Human 45S rDNA Map and Sequence

5ETS

(map not to scale)

18S

ITS1

ITS2

5.8S

Clusters on 13p12, 14p12, 15p12, 21p12, 22p12

45S:
5’ETS

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081

gctgacacgc
gggctctgge
c¢ggcccgegyg
gggtccgggt
cgtgcgctct
cgtgcgtgtce
gggtggccgg
atcgatgtgg
gacgttecgtg
cctctcececceg
tcgccgtcece
gcagacagcc
gcggtggggg
gcgtcggcetce
gcccgaggcece
ccgcggtgte
agtgagacga
gagcgcacgt
gggttcgggce

tgtcctetgg
ctcacggtga
gcctgectgtt
ctctgaccca
ccgetgeggg
aggcgttctce
agccgatcgg
tgacgtcgtg
gcgaacggga
cccgeccggcece
gcccgecgece
ctgcctgtcg
tgccgteccg
cgcctgggcec
gaacggtggt
cgcgcgtggg
gacgagacgc
cccgtgctec
cggtgtgacg

cgacctgtcg
ccggctagece
ctctcgegeg
cccgggggcyg

cgcccgggge
gtctccgcgg

ctcgctggece
ctctceceggg
ccgteccttet
ggcgtgtggg
ttcgecttcge
cctccagtgg
ccggccegte
cttgcggtgce
gtgtcgttcce
tcctgaggga
gcccctececa
cctctggcgg

cgtgcgeegg

tcggagaggt
ggccgcgcte
tccgagegtce
gcggggaagg
gccgcacaac
ggttgtccge
ggccggcecte
ccgggteccga
cgctccgecce
aaggcgtggg
gggtgcgggce
ttgtcgactt
gtgctgccect
tcctggageg
cgcccecgge
gctcgteggt
cgcggggaag
gtgcgcgegg
ccggccgcecg

tgggcctecg
ctgccttgag
ccgactcccg
c¢ggcgagggc
cccacccgcet
cgccccttece
cgctceceggg
gccgcgacgg
gcgcggtceccce
gtgcggaccc
cggcggggte
gcgggcggece
ctcggggggg
ctccgggttg
gccccectect
gtggggttcg
ggcgcccgcece
gccgtgtgag
aggggctgcee

gatgcgegeg
ccgcctgecg
gtgccggecc
caccgtgccecc
ggctccgtge
ccggagtggg
gggctctteg
gcgaggggcyg
ctcgtectgcet
cggcccgacce
ctctgacgcg
ccccteecgeg
gtttgcgcga
tccectcaggt
ccggtecgecg
aggcggtttg
tgctctcggt
cgatcgcggt
gttctgccte

28S

3'ETS



18S

1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601

3661
3721
3781

cgaccggtcg
ggacgggggyg
cgcgaacgct
ccccaggcgt
gtgtgaccca
gtaccggatc
gcgacccgct
cgagggttcc
gcgccteccce
agcgggttgg
cgcgtgaccc
ggtgccgacg
cccacggtgg
cacgagcgac
gtggcggggce
cccaggcggg
ttttcctggt
ccgggtgccce
gccgcccgcece
ccccgectgg
cccggegtece
ggcceggtgg
acggttccgg
tcgccgaggg
ccgcgegtgt
cccgeccggcece
cttctceecgg
cgggcctgcce
cgtcctccce
ggtccctecece
tcgctecgecce
ctgcctececg
cgtcgtgtgg
tcggeeggge
gactgtcccc
gcceccgeggyg
gcgcgcgcgce
ctcctecgegg
gtcgtgtcge
ccaccggtcce
ccecgteegte
aggccccccg

tggttgatcc
cgcacggccg
cgctcgctce

tgtgtgggtt
gcctggtggg
cgaggtggcce
ccctecggege
ccctcggtga
cccecgggecg
cgcagaggac
gccggccacce
cttccgagtc
gacgcggcgg
cctececgtecg
accgcgtttg
gggcgcgecg
ggtggtggtg
cccggggetce
gcgccgceggg
ggceccggecyg
ttgcecetege
gatcctctte
gaccgaaccc
gcgtccceceg
gcttccecgga
gggaccggcece
ccggtecggcec
gtcccggetg
gcctttecteg
cccgctette
gcggccctte
gcgtggegte
ggacaggcgt
tctceceeggg
tcecegggegg
cgtgtgccac
cccgggcecect
gggccgggca
gcgggcggag
gcgtggecge
gcgggcgcga
gtggggggcyg
cggccgccgce
cgtccgtccg
gccggccgte

tgccagtagce
gtacagtgaa
tctecctactt

gacttcggag
gttgcgcgca
gcgcgcaggt
ctctgcggge
gaaaagcctt
ccgcctctgt
cctccteecge
gcggtggtgg
gggggaggat
ccggcgggcg
cgagtcggcect
cgtggcacgg
gtctcccgga
gcgtgtcggg
gcgaggcggt
accgcccteg
tgcctgaggt
ggtcccecgge
ttccecececga
ggcaccgcct
gcgcgcgect
gggttccggg
gcggctgcgg
gccccgggtg
cggtcggeeg
cgcctteccce
cgaaccgggt
cccgaggcgt
gccccgtteg
tcgtgcgacg
tcggggggtg
gggcgggcgce
ccctgegecg
cgaccggacc
ccgcggtcceg
cgccgteccce
cggtcccectece
cgaagaagcg
ggtggttggg
cceccgcgcece
tcgtcctect
cggccgegte

