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SQ Sequence 13986 BP; 3509 A; 3559 C; 3558 G; 3360 t;

ctagagggcc cgacgtcgea tgectgeagg tcactggatt ttggttttag gaattagaaa 60
ttttattgat agaagtattt tacaaataca aatacatact aagggtttct tatatgctca 120
acacatgagc gaaaccctat aagaacccta attcccttat ctgggaacta ctcacacatt 180
attctggaga aaaatagaga gagatagatt tgtagagaga gactggtgat ttttgcggac 240
tctagcatgg ccgecgggata tcacaagttt gtacaaaaaa getgaacgag aaacgtaaaa 300
tgatataaat atcaatatat taaattagat tttgcataaa aaacagacta cataatactg 360
taaaacacaa catatccagt cactatggeg geegeattag gecaccccagg ctttacactt 420
tatgcttccg getcgtataa tgtgtggatt ttgagttagg atccggegag attttcagga 480
gctaaggaag ctaaaatgga gaaaaaaatc actggatata ccaccgttga tatatcccaa 540
tggcatcgta aagaacattt tgaggcattt cagtcagttg ctcaatgtac ctataaccag 600
accgttcagc tggatattac ggecttttta aagaccgtaa agaaaaataa geacaagttt 660
tatccggcect ttattcacat tettgeccge ctgatgaatg ctcatccgga attccgtatg 720

gcaatgaaag acggtgagct ggtgatatgg gatagtgttc acccttgtta caccgttttc 780



catgagcaaa ctgaaacgtt ttcatcgctc tggagtgaat accacgacga tttccggcag 840
tttctacaca tatattcgca agatgtggcg tgttacggtg aaaacctgge ctatttccct 900
aaagggttta ttgagaatat gtttttcgtc tcagccaate cctgggtgag tttcaccagt 960
tttgatttaa acgtggccaa tatggacaac ttcttcgece cegttttcac catgggcaaa 1020
tattatacgc aaggcgacaa ggtgctgatg ccgetggega ttcaggttca tcatgeegte 1080
tgtgatggct tccatgtcgg cagaatgctt aatgaattac aacagtactg cgatgagtgg 1140
cagggceggeg cgtaaacgeg tggatccgge ttactaaaag ccagataaca gtatgegtat 1200
ttgcgegctg atttttgegg tataagaata tatactgata tgtatacccg aagtatgtca 1260
aaaagaggtg tgctatgaag cagegtatta cagtgacagt tgacagcgac agctatcagt 1320
tgctcaaggce atatatgatg tcaatatctc cggtctggta agcacaacca tgcagaatga 1380
agcccgtegt ctgegtgeeg aacgcetggaa ageggaaaat caggaaggga tggetgaggt 1440
cgeecggttt attgaaatga acggctettt tgctgacgag aacagggact ggtgaaatge 1500
agtttaaggt ttacacctat aaaagagaga gccgttatcg tctgtttgtg gatgtacaga 1560
gtgatattat tgacacgccc gggegacgga tggtgatcee cctggecagt geacgtetge 1620
tgtcagataa agtctcccgt gaactttace cggtggtgca tatcggggat gaaagetgge 1680
gcatgatgac caccgatatg gccagtgtge cggtctecgt tatcgggeaa gaagtggetg 1740
atctcagcca ccgcgaaaat gacatcaaaa acgccattaa cctgatgttc tggggaatat 1800
aaatgtcagg ctcccttata cacagccagt ctgcaggtcg accatagtga ctggatatgt 1860
tgtgttttac agtattatgt agtctgtttt ttatgcaaaa tctaatttaa tatattgata 1920
tttatatcat tttacgtttc tcgttcagcet ttcttgtaca aagtggtgat atcactagtg 1980
cggecgectg caggtcgacc atatggtega cetgeaggeg gecgeactag tgatgetgtt 2040
atgttcagtg tcaagctgac ctgcaaacac gttaaatgct aagaagttag aatatatgag 2100
acacgttaac tggtatatga ataagctgta aataaccgag tataaactca ttaactaata 2160
tcacctctag agtataatat aatcaaattc gacaatttga ctttcaagag taggctaatg 2220
taaaatcttt atatatttct acaatgttca aagaaacagt tgcatctaaa cccctatgge 2280

