SUPPLEMENTARY DATA

CONBIND ALGORITHM
The pseudo code of the MSA algorithm described in the main text is shown below.

Algorithm 1 Given a list of sequences (sequencesList) and a list of motifs families (motifsList),
the following algorithm produces an aligned list of sequences using the motifs information to

optimize the alignment.

symbolsList = emptyList()
ForEach sequence in sequencesL.ist
ForEach motif in motifsList
subsequencesL.ist = searchForMotifs(sequence, getPatterns(motif))
ForEach subsequence in subsequencesList
ForEach base in subsequence
symbol = getSymbolForBase(base, getFamily(motif))

symbolsList.add(symbol)
replacelLetter(subsequence, base, symbol)
EndFor
EndFor
EndFor

EndFor
extendedMatrix = getExtendedMatrix(symbolsList)
alignedSequences = performMSA(sequencesList, extendedMatrix)
ForEach sequence in alignedSequences
ForEach symbol in symbolsList
base = getBaseForSymbol(symbol)
replacelLetter(sequence, symbol, base)
EndFor
EndFor
Return alignedSequences

WEIGHTS ESTIMATION

The performance of our motif-aware alignment method depends on two parameters; the motif
match weight (MMW) and the motif mismatch weight (MSW), as described in the method
section of the main text. These two parameters are responsible for the trade-off between overall
alignment score and the number of aligned TFBSs. Intuitively, the heavier the MMW and the
MSW, the more TFBSs will be aligned on the expense of the overall alignment score.
Furthermore, in case of extremely heavy weights, TFBSs that lay far apart on their respective



regulatory regions, can be forcefully pulled together in the alignment, artificially aligning
unrelated TFBSs. Contrarily, the weaker the MMW and the MSW are, the more likely it will
be for the algorithm to discard the information about motifs and optimize the alignments in the
traditional way (i.e. maximising the alignment score). An optimal motif-aware alignment
method should produce alignments with a minimal change in alignment score and, at the same
time, be able to align all (and only) functional TFBSs. These two objectives, however, are
clearly discordant. We can imagine the difference in alignment score as the Cost that we need
to pay for a certain gain in Effectiveness, i.e. the number of functional TFBSs correctly aligned.

In order to find the best parameter values and assessing the quality of the produced alignment
compared with the efficiency in identifying conserved TFBSs we trained our method using a
set of regulatory regions for which the functional TFBSs where previously experimentally
validated by the Gottgens Lab in murine cell lines (personal communication). This training set
includes 14 regulatory regions (Erg+75, Erg+65, Scl+40, Cx3crl promoter, Gfilb+16
Meis1+48, Gfilb+17, Pim1+10, Lmo2-70, Scl+19, Lyl1+2, Flil-15, Gata2-3, PU.1-14) for a
total of 114 experimentally validated TFBSs belonging to six motif families (i.e. ETS, GATA,
EBOX, GFI1, MEIS, and RUNT). These 14 mouse regions were aligned to seven different
organisms (i.e. Homo sapiens, Bos taurus, Canis lupus familiaris, Loxodonta africana,
Monodelphis domestica, Sarcophilus harrisii, and Ornithorhynchus anatinus) using ConBind.
We performed an exhaustive parameter sweep running ConBind with different MMW and
MSW pairs, such that 1 < MMW < 50and 0 < MSW < MMW (notice that assigning a
heavier weight to a mismatch would not be a sensible option), for a total of 1325 runs. The
sum-of-pairs score as defined by Thompson et al. (1999) was used to assess the overall quality
of the produced alignments. For each ConBind run (with a specific MMW and MSW pair) two
values were computed for each region R. The cost

Costp(Ag""™MW) =1 — Sum — of — pairs Score(AR"™M5™),

where Ay M5 is the alignment of the region R produced by ConBind using the weight pair

MMW,MSW. The columns corresponding to TFBSs were excluded in the Cost calculation.
Notice that a perfect alignment yields a sum-of-pairs score of 1. For a perfect alignment A we

expect Costg(Ax "W to tend to 0. The second value we computed is the effectiveness

TR n(Tlg)
Tt H

Effectiveness g (AR"""W) = T
R

where Ty is the total number of experimentally validated TFBS on the mouse region R. TE is
the i experimentally validated TFBS on the mouse sequence, H the number of sequences used
in the alignment and n(T}%) is the number of organism (including mouse) in which T} is aligned
in the same position. Notice that for every i, n(T%)/H should approach 1, since all T have
been experimentally validated and should be conserved in H sequences. Therefore, we expect
Effectivenessg (AR """ to tend to 1 for an alignment A that shows highly conserved Tg.
Supplementary Figure 1 shows the mean Cost and Effectiveness (over all 14 regions) computed



for every MMW, MSW combination. Notably, every weight combination shows an
improvement in terms of efficiency over ClustalW2 alignments of the same regions.
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Supplementary Figure 1 Mean cost and effectiveness of 14 benchmark regions for every
MMW, MSW combination. Each dot corresponds to a weight pair, where the number on the
left is the MMW and the MSW is on the right. The point labelled CW shows the cost and
effectiveness computed using ClustalW2. The dot in red shows the weight pair with the best
cost-effectiveness ratio after cross-validation.

To reduce overtraining we computed cost and effectiveness using different subsets of the 14
regions. Specifically, we used every possible subset using 100%, 90% and 80% of the 14
regions, for a total of 379 subsets. For each subset we chose the MMW-MSW pair with the
best cost-effectiveness ratio. For roughly 64% of the subsets the best weight pair had a
MMW=3 and MSW=1. Supplementary Figure 2 shows the best weight pairs for the entire
cross-validation study.
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Supplementary Figure 2 Only three weight pairs (over the total of 1325 tested) attained the
best cost-efficiency ratio in at least one of the cross-validation subsets. Particularly, the pair
with MMW=3 and MSW=1 is the one with the best cost-efficiency ratio for roughly 64% of the
cross-validation subsets.

Using the weight pair selected by cross-validation (i.e. MMW=3 and MSW=1) we compared
the alignment of experimentally validated TFBSs between ConBind and ClustalW2, as shown
in Supplementary Figure 3.

PRALINE AND PROGRESSIVE MULTIPLE SEQUENCE ALIGNMENT

The progressive multiple alignment step was performed with a flexible sequence alignment
program, a reimplementation of the available PRALINE MSA toolbox (Heringa, 1999). This
tool was developed in-house and thus has support for required features such as the use of
custom symbol alphabets and weight matrices during the alignment process. In order to reduce
the number of parameters, we used default settings and implemented a minimal tree-guided
progressive alignment strategy. A reasonable default was chosen for the linkage method during
the hierarchical clustering (UPGMA).
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Supplementary Figure 3 For each experimentally validated TFBS we counted the number of
species in which the TFBS was aligned in the same position. ConBind (CB) can detect a higher
conservation signal compared to ClustalWw2 (CW), indicating that ConBind aligns more
TFBSs.

GENERATING THE GFI11B+13 CONSTRUCTS
Gfilb+13 wt (chr2:28,457,606-28,458,256; mm9)

CAGGTGCTAGATCCCGTCATTTGGGACCAATACCTAGTTGTCCCTAGTAAATTTATGTCTACAGGGACCTGGAAC
CTTGGCAGTTAGAACAGAATTTCCTAGGTAGAGCAGGGCCCTGCCTTAGGAACTGAGATCTGGACAGTGGACACT
TGACTCTTCCTAGGACACACAGAATTAGTTCTGGGAAGATGCCACCCCAGTGGCCCCCATAGATCTAGCTGGGGT
TGAGCCCTGCCAGGAGCCAGGCTGGCCCTGTGCTTCTCGGGAACCATGAGTGCAGAAAGGCAACTGGAG T
CTGAGGCAGGACACGGTCAGACCTAGCCATGCTCAGGTTTGGCCT_AGT%CTGTGCCGGCTGCCA

ACTGTCAGCATGGAGCCTGGCAGGGGGCTGGGTGGGAGGACACTCCTGGGTC @O TTCCAAGTCY |
AGGGGCACCGTGGCCCAGAGCGCGGGAAACGGGTGAAACAGGAGAGAAAGAGAC CCACTTTACCCAAAG
AAAAGCACTGGGAGGEINACCGAGGCCTCAGTGIRESSTGGACCCTGACCTGCTGTGAAACCAGCAGTCACAGCTG
AGTCCCAGGGAGGCACAGGCTGAGGACCCTGCCACAGACATCCAGAGGGAA

Gfilb+13 mutants for Gfi (yellow) and Ebox (blue) were generated using standard
recombinant DNA techniques using the primers listed below.

