Polymor phismsin the HLA-DNA region of the
human MHC, spanning crossover hotspots DNA
1-3

The sequence is taken from Beck et al. (1999) and is orientated
centromere to telomere. Coordinates are given relative to SNP DA1+/-
located at position 3,260,370 of the current consensus MHC sequence
Exons are shown in blue, Alu repeatsin red and microsatellites in green.
The locations of PCR primers used for amplification of genomic DNA
and for resequencing for SNP discovery are indicated below the sequence.
Regions resequenced are underlined. The alternative allele at each SNPis
shown below the sequence. The approximate positions of the centres of
meiotic crossover hotspots DNA 1-3 are also shown.




18319

18379
18439
18499

18559

18619

18679

18739

18799

18859
18919

18979

19039

19099

19159

19219

19279

19339

19399
19459
19519
19579
19639
19699

19759

19819
19879
19939

19999

GGITTTGORCT GROCTAGGACT OCAGCT GROOCT OCTTTCTCTTTACACACATGACACCA
------- R6.0F ---->

ACACAGATGIOCACTAGTGSGT CAAAATAATACCT TTAGSGAGT GOOCGACACCT CAAAAG
AAAAACAGCAAACAGGACCATCTATGT OCTTGAAAGAAGT GETAGAAAATATAGACCAGC
OCCTTAAAATGACCATTAAAAGTGCACT TTAAAAGT CAGAACCTATTATAATATGAAAAA

DD15A/ C DD19-/ +
ATAGAGAATATAGEGAAAACACCTAGAAGI TCTAGGTGTAAAAAATATATATAATAGTICA
C | +T

AAGTAAAAGCCACATTAATGEGATAAATAGT GECAGAGATCCAACTGAAAAACAAAACAG

AAAGATCCAGGACTACACT GAGCAGCTAGT TCAGAACAAAGACEAAGAATTGAGAAGT
CATCAATAGAAAAGT CACGGECAAAAGCAGCAGAGAATTATCCAAATATACATTATATGAG

DDR20- / +
TTTCACAAAGACAAAAAATAGAGGAGAAAAATAGT TAAAGAAATAAAAAGATGAATTOOC
| +GAGA

AGAATTAAAAGATAGAGAAGATCCATAAT GTCT TACAGAGAGAAGGAAAAACOCACTCTA
GACACACTACCAAAATTTAAAAATATCAAAGACAATGAGAAAATTCTAGAAGATTOCAGC

I engt h pol ynmorphic (A)n
ATCAAAGACT GACATGEGATTTTCTAACTGTGACAT TGCATGCAAAAAAAAAAATTTGCA
<--- R5.3R-------  ------

DD21+/ - DOR2T/C
ATGATGTTATTTAGAATAT TAAAGCGEGAAAATACT TCAAATAGT ATGTAATACACAGCTA
-~ R5.3F ---> - C

DD23A/ T DD16G A DDL7T/ C
AACTTTATTCAAAAGTCCTGGTATAATTTTAAAAAATTATCAAGCATACAAGACTTTAGA
T A C

DD24G T DD18T/ C
AGGT TTGCTATGCAAATTOOCACATCTGAAAGGT TTTGGAAGAAGAAT TCTAATCAGACGA
TC

ACCCATTCTAGAAGGT GOCAAAAGATATGAAAAGT AATGT TGACCAAATAATTTGGTGAA

CAGAAAATATGTGAATAAATTTGAAAGCATCCTAAAGI TCTTATOCAGTCAGAGEEAAG

full length Alu --->
CTTGE00EEETGI GATGECTCACECCTGTAATCCTAGCAGT TTGT GAGEOOGAGCCAGEC
ACGATTACCT GAGCT CACGAGCATAAGCCCT GEECAACACGGTGAAACCCOCGT CTCTACTAA
AATACAAAAAAAAAAAAAAAAAANT ACCCAAGCATGGT GECATGCACCT GCAGICOCAGC
CACTOCCEEAACCT GAGGAGAAT CCT TGAACCOEEGAACCACAGGT TGCAGTCGAGCCACC
CCAGATCATGCCACT ACACT CCACCCTGECAACAGAGOCAGACT COGT CTCAAAAACAAA
CAAACAAACAAACAAAAAAACTTTAAAAAATAGAAATATTGAAATAAATAAGGTATTACA

DG T
AACAAGCCCAAGT GCATCAATATTCACAATAAACACAAT CAGAATGCACCAAAGACAGG
T

OCATGI GCTCACCAAACCATTATATCT TOCTGCACACATAGGT AACGTACATTTTTOCAT
OCOOCGICOCCTATGIGESGTCATTGI TTACT TCTTAOCAATCEAATGTGACCAGAGATG
GCAAATAGT TTCTGGTOCAAAACCATCEAAACAATGTGOCT TTOOCAGGT TCTCTCTACT

DD10C G DD11T/ C
ACCTCCAAAGCTAGCAGT TCATGAAGT CCTTTTCAATAATAGAGATGCAAAGT GCAGCTT
G C




DD12C G
20059 AGCCCACCTTGAGCATGI TTTCEAAAAGAGCTACAGAGT GOOCAACCTGCCTTGAACTAC
G

DD13C T
20119 ACGTGCTAAAAAATAAACCTGIGITTTGI TAAACCACTGAGCTTCAGIGITTGICTCT
T

DDL4A G
20179 TGCAGAAACAAGT TTACTCACT TTGACTACCATAT GAATTGAACATAGGT TAGAAGACAG
G

20239  AGATCGTCAGATTGAATCAGAAGCAAAAATCTATATTTATGACATTTCAAGGGCTACATC

20299  TAAAGCATAAGTACAAAGGAAGAGTAAAAACAAAAGAGTAGAAAAAGATACAGTGAACAA

20359  ATACOCAAAGACAGCTGTAGAACTTATTACTATCAGACAAGACAGAGTAGGACAGAAAGA
----- R3.9F ------>

20419 TTCTCAGCACAAAT TGEGAAAAGECTCAGT TCACCAAGACT GTAATAATTCOCAAGAGTA

20479 AACACCTTAATAACCTAAAT GCAGAGAGEECAAAAGT TGATTTAAAAATTAGAAACAAGT

5 truncated Alu -->
20539 TGAAAAACCTACAGTCACAGT TAGAGATTTAAATATACCAT TCATAGECCAGGAATTGTG
<----- R3.8R------

DELC G
20599 GEECATCOCTATAGT COCACCTACT CTCEGAGECTGAGECACGGAGCGATCECTTAAGOCCA
G

20659 CCTGI TTGAGECTCCAGOGAGCCATGATTACT TCACT GOOCT CCACCCTGACCAACAGAG
20719 CAAGSCOCTGTCTCTAAAAAATAAATAAATAAAT GCACCACTCTTAGI TATGTATAGECC