catcaaattc aatgaacgct aagcttaata tgactctcaa taaagtctca taccaacaag 2340



tgecacctta ttcaaccatc aagaaaaaag ccaaaattta tgctactcta aggaaaactt 2400
cactaaagaa gacgatttag agtgttttac caagaatttc tgtcatctta ctaaacaact 2460
aaagatcggt gtgatacaaa acctaatctc attaaagttt atgctaaaat aagcataatt 2520
ttacccacta agcgtgacca gataaacata actcagcaca ccagagcata tatattggtg 2580
gctcaaatca tagaaactta cagtgaagac acagaaagcc gtaagaagag gcaagagtat 2640
gaaaccttac ctcatcattt ccatgaggtt gettctgatc ccgegggata tcaccacttt 2700
gtacaagaaa gctgaacgag aaacgtaaaa tgatataaat atcaatatat taaattagat 2760
tttgcataaa aaacagacta cataatactg taaaacacaa catatccagt cactatggtc 2820
gacctgcaga ctggctgtgt ataagggagce ctgacattta tattccccag aacatcaggt 2880
taatggcgtt tttgatgtca ttttcgeggt ggctgagatc agecacttct tccccgataa 2940
cggagaccgg cacactggcc atatcggtgg tcatcatgeg ccagctttca tccccgatat 3000
gcaccaccgg gtaaagttca cgggagactt tatctgacag cagacgtgea ctggecaggg 3060
ggatcaccat ccgtcgeecg ggegtgtcaa taatatcact ctgtacatcc acaaacagac 3120
gataacggct ctctctttta taggtgtaaa ccttaaactg catttcacca gtcectgtte 3180
tcgtcagcaa aagagccgtt catttcaata aaccgggega cctcagecat cccttectga 3240
ttttccgctt tccagegttc ggeacgeaga cgacgggctt cattctgeat ggttgtgett 3300
accagaccgg agatattgac atcatatatg ccttgagcaa ctgatagcetg tegetgtcaa 3360
ctgtcactgt aatacgctgce ttcatagcac acctcttttt gacatacttc gggtatacat 3420
atcagtatat attcttatac cgcaaaaatc agcgegeaaa tacgcatact gttatctgge 3480
ttttagtaag ccggatccac gegtttacge cccgeectge cactcatcge agtactgttg 3540
taattcatta agcattctgc cgacatggaa gecatcacag acggcatgat gaacctgaat 3600
cgccageggc atcagcacct tgtegeettg cgtataatat ttgeccatgg tgaaaacggg 3660
ggcgaagaag ttgtccatat tggcecacgtt taaatcaaaa ctggtgaaac tcacccaggg 3720
attggctgag acgaaaaaca tattctcaat aaacccttta gggaaatagg ccaggttttc 3780
accgtaacac gccacatctt gcgaatatat gtgtagaaac tgccggaaat cgtegtggta 3840

ttcactccag agcgatgaaa acgtttcagt ttgetcatgg aaaacggtgt aacaagggtg 3900



aacactatcc catatcacca getcaccgtc tttcattgee atacggaatt ccggatgage 3960
attcatcagg cgggcaagaa tgtgaataaa ggecggataa aacttgtgcet tatttttctt 4020
tacggtcttt aaaaaggccg taatatccag ctgaacggtc tggttatagg tacattgage 4080
aactgactga aatgcctcaa aatgttcttt acgatgccat tgggatatat caacggtggt 4140
atatccagtg atttttttct ccattttagce ttecttaget cctgaaaatce tcgecggate 4200
ctaactcaaa atccacacat tatacgagcc ggaagcataa agtgtaaage ctggggtgec 4260
taatgcggee gecatagtga ctggatatgt tgtgttttac agtattatgt agtetgtttt 4320
ttatgcaaaa tctaatttaa tatattgata tttatatcat tttacgtttc tcgttcaget 4380
tttttgtaca aacttgtgat atcactagtg cggecgectg caggtcgact agaatagtaa 4440
attgtaatgt tgtttgttet ttgttttgtt gtgotaattg ttgtaaaaat acggatcgtc 4500
ctgcagtcct ctccaaatga aatgaacttc cttatataga ggaagggtct tgcgaaggat 4560
agtgggattg tgcgtcatce cttacgtcag tggagatatc acatcaatcc acttgetttg 4620
aagacgtggt tggaacgtct tctttttcca cgatgetect cgtggegtgeg gotecatctt 4680
tgggaccact gtcggeagag geatcttgaa cgatagcectt tectttateg caatgatgge 4740
atttgtaggt gccaccttee ttttctactg tecttttgat gaagtgacag atagetggge 4800
aatggaatcc gaggaggttt cccgatatta ccctttgttg aaaagtctca atageccttt 4860
ggtcttctga gactgtatct ttgatattct tggagtagac gagagtgteg tgetccacca 4920
tgttgacgaa gattttcttc ttgtcattga gtcgtaaaag actctgtatg aactgttcge 4980
cagtcttcac ggcgagttct gttagatcct cgatctgaat ttttgactce atggectttg 5040
attcagtagg aactactttc ttagagactc caatctctat tacttgectt ggtttatgaa 5100
gcaagccttg aatcgtccat actggaatag tacttctgat cttgagaaat atatctttct 5160
ctgtgttctt gatgcagtta gtectgaatc ttttgactge atctttaacc ttcttgggaa 5220
ggtatttgat ctcctggaga ttattactcg ggtagatcgt cttgatgaga cctgecgegt 5280
aggcctctct aaccatctgt gggtcageat tetttctgaa attgaagagg ctaatcttct 5340
cattatcggt ggtgaacatg gtatcgtcac cttctecgtc gaactttctt cctagatcgt 5400