atatgcttgt
actgcgaatg
ggataactgt

gcgctctgece
cgcgcgcacc
gtttcctegt
ccgaggagga
ctctagcgat
ctctgectcce
ttccececteg
ccgagtgcgg
cccgeccggge
gtgggtgtgce
ctccgececge
ggtcgggcecce
gcgggaccgg
ttcgtggctg
tcteggtggg
tgtctgtggce
ttctcececga
cctcgeccegt
gcggctcacce
cgtggggcge
tggggaccgg
ggtcggcctg
cggcggeggt
ccccgeggtg
cgctcgaggg
gtcgccecegg
cggcgcgtcce
ccgtceccggg
gcgcgcgcegt
tgtggcgtgg
gggcccgggce
gcecggecgge
gcgcccgcecg
ggctgcgegg
cctctecgete
gcctcgeege
cggccgecegyg
tcgcgggtcet
gcgtccggtt
gctcgctcce
cgcttgeggg
gggggctcge

ctcaaagatt
gctcattaaa
ggtaattcta

tcggaaggaa
ggccgggecce
accgcagggc
gcggctggcg
ctgagaggcg
gttatggtag
acggggttgg
ctcgtcgect
c¢gggcccggce
gcgeccggeg
tceccgtgeceg
gcctggecct
gtcggaggat
cggtcgectcce
ggccgagggce
ggtgggatcc
gccgccgcect
ctgtgcecte
ggcttcacgt
cgccgccggce
gtcggtggeg
cggcgcgtge
ggtgggggga
ccgecggegyg
gtcccecgtgg
cctcgeceegt
cccgggtgeg
cgtcggcgtce
gcgcccgagce
gtcgacctcce
cggggcectcg
ctcggtecgece
gcggggctceg
gcgctgegge
gccgcccgga
cgceccgeggyg
gcgcgggteg
gtggcgeggg
cgccgcgcecc
tceccgtecge
gcgcegggece
cgcgctctac

aagccatgca
tcagttatgg
gagctaatac

ggaggtgggt
ccgccctgaa
cccctecectt
ggtgggggga
tgccttgggg
cgctgececgta
gggggagaag
actgtggccc
gctcccaccce
ctctgtccgg
agtcgtgacc
gggaaagcgt
ggacgagaat
ggggccccecg
cgtccggegt
cgcggecgtg
ctgcgggctc
ttcceegecece
ccgttggtgg
cactgatcgg
cgccgegtgg
gggggaggag
gcegegggga
cggtgaggcc
cgtccectte
ggtctctecgt
cctcgettcce
ggggagagcec
gcggcceggt
gccttgeegg
gccccggteg
ctcecettgge
gagccgggcet
cgcacggcgce
cgtcggggece
cgccggecge
ggccgtececge
gcccccggtg
cgccccggcece
ccgtececgegg
cgtcctcgeg
cttacc

tacc
tgtctaagta
ttcctttggt
atgccgacgg



ITS1

3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521

5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481

gcgctgaccce
gccecctetece
tcgggeccgat
ctttcgatgg
gattccggag
aattacccac
aggccctgta
agtctggtgce
gttaaaaagc
ccgcccgtece
c¢ggggcccga
ggataccgca
ctgaggccat
ttcttggacc
tcaagaacga
cgatgccgac
accaaagtct
c¢ggaagggca
acccggcccg
gtggtgcatg
gagactctgg
tagagggaca
tagatgtccg
c¢ggcaggcegce
tccccatgaa
cctgcccettt
ggatcggccc
ttgactatct
atcatta

acg
ctccgcacac
gttcgttecge
gggagggaga
agaagggcgt
ccggcecgegyg
gcggegggte
gccgegeegyg
ccgcgecgece
ggtcggggge
gtacctagcg
cgtgggtcgg
cccgcgecte
gcggecgteg
gcgcceccgceg
cccecgegtgg
ccggtceegt

ccttecgeggg
ggccccggcec
cgcacgcccc
tagtcgccgt
agggagcctg
tcccgaccceg
attggaatga
cagcagccgce
tcgtagttgg
ccgccecttg
agcgtttact
gctaggaata
gattaagagg
ggcgcaagac
aagtcggagg
cggcgatgcg
ttgggttccg
ccaccaggag
gacacggaca
gccgttectta
catgctaact
agtggcgttce
gggctgcacg
gggtaacccg
cgagggaatt
gtacacaccg
cgccggggtce
agaggaagta

gagcccggag
ccaccccccce
tcgctegtte

c€gggggggag
gtcgttggtg
cceccgacgac
tgggggggtce
ctccecegtcet
gggcacggcc
cggacgccgg
cgttceggeg
gggcggtggt
caccgcggac
ggtgggggct
ccgtggggge
gcggcgcgeg
ttgctgtctce

ggggatgcgt
999999c999
ccgtggegge
gcctaccatg
agaaacggct
gggaggtagt
gtccacttta
ggtaattcca
atcttgggag
cctctcggeg
ttgaaaaaat
atggaatagg
gacggccggg
ggaccagagc
ttcgaagacg
gcggcgttat
gggggagtat
tggagcctgce
ggattgacag
gttggtggag
agttacgcga
agccacccga
cgcgctacac
ttgaacccca
cccgagtaag
cccgtegceta
ggcccacggce
aaagtcgtaa