DE2G A
20779 AGTCCAAAGATAAAGAAAACOGT AATAAATTAGAATGACAAAATCCACATCCTTGATCCA
A

20839 ATAAACATGTACATGTATAAAATTCTGCATCACATTTATTAGAGCOCATGIGAAATATTT
20899 ACAGAAGT TCACCACACT CCAACCCATAGAGGATTATCATGTAATTAAATTATAAGI TAA
20959 TAACAAAAAACATACTTTAAAAAATCTATGTATGI TTTCAAATAAAAAAAAACAQCOGAT

21019 ACTCGACTGITATTAACCAAAGAAGCAACATTCTTTATCATGAGI TTTTCATGECTTTOC
- R3.3F ->

21079 OGTCTTTCATCTCATGECTCCAGCT OOCACCT CACT TEEEEECEAGGT GAAGGT GECAAGG
21139 GIOCTAACCAGEECACGGACCAAACCAGTGAAGACACT GT TCATTCATGOCCAGGTGICTC

DE3G T DEAC T
21199 CTAGEOEOCTATCATGIGCTAGECATTACGTAGACACTGTCCACTAGAAACGAAAAAACT
T T

21259 AAGATTAGECTOOOCATAAACCGEEOCATCCAAATCAATTACTAGCTGTCATTTGATTA
21319 ATTTGAAGTCAGAAGCTGIGTCTGOOOCACTTAAAATAGSCATCCCTTATTCATTGAGEA
21379 AAGAGCATTGGACCAGGT TTTACCAGT CCACAGACT ACCCGAGAACCACCT GEEAGCAT

DESG T
21439 CCTGAAAACACAGGT TOOCTGE0OCTGOCT TAGAAAGSCTAATCTAACCCATTAAGTAAA
T

21499 GAGGAAACT CACGGAACACGTATTATAACGAACOCOOCAGGTGATTCTCATTTGGAACCAG

DE6C T
21559 AGACCOSCATGATTTOCTAGCTCOCT CCAAGT TGAAAATCATCCATTTCATGGTCTTTGA
T

DETA G
21619 CACATGEOCTAATTTGGI TAGATTTCTCTTTACACAGACGI TAGCTTTAGGITGI TGI TG
G




21679

21739
21799
21859

21919

21979
22039
22099
22159

22219

22279

TTTTGITTTGITTTGITTTTTAAATATATATACTGGACTAAATTCTOOCAGTGOCTCTTA
----- R2.6F ------>

TTAGOCGAGOCCAACCAGAACCCAAACSCAACSGIGATAOOGT CCTOCAGCCTGIGTCAG
OCTCEAGCGAGGTGOOOEEGET CCTCEAGEEACCAACAGAGACCACCACGCACCTCTEOACTC
CTCEEECAGTOCACTEEAGCTCTTTACACT TTGCTTTAGACCAAACAACT CCAACAATTA

DESA/ C
CACATTTTTTCTTACACAATGAAATTAAATAATAATAAAAGAAAAATAAAATAACATTTT
C

TGAAAGTGATTTAAAGI TTTAAGAGGT TTTTATTOCATTGTGTAGOCAATGI TTTOCTTT
TAAAGATTATTGGTAAAGI TTATTTTACTTTCTAACTCAAAATTTGTCCACCEAAACTTC
TTCECAAAGTAGCATTOOCTGCATOCCACGATCCACATAGAGAGAGCATTTGI TEEACCTC
AGCTGOE0EGTCCTCTCACEECTTTTCTCTCTCT TCAGEEEGTAOCTTCTTEEAGEACG

DEST/ C
TGGTAATAGI TGGT OCAAGCOOCTAOCATOCTOCAAAACT TOCT TTGEOCTCTOCTGESG
C

GOOCAGTGAATCCT TACACCT TCTCACOOOCESCTCTTTOOCT CTT TACOCAGCAACAGAT

APPROXI MATE CENTRE OF HLA-DNA HOTSPOT 1

22339

22399

22459

22519
22579
22639

22699

22759
22819

22879

22939

22999

23059

23119

23179
23239

|
I DE10A/ C
ACATTCACTCAGAGAATTTCTGT GATTGACT GAAGACAGAAGERGT CAOCCCCATCCTCG
C ---- R1.OF ----- >

H.LA-DNA exon 1 --> DE11G C
AATCTGITTTCTTCTTCTTTACCTOORCCT TGI TOCTGTOCTCAQCACACCGACTGAGAC
C

DEL2T/ C i ni
TGATTTGATTAAAGCACCAGAGT GTAAT GEOCCT CAGACGCACECTGGTCCTAESET TAC
C

ACACCCT GATGACCCT CCT GAGCOOCECACGAGECAGEEE0CACCAAGTGTGAGT GOGAGS
COCACACEGET COCE0EECACCAGAGAT TTACCCAGI TESGT TACATGAGGAGGTACA
TCEACGATECTTGI TCCTCTOCTCTCTGGT TTATGECAACT TOCTTCACCAAGAGACA

DE13C T DE14C T
COCAATOOCCCTCAT CTCTGI CACATCCACT CTGGACCTAAATGAAGATGCACCTOGTIC
T T

AGCT GOCCAGGTGOOOCAGT CAGCCT TTACTGACGT TCAGATTTCTOCTCATTCCTTACT
CCTTCCTGAGACOCAAACCT GCACCCAACAGATGOCAGCAACCACCCTGATTTCTCTACC

DEL5T/ G
ACOCCTGEOCTCEAAT GTGOOOGATCAAGT OCAGT TCTGI TGCAGTATTTATGOOCATGC
G

OGTAGITAACTATTTACCTGICTTTGI TCT TOGEEAGACATGAGCTGIEGT GOGEGT CT

DE16C A
ACAGATGGITCATCTTTTTTTTCTTTTATTTOOCTGE0000CCATTGT GCTGEGIGCATG
A
G---- R1.3F ----- >

CTAGT TOCTCAATAACTGITTGCTCAAACAACT TCATAGAGT TCTACAAGAATTAAAACTT

DE17C T
AATCOCTAACTTCCAGAAAACTAGACAACAGT TATGEAAGAGCCACACTCAGTCATAATG
T

CTCTGAGATGCAGGAAT TEGSGACATGAACCT TGACT TCTGACTOCTCGT OCAGT GCTCTT
TGTAATGOCTTGAGT TAOCTCTOOCTATOOOCT TGGTCTCTGIGT CACTAACCTTAATTC




