAGCGCCGCTTGGCCGACTCGGTTCAGCGTACGTTTGGGCCTGCTGGCTTCTGGGAAAGCGACGACAATGA
CAATATGGAAACAGCGTCGCAAAACGGCAAGAAATATCAATCCAGAGATAGTGATCTGCTTTCAAACCTTGGTTT
CGGTAAGGACGTATACGGCGACGCGGTCTATCCTGGCGTCGTCGGCAAATCGGCGATCGGCGAGACCAGTTATCG
TGGTTTCTACCGGGCTTACCAGGCACACGTCAGCAGCTCCAACTGGGCTGAGTTCGAGGATGCCTCTAGTACTTG
GCATACCGAACTGACGAAGACTACTGATCGCTAACAGACGAGTCGACCATGATGATCAATATTCAAGAAGACAAG
CTGGTCTCCGCCCACGACGCCCAAGAGTTTCTTCGTTTCTTCAATTGCCACGACGCGGCTTTGCAACAAGAAGCC
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ACCACGCTGCTGAACCGGGAAGCGCATCTGTTGGACATTCAGGCTTACCGGGCTTGGTTAGAGCACTGCGTGGGG
TCAGAGGTTCAATATCAGGTCATTTCACGCGAACTGCGCGCCGCTTCCGAGCGCCGTTATAAGCTCAATGAAGCC
ATGAACGTTTACAACGAAAATTTTCAGCAACTGAAAGTTCGAATCGAGCATCAACTGGATCCGCAAAACTGGAGC
AACAGCCCGAAGCTGCGCTTTACTCGCTTCATCACCAATGTCCAGGCCGCAAGGGACGTAGATGACGAAGAGCTA
CTTCACATCCGCTCCAACGTCATTCTGCACCGGGCACGACGTGGCAATCAGGTCGATGTCTTCTACGCCGCCCGG
GAAGACAAATGGAAACGTGGCGAAGGTGGAGTGCGAAAATTGGTCCAGCGATTCGTGGATTACCCAGAGCGCATA
CTTCAGACGCACAATCTGATGGTCTTTCTGTGAAAGCTTTAACCCGAACAAAAACTCATCTCAGAAGAGGATCTG
AATAGCGCCGTCGACCATCATCATCATCATCATTGAGTTTAAACGGTCTCCAGCTTGGCTGTTTTGGCGGATGAG
AGAAGATTTTCAGCCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCA
GTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTGGGGT
CTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGT
TTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAG
CAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATCCTG
ACGGATGGCCTTTTTGCGTTTCTACAAACTCTTTTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCA
TGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCG
CCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATG
CTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTC
GCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGTTGACG
CCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAA
AGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCA
ACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTC
GCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAA
TGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGA
TGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTG
GAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA
TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTA
AGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAA
GGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGT
CAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAA
AAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCT
TCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAG
CACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCG
GGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCA
GCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAG
GGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAA
ACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAG
GGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTC
ACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTC
GCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCC
TTACGCATCTGTGCGGTATTTCACACCGCATATCGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAA
GCCAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGC
GCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCA
GAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCAGATCAATTCGCGCGCGAAGGCGAAGCGGCATGCATA
ATGTGCCTGTCAAATGGACGAAGCAGGGATTCTGCAAACCCTATGCTACTCCGTCAAGCCGTCAATTGTCTGATT
CGTTACCAATTATGACAACTTGACGGCTACATCATTCACTTTTTCTTCACAACCGGCACGGAACTCGCTCGGGCT
GGCCCCGGTGCATTTTTTAAATACCCGCGAGAAATAGAGTTGATCGTCAAAACCAACATTGCGACCGACGGTGGC
GATAGGCATCCGGGTGGTGCTCAAAAGCAGCTTCGCCTGGCTGATACGTTGGTCCTCGCGCCAGCTTAAGACGCT
AATCCCTAACTGCTGGCGGAAAAGATGTGACAGACGCGACGGCGACAAGCAAACATGCTGTGCGACGCTGGCGAT
ATCAAAATTGCTGTCTGCCAGGTGATCGCTGATGTACTGACAAGCCTCGCGTACCCGATTATCCATCGGTGGATG
GAGCGACTCGTTAATCGCTTCCATGCGCCGCAGTAACAATTGCTCAAGCAGATTTATCGCCAGCAGCTCCGAATA
GCGCCCTTCCCCTTGCCCGGCGTTAATGATTTGCCCAAACAGGTCGCTGAAATGCGGCTGGTGCGCTTCATCCGG
GCGAAAGAACCCCGTATTGGCAAATATTGACGGCCAGTTAAGCCATTCATGCCAGTAGGCGCGCGGACGAAAGTA
AACCCACTGGTGATACCATTCGCGAGCCTCCGGATGACGACCGTAGTGATGAATCTCTCCTGGCGGGAACAGCAA
AATATCACCCGGTCGGCAAACAAATTCTCGTCCCTGATTTTTCACCACCCCCTGACCGCGAATGGTGAGATTGAG
AATATAACCTTTCATTCCCAGCGGTCGGTCGATAAAAAAATCGAGATAACCGTTGGCCTCAATCGGCGTTAAACC
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CGCCACCAGATGGGCATTAAACGAGTATCCCGGCAGCAGGGGATCATTTTGCGCTTCAGCCATACTTTTCATACT
CCCGCCATTCAGAG 

 
 
P5 
GGGGAATTGTGAGCGGATAACAATTCCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATGAAAAAGC
GTATCGGTATTGTTGGTGCAGGCACTGCCGGCCTCCATCTTGGTCTCTTCCTTCGTCAGCATGACGTCGACGTCA
CTGTGTACACTGATCGTAAGCCCGATGAGTACAGCGGACTGCGTCTCCTGAATACCGTTGCTCACAACGCGGTGA
CGGTGCAGCGGGAGGTTGCCCTCGACGTCAATGAGTGGCCGTCTGAGGAGTTTGGTTATTTCGGCCACTACTACT
ACGTAGGTGGGCCGCAGCCCATGCGTTTCTACGGTGATCTCAAGGCTCCCAGCCGTGCAGTGGACTACCGTCTCT