ggcgaggecc
accgcgacgc
gttcgcegece
agagagagag
tgcgcgtgtce
gtgggtgtcg
tcggtgccect
tcggggeegg
ccgctecgete
tccecteccce
cggaggttta
gggcccgcegyg
tccgetcecccece
ttacccggeg
gggaaccccc
cctcececegtg

gtctggeegy

gcatttatca
cgccggcggce
gacgacccat
gtgaccacgg
accacatcca
gacgaaaaat
aatcctttaa
gctccaatag
¢gggcgggcyg
cccecctegat
tagagtgttc
accgcggtte
ggcattcgta
gaaagcattt
atcagatacc
tcccatgacce
ggttgcaaag
ggcttaattt
attgatagct
cgatttgtct
cccccgagcg
gattgagcaa
tgactggctc
ttcgtgatgg
tgcgggtcat
ctaccgattg
cctggcggag
caaggtttcc

gcggceggege
ggcgcgtgeg
cggccccgec
agagagagag
gtggggcegyg
gcgggcgcgg
cctceceecgece
ccggattccc
tcceceggect
cgcctecteg
aagacccctt
gggagtcccyg
ggecggggcece
gccgtcgcge
gggcgcctgt
gtgtgaaacc
cctgaggcaa

gatcaaaacc
tttggtgact
tcgaacgtct
gtgacgggga
aggaaggcag
aacaatacag
cgaggatcca
cgtatattaa
gtccgececgeg
gctcttagcect
aaagcaggcc
tattttgttg
ttgcgeceget
gccaagaatg
gtcgtagttce
cgccgggcag
ctgaaactta
gactcaacac
ctttctecgat
ggttaattcc
gtcggcgtcc
taacaggtct
agcgtgtgcce
ggatcgggga
aagcttgcgt
gatggtttag
cgctgagaag
gtaggtgaac

cgccgeccgcece
¢gggcggggc
gccgcgagag
agagagagag
¢gggcggcgyg
gggcggttct

ggggcccgtce
gtcgccteceg

tccecgetagg
tccgecceccce

ggggggatcg
tcgggagggg
gcgccgccge
gcctgcecgeg
ggggtggtgt
ttccgacccce
cccectetece

aacccggtca
ctagataacc
gccctatcaa
atcagggttc
caggcgcgca
gactctttcg
ttggagggca
agttgctgca
aggcgagcca
gagtgtcccg
cgagccgcct
gttttcggaa
agaggtgaaa
ttttcattaa
cgaccataaa
cttccgggaa
aaggaattga
gggaaacctc
tcegtgggtyg
gataacgaac
cccaacttct
gtgatgccct
taccctacgce
ttgcaattat
tgattaagtc
tgaggccctce
acggtcgaac
ctgcggaagg

gcgcgcttce
ccgcgtgceccec
ccgagaactc
agagagagaa
ggagcggtce
cggcggecgte
gtccggecce
ccgcgeccgcet
gcgtctcgag
cgccgteccag
cccgteecgece
cccggeccct
cgccgeccgcg
cgtgtggcgt
ccgcgetege
tctcecggagt
tcttgggegg



5.8S

ITS2

28S

6541
6601

6661
6721

6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921

7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821

g999999c999
ccctcgecaa

gaagaacgca
ttcgaacgca

ccgatcaatc
cgcagggccc
ctcttgccge
gggtggcggg
cgccggaaga
ctgcggteccg
ggttcgtcgg
gtcggeggtg
gaaggggaag
tccgecgecce
tcectectcecce
tacgcgecgceg
cgccccgcecg
cgggacgccg
ccgcgccggg
ctcggacccg
cgcccccgge
ccgtcggecg
ggagcgtcgg
gtcccectee

agtcagcgga
gagcccagcg
ctccececggeg
gtgtgaggcc
atgcagccca
gtcaacaagt
tgaaaccgtt
gcggcgggte
cccctcecacc
ctccggeggg
cccgaccggce
ctccgggacg
ccgtcctect

cgggtcgggg
ccccecececega

gggacgtgcc
atcgacctcg

gctagctgcg
cttgcggceccce

gcceccggggyg
gccgggggcec
cgcgcccgece
ggggagaggg
cggagaggga
ggttcctccce
cccecggecgg
ggggcgtgtt
ggtgccggeg
gccccecggtg
cgccgeccect
cgcccgeccg
cccgececcgtg
cggtgtcgtc
gcccecgtecece
tccecececgac
ccgtgeccect
cgcgctctct
gcgggcggte
gaga

cgcgac
ggaaaagaaa
ccgaatcccce
ccgctcgtgg
ggtagcggcc
aagcgggtgg
accgtaaggg
aagaggtaaa
cggccgtgte
cgcccteect
tgcgggggtg
gaccggccgce
gctgggaagg
cctccececegt
¢ggcggceggce
gtgttacagc

gcgccaggaa
ta

cgactctt
agaattaatg
cgggttcctce

tgccteceggg
ctccgtecceccce
ccttcccecect
gggcgcgecce
aagagagagc
tcgggggget
gtggaaggtc
gcgtgeggtg
gggagagagg
gcggceccggce
cctccgaggce
cccggctege
gccgcggcge
cgccgtcgeg
gagcttccgce
ctccgegggg
ccctececggte
ctccecgtege

gggccggege

ctcagatcag
ctaaccagga

gccccecgeggg
ggggcccaag
ggcgcgcgcece
taaactccat
aaagttgaaa
cgggtggggt
ggcggcccgg
tceccececgeceg
ggcgggcggg
cgccgggcgce
cccggcgggyg
ctccgeccecce
ggcggcggtg
ccccccggcea