23299 TTACOCCTGOCAGOOGTGOCT GT TTOOOCT CACACOCACCTGCACTGCATCTCTGI GCA
23359 AACCTOCATACT CTOCTGT OCTTAATCATTOCTOCT CAT OOCACOCOCACAGT OOCACCA
23419 GCTCACAACACACEEOCT GACAACACAGCCAGEECAGATGACCACAGOCAAGATTTAAAT
23479 TCTGGAACCOCAAGCATGAT TTTAGECAGTOOCTOCTCTTOOCAT OCTGATATGOCAGAC
23539 TGCACTGICTCTGIGOOGACTCCAGT GTACTGIGATGAGCTCTTTCTTACTGI TCTCTC

DE18C T DEIOA/ T
23599 TOOCTTTCTCTCTCOCAGEE0CAGTOCAGT GT CAGAACAGGACTCTGTOCOCACACAGAA
T T

23659 OCOCACGACCEEE0CCAGCECT CAGEACTCAACAATCACATATTGTGEATGAGACAGACAC

HLA- DNA exon 2 -->
23719 ATTTTTTTCICTCTCCT TGACOCTGAACT OBOCAAACACAGCTGACCACATGEECTCCTA

23779 OGGACCOROCT TCTACCAGT CT TACSEOEOCTCEEE0CAGI TCACOCATGAAT TTGATGA
23839 CEAACAGCTGI TCTCTGI CCACCT GAAGAAAAGOCAGEOCGT GTGECGT CTAOCTGAGT T

DE20T/ C
23899 TGGTGACT TTGOOOGCT T TGACCOCCAGCEGET GEECT GEO0EECAT OB00GCAATCAAAGC
C

Kpnl
23959 OCAT CTGGACATOCT GETGEAGOSCT CCAACCGECACGCAGAGCCATCAACGGTACCE3CCC

DE21T/C
24019 TGOCTCTAOOCACOCAGT CAGEOGEEEAAGGT CCAGAGAAACT TACTOOCAGT TACTAGGT
C

DE22C G
24079 TOOCATCACT CTAEEE0E0ECT CTCACGCEO00E0EOCTGICATAOOCTGI TOCTTTCT T
G

24139 OOCACCACECTCCAGGT CTTOOCAGACCOCT TTAECACOCCTCTOCT TGAGGAATGACAC

DE23A/ G
24199 CTCTCACOOGEGEACT GO0E00CACIGACCAGT CAAATATACGGACCT CCTGEOGTOOCCACT
G

DE24C T
24259 OCCTOOOCAGT CTOCTCTOCCTCTGI TTCOCTCOCT CTACT GOOCCAGT GGATACOOCAGA
T

24319  GCATOOOCTGOOCACAGAT GGCTACAAAGEGEEGAACGTCOCT TAATCOCAGTOCTAGTAA
------- RO.OF ----->

F1OT HLA- DNA exon 3->
24379 GE00CT CEEGT GAGEGAT GAGCCT GTGGACT CAGRECCOGT TACTOCTAGT GOCTCCACG
<---- RO.IR------- T

24439 GGTGACOGT GCTOCCCAAGT CTOCEGT GGACCTGEECCACCCCAACATOCTCATCTCCAT

F2A/ G (L148L)
24499  OGTGGACAACATCITOOOCOCT GTGATCAATAT CACCT GRCTACGCAACGROCAAACTGT
G

24559 CACTGAGECAGT GBOOCAGACCACCT TCTAT TOOCAGOCT GACCAT TTGI TCOGCAAGI T
24619 OCACTACCTGOCCT TOGT GOCCT CAGOCGACCACGT CTATGACTGOCAGGTGEAGCACT G
24679 GEECCT GEATGOE0CACT OCT CAGECAT TAIEGTACCEAGOCOCCTCOCCATGCACOCTC

F3d A
24739 CTGEOCOCAGGT TTACTTTACTCTAGAATCCT TTCATATACCACOCACTCCTTOCTTTCT
A

HLA- DNA exon 4->
24799 CTCCTAGAGCTCCAGGTGOCTATTOCCACCACCAGATCOCATCAGACCCTGEEICTGIAC
------ RO.5F ------>

FAT/ C (@240
24859  CTGAGTCTGROCATORGOCT AT GRACT TOCTOGT GBRCACOGT OCTCATCATCATGARC
C




24919

24979
25039
25099

25159

25219

25279

25339

25399

25459

25519

25579
25639

25699

25759

25819

25879

25939

25999
26059

26119

26179

26239

F10G A
ACATATGI GT OCAGT GT OCOCAGGT GCAGAGEO000EECEAGT CTCEEEEGT GEEEEAGCEA
A

AAGTGGATGACT CTGAACAGCACGT GEGTCEAGAATCAGAGAT TCTGT TGTGEEEAAAGA
AGTCAGAAAAGAAAT GEECAGECAGAAAAGAAGCAGAGGT GEEGT GAGAGAGTGAGGTTT
TGEEEEAGET GECACT CAGAGATAGGATCOCAGCATAT TGAAAT TGAGCAACCTCGATC

H_LA- DNA exon 5->
ter
GIATGITTTCTACTATTTTAGGTAATGATCCTTCTGAGAGAAATGACT TGTGEEAGACAC

F11T A
OCTGCAGATOCTCATGEGT TTGTGACAGOOCCTAOGT GCTCAGTGOCCTTTAAGTGCATC
A

OCCCTGIGCTCGACT TTGAGT GGATCAACAT CTGTOCTACGEGTOOCCTCTTTTTTGC

F5A/ C
OCAGTATTCATGSCAGSGT TTGI TGGACACCTACTAGCT TOCCT TOOCATTCAACACAAA
Cc

F6G A
CACACATTCTTGCTCTACOCAAACCT CTGECTGECACGCACTAAATCCTTTGGTGGIG
A

GCACTGIGIOCT T TOCAGEOCT TAEOCAGT TCT TOCAGEIGT GAGECATGT GGTGCTAEG

F7G A
GATTGECACCOGTOCTGEEE00CACACAGGT GTGTCTTGCTACATTTGEOOCATTGIGIG
A

TTACTTTGTGAATGAGCCATTTCACATCCACT TCATGAAATTTAOCTOCTGAGT TCAGGET
TTACOCTGAAAGSGATCCAGATTATOCTGI TOCT CACGACOOOCTCAGCTAACAACAGT T