ACCAGCCGATGCTGATGCGTGCACTGGAAGCCAGGGGCGGCAAGTTCTGCTACGACGCGGTGTCTGCCGAAGATC
TGGAAGGGCTGTCGGAGCAGTACGATCTGCTGGTTGTGTGCACTGGTAAATACGCCCTCGGCAAGGTGTTCGAGA
AGCAGTCCGAAAACTCGCCCTTCGAGAAGCCGCAACGGGCACTGTGCGTTGGTCTCTTCAAGGGCATCAAGGAAG
CACCGATTCGCGCGGTGACTATGTCCTTCTCGCCAGGGCATGGCGAGCTGATTGAGATTCCAACCCTGTCGTTCA
ATGGCATGAGCACAGCGCTGGTGCTCGAAAACCATATTGGTAGCGATCTGGAAGTTCTCGCCCACACCAAGTATG
ACGATGACCCGCGTGCGTTCCTCGATCTGATGCTGGAGAAGCTGGGTAAGCATCATCCTTCCGTTGCCGAGCGCA
TCGATCCGGCTGAGTTCGACCTTGCCAACAGTTCTCTGGACATCCTCCAGGGTGGTGTTGTGCCGGCATTCCGCG
ACGGTCATGCGACCCTCAATAACGGCAAAACCATCATTGGGCTGGGCGACATCCAGGCAACTGTCGATCCGGTCT
TGGGCCAGGGCGCGAACATGGCGTCCTATGCGGCATGGATTCTGGGCGAGGAAATCCTTGCGCACTCTGTCTACG
ACCTGCGCTTCAGCGAACACCTGGAGCGTCGCCGCCAGGATCGCGTGCTGTGTGCCACGCGATGGACCAACTTCA
CTCTGAGCGCTCTCTCGGCACTTCCGCCGGAGTTCCTCGCCTTCCTTCAGATCCTGAGCCAGAGCCGTGAAATGG
CTGATGAGTTCACGGACAACTTCAACTACCCGGAACGTCAGTGGGATCGCTTCTCCAGCCCGGAACGTATCGGAC
AGTGGTGCAGTCAGTTCGCACCCACTATCGCGGCCTGAGAATTCTAAGGAGATTTCAAATGACGTTAAAAAAAGA
TATGGCGGTGGATATCGACTCCACCAACTTCCGCCAGGCGGTTGCATTGTTCGCGACGGGAATTGCGGTTCTCAG
CGCGGAGACTGAAGAGGGCGATGTGCACGGCATGACCGTGAACAGTTTCACCTCCATCAGTCTGGATCCGCCGAC
TGTGATGGTTTCCCTGAAATCGGGCCGTATGCATGAGTTGCTGACTCAAGGCGGACGCTTCGGAGTTAGCCTCTT
GGGTGAAAGCCAGAAGGTGTTCTCGGCATTCTTCAGCAAGCGCGCGATGGATGACACGCCTCCCCCCGCCTTCAC
CATTCAGGCCGGCCTTCCCACTCTGCAGGGCGCCATGGCCTGGTTCGAATGCGAGGTGGAGAGCACGGTTCAAGT
ACACGACCACACGCTCTTCATTGCGCGCGTTAGCGCCTGTGGAACGCCTGAGGCGAATACCCCCCAGCCGCTGCT
GTTCTTTGCCAGCCGTTATCACGGCAACCCGTTGCCACTGAATTGAGGTACCCTCGAGTCTGGTAAAGAAACCGC
TGCTGCGAAATTTGAACGCCAGCACATGGACTCGTCTACTAGCGCAGCTTAATTAACCTAGGCTGCTGCCACCGC
TGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAACCTCAGGCATT
TGAGAAGCACACGGTCACACTGCTTCCGGTAGTCAATAAACCGGTAAACCAGCAATAGACATAAGCGGCTATTTA
ACGACCCTGCCCTGAACCGACGACAAGCTGACGACCGGGTCTCCGCAAGTGGCACTTTTCGGGGAAATGTGCGCG
GAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAATTAATTCTTAGAAAAACTCA
TCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGT
AATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGT
CCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACG
ACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCG
TCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGGTCG
CTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTT
TCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGCA
TCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATC
TCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATAC
AATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATG
TTGGAATTTAATCGCGGCCTAGAGCAAGACGTTTCCCGTTGAATATGGCTCATACTCTTCCTTTTTCAATATTAT
TGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGC
ATGCAGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGTGTCAGCT
CACTCAAAAGCGGTAATACGGTTATCCACAGAATCAGGGGATAAAGCCGGAAAGAACATGTGAGCAAAAAGCAAA
GCACCGGAAGAAGCCAACGCCGCAGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG
CTCAAGCCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCG
CTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCA
TAGCTCACGCTGTTGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT
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GGCAGCAGCCATTGGTAACTGATTTAGAGGACTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
CAGATTTTGGTGAGTGCGGTCCTCCAACCCACTTACCTTGGTTCAAAGAGTTGGTAGCTCAGCGAACCTTGAGAA
AACCACCGTTGGTAGCGGTGGTTTTTCTTTATTTATGAGATGATGAATCAATCGGTCTATCAAGTCAACGAACAG
CTATTCCGTTACTCTAGATTTCAGTGCAATTTATCTCTTCAAATGTAGCACCTGAAGTCAGCCCCATACGATATA
AGTTGTAATTCTCATGTTAGTCATGCCCCGCGCCCACCGGAAGGAGCTGACTGGGTTGAAGGCTCTCAAGGGCAT
CGGTCGAGATCCCGGTGCCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTC
GGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCA
GGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCA
GCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAACATG
AGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATGTCCGCACCAACGCGCAGCCCGGACTCGGTAATGGCGC
GCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTTGCA
TGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGA
GATATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCT
GGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGG
GTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGT
CATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTT
CGACGCCGCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGA
CAATTTGCGACGGCGCGTGCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTT
GTTGTGCCACGCGGTTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAA
CGTGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACG
TTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGC
GCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAATTAATACGACTCACT
ATA 
 
 

P6 
CTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCC
ACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGA
ACTATATCCGGATTGGCGAATGGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCA
GCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCG
CCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACC
CCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGT
TGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTT
TTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGA
ATTTTAACAAAATATTAACGCTTACAATTTAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTT
ATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAATTAATTCTTAGAAAAACTCATCGAGCATCAAATGAA
ACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACT
CACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGA
ATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCG
CATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAAT
TACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGAT
ATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGA
TAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCAT
TGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCG
CACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCG
GCCTAGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTT
TTATTGTTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAA
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTG
GTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAAT
ACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTG
CTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACC
GAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCG
GTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCT
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GTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAAC
GCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCC
CCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGC
AGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCA
CACCGCAATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTATCGCT
ACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCC
GGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAA
ACGCGCGAGGCAGCTGCGGTAAAGCTCATCAGCGTGGTCGTGAAGCGATTCACAGATGTCTGCCTGTTCATCCGC
GTCCAGCTCGTTGAGTTTCTCCAGAAGCGTTAATGTCTGGCTTCTGATAAAGCGGGCCATGTTAAGGGCGGTTTT
TTCCTGTTTGGTCACTGATGCCTCCGTGTAAGGGGGATTTCTGTTCATGGGGGTAATGATACCGATGAAACGAGA
GAGGATGCTCACGATACGGGTTACTGATGATGAACATGCCCGGTTACTGGAACGTTGTGAGGGTAAACAACTGGC
GGTATGGATGCGGCGGGACCAGAGAAAAATCACTCAGGGTCAATGCCAGCGCTTCGTTAATACAGATGTAGGTGT
TCCACAGGGTAGCCAGCAGCATCCTGCGATGCAGATCCGGAACATAATGGTGCAGGGCGCTGACTTCCGCGTTTC
CAGACTTTACGAAACACGGAAACCGAAGACCATTCATGTTGTTGCTCAGGTCGCAGACGTTTTGCAGCAGCAGTC
GCTTCACGTTCGCTCGCGTATCGGTGATTCATTCTGCTAACCAGTAAGGCAACCCCGCCAGCCTAGCCGGGTCCT
CAACGACAGGAGCACGATCATGCGCACCCGTGGGGCCGCCATGCCGGCGATAATGGCCTGCTTCTCGCCGAAACG
TTTGGTGGCGGGACCAGTGACGAAGGCTTGAGCGAGGGCGTGCAAGATTCCGAATACCGCAAGCGACAGGCCGAT
CATCGTCGCGCTCCAGCGAAAGCGGTCCTCGCCGAAAATGACCCAGAGCGCTGCCGGCACCTGTCCTACGAGTTG
CATGATAAAGAAGACAGTCATAAGTGCGGCGACGATAGTCATGCCCCGCGCCCACCGGAAGGAGCTGACTGGGTT
GAAGGCTCTCAAGGGCATCGGTCGAGATCCCGGTGCCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCGCTC
ACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGG
TTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCT
GGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTA
ACGGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCC
CGGACTCGGTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGC
CCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCT
GAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCG
CTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGA
AAATAATACTGTTGATGGGTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCA
CAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCA
CCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGC
GAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACG
ACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTT
CCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACT
CTGCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCA
TACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGG
AAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCC
AACAGTCCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGGCGAGCC
CGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACG
ATGCGTCCGGCGTAGAGGATCGAGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGG
ATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACCATGGGCAGCAGCCATCATCAT
CATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGATGGCAACCCGTATCGCCATTCTTGGCGCCGGA
CCGTCAGGTATGGCCCAGCTGCGTGCATTCCAATCGGCTCAAGAGAAAGGCGCTGAGATTCCGGAACTGGTCTGC
TTCGAAAAACAAGCCGATTGGGGCGGTCAGTGGAACTATACATGGCGCACCGGTCTGGATGAAAATGGGGAGCCA
GTCCATTCTTCGATGTACCGGTACCTTTGGAGCAACGGTCCAAAAGAATGTCTGGAATTCGCGGACTATACCTTT