gggcctccte

agcggtggat
tgaattgcag
ccggggctac

ctcctecgggg
ctaagcgcag
ccccececgcegg
ggctgagaga
cggctcggge
ccctegegece
ccgtgecececgt
tggtggtggg
gtcgggggag
gtccggecga
cccgececgte
ctcgecggege
cggggttcge
cgcccgcctce
gtcggggcgg
gagacgcgcc
gtcccgctee
ctctceccecect
gattccgtcc

acgtggcgac
ttccectcagt
gcgcgggaca
tccttctgat
cgggtcttcc
ctaaggctaa
agaactttga
ccgcgcagte
cggatctttce
cccctectece
gccgggggtg
atttccaccg
aaggtggctc
cggccccgeg
gcggcggcgg
gcagcactcg

ccggtgegte

cactcggctc
gacacattga
gcctgtectga

tgcgcggetg
acccggcggce
gccctgegtg
gacggggagg
cgagttcccg
gcgcgcggcet
cgtcgtecgtce
ggaggaggaa
cgcgtecccgg
ccggccgcte
ctcctecgecce
gtcggeeggg
gtgtccccgg
cggctcgegg
cgcggctcceg
ggggcgtgceg
ggcggggcgyg
cgccgggcecc
gtccgtcecge

ccgctgaatt
aacggcgagt
tgtggcgtac
cgaggcccag
cggagtcggg
ataccggcac
agagagagtt
cgccecggagg
ccgcccececg
tcctecececcgg
gggtcggcgg
cggcggtgeg
ggggggcccce
tcctececteg

¢gggggcggce
ccgaatcccg

gtcgggageg

gtgcgtcgat
tcatcgacac
gcgtcgett

9
ggggttccecct

gtccgccecte
gtcacgcgtce
gcggcegeege
tggcecgecge
cggggttcgg
gtcgcgegtce
ggcgggteceg
tcgccgeggt
cccgecgceccece
tccecegegeg
gccgggagcece
cggcgacccg
ccgcgeccgcg
ccgccgcegtce
gcgcccgtece
cgcgggggcyg
gtctcccgac
cgagcggccc

taagcatatt
gaacagggaa
ggaagacccg
cccgtggacg
ttgcttggga
gagaccgata
caagagggcg
attcaacccg
ttcctececga
agggggcggyg
gggaccgtcc
ccgcgaccgg
gtccgtecgt
ggagggcgcg
gggaccgaaa
gggccgaggg



8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761

agcgagaccc
gcgagggggyg
ccctecccacg
ggggggtgcee
gtcgcgecgt
gggacggcgg
tgaaacacgg
gtggcgcaat
tccagteccge
acgagcgcac
aggaaactct
tataggggcg

ggatagctgg
cgaatgatta

taagaagccc
ttttggtaag
ccgacgctca
tggaagtcgg
aaaatggatg
acgggagcgg
¢ggcggceggce
tcctececegece
gtaggagggc
caggtgcaga
gagaagggtt
agcgccgtte
cgggttcaga
taacgcgacc
gaagggcagyg
gtcgcggtte
gtgtaaatct
ctggcatgtt
taaggattgg
cgccgcggcet
ccececcgecce
ctctccceccecg
ggggagaagg
aggtccccge
gcgagccggyg
ggagcccggce
gtccgetggg
tcgtcccccce
gcgcggcegge
cgccececcggg
agaactggtg
cgcggegggt
attcaatgaa
cctcgtcatc
tactatccag

gtcgccgege
tctececeeccge
gcgcgaccgce
gcgcgegggt
¢gggcecggyg
agcgagcgca
accaaggagt
gaaggtgaag
cgagggcgca
gtgttaggac
ggtggaggtc
aaagactaat
cgctctecgea

gaggtcttgg

ggctcgctgg
cagaactggc

tcagacccca
aatccgctaa
gcgctggagce
cgggggcggce
ggcgggggtyg
cacgccccgce
cgctgcggtg
tcttggtggt
ccatgtgaac
cgaagggacg
tccececgaatce
gatcccggag
gcgccctgga
cggcggcgtce
cgcgeeggge
ggaacaatgt
ctctaagggce
ggacgaggcg
acccgcgcge
ctcececegtec
gtcggggegyg
gaggggggcc
ccctteecegt
ggcggcgcgg
ggcgggagcyg
gccctacccce
ggcggcggca
gccgeggtte
cggaccaggg
gttgacgcga
gcgcgggtaa
taattagtga
cgaaaccaca

tctcceccect
gggggcgcgce
tctcccaccce

€ggggggcgg
ggaggttctc

cggggtcgge
ctaacacgtg
gccggegege
ccaccggccc
ccgaaagatg
cgtagcggtce
cgaaccatct
gacccgacgc
ggccgaaacg
cgtggagccg
gctgcgggat
gaaaaggtgt
ggagtgtgta
gtcgggccca
gcgcgcgcge
tggggtcctt
tceccegeccce
agccttgaag
agtagcaaat
agcagttgaa
ggcgatggcce
cggagtggcg
aagccggcgg
atgggttcgce
cggtgagctc
cgtacccata
aggtaaggga

tgggtcggtc
cgcgcccccce

gccgcteget
tccececcectece
caggggccgce
ccggggaccce
ggatcgcccce
cgcgcccccece
gtcgggcgge
ccecggecccg
ggcggcggag
cgcgcgcgcec
gaatccgact
tgtgatttct
acggcgggag
cgcgcatgaa
gccaagggaa