Gfilb13_Gfimut_Fw ggaattctgaggcaggacacggtcagacc

Gfilb13_Gfimut_Rv agaattccctccagttgectttetge



Gfilb13_Eboxmut_Fw ttctgcaEttatcaggggcaccgtggc

Gfilb13_Eboxmut_Rv taactgcaggaaggcgctatcgacccagg

The Gata (green) and Ets (purple/red) mutants were generated by GeneArt® Gene Synthesis
(Gata and Ets1-2) or GeneArt® Strings™ (Ets3-5) from Life Technologies. The whole
Gfilb+13 enhancer fragment with the relevant point mutations was ordered and subsequently
cloned into pGL2 promoter vector from Promega.

Gfilb+13_Gata (generated by GeneArt® Gene Synthesis from Life Technologies):

1 - Sl 2 S Gl - 6 o < - -l

Gfilb+13_Ets1-2 (generated by GeneArt® Gene Synthesis from Life Technologies):
1% GAGEINA - AAGCTTA 2": GCClf®® - GCTAGEC

Gfilb+13_FEts3-5 (generated by GeneArt® Strings™ from Life Technologies):
31; -HicE 4" G[EJVAC - GACGTC 5™ NT/ACC



Supplementary Figure 4 ConBind identifies conserved TFBSs within the Lmo2-75
enhancer. A. The previously described, hematopoietic active regulatory region for the
Lmo?2 gene (called Lmo2-75, (1)) is 3.5 kb long and is comprised of two sub-regions
(region 1 marked in red, region two marked in yellow) that are bound by several
TFs in the hematopoietic progenitor cell line HPC7. B. Luciferase reporter assays in
stably transfected 416b cells, a myeloid progenitor cell line, reveal that both sub-regions
of this enhancer are transcriptionally active on their own. Shown is the relative luciferase
activity of the wild-type (wt) enhancer compared to an empty control vector. C.
ConBind’s algorithm results in aligning two ETS motifs, one Ebox and one Gata motif
within sub-region 1, matching the TFs binding to this part of the enhancer. ConBind is
able to find additional ETS and GATA motifs (six and four in total, respectively) within
sub-region 2 of the Lmo2-75 enhancer. D. Manual identification of TFBSs within the
two TF-bound sub-regions of the Lmo2-75 enhancer was performed as described in
Figure 4A. Despite binding of Erg, Gata2, Lyll, Runxl and Scl (see A), no conserved
TFBS could be observed within sub-region 1. In contrast four conserved ETS motifs,
two conserved GATA sites and three conserved GFII motifs are located within sub-region
2 where binding of the ETS factors Erg, Flil and PU.I as well as Gata2 can be seen (see
A).

1. Landry, J.R., Bonadies, N., Kinston, S., Knezevic, K., Wilson, N.K., Oram, S.H., Janes, M., Piltz,
S., Hammett, M., Carter, J. et al. (2009) Expression of the leukemia oncogene Lmo2 is
controlled by an array of tissue-specific elements dispersed over 100 kb and bound by
Tall/Lmo2, Ets, and Gata factors. Blood, 113, 5783-5792.
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ATGACA----GCAAGAAAGGTCCATCAACCAGAACTTTCTGAAAAGEARATGA-GC -~
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GGGCCCHEEHECATC TEEEATTAAAGCTACCTCCA-—--TTACTTCTAGTGACEEARAT
TCTGCGECTCANME A TAGAGATGGTAGTCARAG-—-—-— C--—--CATGAGAGCGAA

AGTGTCCCACTGACIGAGGAGGAGABBRHTGGTCTCTAGAATGACCTCCTGTCHEG
TTTCTCCCA--—-—- AGAAAGTTCGTCAGAATGGGCCCCAACACAGAACAGCAACTAA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GTTCTACCAGCTACAGGGCATTGGGGTGTGCTTAGTCTCCAGAACCACCTCTCATTAR
TGAGT--—---- TC——---—- ACCGAGGGAGTGAGTGTAAATGGAGAACAGAAGAGGG

ECACCTAACCCTCATGGTTTAGGTGCCACA--GG—AGTGGA-~—————— G-—---——- A
CAACAGAAAACGCCCAAATTGGGEEAAATTACTA N, GTACAATTTGCARATCA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TCAGCCACCTCCAACCATTTTGGTGCCATAGGGGCAGAGATTCACCTCCGTAACAARA
CCA-AGAACTGACCCTTGCTCGTTGCCCGTACCCCCTCTAA-TAA-TAT-T-—-AATA

—~CTTAGAARATGTGCAACGTAFTFCECTGCTAACTGGGTGAGCCTTCTGATGTCTTAGAT
TCT-TGGGA-——-GAGAGTCIEBBC—--—--——-————————————————————————
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TATATGAAACT TEGAT GG TGTHECETGTTAAACGAATGAGTCTTCTGATTTCTTTGAT
ATGTTGGTATTTGTTAAGCATTTACTATGTGCAGAG-CACTGTTCTAAGCCCTGGGGT

il E I El
CTCAGCGTCCCGTGAAATTGAGTGGECATH-—------- A-CEFEEACAGTCTACGGC
———————————— GCAAAGTGAGAGCCAATTTTAAAACACCCACATCETC—----TG--

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CTCACCCTCCTACCAGACAGA-AATT[EEIMAATGGGGACATGETCEAATGAGAGTGAC
—————————— CAGGGTAATCAAGTTGTC

ACACCTCA-GERAAGCGCTCTCAA-CTAFSFCCHMMEME . »C-AGCT---AAAGGGTGT
-—GCCTCACTCCCTCCTC-CCCAAAG-—-GT T/ HMMSIEGCCTAGCTCGGCAAAARSEH
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CAGCCTCATGGACTGGACTCACAAGCAT TCTEEATGGAGAC-ATCTCECAACEGAATAT
CIBEEEE . GACTCA-CAGTTAGTCCCATTT T A BMEMIEA GG TAACT ————————————

GCCAATTCTTTTAAGEBEATTTGAAGCATFTCCATGTAGAACAAAAGCCAGA-C—GAGT
E====CCcTrroCcCTT Mg C AT TG-TT---CTTGGGAGGAGEGARAG---TGAGC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ACCAACTCTTTTGTAATATTTGATGAGTHEECCACACAGAAGCAGTGT TAGACCTAAAT
————————————— GAGGCACAGAGAAGTTGTGACTTGCCCCCAGTCACABMEETCACA

TGTCTGTGATTCTGGGGCTCTCAGCAAGCAGTAAGTGATGATTACAGAGTGTTTGCCT
GAGCCCTG---CAGTCACTCCCCCTGAGAAGACAGTCA-GAATCAC-A---—-——- CCT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
-TATGGTTCTGGAGAGCACAGCAAAAACTAAATGATGGCTCCAGAGCAACAGCAT
-GCAGA—GCCGGGGTTCAAACCCA— -TGAC--CTCTGACTCCCAAGCCCGTGC-T

THEGACAAAAGTGAAAAGGAGAAATGTCTGCTAACCATAGCTGTCTGAACACTCCCTCC
TCAACTCAA-TCG---GCCGTGACTTCTTGEEATSAT TTGG--CTGAAGGGTCCCAAA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TTAATTCAAAT-AAAAGAAGAAATC TCHM@AACC--A--—---- GAATGATCTG---
CTT-- TN - -——---—---——---—- AGCCACGCTGCTTCTCTAGGCTGTAAGC

CGACCCCCACTCCGAACCTEECETCCCcccccccccceeeccceccecCHlEuigraTAC
CGAGTCAAACT---TAATTAGTCAACTTTTACCCCAGAGCATGTAGA NGNS~ - TGC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

—————————————— AA--———-—————————————————————AACGAAATGGACTAC
TCGTTGTGGGCAAGERATGTGTCTA-TTTTT--CTATTTTACTCTCCHNNEEA-—--
| 1 'm
CCAGCAGGBEATTGAGTTGCCTCACCCCATCTTTGGTGGAGTATGAGCTTGGCCTGAG
TTTGTAAGAAAATGAG-T---GCACCATACCCGT--———-——~— fCACAAG--—--- ARA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CTAGTTGAGTAGTGA---G--TCTCCT-GTCC--~—--- AAGCCTTACCTGGGTATGAG

—TT--A--GTACAGTGCT-CTGCACACAGTAAGCTCTCAATAAATACGATTGACTGA-
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CTGTGTGTTCTATTCTAGCEMElTACATAAT---GGGTGCTGTGTGAGTCTGCTARTC
ATGTGGGTGCTGGTC-AC-CAAAAAGAARATAGAAAGGGEEARGAGTGGTGGTTATTT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TTGTATATTTCATTCTAT-TACACATATAATAAGGGACGTTTCGTAGGTAGGCTATEG
CTGACTGTAAMM@A TTCACACTCTCCTCTTAAATGGCACCCAGCGTGGAGTCTATTT