agagatagag aaagtcgtcc atggtgatct ccggggcaaa ggagatcagce ttggetctag 5460



tcgaccatat gggagagctc aagcttagct tgagcttgga tcagattgte gtttcccgee 5520
ttcagtttaa actatcagtg tttgacagga tatattggcg ggtaaaccta agagaaaaga 5580
gcgtttatta gaataacgga tatttaaaag ggegtgaaaa ggtttatceg ttegtecatt 5640
tgtatgtgca tgccaaccac agggtteece tegggatcaa agtactttga tccaacccet 5700
ccgetgctat agtgcagteg gettetgacg ttcagtgeag cegtettetg aaaacgacat 5760
gtcgcacaag tcctaagtta cgegacagge tgecgecectg cecttttect ggegttttct 5820
tgtcgegtgt tttagtcgca taaagtagaa tacttgegac tagaaccgga gacattacge 5880
catgaacaag agcgecgecg ctggectget gggctatgee cgegtcagea ccgacgacca 5940
ggacttgacc aaccaacggg ccgaactgca cgeggecggc tgcaccaagce tgttttcega 6000
gaagatcacc ggcaccaggc gegaccgece ggagetggece aggatgcettg accacctacg 6060
ccctggegac gttgtgacag tgaccaggcet agaccgectg geccgeagea cccgegacct 6120
actggacatt gccgagegea tccaggaggce cggegeggge ctgegtagee tggecagagee 6180
gtgggccgac accaccacge cggecggecg catggtgttg accgtgttcg ccggeattge 6240
cgagttcgag cgttcectaa tcatcgaccg cacceggage gggegegagg ccgecaagge 6300
ccgaggegtg aagtttggee ceccgecctac cctcaccecg geacagatcg cgeacgeccg 6360
cgagctgatc gaccaggaag geecgeaccgt gaaagaggeg getgeactge ttggegtgea 6420
tcgctegacce ctgtaccgeg cacttgageg cagegaggaa gtgacgeeca ccgaggecag 6480
geggegeggt gectteegtg aggacgceatt gaccgaggece gacgecctgg cggecgecga 6540
gaatgaacgc caagaggaac aagcatgaaa ccgcaccagg acggecagga cgaaccgttt 6600
ttcattaccg aagagatcga ggcggagatg atcgeggeeg ggtacgtgtt cgagecgece 6660
gcgeacgtct caaccgtgeg getgeatgaa atcetggecg gtttgtetga tgecaagetg 6720
geggectgge cggecagcett ggecgetgaa gaaaccgage gecgecgtet aaaaaggtga 6780
tgtgtatttg agtaaaacag cttgegtcat gecggtegetg cgtatatgat gcgatgagta 6840
aataaacaaa tacgcaaggg gaacgcatga aggttatcgce tgtacttaac cagaaaggecg 6900
ggtcaggcaa gacgaccatc gcaacccate tageecgege cctgeaacte geeggggecg 6960

atgttctgtt agtcgattce gatccecagg geagtgeceg cgattgggcg gecgtgeggg 7020



aagatcaacc gctaaccgtt gtcggcateg accgeecgac gattgaccge gacgtgaagg 7080
ccatcggecg gegegacttc gtagtgateg acggagegec ccaggeggeg gacttggetg 7140
tgtccgegat caaggcagcec gacttegtge tgattccggt geagecaage cettacgaca 7200
tatgggccac cgecgacctg gtggagctgg ttaagcageg cattgaggtc acggatggaa 7260
ggctacaagc ggcctttgte gtgtcgegge cgatcaaagg cacgegeate ggeggtgage 7320
ttgccgagge getggeeggg tacgagetge ccattettga gteccgtate acgecagegeg 7380
tgagctaccc aggcactgee gecgecggea caaccgttet tgaatcagaa cccgagggeg 7440
acgctgeecg cgaggtccag gegetggecg ctgaaattaa atcaaaactc atttgagtta 7500
atgaggtaaa gagaaaatga gcaaaagcac aaacacgcta agtgecggece gtecgagege 7560
acgcagcagc aaggctgeaa cgttggecag cetggeagac acgecageca tgaagegggt 7620
caactttcag ttgecggegg aggatcacac caagctgaag atgtacgegg tacgccaagg 7680
caagaccatt accgagctgc tatctgaata catcgegeag ctaccagagt aaatgagcaa 7740
atgaataaat gagtagatga attttagcgg ctaaaggagg cggcatggaa aatcaagaac 7800
aaccaggcac cgacgccgtg gaatgeccca tgtgtggage aacgggeggt tggecaggeg 7860
taagcggcetg ggottgtctge cggeectgea atggeactgg aacccccaag cccgaggaat 7920
cggcgtgacg gtegcaaacc atccggeccg gtacaaatcg gegeggeget gggtgatgac 7980
ctggtggaga agttgaaggc cgegraggec geccagegge aacgeatcga ggeagaagea 8040
cgeeceggtg aatcgtggea ageggecgcet gatcgaatece gcaaagaatc ccggeaaccg 8100
ccggeagecg gtgegeegte gattaggaag ccgeccaagg gegacgagea accagatttt 8160
ttcgttcega tgetctatga cgtggecace cgegatagte gecageatcat ggacgtggee 8220
gttttccgte tgtcgaageg tgaccgacga getggegagg tgatcegeta cgagettcca 8280
gacgggcacg tagaggtttc cgcagggecg gecggeatgg ccagtgtgtg ggattacgac 8340
ctggtactga tggcggtttc ccatctaacc gaatccatga accgataccg ggaagggaag 8400
ggagacaagc ccggecgegt gttecgteca cacgttgegge acgtactcaa gttctgecgg 8460
cgagccgatg geggaaagea gaaagacgac ctggtagaaa cctgeattcg gttaaacacc 8520