F8A/ G
CTGAAGEGT CCTCEACAAGACACCTCATCEEGACTOCACT CCTACCTGGI TTACTCT
G

Fo-/ +
GTATGAAGAGEOCACTGGTATOCTAOCATGATGI TATCTOCTTTTTCTACT TTGOCTAGA
| +T

GTOOCAT GCAT GATAAAGAGAGBOOCAAGECT TGGATAAGGT GBOCACT TOOCTCAGTGG
------ RL.5F ------>

FGLA G
AGTCAGT CATGI TAGGTAGGAGGT GGTAGAGT O3GT CTGCAAGGTATCTOGTAAGAGESG
G <

FRJT
AGGTCCACCTAGACACACTCTAAATATGT GECCTAGAAGATTTTGGTCTACTTTTCTGIG

AACAGAATTTAAAACATACAAAGAGATAAATCACCATACCACATAGI TTATGTCAAGACC
AAAATGAGCAATACAGATTACSGT TTTCAAACCAGAATCCACATAAGAACTGCTTGEEAT

full length Alu--->
CCTTTTAAAAGTACAGSCATTAEOCTGGTGCAGT GCTCATTOCTGTAATCCCACCACTT

FGJ A
TCECACEOCAAGCEEEACAGCCACT GCT TGAGSCCAAGAGGT GCGAAACCATCTTGEECTACA
A

FAG C
TAGAGAGACCOCATCTCTACAAAGAAAGATTTAAAAAT TAACCAGECATGGTGECTAGCA
C




APPROXI MATE CENTRE OF HLA-DNA HOTSPOT 2
|

I
26299 CCTGTATTCCCACOCACT GEEEACCT GAGEBOOCGACEAGT CCTTGAGCOCAGGAGT TCA

26359 AGECTGCAGT GAGCCAAGAT TECGOCACT GCACTOCCAGCCTAGGT GACAGAGTIGAGACCC
26419 TGICTCTAAATAAATAAATAAATAAAATATAAAAATAACAGT CATCACCCAGACCTACTG

FGBA' T
26479 AATTAGAATCTCEEGEAGT GCAGEEEECACCAACAGEEECTGI CITTTCTGAGAAGESG
T

26539 TCTCACTCTGI CACCAGECTCCAGT GOCATGCATGAT CTCAGCTCACTGCAACCTCCAC
26599 CTOCTGAGT TCAACCCATTCTOCTAOCTCACCCTOCTGAGTACCTCGACTACAGGTGIG
26659 OBOCACTACACTCAGCTAAT GTATTTTAAGTAGAGACCESGITTCATCATGITGC

Scal
26719 CAGGATGEOCTCCATCTCT TGACCT OGT GATCCACCCACCT TGCCTOOCAAAGTACTGEA

<---full length Alu
26779 ATTACACECATTAGCCACT GTCOCCACOCCACSCTGTCATTTTTAACOSCTCTCCATCA

FGT T
26839 CTCTGATGCAGCCAT OCTGEACCT TACTGI GGT CTGGTAACT GGAACCCAGT GACGTAA
T

FGrd'T
26899 TCAGGTGOCAT OCEEEGET CATGEGAAAGEEEEAT OCOCAAGGT CTGAGGT GGACTAGEAA
T

26959 GCTTTCTGAAGAACCT GEGTCTGT TAGSECAT CAGOCAATCAAGGTACAAGT AAATAGA
27019 GECAAAAT GAGEGT TTGAACTGTGAGCAGT TGGTOCTGEAAAAGAAAGAAACCAAGAGAT
27079 TATGEGACTCAATGEECT TCT TAAGAGAGAATAAGT TGAAATCAAT GACCAGAAGACOC
27139 TGATCEAAGT GGAGGAGAATCATCT CAGSCAAACT TTTTGT GTGOCAGTAACAGAAACCC

27199 TCTTTGIGI GATCACATGCAAAGTATAGGATAT T TGCAATATAGCCATGEEGACGGAGTGC

27259 AGCCEOOCAAGEGTAGATTTTAGOCAGEOCT COCACEAACAGAACT CEEATCOGAAAAGDC
27319 CAGAGAAGCTACGAGCTGOOOCTOCAACACT CTOSCGATCCACATGGT CTGIGT TCTCTACGA

FGBA G
27379 COOCCCTACATGT TAGOSGTGITCTCTCTCTGTGEACTGACTGTOCTTCTCAGTGAACAT
G

27439 GIOCACOOGACACCTCCTGAGI TTATATCAT CTCAACCCTCACAACCCACAGAGSCTGIG
27499 TCTOCTAGICACAGCTTTAAATTACTGGAAAAATAAAT GACTGEOCAAACT TCEAGCAGG

FOG A Bglll
27559  TGTOCATCOCAGOOCTGTGTAGI TAGAGCAGCAAT CAAGATCTCAACACAAATGTGACTG
A

FGLOCT T
27619 OCAAGCACT CAGOOCOEEEE0CACEEGT CAAGT TCTTCTCAGAGAAAGACEAATAAGT TG
T

27679 GI TCTCAGAAGACAT CACAAGATACGT GTGTACCCAACAATCTCTGATCTCTGCTGATCT
27739 TTTGCTTAGACGT TAACT TGATGCATCATTCEAAAGGT GT TTCTCTCATCTCTGTCCTAA
27799 CCTTGATAAAGT CATTAAAAT TGTGITCTTTTGACTAAAGAAATATCCTTITITITTAC

27859 TGTTGCATATACTACCCTGAAGT CACTGEAACT TCTAGGAGTAATTCCAGAGCT TTTAGA
--------- R3.5F ------->

27919 TTTATGCACCTGOGTGTATACTCACATTTGT TTCTAGT CTCAAGGTACGTAGICTTTTAT

27979 TTTAAAAAACAAGT TGTOCTCCTCCATTCTTGATCTTTCACTCTCT TTTAGAACAGACAT




GaT
28039 CCAGTAGTCTCCTGICCTTTGTATCCAAACT CTOCCTTTTTGCAGSGTCACCCTACAAAT
T

28099 CATAAGCATGICATCTCTOCTATATAACAAGAACATCAAATCCTCTGICTGTCCTTGACC
28159 CAGT CTOOCT TOCACCCAACCTOCTGGTCACSCTCTCTGAGAGTGTCTACGT GGACTACC