GACGAGCACTTTGGAAAGCCGATCGCAAGCTATCCCCCACGCGAAGTTCTGTGGGACTACATCAAAGGTCGTGTA
GAGAAAGCAGGCGTTCGTAAATATATCCGCTTTAATACGGCTGTGCGCCATGTGGAATTCAATGAGGATAGTCAG
ACCTTTACTGTAACTGTGCAGGATCATACCACGGATACCATCTATTCGGAGGAATTTGATTACGTGGTGTGCTGC
ACAGGACATTTCAGCACACCATACGTTCCAGAATTCGAAGGCTTTGAAAAATTTGGTGGCCGCATTCTCCATGCC
CATGATTTTCGTGATGCTCTGGAGTTCAAAGATAAAACCGTGCTGCTCGTCGGCAGTTCGTACAGCGCCGAAGAT
ATCGGTAGCCAGTGTTATAAGTACGGCGCTAAAAAACTCATCTCATGCTATCGCACCGCCCCTATGGGTTATAAG
TGGCCGGAGAATTGGGACGAGCGCCCGAATCTGGTCCGTGTTGATACGGAAAACGCCTACTTTGCTGACGGGAGC
AGCGAGAAGGTCGACGCGATCATTCTCTGTACAGGCTACATTCACCACTTTCCGTTTTTAAACGACGATCTGCGT
TTAGTGACGAACAACCGGTTGTGGCCGCTGAATCTGTACAAAGGCGTTGTTTGGGAAGATAACCCGAAATTTTTC
TACATTGGAATGCAGGACCAGTGGTACTCCTTTAACATGTTCGACGCACAAGCGTGGTATGCGCGTGATGTCATC
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ATGGGCCGCCTGCCTCTCCCTTCGAAAGAGGAAATGAAAGCGGATAGCATGGCATGGCGCGAAAAAGAATTGACA
TTAGTCACAGCCGAAGAGATGTATACTTATCAAGGTGATTATATCCAGAACCTGATCGACATGACCGATTACCCC
AGCTTTGATATTCCAGCAACGAACAAAACCTTCCTGGAGTGGAAACACCACAAAAAAGAAAATATCATGACGTTT
CGTGATCATAGTTACCGCTCTCTCATGACCGGTACCATGGCGCCGAAACATCATACCCCGTGGATCGATGCCTTG
GACGATAGCCTCGAGGCGTACTTAAGCGATAAATCAGAGATTCCCGTTGCGAAAGAAGCGTGATAA 
 
 
GM1 
GATCTCAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATT
TCTAGCTCTAAAACCTGGTAACAGGATTAGCAGATGTGTGAAATTGTTATCCGCTCACAATTCCACACATTATAC
GAGCCGGATGATTAATTGTCAACAGCTCATTTCAGAATATTTGCCAGAACCGTTATGATGTCGGCGCAAAAAACA
TTATCCAGAACGGGAGTGCGCCTTGAGCGACACGAATTATGCAGTGATTTACGACCTGCACAGCCATACCACAGC
TTCCGATGGCTGCCTGACGCCAGAAGCATTGGTGCACCGTGCAGTCGATGATAAGCTGTCAAACCAGATCAATTC
GCGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTA
ATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGA
CGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCA
GCAGGCGAAAATCCTGTTTGATGGTGGTTGACGGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCA
CTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGT
TGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGGACATGGCAC
TCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCA
GACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCA
CGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACATCAAGAAATA
ACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGATCAGCC
CACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGACA
CCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCCA
GACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTGGGAATGTAAT
TCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGG
AAACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGA
ATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCACCATTCGATGGTGTCAACGTAAATGC
ATGCCGCTTCGCCTTCCATGGGTATGGACAGTTTTCCCTTTGATATGTAACGGTGAACAGTTGTTCTACTTTTGT
TTGTTAGTCTTGATGCTTCACTGATAGATACAAGAGCCATAAGAACCTCAGATCCTTCCGTATTTAGCCAGTATG
TTCTCTAGTGTGGTTCGTTGTTTTTGCGTGAGCCATGAGAACGAACCATTGAGATCATACTTACTTTGCATGTCA
CTCAAAAATTTTGCCTCAAAACTGGTGAGCTGAATTTTTGCAGTTAAAGCATCGTGTAGTGTTTTTCTTAGTCCG
TTACGTAGGTAGGAATCTGATGTAATGGTTGTTGGTATTTTGTCACCATTCATTTTTATCTGGTTGTTCTCAAGT
TCGGTTACGAGATCCATTTGTCTATCTAGTTCAACTTGGAAAATCAACGTATCAGTCGGGCGGCCTCGCTTATCA
ACCACCAATTTCATATTGCTGTAAGTGTTTAAATCTTTACTTATTGGTTTCAAAACCCATTGGTTAAGCCTTTTA
AACTCATGGTAGTTATTTTCAAGCATTAACATGAACTTAAATTCATCAAGGCTAATCTCTATATTTGCCTTGTGA
GTTTTCTTTTGTGTTAGTTCTTTTAATAACCACTCATAAATCCTCATAGAGTATTTGTTTTCAAAAGACTTAACA
TGTTCCAGATTATATTTTATGAATTTTTTTAACTGGAAAAGATAAGGCAATATCTCTTCACTAAAAACTAATTCT
AATTTTTCGCTTGAGAACTTGGCATAGTTTGTCCACTGGAAAATCTCAAAGCCTTTAACCAAAGGATTCCTGATT
TCCACAGTTCTCGTCATCAGCTCTCTGGTTGCTTTAGCTAATACACCATAAGCATTTTCCCTACTGATGTTCATC
ATCTGAGCGTATTGGTTATAAGTGAACGATACCGTCCGTTCTTTCCTTGTAGGGTTTTCAATCGTGGGGTTGAGT
AGTGCCACACAGCATAAAATTAGCTTGGTTTCATGCTCCGTTAAGTCATAGCGACTAATCGCTAGTTCATTTGCT
TTGAAAACAACTAATTCAGACATACATCTCAATTGGTCTAGGTGATTTTAATCACTATACCAATTGAGATGGGCT
AGTCAATGATAATTACTAGTCCTTTTCCTTTGAGTTGTGGGTATCTGTAAATTCTGCTAGACCTTTGCTGGAAAA
CTTGTAAATTCTGCTAGACCCTCTGTAAATTCCGCTAGACCTTTGTGTGTTTTTTTTGTTTATATTCAAGTGGTT
ATAATTTATAGAATAAAGAAAGAATAAAAAAAGATAAAAAGAATAGATCCCAGCCCTGTGTATAACTCACTACTT
TAGTCAGTTCCGCAGTATTACAAAAGGATGTCGCAAACGCTGTTTGCTCCTCTACAAAACAGACCTTAAAACCCT
AAAGGCTTAAGTAGCACCCTCGCAAGCTCGGTTGCGGCCGCAATCGGGCAAATCGCTGAATATTCCTTTTGTCTC
CGACCATCAGGCACCTGAGTCGCTGTCTTTTTCGTGACATTCAGTTCGCTGCGCTCACGGCTCTGGCAGTGAATG
GGGGTAAATGGCACTACAGGCGCCTTTTATGGATTCATGCAAGGAAACTACCCATAATACAAGAAAAGCCCGTCA
CGGGCTTCTCAGGGCGTTTTATGGCGGGTCTGCTATGTGGTGCTATCTGACTTTTTGCTGTTCAGCAGTTCCTGC
CCTCTGATTTTCCAGTCTGACCACTTCGGATTATCCCGTGACAGGTCATTCAGACTGGCTAATGCACCCAGTAAG
GCAGCGGTATCATCAACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTA
TCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAA
ACTTGGTCTGACAGTTACGTTTCCACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAA
ACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACT
CACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGA
ATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCG
CATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAAT
TACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGAT
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ATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGA
TAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCAT
TGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCG
CACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCG
GCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTT
TTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCC
TGCAGGGTTTGCAGTCAGAGTAGAATAGAAGTATCAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATA
ACGGACTAGCCTTATTTTAACTTGCTATGCTGTTTTGAATGGTTCCAACAAGATTATTTTATAACTTTTATAACA
AATAATCAAGGAGAAATTCAAAGAAATTTATCAGCCATAAAACAATACTTAATACTATAGAATGATAACAAAATA
AACTACTTTTTAAAAGAATTTTGTGTTATAATCTATTTATTATTAAGTATTGGGTAATATTTTTTGAAGAGATAT
TTTGAAAAAGAAAAATTAAAGCATATTAAACTAATTTCGGAGGTCATTAAAACTATTATTGAAATCATCAAACTC
ATTATGGATTTAATTTAAACTTTTTATTTTAGGAGGCAAAAATGGATAAGAAATACTCAATAGGCTTAGATATCG
GCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAA
ATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGA
CTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTT
CAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGA
AGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATC
ATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGA
TTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCC
AGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTC
TTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCT
TATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATG
CTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATG
CTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAA
TAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAG
CTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTT
ATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTG
AGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCC
ATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATC
GTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTT
TTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTT
CAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATA
GTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAAC
CAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTA
AGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGAT
TTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAA
ATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTA
AAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTT
TGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATG
GTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCAC
AAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTA
TTTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTG
AAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAG
GTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCT
ATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATG
ATGTCGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATA
AAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACAACTTC
TAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTG
ATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATA
GTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAAT
TAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATG
CGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTTGTCTATGGTG
ATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATT
TCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTC
TAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTAT
TGTCCATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTAC
CAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGTC
CAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAG
AGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGAT
ATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAAC
GGATGCTGGCTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTAT
ATTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGC
ATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATT
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TAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATT
TATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTAAACGATATA
CGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATT
TGAGTCAGCTAGGAGGTGACTGAAGTATATTTTAGATGAAGATTATTTCTTAATCTAGACATGAGCGGATACATA
TTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGCATCGATT
TATTATGACAACTTGACGGCTACATCATTCACTTTTTCTTCACAACCGGCACGGAACTCGCTCGGGCTGGCCCCG
GTGCATTTTTTAAATACCCGCGAGAAATAGAGTTGATCGTCAAAACCAACATTGCGACCGACGGTGGCGATAGGC