ErAnEERAGGTC TEGACAC--AGGAGCAGEEAR - —-BEAT - -GC-—-T--TAGCACAA

ATTTATAAAGACTTTATTTATTTATTTATTCATGAGA BEIMMCGGAGAGGCAGAGACAC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ETGABERAGGTCTGGACACTGAGAAGTAGECARAAGECATECTCTAATACARATAARA
TAATGETCES==SGCCTAAATATTAGGACCTTAGTTTTATTCTCACACCTAATTAAAC

CT-TAARAAACCATTTAATAGCTCAATATGTTGGCTCTGAGCA--TCTATGTTCACTGA
AG-GCCGAAGGAGAAGCAGGCTCCCTGTGGBEARCCTGA-———=———=--——= TGTGG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
AT-TAAACATCA-TTAGTAGCTCCCTATGTGGGTAATGAGCACHTCEATGTAC-CAGC
GTAGAAGETCEEAGCTCTCCTAGACCTCTATEECCACTTACCTTEECC-—--TCTCTGA

ACGCCATAGCCCTGTACAGAAGCC--—-—= T-——————-] GATA
GACTCGRECE------ C--ABEATCACGCCTGAGCCARAGACARACACTCAACCACTG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ACAACARTEETGTGCAGTGAGTCCTATAATTACCACCATBMMBCAGGCAAGGAGACTG

CTTCAABBEECCT—-——————————————————————————— CATTTCTTGCAGGCAA
AG--ccacCllEEg - ------- TCCCATGTT-————=——=—=———————————————

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
AGATGGAGA[IMEEIE TG TAACTTGTCCAAGGT TGCACAGCGAGGAGGTGCAGAGCTGG
AATAGGACCCCAG—---— AATTGAGGCTATGCT--AGCTA-AGCATTCTCATAGTATA

————— TCEFCET TTTAAT TECATGTAATT(EMEMMT TATACTAGTTAACATCATATTGGT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GACTCAARTEE-TAGCAGCCAAACTACCACCCATTATGCCAGAGTACCCGCTCCAMEE

TAGAAAAREEE - - —————————————————m—mm—m

———————————————————————————————————— GTHE8~ CCATGCTCTAGATGA
TAACAGTATAGTAGTCGACATATTCTATAATAATACAA(NNEE-—--—--—-—-—-—--
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ETACHECETCTCTACCTCCCCAGTCCCTTCTATTATAGTATAAAACGACTAGAGCTTG
—————— ACTCCATGTCTGCTACTGCTCTT-TTTTAAAAAAAT---C-TGGCATTATGT

GGARACAG——— === === ——m oo

GTAACGACATTATAGTAGTTGCA-GGTATACAACAGCATG--ATT T/HEEEMNTTTGTAC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
AAAAAGAGATTTCTGGACAGGCACGGTGGCTCACGCCTGTAARFEECAGCACTTTGGC
ACAAATAAATAAATGCA-ATGG--GCCAG-CGAAAGCHMM@AATC---—-—-—-—-—-

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ATTTTGGGAGGCCAAGACAAGAGGATTGCTTGAGCCCAAGAGT TCGAGAC - FHEEIEC
———————————————————————————————— TCTCCCACCCCACAACACACTCCTARA

EESTCATCATG--TA-TAAT-T-ACAGATTTTTTTCTTGCTTTTATTTTATTTATTGA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GCGACATAGTGAAAACTTGTGTCTACAARATAATAATAATAATAAAARATGCCGGGCAC
ACATGACATATAAAATCAAGGGAGGGABMMT TTAAAGAAATGGGGCCCCTCTAGGTC

AG-GTAACTAAC---TCEFCE----------- AAGGTC-ACA DHEEIEC=======

TCTATTTATTAATTTTTAGTTAAGTAAGCT-GTACGCCCAAC---GTGGCGCTTGAAC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GGTGGCTCA BB T 2 ATEECAGCTCTCTGGGAGGCCGAGG

ACTTCAGCCCAMMBTGCCCTGCTTGAGTCTGARAAGAAATAACTGAATGTGGAAGTTT
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GCACGG---AGCCAGGACTCTGCTCCTCA
GGACCCCGAGATCAAGAGTCGCATGGTCTGCTGACTGAACCAACCAGGCGTCT----—
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GG-TCAGGAGTTCGAGACCAGGCTGGCCAACATGGTGAAACCTTGTCTTTACTGAAAA
GCACCTCAACCT-GAGACCTTTCTTGAAAACA----GAGCTAA-———-—-—-—-—-—-—-——— AA

T G-GCTAAATTGCCETEE-ACCCT-TCT--—-—-—
-—CACAGATT--TTTTTTG-TGTGAT{EEMEACTTTTAAGATCTACTHEEEAATTTTER
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TACAAAAATTAGCTGGGCGTAGTGGCGCABMBBFCTCATCECAGCTACTCAGGAGGCA
TTTTAAAAGAAGCAGTGTGGCCTAATGAATAGAGCATGAGTCTECARGTCA-G-AGHEE

————————————————— C-----CCCTCAGGCTTTHMMEM8cTACCTC-CCTGCHETCE
BEEBC2CAACACAGTAGCATTAACTCT--—-AGTCACCATGCTGT-AC-ATTACATCE
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GAGGCAC-A-AGAATCGCTTGAACCCAGGAGGCGGAGGTTGCAGTGAG-CCAAGATCEC
BEEE- - GGTTCTAATC---TC--AACTCCGCCACTAGTCTGCTGTGTGACT TTGECAA

T-———- TCTATTCAAGCGT-—--- AG-AAACCAG-A---G---C-TTTAAAAAGTGAC
—————————————————————————————— CCAGGACTTATTTATTTTATAACAAGAG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TGCCACTGCAFHECEAGCCTGGGTAACAGAGCGAGAACTTGTCTCAAAAAAAARAAAAR
AGTCACTTAACTTCTCTAGGCCTCACT MMl ------ TR T2 ~AAATAATAATTA

TTCTACCAAGAACGTTCAGCAGAATGAG-CCC-AACATAGAACGACAACTCACAGCGA
TTTGTGCCTTTGACCACTTTCGCCCGTTTTGCCCACCCTC-CTGC—CTCTGGCG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TTCTACCAAGAAAATTCATCAGAATGGGCCCCAAACTCAGAATAGTAACTAACA--AT
TTATGGTATTTGTTACATGCTTACTAGGTGCCAGGCACCATAT---TAAGCACTGGAG

CACAARAGGCCCAAACCAGABEAAATTACCCTGC---——- ACAATTTGCAAAT-CACC
-ACCACCGATCTGTTCTTGlMM@TATGAACTTGGGTTTGTTTGT TCTTAGATTCCHEN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TAAAAAAGACCTAAATCAGGEEAAATGACCATGCTTGAGTACAATTTGCAAAT-CACC

CACCA--TA--CTAAGCACTGCA==THl---—-—-—-—————————- GEGATTTAGAC
[ B | il [ § |
—T——m o CAAC-A----- GAGTCTTCTGGGCAAAAT -GAAGGCTAATTTT

.TAAGTGAGATCGGACAGTATTTGTCTTTCTCTTTCTGACTTACTGTACTTAGAATG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

TTGAAA---G--—-— AGAG-A----- GTATGTCHEFEEAGAAAATCGAGAGCCAATTTT
TATGAGTCCHMEIEGGA---—---— C-ATGGACTGTGTCCAATC-————————————

AAAACRFCEEACRFEETCTGGGCTCCGCCCHEEECCCCCCACCCAGAGGTTCTTGGGGC

ATGCCTTCAAGATCE------ AFCEGTGTICTCANMMNE 2 ACATFFCETCCTTTT

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

AAAACACCCACEBEETCT-GG----G-CCTCTCCCTCCTCCCCAAAGTTTCTTCTGGC
——————————————————————————————————————————— TGATTAGCT--T-Gffi

CAT--TCAAGCARAAACCCCTCTGCTC-- T(HMMMMBCA T TGTTCTTGGGAGGGEEARA
TTATAGCCAAATAARATCECATTATAT--ATATATATAATAATATT -~ ~AATA-~TAT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CTTGCTCAGGCAAAARTCECTTTGCCT - - T{HMMBCA T TGTTCTTGGGAGGGGGAGA

TACCCCATTGCCTAGTACAGTGTCTGGTACTTAGGARGTGCTTA

GTGAGCAAGCTCTGAGGEGECACT CCCCTGAGAGGTGCAGCAGGGTCACA-C-C-~TC
ATAAATAACAACTCA-G-G----GCGCCTGGGTGGCA Mg GTT-2AAGCAC-CTT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GTGAGCCAGCTCTGA--AGTCACTCCTCTGAGARGAGAGCCAGAATCACHEBREHEGTC
GCARAT-ACCATTAAAGARACAAAARAAC--AAARAAG--———— AATCACA--TC----