@-/+
28219 TOCAGATCOCCTCT TCOCATCCACTCTCTTTCGGI TTTAATTTTTAACCAAATTATGITA
| +G

28279 TAGITTAAAGAGT CAAATATTTCTACAATAT T TGCTACAGAAATACCAGT TTOCAGCOOC
28339 ATCTOOCACCATATOCTCACOCTTACAGAAAATAACTTTCAATTGITCTAATATGITTTG
28399 TTGGTATTAACCTOOCATCTCTAAATAACATGI TTGTGIT TGCTACATCTAGATTTTTCAG
28459 CTTTAGSCTTTATCTCTTTACCTCCTCCTGT GGAAGAGSEECATTTAGATTTTTTTCATC
28519 CTCAAAGAACAT CATGOCOOCTTTOOCATAOOCT TTCTTTTAATGT GACTATATTGTAAT
28579 TTTTACAATATAGTAAAAGI TACTGIGT TTACTATGT TTCTATCAATATGACCATGTAAT

&GA G Grd@d A
28639 GECAAACCATAGAGCAAGOCATGCTCACTCTTCCTTTTCTAGACGACTTCGITTTCTCTG
G A

28699 GAGTATATAGITGICCTGI TTTOCTTTGTGTGCTGTATTTGTACTTATTATTAATGAAT
28759 CACAAAAT TOCTCACAGTACAATCAAACACATCAGGTATTCTGTCAATTTTATCACCAGA
28819 TATAACTCTAOCAGAACCT TCTGTCTGCTOCATTCTTAACTCCTTGOOCT TGATGATACA

HAa Gib
&BAG TTTA
28879 GOGGTCACTCTGAGATCACT CTTOROCATOCTOGT CAGGATTTACCTATOCTCOGAGI TG
G T A

28939 GATCTTCTACTTCTTGTATOCAGT CATTGOCCTTTTGIGGTCTGOCTTATTTTAATGAGG
28999 CACCTCTTCTTTOCACT TOCT GAGAAACAGT GCATATGAGGAAAACT TTTTATGCTTOGT

&aT
29059 ATGTOCAAAATATATTTATTCTACT CTCACACT TGAATAATAGCTTCCACGGT TATAAA
T

29119  ATTCAAGATTGGAAATCATTTOCATCAGAATTTTTAAGSCATTTCTCTATAATCOCTTAG

29179  CITOCTGOGITATTGITGATAATOCAAAAGATATTGTGTCATGAAACTTTGTACGTAATC

29239  GITGITGITITTTTCTCTCAGAAGCTTATAGGATATCTGCTTTTTOOCTTOCTCCTTTAA
--------- RA.OF ------->

AT T
29299  ATTCITATAGGIGCTOCATTACCTACAAGATGAAGACOCTTCTCAAACCGTOCTCAGEET
D R5.0R ------- T

29359 ATTTCITTTTCTTTITTTTCTTTTICTTTTTTTTTTTTTTGAGGSTAGAGICTCACTCTGITA

GA3T/ A
29419 OOCAAGCTCEAGT GCAGT GGTGCAAT CTCAGCTCACTGCAACCTCTGICTOCCAGGT TCA
A

GM-/ +
29479 ACCAATTCTCCTCCCTCACCCT CCTGAGTAGCTGGAAT TACAGSCACCCCCCACCATAC
| +C

GO T
29539 OCCTAATTTTATTATTTTTAGTAGAGACCESGT TTCACCATGI TG3OCACCTGGEICTC
=

29599 GAACTTCTGACCTCAGGTGCTOOBCCTAOCT TAEOCTCOCAAAGT GCTGEGATTACAGCSC

<--- full length Alu
29659 ATGAGOCACCCCACCTGEOCTATTTTAACCATATAATAGCTCCTCCTGAAAATGATCAAT

29719 CCTTAAGTCACAGAAAACT GT TGTOBCATGI TTACTCCTOCCTGOCT TTGCACAAACTAT
29779 TCTCTGIGCTGEACCT GOCTTCCTCCACCAACCAGTCAAAATTCTACCTGTCCTTOCAGS
29839 GTCCACGATTAAATGT CACCTCTTCTGTGAAGCAT TTTCAATOCCAGCOOCCAATATECTG




29899

29959

30019
30079
30139
30199
30259

30319

30379

30439

30499

30559

30619

30679
30739
30799

30859

30919

30979

31039

31099

31159

31219

31279

31339

31399

31459

GOCACCCTGIOCCTGCAGT GCATACCACAT TOOBOOCTGT GTCAGT TGACTGTGTATGAA

TTTGOCTTTGOCACTAACTGCTOCT CTAAAGCAAGAGAAGSCTGI GTCTTATAGI TOCAA

CACCCAGAACATAATGEECATTGAAACACTGTAGAATTCTATTTAATTCAATTTTGITTG
CTTCAAATCCAGOCT GGTCOCACT GTCTGCAGCTGGI TTTAATAACATTGECTACCGT TT
ACOCAACACATCCAATGTGOCTAEOCTTAATCCTTTTCACGTGTAGTGGATTTGAATCTT
GGTOCAAAAGAT TAATAAGATAGT GCACAGAGT GCAAAAAATAGTAAATGTCTTTAAATA
ATOGAAAATCTGATTCAAAACCT GCTCTTTAAAAAATCTTAAATCTGATTCAAAACCCCT

GAGG A
COCATCAGCTGGT TTTAAGT TCAATCTGT CTTTATTGESECT TCTGGT CTCTTACAGI T
A

GATET
GI TCCAAGSEGT CTGOEO0CT GACACAGT GCT GAGEOCT TEGAGAAGCOCCTGI TGICTTC
T

Sphi
TOCAGTOCAGACT GITTACT OCAAGCAT GOCTAGEGCT TAACCTGTATGCTCTTTTOCAA

GIGEAACCTCTECTACTTCTGCACT AGECT TAEEECAGEEEAATCTTTAGTGAGEAGTI A
TOCOCAGTGOCTGEGAGCAGEACT GCAAAGAT GCACCATACGEECCAACT TGOOCGTAOCT

GABCU T
GEGAGEOCTAOOCACCTCOCT TEECT GCTCCAAGGAAGCAGECTCTTTCAGAGCOCACAG
<------ R6.3R ------ T

GOCACTGTACCTTCCTCAGT TTCEAGAACCT TOOCCCT TTAOCTGT CAAAGSCATTACC
CTCTCTCTCTCTGCACAAT GTCTCEEACACCTGCATAAT GTCAAGTGACCTTCAGATT
TTCEGAAATCCAAAGCCAGAACGACCAAAGECCT TAEOEGT CACATGT GCTATTGTCTTGT