cccggecgcecce
cggcgtctcce
ctcctececcecg
ggcggactgt
tcggggccac
ggcgacgtcg
cgcgagtcgg
tcgceggecg
gtctcgececeg
gtgaactatg
ctgacgtgca
agtagctggt
acccccgcca
atctcaacct
ggcgtggaat
gaaccgaacg
tggttgatat
acaactcacc
tacccggecg
gcgcgtgtgg
ccecececgceccce
cggagccccg
cctagggcgc
attcaaacga
catgggtcag
tccgttgecce
gagatgggcg
gagccccggg
cccgagagag
tcgctggcececce
tccgcagcag
agtcggcaag
gggctggggce
ccacgcccgg
ccctececccac
ccgggggagce
gcggcggecyg
ggggggccgyg
agctgcggceg
acccccaccce
ggcggtcgge
tccgecceccecece
gggccgceggyg
tcgecetegge
gtttaattaa
gcccagtgcet
taactatgac
tggatgaacg
cgggcttgge

acccccgcgg
tecgtgggggg
cgcccccgcece
ccccagtgeg
gcgcgcgtcece
gctacccacc
gggctcgcac

aggtgggatc
ccgecgecggyg
cctgggcagg
aatcggtcgt
tcecctecgaa
cgcagtttta
attctcaaac
gcgagtgcct
ccgggttaag
agacagcagg
tgccgaatca
tcgcecggecag
tgtgcgtcgg
ccececceccacg
cggacgctac
gggcccgggt
gaactttgaa
tcggtecectga
tcggeccgatce
ccgcgaggceg
gagagttctc
gggcccgtge
ttgaaaatcc
gtctccaagg
ccggatcecgt
gcgaagcggg
ggcacccccce
ccecgcgecect
gccgcgtggg
ccggggcggce
c¢ggcggcgeg
ggcgtcgegg
cacgtctcgg
gggcggcggyg
gttccccect
ccggtececcce
cggcgcctag
aacaaagcat
ctgaatgtca
tctcttaagg
agattcccac
ggaatcagcg

ggaatccccce
gccgggccac
ccggcgacgg
cccecgggcgg
cccgaagagg
cgacccgtcect
gaaagccgcc
ccgaggcctce
gaggtggagc
gcgaagccag
ccgacctggg
gtttccctca
tccggtaaag
tttaaatggg
agtgggccac
gcgcccgatg
acggtggcca
actagccctg
tcgagagtgg
agggcggcgyg
cctccteccce
gccgcgacga
ggagccgccg
ggccgaagtg
gagatgggcg
gaaagggagt
tccagtgcgg
ttttetttgt
cttggaaagc
ggg999agagg
tgaacagcct
aacttcggga
gctgggegeg
tcgcggecect
ctctctctcet
ggcgceggcegyg
cggcgggggce
gactctggac
ccgcccecgg
tcgcgecgege
gcggggeggt
cctcectegge
ccgcegggte
cagccgactt
cgcgaaggcc
aagtgaagaa
tagccaaatg
tgtcecctacc

gggaaagaag



11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961

J’ETS

13021
13081
13141
13201
13261

accctgttga
tgggaggcce
cctgcgggcece
gggggggcga
acccgcteccg
gtaacgcagg
gcaaaagctc
cgatccttct
actggcttgt
tcttcecctatce
aacgtgagct
tgttgccatg
gtgcttggct
tctaagtcag
tcggatagcecce
gccgcgggag
tcgtcctggg
cacgttcgtg
ttcgtacgta
gggtttgtc

c
ccgteccttee
g99tgggggg
tcceccgttea
gtttgggagc
cgggggttgg

gcttgactct
ccggcgceccce
gccggtgaaa
gcccgagggyg
gggacagtgc
tgtcctaagg
gcttgatctt
gaccttttgg
ggcggccaag
attgtgaagc
gggtttagac
gtaatcctgce
gaggagccaa
aatcccgccecce
ggtccceccge
ggcgcgtgcecce
aaacggggcg

gggaacctgg
gcagagcagc

gcgcgcgegt
gttcgtctte
gagggcgcegce
cgccggggcg
cgcggaggcg
ccgcgcggceg

agtctggcac
cccggtgtece
taccactact
ctctcgectte
caggtgggga
cgagctcagg
gattttcagt
gttttaagca
cgttcatagc
agaattcgcc
cgtcgtgaga
tcagtacgag
tggggcgaag
aggcgaacga
ctgtccececge
ccgccgecgeg
cggccggaaa
cgctaaacca
tccectegetg

gcgtgcgggg
ctcccteeccg
gaccccggtce
gctcgtccge
ccgcgccgag
cggtgggggg

ggtgaagaga
ccgcgagggyg
ctgatcgttt
tggcgccaag
gtttgactgg
gaggacagaa
acgaatacag
ggaggtgtca
gacgtcgctt
aagcgttgga
caggttagtt
aggaaccgca
ctaccatctg
tacggcagcg
c¢ggcgggccg
ccgggaccgg
ggcggccgcece
ttcgtagacg
cgatctattg

ggceccggcegyg
gcctctececeg

ggccgeccccg
tccgggecgg
ccgggececg
ccacccgggg

catgagaggt
cccggggcgyg
tttcactgac
cgcccgeccg
ggcggtacac
acctcccgtg
accgtgaaag
gaaaagttac
tttgatcctt
ttgttcaccc
ttaccctact
ggttcagaca
tgggattatg
ccgcggagcec
ccceccecceccecte
ggtccggtge
ccctcgececceg
acctgcttct
aaagtcagcc