GTTTGGCACAACCEEATC-AGGCGTGAACCTGTGCARAGTTGGCCTACAG-TC/ NN
ACCTT---GATTTTGACTCAGGTTATGATCTCAG-GGTCATGAGATTGAGC CC/HEE



http://www.conbind.org/view/f6bc8728-e6ae-405b-b430-8e292016a3dc - 6

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
10090 (house mouse)

9615 (dog) e-value: 5e-75

13616 (gray short-tailed opossum)
9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
AGTGTGACCAGCGTGACCTCCGTGEEAATTTGGCTGAAGCATCCAAAATGAGT S
——————————— TTTGAATTGCCTTCTCCAGCTCCTATTGGTCTGATTTGCATTTACTG

BAGTTAATTAGTCAGCATTGCCCCCAGAGAAGGTAGACGATTGACCTETCCCAAGARA
B-GG---GCTCTGGACTCAGCAGGGAGTCTACTTGAGATCTTCTCTCEECETCTGACC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
B----2AATTAATCAACTCEFCECCTAGAGAATGCGGA NEIEATCC TTCACAAGARA
CAGAAAATTGTTGGTTCTAGEGARGA—-——-—-—-—-——— AGAACTAFFCET------

il N INiE =B 1 Bl e
ATGAACGTGCCCCACCCAGEGACAAGAAATGAGGGCACCGG-T----CATGC S~
CTCCGGTGCTTGCTTGCTCTCTC-TCTAA--A-—--AAA--AAAACAATAATAATTTA

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ATGABEATGCCCCACCCAGTGGCAAGARATGAGGGCACTGGTTACCAAAAGGAAAATA

——————————————————————— CTGTATTT------—-—-—-—-—-—-TCTGCATH--
| 1 11 1EmE 1 [
AACACAGGCCTGAGAGAGCTATAGTAAGAGCT----CC-TGCTGTGTTGGACCCT--G
AAAAAAATAAGAAAACATCTC] crceaTcer BEEEG

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GAAAAATGEEARGAACAGTGTTTTAAAGTGCA-—--TC-TACCTTGTTTGACCCTGAG
—————————— AAATACAGAGTTAGAAA-—————-——-——————————————AGTCTCTT
inl LN | LI B 11l IINNE 1)

--TGC-T----——————- GTGGGGTGTGCTGGGCACCATCA-TGATCAAGGTGCATGA
GCTACHTCCAMME T TGGCTAT TGTGAACAATGCTGCAACGAACATAGGGGTATATTT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CTTGGGTGGCAGACC/HMEEIMECGTCTGCCAGGCCACCATHMMlTETEAAACTACATTC
TTACTTCA[SEMEATTCAAGEGAAAACAAATTCT TACTGACCAGT TCTGAGTCCCAAAA

CCCCTGGAGATTTGGGGAGGCCCTGTATGGTGAAGTGTGGHMEETCACAC]

ATTTTCAAGTTATTGTTTCTATTTCTTTTGGGTAAATACGAGTGCAATTGCHMMETTT
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ACCCTGGACATTCAGEAAGGCCCTAARAACTGAAACAGCATCTCCCAACAG NS
ATAAAGGAGAGAAGGAAAAGAAAAATGTAAAATAMEETCCCACATACTCT G NS

Il B Il Il 101 ENEm
BGAAACATGGAGAA-——————————————————— TEFEECCA--G---GTTTATACAG
AGCATTTTGAAAAACCCCCAT--————-— ACTGTTEECEATAGTG-—-—-———-————

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
AGCHEEEEA AGAATTTCTGTGGGGCTACATCAT TBCECCAGTGTTTCTCTATGCCT

GGTTAAGCAAACATGGGACCAAGTTTTACTCTGCATGCCCCA———————— TCTTATAR
CAGTTCACTCATCTATTTTAAARFCE-----—-—-—-—-———- TGTTTATTTATTTAA

—————— GCTGCACCAATTTA-CREEE-—--—--——-——-———————————————————
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TGCAAAGCHMEMGAT TATGABEATCETAGGCTCTTTTTTTTTTTTTTTTTTTTTTTAA
cACCAAA MRS T T TTGTATAATEEATTGACTAT TATTTGTGAGCTATT CAAHEEET

TGTGTGTGTGTGTGTGT-GAA MMM TGCTGCTGTGTATGTATGTGTGTGGAGATCA
———————————————— T------—-GATGTTTTAACACCCCATTGGACTTGGAGCTCC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GEEATGGGGGTCTCACTCTGTCTCCAAGGCTGGAGTGCAGTAATGCAATCATAGCTCA

TG
11 | [ ] u HE

-—-GAGAA-CAACTTTTGGGAGTTAGTTCTCTCCHECE------- ACHEIEEEEGC
GGGCACCATAGTCAGTCCAGGTCCCTGGGCCACCIEEEECCCGTCAGACCACTTTTACC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGCC
CTGCAGCCTCAARARTECTGGGCTCAG--GGGACCEECETGCCTCAGTCFICEAAGTAG

CAATAGTCCCAARAGAGTCTGTGACTCTCTCACCCCATATTCTAACCCT

I PR 2} (BN R BoR
cCC----- G
CTGAGATTCAGG------- GA-CGT-CCTCAC--CCT--—-—-—-—-—-— GBGAEATG
CTGGAGGCCATTGAT-TT-—---—--—--—— AATCTC---AGCTTTGGTGGAGATTAAA
CTGGACTACAGGTATGTACCACCATGCCTAGCTATTTAARAARATTTTTGGAGAGATG
CTGTCTTTGA-—-——---— CTGGCACTGAAGAATCABEEMMGCATTATTTGAAGTGAAG
m m | (L I 1 10N In
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9606 (human) e-value: 3e-111

9258 (platypus) e-value: 8e-40
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e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

e-value:

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

le-46

TTGCCT----—-—-—~-—~ C---CCGACTGTAGCC-GAGAGCCACCGGGAATCC-—---
GCCACCTCTTTCAGTGACCCACCTCCCTGAGTCTCCCCACTEECECTEEATCC

GTGT-TT--TCTATT--—-—— Gm—mmmm TGTEEEC-CCTG

—-—-TAGACTCTTCATCAGGCTTGGCAG/HMMEMBCATTTACCCACTGAGCCATCTCACT
—————— GTGTGGGGCGAGGTCATTCTCCARAGGCCTTCTCTGTGCCCTGCAACGCGGT
——————————————————————— CCCACCAGGGCCAATGG]HEMBEGAGAGGCCCGTT

CCTCAGCCTCCCAAAATGCTGECATT CNEEE - —-------- TGAGCCACCGCCCT
AGTCCTCCTGGCAGTGAGAGTTAATTATAAGAACC-T----GAAGGCTATAATATGTT

GACCGAAGAGCAGTTTATTATAGTGATCAT-GAATGTCCCA SIS~ CCCTGAGGTC

TTATTATAAGGATCTGAGGETCAT - AAARTCCETAGCGCCCTGEEATGATCTAGAGGTC

T GGABEAAGCAGA -~~~ ———————— oo

--CTGCCAAGGATCTGAGGTTCGTGAANATEECAGAGCCCTHMMCAATCTAGAGGTC

GGAGCCCAGGGAGCT----CTAGTGACTGCTGCTTTGTCCCGTTAATGTTTGATGGCA
I ImpEmEI 110 IR |

AC--TGTACCAGCATEICECAAC-GC--CEEEECTTGAGTCA--~C-TT-—-TGGGA-
ACGCTGTATTAACTTTTTCTAAFFCETTCTTCTCTTGAGCCGCCTCACAGAGTGCTTT
ACATTGTATTAACTTTTTCTAACTCCTTCEECETTTGAGCCACCTCATGAAGTGCCTA
ACATTTTA---—-—-—-—- GAGAGGCCTTEECETCTGACCCTAACAGAAGGAGGCATT

CTTGTCTGTGGGTCTCT-GTCT—-—=—=————=—=—=— TAGGTCARTEE--C-CAAAC
GTCGTCTGTGGGTCCTTGEECEAGGCTGCA-GGGGGTCCTGCTCARTCCCAAATCATS
———————————————————————————————————— CTGTGACTCATCC-------AG
CTTACTTGGGGTHECEA-TTCTAGGCTGCA--GGGGTCCTACCCATECECACATCATC
GCTTGTTCAGAGACCCTGGTCAATAGTGCACTGGAGTCTTGATTAGGATTATAAAATGE

A-—-[FFEETTGTCCCAGAGTCCTGGEERHGGTC-A- ——[EMlATCATGACTTTTTTTT
BGEGETCE--CCACCAGGGGCATG-GGGTGGCCTG-—-AATAGCCATGAC-—-TTTTG
GGCTETCC-—-—-—-————— T-GGGEEATTCTCTCTCT M- -—----—-—-—-- AC
ACCTEECE---ACCAAGEAATCTGAGGGTGACCT GBIl TCATGA-———— TTTT