acgcacgttg ccatgcagcg tacgaagaag gccaagaacg gecgectggt gacggtatce 8580



gagggtgaag ccttgattag ccgctacaag atcgtaaaga gegaaaccgg geggecggag 8640
tacatcgaga tcgagctagce tgattggatg taccgcgaga tcacagaagg caagaacccg 8700
gacgtgctga cggttcacce cgattacttt ttgatcgate ccggeategg cegttttete 8760
taccgcctgg cacgecgege cgeaggceaag geagaageca gatggttgtt caagacgate 8820
tacgaacgca gtggcagege cggagagttc aagaagttct gtttcaccgt gecgcaagetg 8880
atcgggtcaa atgacctgee ggagtacgat ttgaaggagg aggeggggca ggetggeccg 8940
atcctagtca tgegctaccg caacctgatc gagggcegaag catccgecgg ttectaatgt 9000
acggagcaga tgctagggca aattgeccta gcaggggaaa aaggtcgaaa aggtctettt 9060
cctgtggata geacgtacat tgggaaccca aagecgtaca ttgggaaccg gaacccgtac 9120
attgggaacc caaagccgta cattgggaac cggtcacaca tgtaagtgac tgatataaaa 9180
gagaaaaaag gcgatttttc cgectaaaac tctttaaaac ttattaaaac tcttaaaacc 9240
cgectggect gtgeataact gtetggecag cgeacageeg aagagcetgea aaaagegeet 9300
accctteggt cgetgegcete cctacgecece geegettege gteggectat cgeggeeget 9360
ggecgctcaa aaatggcetgg cctacggeca ggeaatctac cagggegegg acaagecgeg 9420
ccgtegecac tegaccgecg gegeccacat caaggeaccce tgectegege gttteggtga 9480
tgacggtgaa aacctctgac acatgcagct cccggagacg gtcacagctt gtctgtaage 9540
ggatgccggg agcagacaag ccegtcaggg cgegtcageg ggtgttggeg ggtgtcggee 9600
cgcagccatg acccagtcac gtagcgatag cggagtgtat actggcttaa ctatgecggeca 9660
tcagagcaga ttgtactgag agtgcaccat atgcggtgtg aaataccgea cagatgegta 9720
aggagaaaat accgcatcag gcgctcttce gettectege tcactgacte getgegeteg 9780
gtegttcgge tgeggegage ggtatcagcet cactcaaagg cggtaatacg gttatccaca 9840
gaatcagggg ataacgcagg aaagaacatg tgagcaaaag gecagcaaaa ggecaggaac 9900
cgtaaaaagg ccgegttgct ggegtttttc cataggctce geeccectga cgageatcac 9960
aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggeg 10020
tttcccectg gaagctecct cgtgegcetet cetgttecga cectgecgcet taccggatac 10080

ctgtccgect tteteectte gggaagegtg gegctttete atagetcacg ctgtaggtat 10140



ctcagttcgg tgtaggtegt tcgetccaag ctgggctgtg tgcacgaacc ceccgttcag 10200
cccgaccgcet gegecttate cggtaactat cgtcttgagt ccaacccggt aagacacgac 10260
ttatcgccac tggcageagce cactggtaac aggattagea gagegaggta tgtaggeggt 10320
gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt 10380
atctgcgcete tgetgaagee agttaccttc ggaaaaagag ttggtagcte ttgatccgge 10440
aaacaaacca ccgctggtag cggtggtttt tttgtttgea agcagceagat tacgcgcaga 10500
aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacge tcagtggaac 10560
gaaaactcac gttaagggat tttggtcatg catgatatat ctcccaattt gtgtaggget 10620
tattatgcac gcttaaaaat aataaaagca gacttgacct gatagtttgg ctgtgagcaa 10680
ttatgtgctt agtgcatcta atcgettgag ttaacgecgg cgaageggeg teggettgaa 10740
cgaatttcta gctagacatt atttgecgac taccttggte atctegectt tcacgtagtg 10800
gacaaattct tccaactgat ctgegegega ggecaagega tettcttctt gtccaagata 10860
agcctgtcta gettcaagta tgacgggctg atactgggcc ggcaggegcet ccattgecca 10920
gtcggcageg acatccttcg gegegatttt gecggttact gegetgtace aaatgeggga 10980
caacgtaagc actacatttc gctcatcgee ageccagtcg ggeggegagt tccatagegt 11040
taaggtttca tttagcgcct caaatagatc ctgttcagga accggatcaa agagttectc 11100
cgeegetgga cctaccaagg caacgctatg ttetettget tttgtcagea agatagecag 11160
atcaatgtcg atcgtggctg gctcgaagat acctgcaaga atgtcattge getgecatte 11220
tccaaattge agttcgegcet tagetggata acgecacgga atgatgtcegt cgtgeacaac 11280
aatggtgact tctacagcge ggagaatctc getctcteca ggggaagecg aagtttccaa 11340
aaggtcgttg atcaaagctc gecgegttgt ttcatcaage cttacggtca ccgtaaccag 11400
caaatcaata tcactgtgtg gcttcaggcee gecatecact geggagecgt acaaatgtac 11460
ggccagcaac gteggttcga gatggegcete gatgacgeca actacctetg atagttgagt 11520
cgatacttcg gegatcaccg cttecccccat gatgtttaac tttgttttag ggegactgee 11580
ctgctgegta acatcgttge tgctccataa catcaaacat cgacccacgg cgtaacgege 11640