ATCCGGGTGGTGCTCAAAAGCAGCTTCGCCTGGCTGATACGTTGGTCCTCGCGCCAGCTTAAGACGCTAATCCCT
AACTGCTGGCGGAAAAGATGTGACAGACGCGACGGCGACAAGCAAACATGCTGTGCGACGCTGGCGATATCAAAA
TTGCTGTCTGCCAGGTGATCGCTGATGTACTGACAAGCCTCGCGTACCCGATTATCCATCGGTGGATGGAGCGAC
TCGTTAATCGCTTCCATGCGCCGCAGTAACAATTGCTCAAGCAGATTTATCGCCAGCAGCTCCGAATAGCGCCCT
TCCCCTTGCCCGGCGTTAATGATTTGCCCAAACAGGTCGCTGAAATGCGGCTGGTGCGCTTCATCCGGGCGAAAG
AACCCCGTATTGGCAAATATTGACGGCCAGTTAAGCCATTCATGCCAGTAGGCGCGCGGACGAAAGTAAACCCAC
TGGTGATACCATTCGCGAGCCTCCGGATGACGACCGTAGTGATGAATCTCTCCTGGCGGGAACAGCAAAATATCA
CCCGGTCGGCAAACAAATTCTCGTCCCTGATTTTTCACCACCCCCTGACCGCGAATGGTGAGATTGAGAATATAA
CCTTTCATTCCCAGCGGTCGGTCGATAAAAAAATCGAGATAACCGTTGGCCTCAATCGGCGTTAAACCCGCCACC
AGATGGGCATTAAACGAGTATCCCGGCAGCAGGGGATCATTTTGCGCTTCAGCCATACTTTTCATACTCCCGCCA
TTCAGAGAAGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTCTTCTCGCTA
ACCAAACCGGTAACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAAC
AAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATAGCA
TTTTTATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTT
TTTTGGGAATTCGAGCTCTAAGGAGGTTATAAAAAATGGATATTAATACTGAAACTGAGATCAAGCAAAAGCATT
CACTAACCCCCTTTCCTGTTTTCCTAATCAGCCCGGCATTTCGCGGGCGATATTTTCACAGCTATTTCAGGAGTT
CAGCCATGAACGCTTATTACATTCAGGATCGTCTTGAGGCTCAGAGCTGGGCGCGTCACTACCAGCAGCTCGCCC
GTGAAGAGAAAGAGGCAGAACTGGCAGACGACATGGAAAAAGGCCTGCCCCAGCACCTGTTTGAATCGCTATGCA
TCGATCATTTGCAACGCCACGGGGCCAGCAAAAAATCCATTACCCGTGCGTTTGATGACGATGTTGAGTTTCAGG
AGCGCATGGCAGAACACATCCGGTACATGGTTGAAACCATTGCTCACCACCAGGTTGATATTGATTCAGAGGTAT
AAAACGAATGAGTACTGCACTCGCAACGCTGGCTGGGAAGCTGGCTGAACGTGTCGGCATGGATTCTGTCGACCC
ACAGGAACTGATCACCACTCTTCGCCAGACGGCATTTAAAGGTGATGCCAGCGATGCGCAGTTCATCGCATTACT
GATCGTTGCCAACCAGTACGGCCTTAATCCGTGGACGAAAGAAATTTACGCCTTTCCTGATAAGCAGAATGGCAT
CGTTCCGGTGGTGGGCGTTGATGGCTGGTCCCGCATCATCAATGAAAACCAGCAGTTTGATGGCATGGACTTTGA
GCAGGACAATGAATCCTGTACATGCCGGATTTACCGCAAGGACCGTAATCATCCGATCTGCGTTACCGAATGGAT
GGATGAATGCCGCCGCGAACCATTCAAAACTCGCGAAGGCAGAGAAATCACGGGGCCGTGGCAGTCGCATCCCAA
ACGGATGTTACGTCATAAAGCCATGATTCAGTGTGCCCGTCTGGCCTTCGGATTTGCTGGTATCTATGACAAGGA
TGAAGCCGAGCGCATTGTCGAAAATACTGCATACACTGCAGAACGTCAGCCGGAACGCGACATCACTCCGGTTAA
CGATGAAACCATGCAGGAGATTAACACTCTGCTGATCGCCCTGGATAAAACATGGGATGACGACTTATTGCCGCT
CTGTTCCCAGATATTTCGCCGCGACATTCGTGCATCGTCAGAACTGACACAGGCCGAAGCAGTAAAAGCTCTTGG
ATTCCTGAAACAGAAAGCCGCAGAGCAGAAGGTGGCAGCATGACACCGGACATTATCCTGCAGCGTACCGGGATC
GATGTGAGAGCTGTCGAACAGGGGGATGATGCGTGGCACAAATTACGGCTCGGCGTCATCACCGCTTCAGAAGTT
CACAACGTGATAGCAAAACCCCGCTCCGGAAAGAAGTGGCCTGACATGAAAATGTCCTACTTCCACACCCTGCTT
GCTGAGGTTTGCACCGGTGTGGCTCCGGAAGTTAACGCTAAAGCACTGGCCTGGGGAAAACAGTACGAGAACGAC
GCCAGAACCCTGTTTGAATTCACTTCCGGCGTGAATGTTACTGAATCCCCGATCATCTATCGCGACGAAAGTATG
CGTACCGCCTGCTCTCCCGATGGTTTATGCAGTGACGGCAACGGCCTTGAACTGAAATGCCCGTTTACCTCCCGG
GATTTCATGAAGTTCCGGCTCGGTGGTTTCGAGGCCATAAAGTCAGCTTACATGGCCCAGGTGCAGTACAGCATG
TGGGTGACGCGAAAAAATGCCTGGTACTTTGCCAACTATGACCCGCGTATGAAGCGTGAAGGCCTGCATTATGTC
GTGATTGAGCGGGATGAAAAGTACATGGCGAGTTTTGACGAGATCGTGCCGGAGTTCATCGAAAAAATGGACGAG
GCACTGGCTGAAATTGGTTTTGTATTTGGGGAGCAATGGCGATGACGCATCCTCACGATAATATCCGGGTAGGCG
CAATCACTTTCGTCTACTCCGTTACAAAGCGAGGCTGGGTATTTCCCGGCCTTTCTGTTATCCGAAATCCACTGA
AAGCACAGCGGCTGGCTGAGGAGATAAATAATAAACGAGGGGCTGTATGCACAAAGCATCTTCTGTTGAGTTAAG
AACGAGTATCGAGATGGCACATAGCCTTGCTCAAATTGGAATCAGGTTTGTGCCAATACCAGTAGAAACAGACGA
AGAATCCATGGGTATGGACA 
 
 
GM2 
CATGAAGTTCCTATTCCGAAGTTCCGCGAACGCGTAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGAC
CAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGA
TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGA
TCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGT
GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACC
AGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGT
CGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCA
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CCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGA
TAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAG
CGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGCTG
GATCCTTGACAGCTAGCTCAGTCCTAGGTATAATACTAGTTCAGGGCTTTCTTGTCCGGTGTTTTAGAGCTAGAA
ATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAATTCT
CTAGAGTCGACCTGCAGAAGCTTAGATCTATTACCCTGTTATCCCTACTCGAGGTGAAGACGAAAGGGCCTCGTG
ATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAAT
GTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGA
TAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTT
GCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGT
GCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTT
CCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTC
GGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGC
ATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACG
ATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAA
CCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGC
AAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGG
TCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGT
CAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCA
GACCAAGTTTACGAGCT 
 
 
GM3 
CATGAAGTTCCTATTCCGAAGTTCCGCGAACGCGTAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGAC
CAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGA
TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGA
TCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGT
GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACC
AGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGT
CGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCA
CCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGA
TAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAG
CGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGCTG
GATCCTTGACAGCTAGCTCAGTCCTAGGTATAATACTAGTATCTTTGCTGTCGATATCTGGTTTTAGAGCTAGAA
ATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAATTCT
CTAGAGTCGACCTGCAGAAGCTTAGATCTATTACCCTGTTATCCCTACTCGAGGTGAAGACGAAAGGGCCTCGTG
ATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAAT
GTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGA
TAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTT
GCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGT
GCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTT
CCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTC
GGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGC
ATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACG
ATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAA
CCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGC
AAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGG
TCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGT
CAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCA
GACCAAGTTTACGAGCT 
 
 
GM4 
CATGAAGTTCCTATTCCGAAGTTCCGCGAACGCGTAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGAC
CAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGA
TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGA
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TCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGT
GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACC
AGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGT
CGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCA
CCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGA
TAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAG
CGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGCTG
GATCCTTGACAGCTAGCTCAGTCCTAGGTATAATACTAGTTCGAAATTGTACTAGTTTGAGTTTTAGAGCTAGAA
ATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAATTCT
CTAGAGTCGACCTGCAGAAGCTTAGATCTATTACCCTGTTATCCCTACTCGAGGTGAAGACGAAAGGGCCTCGTG
ATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAAT
GTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGA
TAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTT
GCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGT
GCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTT
CCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTC
GGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGC
ATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACG
ATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAA
CCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGC
AAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGG
TCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGT
CAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCA
GACCAAGTTTACGAGCT 
 
 
GM5 
CATAAGTTCCTATTCCGAAGTTCCGCGAACGCGTAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACC
AAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGAT
CCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT
CAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTG
TAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAG
CGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTA
CAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTC
GGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCAC
CTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCC
TTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGAT
AACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGC
GAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGCTGG
ATCCTTGACAGCTAGCTCAGTCCTAGGTATAATACTAGTTTAGCCGAATCGGCAAAAATGTTTTAGAGCTAGAAA
TAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAATTCTC
TAGAGTCGACCTGCAGAAGCTTAGATCTATTACCCTGTTATCCCTACTCGAGGTGAAGACGAAAGGGCCTCGTGA
TACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATG
TGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGAT
AAATGCTTCAATAATATTGAAAAAGGAAGAGTATGTTACGCAGCAGCAACGATGTTACGCAGCAGGGCAGTCGCC
CTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCTGACCAAGTCAAATCCA
TGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCACCTACTCCCAACATCAGCCGGACTCCG
ATTACCTCGGGAACTTGCTCCGTAGTAAGACATTCATCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCG
CTCTCGCGGCTTACGTTCTGCCCAAGTTTGAGCAGCCGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCG
GAGAGCACCGGAGGCAGGGCATTGCCACCGCGCTCATCAATCTCCTCAAGCATGAGGCCAACGCGCTTGGTGCTT
ATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCTCTATACAAAGTTGGGCATACGGGAAG
AAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCTAACTGTCAGACCAAGTTTACGAGCT 
 
 
GM6 
CATGAAGTTCCTATTCCGAAGTTCCGCGAACGCGTAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGAC
CAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGA
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TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGA
TCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGT
GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACC
AGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGT
CGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCA
CCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGA
TAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAG
CGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGCTG
GATCCTTGACAGCTAGCTCAGTCCTAGGTATAATACTAGTGGGCCGCGTGAAAGACTATAGTTTTAGAGCTAGAA
ATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAATTCG
CGCGAAATCGAAGAAGGTCTGATCAACAACCAGATCCTCGACGTTCGCGAACGCCAGGAACAGCAAGAGCAGGAA
GCCGCTGAATTACAAGCCGTTACCGCTATTGCTGAAGGTCGTCGTTAATCACAAAGCGGGTCGCCCTTGTATCTG
TTTGAAAGCCTGAATCAACTGATTCAAACCTACCTGCCGGAAGACCAAATCAAGCGTCTGCGGCAGGCGTATCTC
GTTGCACGTGATGCTCACGAGGGGCAAACACGTTCAAGCGGTGAACCCTATATCACGCACCCGGTAGCGGTTGCC
TGCATTCTGGCCGAGATGAAACTCGACTATGAAACGCTGATGGCGGCGCTGCTGCATGACGTGATTGAAGATACT
CCCGCCACCTACCAGGATATGGAACAGCTTTTTGGTAAAAGCGTCGCCGAGCTGGTAGAGGGGGTGTCGAAACTT
GATAAACTCAAGTTCCGCGATAAGAAAGAGGCGCAGGCCGAAAACTTTCGCAAGATGATTATGGCGATGGTGCAG
GATATCCGCGTCATCCTCATCAAACTTGCCGACCGTACCCACAACATGCGCACGCTGGGCTCACTTCGCCCGGAC
AAACGTCGCCGCATCGCCCGTGAAACTCTCGAAATTTACAGCCCGCTGGCGCACCGTTTAGGTATCCACCACATT
AAAACCGAACTCGAAGAGCTGGGTTTTGAGGCGCTGTATCCCAATCGTTACCGCGTAATTAAAGAAGTGGTGAAA
GCCGCGCGCGGCAACCGTAAAGAGATGATCCAAAAAATCCTCTCTGAAATCGAAGGGCGTTTGCAGGAAGCGGGA
ATACCGTGCCGCGTCAGTGGTCGCGAAAAGCATCTTTATTCGATTTACTGCAAAATGGTGCTCAAAGAGCAGCGT
TTTCACTCAATCATGGACATCTACGCTTTCCGCGTGATCGTCAATGATTCTGACACCTGTTATCGCGTGCTGGGC
CAGATGCACAGCCTGTACAAGCCGCGTCCTGGAGAAGTAGACGATTACATCGCCATTCCAAAAGCGAACGGCTAT
CAGTCGTTGCACACCTCGATGATTGGCCCGCACAGCGTGCCGGTTGAGGTCCAGATCCGTACCGAAGATATGGAT
CAGATGGCGGAGATGGGTGTTGCCGCGCACTGGGCTTATAAAGAGCACGGCGAAACCAGTACTACCGCACAAATC
CGCGCCCAGCGCTGGATGCAAAGCCTGCTGGAGCTGCAACAGAGCGCCGGTAGTTCGTTTGAATTTATCGAGAGC
GTTAAATCCGATCTCTTCCCGGATGAGATTTACGTTTTCACACCGGAAGGGCGCATTGTCGAGCTGCCTGCCGGT
GCAACGCCCGTCGACTTCGCTTATGCAGTGCATACCGATATCGGTCATGCCTGCGTGGGCGCACGCGTTGACCGC
CAGCCTTACCCGCTGTCGCAGCCGCTTACCAGCGGTCAAACCGTTGAAATCATTACCGCTCCGGGCGCTCGCCCG
AATGCCGCTTGGCTGAACTTTGTCGTTAGCTCGAAAGCGCGCGCCAAAATTCGTCAGTTGCTGAAAAACCTCAAG
CGTGATGATTCTGTAAGCCTGGGCCGTCGTCTGCTCAACCATGCTTTGGGTGGTAGCCGTAAGCTGAATGAAATC
CCGCAGGAAAATATTCAGCGCGAGCTGGATCGCATGAAGCTGGCAACGCTTGACGATCTGCTGGCAGAAATCGGA
CTTGGTAACGCAATGAGCGTGGTGGTCGCGAAAAATCTGCAACATGGGGACGCCTCCATTCCACCGGCAACCCAA
AGCCACGGACATCTGCCCATTAAAGGTGCCGATGGCGTGCTGATCACCTTTGCGAAATGCTGCCGCCCTATTCCT
GGCGACCCGATTATCGCCCACGTCAGCCCCGGTAAAGGTCTGGTGATCCACCATGAATCCTGCCGTAATATCCGT
GGCTACCAGAAAGAGCCAGAGAAGTTTATGGCTGTGGAATGGGATAAAGAGACGGCGCAGGAGTTCATCACCGAA
ATCAAGGTGGAGATGTTCAATCATCAGGGTGCGCTGGCAAACCTGACGGCGGCAATTAACACCACGACTTCGAAT
ATTCAAAGTTTGAATACGGAAGAGAAAGATGGTCGCGTCTACAGCGCCTTTATTCGTCTGACCGCTCGTGACCGT
GTGCATCTGGCGAATATCATGCGCAAAATCCGCGTGATGCCAGACGTGATTAAAGTCACCCGAAACCGAAATTAA
TGTTTTATGAACCCAACACGTTATGCACGCATCTGCGAAATGCTCGCCAGGCGGCAGCCTGATCTGACCGTCTGC
ATGGAGCAGGTCCACAAACCTCATAACGTTTCTGCGATTATTCGTACCGCAGATGCCGTTGGCGTACATGAAGTT
CACGCCGTCTGGCCTGGTAGCCGCATGCGCACCATGGCTTCGGCAGCGGCCTCGAGGTGAAGACGAAAGGGCCTC
GTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGA
AATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCC
TGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTT
TTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTG
GGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGT
TTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAA
CTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGAT
GGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACA
ACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGG
GAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTG
CGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAA
GTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGT
GGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGG
AGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTG
TCAGACCAAGTTTACGAGCT 