BGAATTTGGAGAGACTCCTGTGGGAGGCTTTGTAT - ——[EMMBGCTCAGA—-———————

TTTTAATCAGGAGAATTAAAATAATTTTTACCTCCAGGAAATHEFCEAAACCAGGC--A
T-TT-AGCAGGAGAATGAAAGTCATT T TllliTcCcGCGAARBEECAAG-CCGGGC--A
CCTTAAGCAAGAAAATGAAAACAATTTTCATCTCTGTGAAATTTCAGCCCCARACAGA
TATTTAGCAAGACAGTGAAAATAATTTTCATCTCAATGAAATTTTAAGACCAAGC--A
—————— GTGEERTHAAGAARACAATTT TCACCTTCAGEAR- TTTCAAAACAAAGC--A

i1m

AAA-————————————— TGTTCTTGGCTEEEEACGGCCTCCTGGG-—-——————— GGC
GAA--———————————— TGTGTGTGGCTCTGGCTGGCCTCCTGGGCCCCCCCACCCCC
AAATGGTGGCTCTCTTTAGGTTATTTGAGCCCTTGTGATTTTGGAGCAGGCAGAGAAG
GAT--———————————— TGTGCATAGCCCTCCTTGGCCTCCTGGG-————————— ACC
L e B 1 GCAGGTCCAGGGGGAGAAAAACA-C
L M 10 RN in

CCCGGGCTCTGT-G-TCC-C-TGAGCTGTAGGGAGEATNGCATGCCT-GTGTGCAGTG
CCAGGCCTCCGT-GCCCCCCC————- ACCCCCCAGCGTGACTCTGCA-GCGT-—-G-A
AGGGCCHEEGGGGGGAGGGCEERAGCGCCAGABERMGG--GGGGGGGTTTEEARGT
CCAGGCCACTGTGGCCCCACTAGCAGGGAGGAGABBATGACTTTGCA-ATGT-——-AA
ACAAAACTTTATAATCTTCTAACTGGCAAGAGGGEEAAAACAGGGTA

GGGCTATTCGTCATCA-—-G-———————————~— AAC-A---ACAAGGCCAGCAGCAGT
GGGCCREGEGT CACT AR CARACAAGGCACGAGGCCCTCGGCAGC
TGGGGGGCAGEBEATGARAGGGGTGGCTTCTCCCACAATAGTAGAGTCCCAGCAGCCCC
GGGCTATTCGTCATTA-—-G-—————————-—~— AAC-A---ACAAGGCCAGCAGCAGC
EGTACTEECETCATGAGCTGCATATTAGTCACTAAMMMMA TACAATGAC-TAGTTGCT

GTGGCTCTCACCT|HMMAGGGTGGTTGGCCTAGCTEEATTC TATTAATTGCTGAAGGC
GCTGCTCCGGCCTMMMGGAGCGGGAGGCCTAGCTEEATTC TATTAATTGCCCAATGC
GTGGCT----—- T~ GAGTGGGABEGRATAGCTGAAT TCTATTAATTGCTGGGTCC
ATGGCTCTGGCCTHMMBGGAGCAGGAGGCCTCGCTEEABTC TATTAATTGCCGAATGC
TTTTCTGTTGTT TBMA TAGCABGRTGAATAGTTAAATTCTATTAATTGCCGAATGC
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e-value:

e-value:

e-value:

e-value:

e-value:

le-46

le-46

le-46

le-46

le-46

-TGTTGGAGTTGGCAHMMNCACGERAACAGT TTACATGGECACACAGGGCCCCAGCTCG
-TGTTGGGTTTGGCABMIMMCACCAARCAGT TTACATGGCTACACGGTGCCCCGGCTCA
ATGTTTGACTTGGCAAATACABGAAGCAGTTAACATGGCTACAGAGGGCTCTGGCTCC
-TGTTGGGTTTGGCABMMMCACEARGCAGT TTACATGGCTACACAGTGCCCTGGCTCA
-TATTTTGT TEGACAAATACAGEARGCAGT TTACATGACTACGCAGTGCTCTGGTTCA

CAGCCTCTCAGAAACTGTATTATTGTAGTGGCATAATTGTGATTAGGGACAGHEREBCT
CAGTCTCTCTGAAATGGTATTATTGTAGCCECREMAT TGTGATTAGGGACAG cc
CAGTCTCTCTGAAACTGTATTATTGTAAGGECATNATAGTGATTAGGGACAGHEIGECT
CAGTGTCTCTGAAATGGTATTATTGTAGTGECAIMAT TGTGATTAGGGACAG cc
CAGTCTCTCTGAAACAGTATTATTGTAACGECATNATAGTEGATTAGGGCCAGHEIGECT

GABEARGAGCAGACCTTTGATGATIGAGTCACHEEE--TCTGCACTCCACTTCA-GTG
GABEARGACCAGGCCTTTGATGATTGAGTCAC -TCCCCACTCGGCTTCA-CTG
GAGGARGERAAGCCCTTTGATGCCTGACTCACHEEET TTCTCTGTTCTACTTCAGGGG
GABGARGACCAGGCCTTTGATGATTIGAGTCACHECE--TCTCTACTCTACTTCA-GTG
GAGGARGGACAGCCCTTTGATGATITAGTCATEECET TTCTGTGCTCTACTTCA-ATA

- TG TGT-G---G-----C---CCCACGGACCCTTGGCTGGCCAGAG-ACTTTAG
- 7Bl GCGCAGCTCGGCCCACAGACACAC--ACCCTTTGCTGGCCAGGGCGGTCCCC
CABMEBGAGCTTCACTACACACACACACACACACAC-——————————————— ACACAC

-7l GCGTGGCTCGCCCCACAGACACACACACCCTTTGCTGGCCAGAG-AGCCCTG
-2l CAGCTTCTCTCACCAGAGACACAC--ACCCTTTTGTAGCCATAG-—-——— AG

AGTCCCACABERAAGCTCTCCAACAGGGGCAGTCCAACCTC
GGGTCCGGGGCCAGGCTCCCCGGGTGGGCAGGAGGGCCTG
ACACACACACACACACTGAAAAACTGAAAGTTAAGACCAT-
AGTCCCACAGCAGGGHEHMBECAAACCAAGAGCCAAGAGCTGC
TCCTCCAGGAGAGAGTTCAAARAGCTTATGCCCTCCA--——-



Lmo2 -75kb: Manual alignment

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human
dog
opossum
platypus

mouse
human

CTTCTTGGGGCTTTCTTGGATCCCTCCAGAACTTTCCTCTTTTTGATTTTTTT--TATAAAGGCAAAAATTTAATTEGGAATAACTTACA

--------------------------- GATATTAGCTGGAGAGTGAAGGACAG--CACAAAACACCGAAGTAACCCEAGGCTCAAGTTT-
---------------------------------------------------------------------- GTGTGTETAGTGAAGCTCTA
-------------------------- TTGAACTCTCTCCTGGAGGACTCTATGGCTACAAAAGGGTGTGTGTCTCTEGTGAGAGAAGCTC

GAJIGCAATAAGCATCCATTATTATTATEGCATCATGCAGGCAGACTTEATG]JTTGAAGAGCETCCAGCETTGATTCHAAGACAGCCAAGA

-GJIGTGATAGTCACTATTGTTCAGTATETCGCTGGGCCTTGGGATTTEGAT]----AAAATETTCATCEGGTAGCAA GTTGAGA
TCJIIGCCCCTGAAGTAGAACAGAG AG GTGAGTCAGGCATC. GGCUTTCCTTCCTEAGGG TGTCCCT! TC CTATTATCC
TAUCTTATTGAAGTAGAGCACAGAALG TGACTAAATCATC. GGCJIGTCCTTCCTEAGGG TGGCCCT] TC”CTATTATCC

GGA-TGATATCTTCTECATTGEGTAGAGCTTGAGTATAGGACCTCAAAGCCCATTCCCABABTGACTCACTTCTTTCAACAGGCEBACACC

TTAGCCATGGCCTTT, TGTGACAAAGTTGAGACTGAAGATTATCTGCAGAAG CTAACTGTTGTGTGTEGAGGAGEBGAGGG
CCTTAC TAATAC GAGACTGGGAGCCAGAGCCCTCTGTAGCCATGTTAAET CTTCCTGTATTTGCCEﬁi———T CA

CGTTAC TAATACT] GAGACTGTGAACCAGAGCACTGCGTAGTCATGT. TECTTCCTGTATTTGTC] T

ATATACCTC
——————————— CTCCTG GTGCTTTE/;V—\CAGC GECTHCCCTGCTTCCE®ACAETCCTGGA-TGGGATTCTIHAG---— ATCACT
€G CCCCGG”—GATTAGTGC GGTCTTEGTGTGGCT
®GEG CTGCTGGGACTCTACT TGTGGGAGAAGCCAC
TTCATCCTGETALGATAAAAE [EAAAAAGCAACTAGTCATTGUATTAT-BTTAGTGAC

TACTCTAACARAGGCCA TTPTCCACTTECCETEGECCAAGTA-TATTCAAGCCAC----BATAGCACC
G

GAAGGTTCAARGACTGGMNECATTCCTTGCCCAGATTECAGAYGCTCAC
TGGACCCAGCLAATTAAIINEAATTCAG
AGCATTCGGCIATTAAIIACGAATTT.