ttgctgettg gatgeccgag geatagactg taccccaaaa aaacatgtca taacaagaag 11700



ccatgaaaac cgccactgcg ccgttaccac cgetgegttc ggtcaaggtt ctggaccagt 11760
tgegtgacgg cagttacgct acttgeatta cagettacga accgaacgag gettatgtce 11820
actgggttcg tgeccgaatt gatcacagge ageaacgctc tgtcategtt acaatcaaca 11880
tgctacccte cgegagatca tecgtgtttc aaacccggea gettagttge cgttettccg 11940
aatagcatcg gtaacatgag caaagtctgc cgecttacaa cggctctece getgacgeeg 12000
tcccggactg atgggctgee tgtatcgagt ggtgattttg tgeegagetg cecggteggge 12060
agctgttggc tggctggtee caggatatat tgtggtgtaa acaaattgac gettagacaa 12120
cttaataaca cattgcggac gtttttaatg tactgaatta acgccgaatt gaattatcag 12180
cttgcatgee ggtcgatcta gtaacataga tgacaccgeg cgegataatt tatcctagtt 12240
tgcgegctat attttgtttt ctatcgegta ttaaatgtat aattgcggga ctctaatcat 12300
aaaaacccat ctcataaata acgtcatgca ttacatgtta attattacat gcttaacgta 12360
attcaacaga aattatatga taatcatcgc aagaccggca acaggattca atcttaagaa 12420
actttattgc caaatgtttg aacgatctgc ttgactctag ggaattaatt cctgaatcac 12480
tgcgaccgge ccteccgega ceccagecgag cgagcettage gaactgtgga cgagaactgt 12540
gccaccaage gtaaggecgt tetctegeat ttgecttget aggetegege gagttgetgg 12600
ctgaggcgtt ctcgaaatca getcttgtte ggtcggeatc tactctatte ctttgeecte 12660
ggacgagtgc tgggecgteg gtttccacta tcggegagta cttctacaca gecateggte 12720
cagacggccg cgettetgeg ggcgatttgt gtacgeccga cagtcecgge tecggategg 12780
acgattgegt cgeatcgacc ctgegeccaa getgeatcat cgaaattgec gtcaaccaag 12840
ctctgataga gttggtcaag accaatgcgg agcatatacg cccggagect tggegatcet 12900
gcaagctccg gatgectecg ctcgaagtag cgegtetget getecataca agecaaccac 12960
ggcctccaga agaagatgtt ggcgaccteg tattgggaat ccecgaacat cgectegete 13020
cagtcaatga ccgctgttat gcggcecattg tccgtcagga cattgttgga gecgaatccg 13080
cgtgcacgag tgecggactt cggggeagte ctcgeccaaa geatcagete atcgagagee 13140
tgegegacgg acgcactgac ggtgtegtee atcacagttt geccagtgata cacatgggga 13200

tcagcaatcg cgcatatgaa atcacgccat gtagtgtatt gaccgattce ttgeggtceg 13260



aatgggccga acccgetegt ctggcetaaga tcggecgeag cgatagceate catagectee 13320
gcgaccggct gaagaacage gggeagttcg gtttcaggea ggtcttgeaa cgtgacacce 13380
tgtgcacgge gggagatgca ataggtcagg ctctcgetga actecccaat gtcaageact 13440
tccggaatcg ggagegegge cgatgeaaag tgecgataaa cataacgatc tttgtagaaa 13500
ccatcggcege agctatttac ccgeaggaca tatccacgcece ctectacate gaagetgaaa 13560
gcacgagatt cttcgcectc cgagagcetge atcaggtcgg agacgetgte gaacttttcg 13620
atcagaaact tctcgacaga cgtcgeggtg agttcaggcet ttttcatagg ggggattcga 13680
gttgagagtg aatatgagac tctaattgga taccgagggg aatttatgga acgtcagtgg 13740
agcatttttg acaagaaata tttgctagct gatagtgacc ttaggcgact tttgaacgecg 13800
caataatggt ttctgacgta tgtgcttage tcattaaact ccagaaacce geggetcagt 13860
ggctecttca acgttgeggt tetgtcagtt ccaaacgtaa aacggcttgt cccgegtecat 13920
cggcggggtc ataacgtgac teecttaatt cteatgtatg ataattcgag ggtacccggg 13980

gatcct 13986

Supplementary Figure S1. Vector pH7GWIWG2(I) used for transformation of P. tremula x
tremuloides.