gcgtgecgegt
ccgaccgcgg
cttcttecggt
gacggggtcc
tggcccgceceg
tccecggecect

gtagaataag
ggtccgegge
ccggtgagge
gccgggcgceg
ctgtcaaacg
gagcagaagg
cggggcctca
cacagggata
cgatgtcggce
actaataggg
gatgatgtgt
tttggtgtat
actgaacgcc
tcggttggcece
cacgcgcccce
ggagtgccct
tcacgcaccg

gggtcggggt
ctcgacacaa

tcggecgecegt
cgtggtggtg
tccecgectcece
ggggagcgtg
gtccecegtece
cgcg
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13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701
14761
14821
14881
14941
15001
15061
15121
15181
15241
15301
15361
15421
15481
15541
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15661
15721
15781
15841
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16081
16141
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16261
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16441
16501
16561
16621
16681
16741
16801
16861
16921
16981
17041
17101
17161
17221
17281
17341
17401
17461
17521
17581
17641
17701
17761
17821
17881
17941
18001
18061
18121
18181
18241
18301
18361
18421
18481
18541
18601
18661
18721
18781
18841
18901
18961
19021
19081
19141
19201
19261
19321
19381

cgtect

gggtcgaceg

g9

ggegts g

cgggtegace

g
gcggtgtagg ag

ggtcggea

gggteg

gcacgtg
gggegtegat

g
cggegtetge acgtgtcccg

ggtcgaccag

gtega g

getgecgtea gecagtaatg

cgcgagtttg

g

99 9t

aaagacgtaa

tggtctcgaa

g

g

acgtttatat tatgttactt

ttaatggatg

g
aatatgtatc
cttcattcat tatttattaa

tacacgtgta tgtata

taa g

g

aacgtggget g

9cggtgggyg

9999tggggt ggggtggggt
I t

gcagagaaaa

attctcatgg g

gtcattgtca

gttcateg

gteg g

gtgtgtgtgt gtgtgtgtgt
atgtatgtac gtatgtatgt

gtgtgtgtgt
atgtatgtga

9
gtgtgtgtgt gtgtgtgtgt
gtgagatggg tttcggggtt

gtgtgtatct
ctatcatgtt

g

g a

aatcg

g g
ggcgtcatct cacgtgtcga

gtgg
ggtgatcteg

gagtgctgtg

gtgggteggt

g ggtggagtac

gtgcccgget aatttttcta

tttttagtac

agatggggtt tctccatctt

g

ggagaatctt

gtggtggttg

ggtcaggetg
ttttectttt

geegteteee ggggtgtace

acggtgtgaa

cgtttetett

ggtgccyg

acgtctetgg

tgatgetget
t

tcggatecte

ggaccgtget
cccagcattg taaagggtge

g
gtgggtatgg

gtgggttgac g
aaatgtcacc taggatgcce

tecttecett

ggtetg

caggcgtgaa

g
actatttccg

tcagtcatcg

99 gtg

caggtgacta
gtgggattgg tctctctcte

ggcagggaca
tctetctete

gacgtggcga

aacccegtet

ggtggegtyg

gtgeegtyg
tgttattata agatgagttg

tgcgeggtga

ccgtctegag

agaatcatga

agtegegg:

accggtcaag

19441
19501
19561
19621
19681
19741
19801
19861
19921
19981
20041
20101
20161
20221
20281
20341
20401
20461
20521
20581
20641
20701
20761
20821
20881
20941
21001
21061
21121
21181
21241
21301
21361
21421
21481
21541
21601
21661
21721
21781
21841
21901
21961
22021
22081
22141
22201
22261
22321
22381
22441
22501
22561
22621
22681
22741
22801
22861
22921
22981
23041
23101
23161
23221
23281
23341
23401
23461
23521
23581
23641
23701
23761
23821
23881
23941
24001
24061
24121
24181
24241
24301
24361
24421
24481
24541
24601
24661
24721
24781
24841
24901
24961
25021
25081
25141
25201
25261
25321
25381
25441
25501
25561

g

ggcagtggtg

gteg

ggcacgegee actgtgecca
tcactctegt ggectagact

gcagtgeggt

99

tagtggagac ggggcttctc

catgtcgatc

gggctygg

IS

ggtctcatca

9g9cg aaagtgctgg

g

ggagtctege

cctggagttg gagctgatge

cttccgtage

tctecatteg

gctgaggatt agggggtgty

gtgtgtgggg

9999gtgcy

999tgggg
ce:

g
cggctaaata ccgegtgtte

tcatctagaa

g

ag
aatactgtcg gacacagcac
cccgtcacaa gtttacctat

tgactacccg
gtcacaatct

g

atgcagtatt

gag g gtca
aacctctget teccgggttc

cagtgattct

ggtegeggtg gegetctete

ggctcactga

ggtag

g 99

g
aacgacagge ctgagccgee
ctgtggeect tacgctcaga
cctaggecat tgcactgtag

c
gggatttcag
atgacgtgtc

taggttgact

gtacactgaa cgcagtggct

g
cacgtctgte

tg g

g

gtgagag

aaaatacgaa atggagtcag

gegeegtggg

g
caggcggagg ctgcagtgac
gagacceggt ctccagataa

g

atacgtacat

tgtattgcta ctgggctagg

gecttetete

tgtctgtttc tctctgtteg

g

g g

gtttg

g g

g
gtctgectet ctetttettt

ttetgtgtet

g
ctetgteggt ctetctctet

ctgtctgtet

gtctgtctet

gtg

a g

gtetg

g

gtetg

g gtetg

g

g gtetg
gggccctgee ccttecacga

aagtgagaag

g
tcagtctgte agacacccce

gtgccgggta

gcgty

ggaatctaga

99
gtgtatgatt

ggegtecgta

gtg
cggctaaata ccgegtgtte

tcatctagaa

99

agggrggagg
aatactgtcg gacacagcac
cccgtcacaa gtttacctat

tgactacceg
gtcacagtct

g

aatgcagtat ttgggccegt

tottttttte

gag

geggtgeggt
ttctteggta getgggatta

caggtgcgea

g 99
tccaccttee tgggectece

gttgg
aaagtgctgg

gtcctetetg ccataggttg

gt

g

aagtgtgtgt tcccgtgagg

agtgatttct

g
cgagaccage ccggcccacg

tggtgaaacc

9

gtctcta

gtaa

ag

gtctg gtteg

tctgtotgte tgtctgts

tctetetetg tetcteecte

gtetg
tctgtgtgta

gtctg gtetg

ctgectctet ctttetettt

g g
ctgtgtctet

atctg

25621
25681
25741
25801
25861
25921
25981
26041
26101
26161
26221
26281
26341
26401
26461
26521
26581
26641
26701
26761
26821
26881
26941
27001
27061
27121
27181
27241
27301
27361
27421
27481
27541
27601
27661
27721
27781
27841
27901
27961
28021
28081
28141
28201
28261
28321
28381
28441
28501
28561
28621
28681
28741
28801
28861
28921
28981
29041
29101
29161
29221
29281
29341
29401
29461
29521
29581
29641
29701
29761
29821
29881
29941
30001
30061
30121
30181
30241
30301
30361
30421
30481
30541
30601
30661
30721
30781
30841
30901
30961
31021
31081
31141
31201
31261
31321
31381
31441
31501
31561
31621
31681
31741

g tgtctgtete tc tg
tctotgtete tg
g a
gectg g g
g gcg g
gtgtgtetg
a atg g
g gtetg
gtgtgtctg g gtetg
g
g gtetg g
g gtgtctgt ctotctgtct gtgectatct totgtcttac totctttete
tggetgtetg cotgtet gtctg g
g gtetg
g gtg g
g goctg
g gtctg g g g
tetetgtet ctgtctetet

g
cactgtgtct gtcttctg

atg
gtetg g g atg
g g
g
g gtctg gtctgtetgt ctgtctetct
totetgttt g g gtctgtetg
g g
g gtctg gtca gtctgtcaga
g g ggtg
9gtg
g aggggcattt
ccgtacttet oo cgataagtct

g

99
tgctgacgga catttgcagg

caggcatcgg ttgtcttcgg geatcaccta geggecactg

tegacgttga 99
acgggtttet
attg
gtg
gttg g
99tggy
g
gatctea atcggtggge g
accg
g gggegggtet geagttgtga ggcttttcce
ttagtttete
agta
9 9 gttegty
ggtgaagtag gacg
gttaget gecg gtg gtg
gtgagage cggttgatg t atcttatttt ctagaaatcc
g t gttgc tgttgttgtt gttgttgttg tcgtcgttge
gttgtegtt gtegttgtty ttgtcgttgt cgttg aaagtatacc ccggecaceg
9
9 9
gtg gtetg
gtgtctgtet totgtotta
tgtctgtety teggtet gtetg tatg
g g
9 9
9 gtgty
gteeg 9
g tetgtctete tcactgtgte tg
tccetgtet gtetg
9 g g g
gtgt gtetg 9 gtetg
gtetg gteggety
gtetg gtetg 9
gtetg g tetetgtet g
gtgtatgtgt gtgtgtgtgt gtgtgtgtgt
gtetgtetg cotgtetgtt tg
9 9 9 9
9 9
gtg gttg 9 9 9
gtctg totgtcegte tgtctgtete gg t
tcaagtacat ctaatctaat cccttaccaa
gacatcccag
tctggggtyg gactgtcteg
gtg g
gtectg tacgtgcaaa
9
gagtctetgg
g aggtcaaatg

g g g
gactcttggg ageccggect

tcgtcggeta aagtccaaag

ggatggtgac ttccacccac

aaggtcccac tgaacggcga agatgtggag cgtaggtcag agaggggace aggaggggag
acgtccegac
acgtcceggg
tggaggttec
ggtgggagg g9
9g99gttgtgg ggtctgtyg tt 99 t
gaatatcget
9 a gtca
g tgtttgtttg ggagtcttge g
gcagtggeg 999 g