EETCAAAGAGC]JGGTT--GEAGT]TG-- TTT THTT TA-CTGATTGCETTTTGTTTTRA---CTTTGAGJJACA---CfC
U TTCAGAACT|JTGCT--CEeCTTCT--TYGTAAGATTTEAT-TTGGTYTGTTGTTCTGTACST---ATTTTAG ﬂ---TTc TT
U TCAAGGCCATATCTAGEGGTAT-~C GTCC Acc ---CTGCC

®OCTTTCATCCCTGCCCCCEAACHTCCAAACCCCE®CCCCATCCTCTGGCCTT!
TAATATGCAGCICATGAGGAAAGAC--AJICCTT®ACCTETACCCTGTTTCE

CCCCCTCCC| CCCACCTGGGCCCTCTT ClCIIECCTG

GGCOTTGGGGAGGE®TGAGCCACAGC]C! C”———CTTC GAGA
C
CCCTCTTGCAGTTAGAAGATIATHAAGTTIETGTG

TATTGAGTGACACTG-~~~-------ABCICCET - -~~~ CT CTAGTG----ATCTJARACTIIGG- TCYAEG-GA--G CTC
TAATGTATGTCTCTA----------CACTTINEA-———-—— TC TAAGC-—------- chlcccAGG-GCliGEA-ATCTGE c G c
GGCCCAGTCATCTTT----------COAJTCREG -~~~ - CTACCTCCA----G--- CTTC GG-TGAMEG-AG--ATGT|JCCASCA
CTCCAAAATCACAAGGGCTCAAAT. GAGCCACC TTTCTGTTTGGGGC GAAT| TCACAGL\GATGAAAATTGYTT
TTTTTCTCCCCCTGG-~--------ASCHGCRCA-—— -~~~ TTUGTTTTGCTTTGTTTIGAAATLICC-TGNAEGTGAAAATTGITTET

TTT CA-CC TG GCC®CATECCTASC. TGCCTGGEACACAETAGGAACICAGACA-CAAGIITGTTGAATGAATATATGG
TGG6CAGCCAC TCC”GC TGTT) CGGTGC ————— CATTGAC
TCO®CC@ANEGAAAGCCE®TGGAT, GTCACAGTCTGCTTCCTCCTATC CGGGCCTCTCA
CCTCl®C GAGTCTCTCCAA.TTGTCATTETATHAT C——CEAATCA.GACTCCAGTGCA

TTTESITG- CTACT GTTECATECC %TGCTTAGE&CAC‘ TAGGGAC CATHAG- TAAGﬂTACC A

————————————————— GATAAGTTC GCTGGCJIG CTG TGAAT TAT TARGTGGT] -ATGC
ATGGATGGATGGATGGAIIGGATGGATGG. GATGGAJIG TG TGAA CGAAC TGC CTLAGTGCC] GGAT TAAAAL
GTGGAAATTCACCTCAG| CAAAAGAC -ACTJAECAATGGAATT®AGTCTTCCAGTTTCTTGLACTCACECTTCCR CTAGAGA
CCAC--ACCATTGGCCCYGGTGGGGGATCCAGGGAAAGTEGGCAGACTCAEGGAGGTG GTCAC GAAAGIGGTGGT-TTAWMTCTCCAC
CTATTGACCAGGGTCTCHGAACAAGCA- AEECCTCCTECTGTTRGGGTC JGG GCCTC ATGTTGECATC, CATT&A

AT-—-GOTT. GGT CCATAGELAAE-CTG
TAT GTEATAGTC -ACT
G

GGGGGACAEGTTCEAAT(E-/AG

TTAMAT--- TGGCCTC G GCCNNNNNNNNNN
AGTC-AGTAGAGCTCCOTGEGCTCHANCATATT.

TPACAGTREGTAE-MACHCNRES----C -
cl-cARTRFGAECHC G
SR PACK, TRGAGG, GO A R GAAGCATTTCCAC

NHNNN N NNRNMNNNN
T|

CLICAGGGG CACIYATAGL.Y

RGECAG CTGAGGAEEGGG
NAECAG ‘CT -----------
ACEGTT, GGAGAGC‘CAGC‘ CCAAAC———GAT

MN NNN NNNNNN

GG TGA—— CTCTTTT CT- ATT

o TOAW\CANCETCElMIGAGAGATTAG

CleCCl CCClg T C”C‘CA‘C‘TGGCC‘GAGAGATTAG ACTGGICT/I{eeTe
T TGRAAN————| GAGCCACC UTCTGGANETETCAAGCHIEECEIGGG
INNINN NNN NINNNIN

CeC-12 CCClg

CCCAACETGCIIECOTG THUGCAGENEGCITAETCTECECECCACCTHAAAEEGECCCTA-CE
GCCCAACETGCIEICEAGGECTIIG-GGEAEGCIEIAECCAC,

GGATGTT®CCTAEGECTGETGIT TCTEACAAAEINECTG TG GGGAGT
NNNNNNNNNNNNNNNNNNRNNNNNNNNNNNNNNSNSNNNENNN NNNNNNNNNNNNNNNNNN
TATTTTAGATTYTT@®TTTTCC] TCTCTCCTTT‘TTTTT

lcc CTCHTGCG GTTGG"GIG CTGACGH GAGGIEAG---GATYGGLCTET-—--—- ACAAIGACCT!
LcCl ——TT”CTTC ————— ACGG ACCIAGC G C”TT GGTGTGCTAGICT@®C----- ACAASACCT]

CT]
CCi
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TT. CCATTCAT GCTCl TGTGG ~SIAGCACTRATATGCACCANEGACCCAACIAACTABT TTGTGGECRATGRE
NNNNNRNNNNNNNNNNENNNNNNNNNNNNNNNN INNAINNNNNNNNNNNNNNNNNNNN - - — - - NINNNNNNNNNNNNN NN
TCYG GAGACTYTTCTALCIUCTGT YICCACWIVAT ACAGAGEANIAGINESEES CUTCUTCECTAGAACCIRCARTT

SccTCTesACCTACC GABTGGRG-—- -BCPTA-—-———————————————— CﬂAC A
ETcaTTAARGCCC GGECAGAG----ATIICACCTCCGTAACAAAATAT. GLATGEYG
CTHAATCCORTGACE TTATCACCCT--GTJAGAGATCGGGAGACTGACAC GAAAY
NINNINNNNNTN NN NNINNNINNNNNJINENNNNNNNNNNNNNNNNNNNN NN¥N
TCLGCAGTAARTGCA GCAATTCAAAGATGTGATTCTTTTTTGTTTTT| PAIEGTA
CeCT A CTEEETEACEARICICAT R IARICALIC TUACCETC wolc) pmmm— CIMATIGA- --ETCCEIRTAAC
CoicTTAACGAALCBTCTTET O TTCTTT TICACECIECTACCAGACAG I THIGATABATGG BTG
TCCCCYAGTICACACINECGAGGAAGAC-- Al GEIGGEAC TC-———- cTiiccaccalEcTATTIN CC
NGTINNN RN INNNGINIINN NNGINTTINN - — ~ NN NSNS NN NNNNNNN NN RN N N NN TN
GleLAAGCICH TCCUANET - ACCAACAC -~ - TETARIAGESAATGGGG TAGATAC MGCUANTCACAT TIEERSACAG

ABGGEACABCTEA-EGAAAGCG TINITECAAGPGAA--BAGH---AANEGETCYGCCAATT,
GTGAGCAGECTEATEGACTGG GCLITETGGAUGGAG CGGAAG TAILCCIVACT| GTAATAYUTCATEAG-
GEACEeCTGETCEC---CTCTGCOIN®CeCT®TACCTCCCAYTCCTTEC! ———=Tla CAlY,--IACG
NNNNLYNNNNNNNNNNNNNNNNN INDYNNINISNNNNNNNENINNNNN NN - = — - - INDYNNAN NN NN AINNNNNDY N NENINNININN
TGGCGAMTCATAETCTAAATECE®TATCEAGIIGETTAGIPATGGTGCEC—---— N TECTIAATRTGGTGCCYGGCACCYAGT