GA9A/ C
GIGACAAACCTAAATACAAACAAACGAAAAAGAAAAGCATCATTCTGOCATACATGAATT
C

GALOC T
ATTTCATTTCTTCCTTATGACCAATCTCCAAGT TAAGTATAATGATTTCATTTTATAAAG
T

AACGAAGCTAGEATTCAAAT TACCTAACT TGOOCAAGGT CAAACAGCTACGAGGTGGITG

GAAGGT CTGT GTGATGCTAGAGOCCATGI TCTTTOCACTGCACT GTCCTACTCAGCACOG

CGA11G A
AATCCAGACCACCT TGT GAGACAT GAGECAGGAT GAACAGEGT CAGACATCAGCATTACT
A

GAL2C0 T
ACGAAATGTGTACCAGCAGGTATTCOCAACT TTCSEAACAAACT TCTTCTGAGSCTTCAG
T

CAGCAACAGECT GCAGEGAAT GAGGT GAGCT TGAAGAAT GACTGREGATGGAATTACTGA
------- R6.OF ----->

msnatch with EMBL seq | AL T
AGAGATTTTCTTCTCOCTOCTGGAT - CAGT CCAAGCACTOOOCCAGI TCAGACTTTCTTT

A2A G
CTTGCTTAGICTAAATTCOCT CCT GGT CAACAAGACT CTATATGAT CTGEOCTGCATGT
G

A3C G
GICTTCATCTTTACTTOCCTCTACTCT TOCTTCT TTCATTAAGCAATAGOCACACTATCT
G

TOOOCAGAATTCTOCT TAACAT TAATGOCTCCAAT TCATCACCCATTCACAACTOGIGIG




31519

31579

31639

31699

31759

31819

31879

31939

31999

32059
32119
32179
32239

32299

32359
32419
32479

32539

32599

32659

32719

32779

32839

32899

32959

33019

MOT
GCACCAATTCAGAGAACCTTCATTGACCAACT TTGCTAAATAAACCACCTATCTCCAATC
T

TCTOOCTATCATGI TACCCTAT TTATCTCTACACACAGATGOCTTTCAATGAATGATGIC

ASC T
OCACTTCTCAGECTTTOCTTTCTCTCTGACT TCAGAAAAGCT TCCAGACAAGT GATOGT G
T

CACBCAGAGGAGOGACT TCACTTOCTCTOCTCTOCTOCT TGTGGT TTAGGAGSTTGCTAC
-------- R7.AF ----->

CTATGACTTGTAATTTGCTCCATCTTGIGGT TTGCATOCACCOCACCT GGAGOCTOCAA

A6+ -
ATCTGAGTAAGCCTAAGGT CTOOCAAGGTGEACT COCOCSECACTTAOGTCCACTGEAAAC

A7C G
GITCTGCTGOCT OCTOOCT AGAGT COCAACACCGCTCT TGAGACCTGGT CAGGT TCOCAG
s e R7.6F ----- >

TTGOOCTTTATTOCTTTACTOSE30CT TCAGTATATGGATCTGCT TCAGGTACAAGI TCT

ALL+ - A12C G
TACTGTAATGOCTGAAACAT GGT GGT TACT CAATAAAT GTTTAAAGOCOCAGCTGACTAA
----------- T G

AACAAAATGTAGT CACCCTGCTCTCAAATTOOCT GATGACATGT COGCATAAAGAAAAAT
AAATTAAAATTTGITTTTCTGATATTAACAAGTATTGI TTTGI TAATACTATTATCTTTC
ATAATAGTATTGACTATTATTATTGAGCACT TCCAATGT GOCAAACACTAGTCTAACCAA
CTGATATTTGTCAAATOCAGTATCTOCACAT TCACTAAGAAGCACACCAGATATTTCOCTA

AATTGT TCCATGAAACCGAAGT GT TTAGGAGAGT GTTAATAACCTAACCAAAAACAAATC

AATAGAAGTAATATTTTTCTGT TAAAACATAT TTTAATACATGTAAGGAAATGOCAAACT
TAAATATGTATCTTTTTGITTITTTGITTTTTTTGAGACAGAGICTTGCTCTGI TGOOCAG
CCTCCAGT GCAGT GGTGOCAT CTCAGCTCACT GCAACCTOOCCCTCCTGEGT TCAAGT A

AL3CT A
TTCTOCTAOCT CACOCT ACOGAGCAGCCT GEGACTACAGSCAT TCACCACCGECACCCACCT
A

AAT GTATTTTTAGTAGAGATAGSGI TTCACCATATTGEOCACSCTGGTCTCGAACT

<---Au repeat, 5 truncated
CCTGACCT TGTGATOOGT COB0CT TEGSOCT COCAAAGT GAAGTATGTATCTTTATTATAT