Vector pH7GWIWG2(I)

LSD1

>gi1224115559 Iref I XM_002317030.1| Populus trichocarpa predicted protein, mRNA (540 bp)
ATGCAGAGCCAGGTGGTGTGTAGAGGGTGTAGAAGTTTATTGTTATATCCAAGTGGAGCTACT
AATGTTTGTTGTGCTTTATGTAGTACCGTTACCTCTATTCCTGCTCCTGGGATGGACTTGGCTCA
ACTCATATGTCGAGGTTGCAGGACATTGCTAATGTATGCACGGGGGGCAACAACTGTGAGAT
GCTCCTGCTGCCACATAGTGAACTTTGCACCAGTAGGACCTAACCAGGTTGCTCATGTCAACT
GTGGGAACTGCCAGACTACACTTATGTATCCGAATGGTGCTCCATCTGTCAAGTGTGCGGTCT
GTCACTATGTTACTAACATTAGTACGGCTAATGTGAGAGTTCCGCTTCCAGCAAACAGACCTA

GTGGTATAGGTGGAACAATGCCGTCTACTTCAACAGTAAGTAACTGGACTTACTTTTCTITTCCT



GACTCAAACTGTCGTTGTGGAAAACCCTATGTCTGTTGATGAAAGTGGCAAATTGGTCAGCAA
TGTTGTTGTTGGTGTCACTACAGAAAAAAAATAA (insert 86 bp)

EDS1

>gi1224121609 | ref I XM_002318590.1| Populus trichocarpa disease resistance protein, mRNA (2084 bp)
GACGACGAAACCGACCATTTCTGCCTATAGTTTAACGCGTGTTTCATTCTTTCATGTCTGAAAG
ATAACAAGAAAGAATCCAAAGCTGCAAATTCCCGAAAAAATCGAAAGCCAGTGATGGGTAC
TGTCAAGCTTGGAGAGAACATGGAGATCAAAGAAGTGGTTATCCAGAAAGCATGCTCAATGG
CCATGAATGCTCACAAATCTCCAGAGAAGCAATATCTTTCTAAAAAGATTAGAACTTCATCAT
CTGAAGTTGTCTTTAGCTTTCCTGGATCTTGGTCTGTAAATGATTGGTTTGCTGGAACTTCCTTT
GGAGAAACGAAGATGGATCCTCAGCTCTTTCCTTCTCTCAAATATGTTGGTCTTGATGTAACTG
CTACTGTAAACGAAGTCTTTCTCAATAGATTCAAAGCAGTTTTGGCTAATCCACAGTTCCAAA
TTGAGGTGGAAAAAGCTGCGACAGACAGGAGGCAAATTGTATTTACAGGCCACTCTTCAGGA
GGGGCAATTGCCATACTGGCAACAATTTGGTTCTTGGAAGAGCAAATTAGAAAAAGCTCCAA
CTGGATTGCGCCACTCTGTCTGACTTTTGGATCTCCACTTGTTGGTGATCGCATTATAAACCTTG
CACTTAGGCGTGAAAACTGGTCTCGCTACTTTGTGAATTTCGTTATGAGATGCGACATTGTTCC
TCAGATTTCACTCAGTCCACTCTCTTCCATTAATCAAAAACTGCAGCAAGTTCTTGATTACTTT
AATCAAAAAGCGCAACAACCTCCTAATGAAGCTCCAGCTTTCTATGTAACTGTGGTGAAAAA
TGCATCGTCTGTTGCTAATTATGCTGCCTGTAAGATCATGGGAAGCACGAATCCTTTATTGGAG
ACTATATCAAGTTTCATTGAACTGAGTCCTTACAGACCCTTAGGGACCTATGTTTTCTGCACAG
GAAATGGGAAACTTGTTGTCTCAAGTAACCCAGATGCTGTGCTGCAAGTACTGTACTATGCCT
CCCAGTTGAGCACTGGAGAAGCAAGAGAAAAAGTTGAAGTTGCCCAAACAAGCCTAAGAGA
TCATTTGAACTACGGAAATGACTTGCAAGAATACTTAAAAATGTCAATTGTAACATGTTTATA
TCAGCATCATCCAGAAGCACTTCCGTTATCTTCGAATGTTGGAAATGTTGAGCGTGGGAGAGT
TGATGTGGCCTTGAATGACCTAGGCCTGAGTGAAAGAGCCAGACTGTGCATTCATGCTGCTGA
AGCGTTAGAGAAGCAGAAGTTGAGGAACCAGGCATCAATTGAAGAAAAGCAGAAAGATATT