CCI\&AC--GAGIRIGTCTG TTOTEEGECTCT GCAGINAGIERTGATTAFAG
TIACLCCT. TCCTAILEG GC‘C‘GCA‘”WAC WAALEITGGCTCEA
ACAG
N

Ol ATGGGCCCCAAC CAACTAARIACHG NVAACGCCCARATTGGGGGARAR
NIAINN -~ ~NITINNNN
T TTAT---TIRIACAG]

AAALCAACIVINICTCTATCALCCE TG GAANACGAARTGGAGTACCTAGTTGAGTAGTGAGTC®CTGT6C

VINICATCTTGGGAGAELAGTCT®CCGCLVAAGTGLGAGC] ATTTTAAAACACCCACATCC TGGCeTCA
INNNNMNNINININNNNNNNNNNN NNNN NNN NNNNNNNNN NINNNNNNNNNNNNNNNNNNNNWNNNNENN
S TTERGCITAGAACCCLGGTECTCTG TCCLGACTCATGCTETATTCATTAGGCCACACTGCT®TTTT

CCECCARTCCEA-———————- NCCTHRSCLICCCCCCCCCECE-—————————- GCCCCCECECCRG-————————m e CT
GCOTTASCTGEGTATGAGTTGTITAT TCTATTACASATATAATIVAGGGASGTTTCGT, GT‘GGCTAXECCTGAGG GTCTEG

JGTGG-CGG

CTeCCT@CTCCCCA-—-————- ANAGG CTGGCCTAG®T(®--GGCLYA TECCTTTGECTTCIATTTGCAUTGTTCTTGGEAGGAEG

NNQNNNENNNNNNN- == == ——— NNN NI INNNNNNNNNENN——--- INNNNNNNNNNNYNNNNNNNNNNNNNNNNNNNNNNNNNNEN

TTTTAG TCTETTTTCAAG———‘ GGI®TCAGGTTGAGGTG®--—--- SAACTTECACATTEAETTIRTTTCTTCAGACTCAAECAGGEC

- - —~C/ACEGCA- - TS T TCECTFACCCHA -~ -~ ——— ==~ == — —m o m e TCTUTGGUGEAGT. ClT--

GEG A—— T T. TALNALNATTAAACATCA--TTAGTAGCTCCEIIATGYGEIET. CACUT
—--—-CGAGCCC--|IGCETCAOT®ECCCTGAGAAGLCIAGTCAGAATCAC--ACCTT---C CAAYCEECCGLIEACTIC

INNNNNNNNNNNNNNNNINNNNN NNN NNNNNNNNNNNNNNNNNN —————————— NNNNNNNNENNNNNNN NINNNIN

TGLCC Ce L TTTETTTAALTIATCTCCCTCCCTTGATTTTATATGTEATGTTAEGAGIETIETUGUG

------------------ Gl TET N JAA GG cy SRS ; 0T T G
CCATGTACC CACAﬂCAAT T TTACCACCETGARACHGGCIAGE- -~ AGACTGAGATGGAGACAEGIEELE
GGGAAT-TTGECTGAAGGETEEC - UTUASCCCGA- - —ECATGTAGACACTTGATESUTHE
NNNNNNNNNN NNNQNNN N NNEN NN NN - - - INNNNNNNNNNNNNNNNE T
GGGTGGGAGAEATTGATAECTTICGCTGECCC AT ECCAEATTTTTTTAAAAAAGAEA

TGLGTECACCATACCCGTTGACAAGAANATG-TGGGTGCTGGTCACCAAAA-———————————
N NNNNNNNNNNNNNNNNNNNNNNNNNNNNN INBINNN = = = = = e e e e e e

----------------------------------------------------------- AGELICTY G----—---GAGCRGECR
GCTCCATTCCTACHTCCTCTCTACCTCCCCAGIICCCTTCTATTAJIAGTATAAAACGACTH GEIT GAGATTTCTIEGACRGECR
GAGTGGTGGTTATHTATTTATANAGACTTTATHTATTTATTTATICATGAGAGATACGGREAGGC cAcGCCAAEGAGHIAECR
NNNNNNNNNNNNN NNNNNNNN NNNNNNNNN NNNNNNNNNNNINNNNNNNNNNNNNNSSNNETIN NMN INNNNNNNNNINNNENEIN
AGGGGAATTGAAGLCAGAGAGGAAAAGGTAAGLIGGAAATAGAGGLICTAGGAGAGCTGGAICTT, TTAGGTGTEAGART

NENNN NNNNNN-—-—---— NIINNN INNN)UNNNNNNNNNNNNNNNN NNNNNNMN NNNNNNNNN
ACTAAEGYCCTAATA---TTTAGGGGLCATTLALNATAGACTECACGCTEGETGECRTTTLALAGAGGAGAGTG

GATETA-——————————— ICAC/YA®T TANAR - ———— ACEBATTTAAT/NECTIMRTATG-————————~ GCT-®IIGACCATCTAT
CEGTG CACGCC——----- TETAALTE®CCAGCICTTTGGCATTTTGG GCGACW“GAGGATTGC NGC-ECANEAGTTCGA
GECTCCOPGTGGGGAACCTGATETGGG/®TCCATCCCAGGATBACGCCT, CC“‘GAC“ ————— CACJICAACCAMIGE CCACCCA

G

NNNNN NNNNNNN
TTACAGTCY

TTCA-BTGAACGCEAPAGC---—- BCIET ----ACAGR-BeCCICATRGH TAITACCRIEC TCTAGE- - [IGAG
ceacgrescceatagicicatabeTeTcTACAAN fram iaadlauai Al AN Eccicecl- - -—cosTEsCTC
GTGTCECATGTTTETPCCUTTTAATYGEATGT. ‘TTG‘T‘TT‘T‘CTAGTEAECATC‘T‘TT GTTIACAGIATAETAGTCEASA
INNNNNINNNNNNNENEIINGINNN NG BT SNNNNN NN NN NN NN NN INN NN NINNNN NN
TCAGT@AATCGTAT THATLGAGAGEMIACTGT-GTGCRGEGCAC TOUACHARITAC TTGEGAEAGTIA-AAIIAG

B NEGTIRACTAACICATCC, — == - = CACAECIIGEGAAGEACEE

ATCCCAGCTCTCTGG----GAGECCGLEGCAGGTGGAICACT TG —-—9.GGAGTTCEAGACCAGECLIGECCAARYLEE-—IG
O TATAATAATACAAG----ATAETAACEACRTTATAGIIAGTTGCY T. CAGCATEATTTGATATTETACGTENTE--1IG
TUG

IINNNNNNNNNNNNNN----NNNNNNNNNINNNNNNNNNYNNNNNN INNN)LNNNNNNNENNNNNNNNNRNNNNNNAS N ENNNNNNNN
UCTTGCCCACAACGAGCTTACAECCTIABAGIRAGCAGCGTGGCTCY AAAGAGCACGGECTTGGG
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e CACee GCCYAGTTAACAYCTGYCATCATGTATAAT TINGAGAITITTTTOTTECIITUATTTTATTTATTG-————- ATCTA
: HNN INININ NNNNN NNNNmmNN INNINANNNNNNNNNNNNNNNRDNNNNNUNNNNNNSNNNNNSINNNNNNNNNNNNNNN - = = = = = == ———
MC

CEARICIIESIICCTCAGGGCTIAATRGCE-- - - -—--- TCCRECCTRCRCCCETCABGCTITIBAAA -~~~ — == e

TTETOTUARIG c TPAGEIGGGCGTAGTGGCGCBACCIGUCATEBCAECTIACIEAGGAGGCAGAGGCACAAGAATCG
T

CCEGICLIEECACT TGICAGC TG TOLGASIGGGGGCAAGT CACAINET TCHICHIG TG TCAGIRIACETCATCTGTAAAATGGG - —————

= CTTGAACCCAGGAGECGGAGGT]
- TTTATTAATTTTTAETTAAGT.