AGTAATCTGOCTTTTAAAAATGATATGT CATTATTTGTAACAATTGAAAATTATTGGAAA

CATGOCTAGTAAGAGTACAATAGT TGAAAAAAT TATAGTACATCTGCACAATGGAGTAAT
-------- RB.5F --------

GCAAACCTGT TAAAAAGAATGAGGAGATAGAAAAAATAAGT TCCAATGT TTGATAGCAGA
->

CTGEOGTGACTGTAGTCAGCAACAATATATATATATATATATATATATATATATATATAT
Cememee- R8.6R -----

-------- RB.7F ------->

CACATAGAAATGATAAATGCCTCAAGGT GAAGGATACCOCAAATACCTGACTTGATCATTA




A9T/ C
33079 GICTCATTGTATGCATGTAACAGATACTCACATGTACCTCATAAATAAAATATGT AAAAT
Cc

33139 ATCATGTATCAATTAAAGCAAAAAGT CTAACCAAAAGCAATCGAGAAACATCTCTTTGAAC

33199 TAATACCCACGAAT CTCTAGGT TAGAGTGEAAAAT TCACAGT GCAATACAATGATTAAAC

33259 TATGTACTGOCTTTGEEGETAAGAAAGAGEAAAGATACATATTTTTTCAAAAAGGTGEATT

full length Alu---> 3
33319 GEGT CAGATGT GGTGECTTGTAOCTATAATOOCCACACT TTCECACCATGAAGT GEEAGS

A10T/ C
33379 ATCACTTGAGGT CAGGAATTTAACACCAGCCTGECCAACATACCAAGACT CTGTCTCTAC
Cc

Kpnl
33439  ATAAAATAAAAAAATTAGOCAGECATGGTGGTACOOOCT GTAGT OCTAACTACTCAGGAC

33499 CCTGAAGCCAAGAGCATCATTTGAGCCCTACCAGI TOCAGECTATAGTGAGI TATGATGGETG

33559  OCACTGCACTOCAGCTTGRECAACAGAGT GAGACCAT GT CTOCAAAGEGGEGAAAAAAGCT
------ RO.3F ------>

33619 GCATTGEAAGGATAAACAAGAAAT TAATAAAAAT GECTACT TT TAGGAAGEAAGSGAGAA

33679 TAGAAGT GAGAAGT GAATATTGACCTTTGAAACGTATAAATAATTTACAATGI TAATAAA
33739 AAATTGACAAAAACCT CTAAAAT TTAAAACAAATAGAACTGAACCACACAGAAAAAATAA

AB1CO T
33799 GTATOCCAAGTGATATTAAAAGATACTACTGTATGI TCTTGGTGGAATACACTTACTCTC
S RO.5R --------- T
AB2G T
33859 TCTCTTCTCTCTCTATTITTITGITGI TGI TGI TGT TTGI TGI TTGITGITTTTTTAGACA

T

33919 GSGTCTTACTCTGT TAOCAGCCCAAGECTCEAGT CCTCCAGTGOGCTGET GTGATTATACC
33979 TCAGTGCACOCTCAAATTOCTGEECTCACGT GATOCTCOCACCTCEGTCTOOCAAGTACA

<---5'" truncated Alu, heavily diverged
AB3T/ C ABAT/ C
34039 GTAGCTGECACT TCAGGAACATGOCACCATACCCAGT TAATTAAAATACATGI TTTAAAT
S RO. 7F ------ > C

34099 AGAAATGCEEGTCTCATTATGI TGOOCCACCTGACT TAATAGAATATATTCTAAGGACAAA

Sspl
34159 AAGAACTATCAGAACT TTCAACATCATTCAGT TGI TTTATGGT TAAGTAATATTTGTATC
34219 CTTATTTGAAACTATACTATATATAAAATAAACCAAATCAGTGATTATGI TAATATAATT

APPROXI MATE CENTRE OF HLA-DNA HOTSPOT 3

I
full length Alu repeat--->5
34279 AAGAACTAACATT T TTAGEO0GEEEEECAGT GBCTCATOOCT GTAATOCOCAACATTTTGSG

34339 AGCCOCAAGEOCEE0CEAT CACAAGGT CAGECAT TCAAGACCAGCCTGEOCAACACAGTGA

AB12C A ABS5T/C AB13C A
34399 AACCOCGT CT CTACTGAAAACACACAAAAAAT CAGCTGEGTGTGGT GEO0EEE0CCTGI T
A C A

34459 ATOCCAGGTACT OCEEE0GEECTGAGSCAGCAGAAT TGT TTGAACCT GECAGSCAGAGGT TG
34519 AGGT CAGCGGEAGAT TGCACCAT TGCACT CCAGCCT GEECAACAGEGAGAGACTCCATCTC




34579

34639

34699

34759

34819

34879

34939

34999

35059

35119
35179
35239
35299
35359

35419

35479

35539

35599
35659
35719
35779

35839

35899

35959

36019

36079

AAAGAAAAAAAAAAAAAAAAAAAGAACT AAGAT TTTCATGTATAAAAACCAAGTAAAAGT

AGCTGAATTAAAATAATAATATTAGAAAAAATATTTGAACTAGAACTGTCAATTTTAACT

ABL4C T ABBT/ C
AATGATTCACTAACATATATGTCOCT GCTCTAGCAAATGAAAGACCCTAATAGTAGOCCT
T C

GTAGCAAT GAGCATCCT CAATGCACAGAT TGTAGT GTGTAAATATCATTTCOCACTCAAA

ABIT/ C AB10G C
CEAAATAGACCTTCT TCCAGAAGT GACCAGT TOCAGECCTGAGI TATGEAAAATACAAAG
C C

CAAGTGTGAGTATCTCATTGI TTTCATAAAACAAGSCACTGIT TCAAAGACTAATAGAGTC

AB11-/+
ATGTCAAAAAAACAGGT CAGOCAGT TTGAAGCAGCTTCCAT TGEOCAAAACTGEAACAAC
| +A

TCAGACATCAAAAAGATGACTATAATATAATTAAACACATTGAGTATATAAAAATCCATG
<o oo

ABBA! T
GGTTOCTATTAATAGT CGAATACAGAT TTTAAAAAGAAAGCAACAACAACCOCAT TGATAT
----- RL0. 7R -- - - - T

TACCACTGGATGT GATCT TCCAATTCATAACACAGGAAAT TGSTACT TAAAGAAAACAAG
TATATATOCTGACATT TCACAAGGAAATGI TCCACT GATGAAAAAAGGTCTACCCT TCAG
AGTACCAGTGAATAAAT GT TGEGAAAAAT AACAGAATTAGAAAACCACCATTTTGTAAGC
CTAATGTGATCATTGATTCAGEGAAGCATCATATATGT TAAAACCATTAGGAGAATAGA

CAGT GAGGAACAAGAGAGT CACAT CATGOCAAAGT ATCAT GGTCATAGATTATTTGCTAT
-------- RI1.1F ------>

B2G A B3A/ G
CAAGT TTAGOCT CACCAATAATACGACAAGACATTAAGCATATGCTTOCTAATAAGATCA
A G
B4-/ +

AATCCAAAGTACACAGCAATACCTATGAAGAATTATTGTCAAAAATCTTTCATCTAAATC
| +A

TAGTCAAGCCTTTGI TTCAAAAAGT TCTAGT CTATAAAAAAAAT ACATTCCATAGAGEAA
TAAGTCAAATGAAACCACAAAGAACCAATCACACAAATTCAAAATGT GAGAGATTCTACT
GCCTTGTCTCTCTAAAAAGATGCTGT TTAAAAAATGEGT GCAATAGTCSGAATTAAGAG
ACATTACAATCAAATTTAGT GAATGATTCTTGSCAATATCT TTGAGGAAAAACAGATATA