GAGAAATGTTTAGATAAGCTAGAAGCGTACAAAAAGAAGGGTGCACTCAAAGTTGGCTATTA



TGATGCCTTCAAGAGTTCAGAACAAAAGGAGGATTTCCATGCTAATGTAGAGAGGCTTGAGC
TAGCAGGTATATGGGATGAAATAATAGAAATGCTGAAAAGGAATGAACTCCCCGATGAGTTT
GAGGGCCGGAAGACATGGATAGATCTTGGTACCAGGTATCGTCGCATTGTTGAACCCTTGGAT
ATTGCTAATTACTATCGACACCTCAAGAATGAAGACACAGGGCCCTATATGGGAAAGGGCAG
GCCAAGACGGTATAAATGCACCCAAAGATGGCGGGAGCATGCTGAGCGATTGCCGCATGAA
GTTCCAGGATCCTGTTTTTGGGCTGAGGTAGAGGAACTGTGCATTAAAACAAGCTGCCAGGGA
ATTAAAGAAAGCATTTCTCACCTAAATACCAAAGTCAAAAAGTGGATTAAAGATGGGGAACT
GGGTGTTGATGTTCTGTTGGAGAATTCCACCTTTAATAAATTGCTGAAACAACATTTCCTGACA
AACTTTTCTCAGGATCTTGACCTAAGGAAGGAGTTGCATGTGCAGGGATTTGCAGATGCGTAA
CTAATGTTATTCCGAGCCTTGTACACACCTGAGCAAGAACTTTATCTGTATTAGATATTTTATT
GTITATCTGTTCCACCCTGCAAAATAGTGTGAAATAAAATGCTTTTTTGATCAATAATAAAGGC
AGAAAGGGAA (insert 151 bp)

PAD4

>gi1224083495 | ref XM _002307015.1| Populus trichocarpa PAD4, mRNA (1509 bp)
ATGCAGACAAGCAAGTCAATTATCTTCACAGGCCATTCCGTAGGTGGAGCAACTGCCTCTCTT
GCTGCTCTTTGGCTCCTCTCTTACCTTCAATCAAATTTCTTAAACCTCTCGGTACTATGCATCAC
CTTTGGCTCTCCATTGCTAGGCAATGAGACCCTTTCTCGTGCCATTCTTCGCGAAAAATGGGGT
GGCAAATTTTGCCATGTTGTATCGAAGTATGACATCATGCCAAGGATGCTCTTTGTTCCAATGG
ATCCCATTGCTCCACTCTTAAAACCCCTGCTACATTTTTGGCACATGTATATGAATTCTCCGCA
TTTTGGATTGCTTGCTGTACCGTTAAGTGATGACAGCATGGCTCAAATTTTCCAGCATGTATTA
TTTCACTTGGGAAGATTAGTAGAAGCTGGAGAAGAGGCAGTGACTGGTGGAATGTTGAGGCC
ATTTGGGAACTATTTTTTCTGTTCGGAAGATGGAGCAATTTGCGTGGACAATGCAGCATCTGTT
GTITAAAATGATGTATTTGTTGTTCGCGACGGGGTTGCCTAGCTCTAGCATTGGGGATCATCTCA
AGTATGGTGATTACGTAGGGAAAATCTCCTTGCAATTTCTGGAGAAGAGGAGTTTCATGCAAG
GAGAGCTTCCTGAATCAAGCTACGAAGCAGGTGTTGTATTGGCTTTGCAGTCCACAGGAATAT

CTTGCAAGGAACAAATTGCAGGGCCAGCCAAAGATTGCCTAAAGGCTGCTAGGCGATTGGGG



CGCACACCAAACCTCAACTGTGCCAATCTGGCAATTAAACTGTCCAAAATCAATCCITATAGG

GCTGAAATAGAGTGGTATAAAGCATTGTGCGACCGGTCTGATGATCAGATGGGTTACTACGA

CTCCTTTAAACAAAGGGGAGCCTCGAAAAGGGACTTCAAAGTCAACTTGAACCGGCACAAGC

TGGCTCAGTTTTGGGATAACGTAATAAACTTGTTTGAAAGCAATCAACTCCCCCATGATTTTCA

CAGACAAGGAAAATGGGTCAATGCTTCCCAGTTCTATAAGCTCCTITGTGGAGCCATTGGATAT

TGCTGAGTATTATCGAACAGGCATGCATCGTAGCAAGGGGCATTACATTGAACATGGAAGGG

AGAGGAGATATCGTATTTTTGATAGGTGGTGGAAAGAGAGAAGTGTTAGAGGGGAAAATTAT

AAACGGAGCAAGTTTGCAAGTTTGACCCAAGACACATGCTTCTGGGCAAGAGTGGAGGAAGC

CAGGGATTTGTTAGATGCTCTTAGAAGCACTAGTGATCCGAGTCATTTGGCTTTGCTTTGGCAG

AAGATAGATAGTTTTGCGAGCGATGCAAACGCGTTGGTTGAAACTAAGGAGGTGTCTATAGA

TGTAGTGGCAAAGAATTCAACCTATTCTTTGTGGCTAAAAGATTATAATGAATTGAAATCACA

AAAGGTGCAATTCCGTCCCTTGTTTTTGAGTTTTGTGAATGAGGAAATGGTTCCATAG (insert 79

bp)