31801
31861
31921
31981
32041
32101
32161
32221
32281
32341
32401
32461
32521
32581
32641
32701
32761
32821
32881
32941
33001
33061
33121
33181
33241
33301
33361
33421
33481
33541
33601
33661
33721
33781
33841
33901
33961
34021
34081
34141
34201
34261
34321
34381
34441
34501
34561
34621
34681
34741
34801
34861
34921
34981
35041
35101
35161
35221
35281
35341
35401
35461
35521

attgg
atttgagtgg gtgttataga
ctgtgctaat gatagtgaaa g atctattttg
aaagttgctc agtatttaga atacgtcage
gag t agctatcgga
gttgattgtt acgttggtca gcagtagetg geacta
9
gtg g
tgtaataagt atcaccgtat
9
g g gctggagtge
99 a
accgty 99 9
9 aggegtgage
gtecagag 9
g t tcagttgata
atttcctatg a a
taaagggtac gtgaagttct tcatagtaac tccgtaaact ggaacactgt caaaaagcag
cagctagtga attg a tg
ag 9
ttgagtataa ggatctggta ttctacgatc
atgagttcac ttcagagttt g acgtttcg
agttattcag cagtaggtac
agcgagtacg
gtecag 9
gt
gttecegttt acag
ttttatccat gtctgtgaag
gccaaagtgt tgtagagtag g
9 a gettgegtgg
9 99 ggtgagaag
geegtyg g
aggctcatca tgtagattaa
a gaagagtcca
teggtggagt attag
9
9 9 gagtegty ggncggty
g
ggecga
acggtgtctc ataccagtge agttttgtca atagggtccg tctccgggac ttggggtttc
ttggggttaa
9 99 gttg gtttag
gtggg ggtyg tgaatcgata
attcaaggag tactttgaat tggaagattc taaattccat ccgtttcatt cgacggtgte
ctggggtgtt tccgtaagaa cggtctcggg ctgtctgtga cataaactag gacgaggtee
aagtgttgtg g
aaatgtttgg
99
gtettg t
g tgcttatgaa
ga
tgcggggtag 9 ag
cggtaagaac aggtcgccag ag
g ggtag geatagtgg

35581
35641
35701
35761
35821
35881
35941
36001
36061
36121
36181
36241
36301
36361
36421
36481
36541
36601
36661
36721
36781
36841
36901
36961
37021
37081
37141
37201
37261
37321
37381
37441
37501
37561
37621
37681
37741
37801
37861
37921
37981
38041
38101
38161
38221
38281
38341
38401
38461
38521
38581
38641
38701
38761
38821
38881
38941
39001
39061
39121
39181
39241
39301

ctgactctgg
agaacacgga

99
aaagcccgge
tccactceca

gecttgtgat
agttcagtgg

ggtetg

g

ggggatgtga
acagtgggge

999gtgtgge
ctagggetgg

aggtaggacg
agctctctee

cagtcgetgt

cagaaaccce

atctcatget

agagtctecte
gtgagaccag

tg

atgtattaac

tcaggceggg

ag g
tgctggtgge

tcacgectgt

aaccccaaca

gttgcagtga

cctteggacg
caccgcaacc

g
gagtttcact
tecacctece

9gtg
gegttcaage

ttctccatgt

gggtcagget

ag

g

ggegty

g

gtg

tagttttcca

ttttaatcta

tttatttatt

gggttcacge

cattcteetg

cctcagecte

ccaagtaget

gggactacag

gcgeecgeca

gtgceegg

g

99 g

&8

tgaaaccagt

tagtttttgt

tatctattta

ttaactttga

gtccaggtta

gtgttg

cccgacagac

agtttcacgg

cagagegttt

g

tg

aaaaatcgta

acgttcaaag

tcagtcattt
<

cagtcggtct

99

99

gcg

gttgtgggga

tcgecttgga

9ggcgeggty

gcgtegggea

tcacctageg

gtcactgtta

gcaactgtgt

tggctcatge
gggagttgga

ctgtcatcce
gacaagceeg

gtcactttgg
accaacatgg

gtea
agggccagta
getgtgetgt

tggtgaaacc
actgtctgta

g
gccggtggat

caagaggegg

tcagaccaac

aattaaaaag
agaacaaccc

tgagtttetg
caccgtgaca

tacacgtacg

g

g

99

CE

9999

39361
39421
39481
39541
39601
39661
39721
39781
39841
39901
39961
40021
40081
40141
40201
40261
40321
40381
40441
40501
40561
40621
40681
40741
40801
40861
40921
40981
41041
41101
41161
41221
41281
41341
41401
41461
41521
41581
41641
41701
41761
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41881
41941
42001
42061
42121
42181
42241
42301
42361
42421
42481
42541
42601
42661
42721
42781
42841
42901
42961

g g
gttgttg a g
t ggcgegatct caagcgattc
gta tagtagagac ggtg catgttggtc aggctggtct cccactccca
99 caaagtgctg
g t
g
g
g
gtg g
g
g
tctegattts g af
g
g g
g
tagagtgcaa
gtg ag
gttg
gaagtg gegtg g af
tt tcgtttccac gegtttactt atatgtatta atgtaaacgt ttctgtacge
ttatatgcaa gtgta
cgtatcggtt g
gtcgataa
gegteg g tg gageg g
gtg
g
gtg
g
g g g
g
g
tggatteegg gattetg: gtgtg
gag gt gtg
g gtttgtgt ggggttgggg
99 g
g gttgtcggge tccatctgge ggecgetttg
agatcgtget
getgtgaget geggteg
gccagagetg tggecggteg cttgtgagte g
gcgggegtyy
aggctgggga cgeccttece ggcccggteg cggtccgete atcctggecg totgaggegg
tt cg atcccegtgg
cgggtgecgg ggageggtee 9cgg
cgagtcceeg tggecagteg
99 gtgtg g gtcgtaggag
gegtgtyg
tccecggece ggegetgtee cogegtgtgt cottgggttg accagaggga ccccgggege
tecgtgtgtg getgegatgg tggeg g
9 gteggtgacg
g gggttatat
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