B8C A
AAACCACTTTTCAGACAAAT GBGAAATTTGAATATGAACTGGTAATCGATGATATTAGA
A

GAGCTGITTTCAGITTTGI TTAGTATGATTACAGTACCACGGT TATGTATCAAGTCATCT

B9G A
TTATGCTAAAGTATTTAGSCGATGAAATCCTACATCTCTAATTTACT TCCCGAATGAATTCA
A

GAATACACACACAGT TCAAACAAACACACCAAAATCTTGACAGI TGT TGAATCTATATGA

TGEGTATTTGICTTAGT OCATTTTGIGT TGOCATAACAGAATACCACAGACTAGGTAATT
<---- RI1.8R ---




36139

36199

36259
36319
36379
36439

36499

36559
36619
36679
36739
36799
36859

36919

36979

37039
37099
37159
37219

37279

37339

37399

37459

37519

37579

37639

37699

37759

37819

37879
37939

37999

TACCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAAAGAAAGAAAT TTGTTTCTCAC
------- ---- RIL.9F -

AGTI TCTCGAGECTGEGAAGCCTAATGT CAGGTGOCAACAT CTGCAAGCTTTCTTGCT

GIGATGAAGAAAAAAGECAGAAGAAAAAACCAGEAGAGAAACATGAAGCAGAGEAAAGG
AGTCAAACTCATCCTTTCATCACGAATTCACTOCTGAGATGAGATAACTAATCCACTCTA
GAGATCATGECATTAAGCOCT TTATGAGEECTCTGOCCATCTCTTTAAGAGATGACCTAA
TOGTATTTTAAAGGTOCCACTTCTCAACGT TG TACATTGSSCATTAAGT TTOCAATGT T

B10-/ +
TTATATATAACAACTTTATGITATGTATAAAATAAAGCAAATCAGTGATTATGI TCATGT
| +A

AATTCAGAACTGAGATTTTTAATGTATGAAAAGCCAAGTAAACGTAGI TGAATTAAAACAA
TAATATTAAATTTGAACTAGAAAAATATTTTGAACTAGAAATGTCAGT TTTAACTAATCA
TTTACTAATATATATGT CCTAGCTCTAGCAAAAGCAAGAGOCTAGTAACTTTGSGAGACA
CATTCAAACCATAGCACCTTTCAAGTATTATTTTATTTTTOOCAAGI TTTCTGCAGGT TT
GCEAAATTTTCACAATTAAAGAGET GIGIGTGIGITGIGIGT GT GTGT GT GTAATGCTTTAT
TATACTTGAAAATAGCAGCGAAAT TAAACGAGAGAGCACTAGATTCCTGAACTCACAAGT T

B5T/ C
GATGTATGTCACCAATTGAATAACT TTTTTTTTTTITTTGAGACAGAGI TTCECTCTGIT
C

B6G A
GOOCAGCECTCEAGT CCAATCGTGOCATCTCAGCTCACTGCACCCTOCACCTCCTEGEI TC
A

AGGTGATTCTOCTGOCTCAGTCTCOOGAGT AGCT GEEAT TACAGECGEOOCACGACCACEC
CCAACTAA TGTATTTTTAGTAGAGECAGCSGT TTCACCAGGT TEGCCACCTGGETCT
CGATCTOCTGACCT CAGGT GATOCACCCACCT CACCCTOCTAAAGT GCTCEEATTACAGG

<--- full length Alu
CATGAGOCACOSCTCCCACCCTGITCTGTAATA TATAATTTAAATAAATAATGTAAA

TGEGITGITCTTTTGI TTTAATTAAAATAAAATAAACATGATGTAATAOCTTTAAATTTT

B7T/ G
TGITOCACTACATGACTATTAAATACATACATAAAAT TTGACCAT TTOOOCAGCAGATTT
<--- RI3.0R ------- G e----- RI3. OF ----- >

CTCATOCATAGGCTCAAAACCAACT CATTTTATTTTGRGAGOCCTACAATTACTTTATCA
------ R13.1F ------>

ATATTATATCATTTGAAAAAAATGATCTGTAGT CAAAAGT TACTGTAACATTGTCTATAG

ACATCOCAGEAACACCAAGAATAAGT TCACCTAGAAAAATGT CATATAATTTTGITTTTA

TAAGACATTAAAATGT TATATAAAAAATTATAAAACATTAAAATGI TATATAAAATTATA
AAACATAAAAATGT TATGTAAAAAATTATTTTCOOCATATTTGAGATTTTATTGOCAATC

full length A u-->
CCAATCAGAAAACAGAAAACACCAATAAAAAAT AGT AAAAAT GBE0CEEE0CCAGT GET T

CACCCCTGTAATOCCAGCACT TTCECACEOOCACEOEEEOECATCACCAGGT CAGGAGAT
OCGAGACCATCCTCCTAACACGEGETGAAACCCCGT CTCTATTAAAAATACAAAAAATTAGC
OEEE0GTCETGE0EEE0ECTGTAGT CTCACCTACT CEEGAGECTGAGECACCGAGAATGG
OGTGAACOCCAGAGEOEEACCT TECAGT GAGCT GAGATOOOBCCACT GCACTCCACCTG

BC3C/ T
GEOGACAAAGOGAGACT OCAT CTCAAAAAAAAAAAAAAAAAAAAAAGT AAAAATGAAGAA
T TT e




38059

38119

38179
38239
38299

38359

38419
38479
38539

GGTACTAAGTTTOCAAAATCTTAAAAAGT CTTTATAGI TTTTAAATCTOCTTCTTATGTA
-~ RI3.7F --->

BAC T
GICAACCCAAGCOCAGACCSCACEOCTACOCCTACOCCCACCTTTOCTCTCACCATCOCATC
T

TOCTACAATCCAGT TAOCT CAGEOCTCTCTTACT TCACAAAGGT COCAGT GTCTAAGOCA
ACCCTGAAGGTATGGT TAGCATGAATGGTAGGTATGAATAGT TACCATTTAGAAATTACG
CAGTCTAAAGCGAATATTAATAGT TCAACT TAGOCTGGT TTCTCT TOGTGCAGCAAAAGRC

BCSCO T BGC T
CATCACTCEAATTTCCTTTACTTACATTTATGEAATGAAGTCGITOGI TTCTTATTTGIG
T T

TCTTCACACTTCTTAATAGI TCTOCAGCTAAGCTAAAT TAATTGEECTTGGTGAAAAAAA
TAAAATTTTCTACAGTATCCACGAATCTTGTGTAGAAGCTGCATTTAAGAACATAGAARA
AAATCGAGACATTACAACTGACACTATAGAAATACAAAAGATCATCTAAGAATACTATAA