Supplementary Figure S2. cDNA sequences of LSD1, EDS1 and PAD4. Short cDNA sequences

inserted into silencing vector are highlighted in yellow, primers are highlighted in grey and underlined.
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Supplementary Figure S3. Scheme of aspen cultivation and field experiment. Schematic presentation
of experimental objects randomization in the field (a). Satellite image of the experimental field
(GoogleMaps, USA), the field is marked with a red frame (b). Picture of the field experiment in the

second year of the experiment (c).
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Supplementary Figure S4. Technical details of experiments. (a) Model of experimental setup for
lysigenous aerenchyma formation in response to hypoxia stress. (b). Higher reducing sugar content in
a Isd1 mutant before and after hypoxia stress was detected. It is easily explainable because the lsd1
mutant induces PCD during the 8-week growth in short photoperiod (8 hours of light and 16 hours of
night) in controlled conditions and cannot survive the hypoxia stress. By contrast, a edsl mutant
increased its reducing sugar content during the hypoxia stress. We did not observe decrease in
reducing sugar content during the hypoxia stress in any other genotype. Comparison of a 8-week-old
Arabidopsis thaliana plant, Ws-0 (left) and 1sd1 (right) (c). The eds1 and eds1/lsd1 mutants did not
visually differ from Ws-0. Gel stained with Coomassie Brilliant Blue showing proteins of roots and
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Supplementary Figure S5 Glucanase and xylanase activities in roots and hypocotyls measured after
hypoxia stress. Protein extracts isolated before hypoxia stress exhibited lower activity against
carboxymethyl cellulose (a) and xylan (c), compared to extracts isolated after hypoxia stress (b, d).
Means values (+SD) are derived from separate biological replicates (n = 3 to 6). Stars above the bars
indicate statistically significant differences in comparison to the WT plants, according to the Tukey HSD

atlevel p<0.05 (*), p<0.01 (**), and p <0.001 (***).
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Supplementary Figure S6. Protein classes analysis by Panther.org. Pie chart presenting different
protein classes taking part in hypoxia stress response and their abundance among identified proteins in
tested genotypes; Col-0 (a), Ws-0 (b) and eds1 (Ws-0 background) (c) and pie chart presenting division
of categories metabolite interconversion enzyme (PC00262) into subcategories (Right site). In order to
obtain material for Maldi-TOF analysis, 6 separate experiments lasting one year in total were carried
out. Then the Maldi-TOF analysis was performed and Data were based on 6 separate experiments
(biological replicates) and two technical repetitions per sample. The results were analyzed using the

Mascot software and trimmed so there would be not more than 1% of false positives in each sample.
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Supplementary Figure S7. Correlation of wood lignin content and deregulation of PtLSD1, PtEDS1 and
PtPAD4 gene expression in leafs of tested lines. Correlation of lignin content (percent) and relative

expression of LSD1 (a), EDS1 (b) and PAD4 (c).
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Supplementary Figure S8. RN Aseq analysis of RNA isolated from cambium and differentiating xylem
of wild type and transgenic Line 4 with the lowest relative lignin content (see Figure 3). The PCA
analysis is showing huge differences between RNA samples isolated from cambium and differentiating
xylem tissue of wood of wild type and Line 4 (a) and heat map of differently deregulated genes in wild

type and Line 4 (b). The analysis was made on three independent biological repeats (n = 3).
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Supplementary Figure S9. Gene ontology analysis of deregulated genes in Line 4 in terms of their

molecular function.
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Supplementary Figure S10. Gene ontology analysis of deregulated genes in Line 4 in terms of biological

processes.
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Supplementary Figure S11. Results of Line 4 DEGs and its comparison to genes encoding proteins from

CAZY families and genes encoding malectin and malectin-like domain-containing proteins.
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Supplementary Figure S12. Biometric parameters, CO: assimilation, and chlorophyll content in
transgenic lines. Height of the main stem (a), fresh weight of the main stem (b), diameter of the main
stem (c), average annual growth of the main stem (c), CO2 assimilation (d), total chlorophyll content in
leaves (f). Stars above the bars indicate statistically significant differences in comparison to the WT
plants, according to Tukey HSD at level p <0.05 (*), p<0.01 (**), and p <0.001 (***). Mean values (+SD)
for five to eleven different biological replications for data on graphs A and B (n = 5 toll), for three
different biological replications on graph C (n=3), for four different biological replications on graph D
(n = 4), for 30 different leaves per genotype on graph E (n = 30) and from nine different technical

replications of pooled leaf sample per genotype on graph F (n=9).