= ———NNNNNNNNNNNNNNNNNNN
: ——-ACTAACTGTGAETCTCATG

NAANGTGACTTETAGCVAGEACG

>
[@]
Q
(@]
O
>
@
)
(@]
@
=
—
Q
Q

: GEARAYTINeCoEC—————— A TTYE ANIC -UC A
: OCAIECTTGAGT] TTTGCAAATC‘ ClITGA GAGAGTATGIC A
o ACCATHANST SIIAGTCA---COATGCHE TACENIT!: CCCOAEGACTTATTTAUT -
B INONINININININOY NNNNNNN INNNNL NN N ENNNNNNNIINN - = = = = ——— N N

: CLICCTEGETGAACTCATTCGCY- ¢ TCRYIGCETY TGS TACC——————~—~ GA

N
CLIG e TCTOATIHIGCA

CEAGAGGHTEI--WGGEG
C. AGT T --UCTEGEeT CTTEATRIGCA
TGGCGACCASCGAYCTETT®T TTTGTTCIRIAGR

[@)
)
(@)
(@}
(@}
@
—
=]
|
(@)
(@]
)

CCTCTGeecyceece

CCTC TG Mu—

U C-[T
NININOT T IV NN
C

CTGUeCLCL®

NN INNINNNNNNINNN
Te

NNN)NNNNNN
GCATClCEuCCYGCCT C

G{g®CCGECACCT

NN NNNNNNNENNNNNNNNN N NNINNNSNNENNNENN - - - - NISWNNINNN
TCT®CCTCCCLAACCIOGC@I®IICCCLEACTTCTOTA-——-T®J@®CTGC

: GOJI¥IG---AGGIGT] GGGTC
: AﬂG -~ GAATC
: TTTOR®ITTCTGACUT. TEATECCTTCAAGATCOATI®CGT

()

TGGCCTA-—-—-
GACETCCERIGGGARTY

TGGCTGaAG———CATC

GCCAAATALTATCCOMITATATENIAT.

INNN)LNNNNNNNNNENNNNNNNNN N————NNNNHNmN NNNIN
C

CTCGGTGT----®ICEOTTGRCTCEYCUCTCTCGTHC

ccr GGTAE----- AC] G - GA GRAGEECACCEGICAT-
CTh TGCGE----- ACA GECCCACCCRETGeR Gl GIAG CACT ETPACH

GECGCCTGEGTGGCAWAG TOTCAGGGICH GATTEAGCCEC
NNNVUNNNNNNNNY----- N NANNNNNNNNNNNNN NmNN ININOININO
TTRCCALGACCTg----- T®AG T EGE e TTICCTETCCLACCCARQACEGCTACCY T

G
N
ATAAAAABACA----GGCETEAGAGAGCIAT -—-—-11AG TCCTGOIIGIEITGEASSeNGT ---Gppele---—------——-
EG TAGA————ﬂAAAT GG. CAGTEYTTTANAGTESATCTACCIRICN T TG oRIC TGGG| CAGACECAGGTGGG
TGEGGCTETGG----ACTEAECAGGEAGLUCTACYT--GAGATCTTCTCTEIRICCCT /A sesICC -GCTIECTTGCTE®TCTCTCTAA
N NN
C aC
C

—
Q

i

G
N
G
GG

NINNNN NNN————NNN NIINNNNNINN

lACEGGCTETCGTTATATCECEGAG ACTEY----GTCAESCTTCTEOIRNISACCTCO@THCCTECTCTCCECCCCGE®TC-CAGTC

GLIGETGGCE-ACCE
ClGE

————mNNN NNNNNRNNNNNNINNNNENNNININN NNNN| NNNNN NNNNNNNNﬁ
A
A

G-ATCAGG])----GERTCACECEGCACNI TTGCGCAGCE- - GTATGGTGLAGLGTG GIGAE-

TTGTCAAC)----ARTTCASCOIIGGACLNITCAGG AGG —— CTGALASAGCAT[®TCEC -

TAAGAAIACAT O TOIATCCAYICCATCCATCEATMOC TCGATGGACINII TGGESTAITCE-
NNNNNNNNNNLNNNNNNNINNNNNAGNNNNNNNNNNNNENEN NNNNNNNNNNNNMNN ——
TEOTTCA@TCTGCYGCCCGGCTC] TCCTGERAGALATGAIICTGGGCATGTCACTC®-—

NNNMNNNNNNNNN
TCTTAAACLSIICCAETGGTGCHT

—
—

CATAGEGGTAT e ATTTAUTTTCANET TAUPGTTUCTATTTC]
NNNGINGINNNNNNN - NNNNNINNNNNSINNSEINNNENNNNNNN
CIESCTCACTCTAGGCTTCAAGGCTCTCCATCACCTTGCCCCTICCTACCT STCCICCCYTCTCTCT]

NINNININ NN IINNGY
TEMAGCTCCGCTEC!:

GORITHGEG - TGO TIECCCAGETTTATAC- - - — === — = — - mm oo GULICACY-CATCT.
GERISNIGEAGG] CEC“AG YITIETGTGG GCTACATCATTTTCCCCAGTGTTTCTCTATGCC TGC GULUCGATYATGAGG
-TINSTEGCTATTGTG YNIGCTGCAC

NNNNNNNNNNNNNGNN

T TEC GTTTAITTAT) GLIGUG Te®TGY---—---- GCTECT ALGTATGTGTGLGGRGAT
. CCYAGCCTETUTTTTTTTT T T TUTH T T@TGUCTCCAAGGETEG CAGTAﬁTGCAATCAT‘GCT
: UTHPGGGT CGAGJIGG CHTUAG COCAIIACTGTTTTE®CAT. GCIIGCIACCAATTIACAT(®C
= INQNNNNNN)NNNNNNLNNNNANINNNNANNNIINNNNNNYNNNNNNNN NINN - === ——- NINNNN NN NNMNNNNNN NNNNNN
= LICACCGCECACCCCGCACGCYCCGCTCCYCUGCCGCCCACCTCCTCAMOGTCAC——————- TE®GETCTCECCIPATCCCGCCGCCRCEC

G TAS------ LICLEe] I CleT T C'ef\C /A N ——— GIIGEECEGAGGATTAGA
GECACGGGARCHTECTCECIICAGLIST T8 AGTAGCTGGACTACAGGLALG CATGCETAGC
TGEAGCTECGGGCACSAIAGTCAGT 8AGGTCCCTGGGCCA-——-CClTCCESCGTCAG CECT
NNINTTT TETTTT T CCTTTT TTTCTCTCTTTCTCATTCHC u

ce C

GGAACGCEC|ICECTCSTCACCIIEC CTGAT—————————- cuc
: CTCTEAICRGGC G-~ === —————mmmm e CATC
- TATYT T T ETTGAACTCCTGGCCTTAAGGTATCCTCCCACT
: TTTACECiGHGAT TG ECGAGAGCCACCGGGAATCCGTGTGGGGCGAGE
: TCCCECUTATTTCTTTTTATTTCTTC TTCTTTCTTCCTTTCTTTCCTTCTGTCTTGGAATCAA
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CCCIASTHARBAACIICACCTCCTCC -~~~ ——m———— ALNGAGGCCIITEEPAGARIE-AGETCCTCTTCTCCCTCTACTC-—————— CCTCTG

TORACTG GAAGA-————————- A TRATTA--———- TAGT] GVATG®CCAC-A-—————- T
TORGCCT®OCAAAATGCTGGGATTE®AGGTGTGAGCCACCGCCCHUCGCCAAGGATCTGAGE THEGIGLYAT CCAG—AGCCCTG C
TOATTCT, GGCCTTCTCTGTEOCCTGCAACGC----GGTTHAUTATIAAGGATCTGAGE THIEC] - CTAG-CGCCCTGGGAT
AGRICAGAAGAGCAGTAAGGGCTAG TGGGAAGTAAG-TGATHPTGCCCLGGGTCACACAEC TTG TG&GATTAGGACC CC
CEACCCCEETTTTACCT---CTCC$AGCTAAACCCT----CTTYTCCCCCTTTCCCTCTECYECLCCACC8TCCC-T--~——-~

GAGTCATEJAGTT-GTCCCCCCTCTAGTTTTCTTYAAATG
[CTGTAPAT---ATIRICCATTASCCT---ATTPATTTIIG

GAGT-GTTT.
TAATGGATT

ClIN®TCCIACACETAGTYCYCAAIICATCC

CC
GACECTCRAGG THAE - -Wel-ACCAGCA TICECAACGCETC-- - CClIGAGTCABTTTGGGACTYG-TCUGH------- GGEQCTCG
TAGRGGT®ACATHEN- CTUTIRESTAACTCOITCTTCCTIHIGAGCCAECTCATGAAGHG-CCIIACTTACTTGGGEYTTCC
CTUTRSTA T| G G

G
ClNi&CCCACAGENE - - el ACLCGTClIGC TG

TTCOUTCTTCTCRIGAGCCGECTCACAGAGUGCTTIGIICGTCTGTGGEHCCT!
TCT)
C.

et e EE Lt CAAICECCAAAENITCCTIGT ®C---AGAGTCCIIGGEG T®-AGAIFAAILCAJIEAC T
TC ClIGC-AGGGG-TCCTACCCATYCECACATNICACCYTTO®ACCAAGGAATCIGAEGG COTGGAE TCATG‘T
TCCAEEC] GC—AGGGGGTCCTGCTC COCAAAT®YICCGTICCH®ACC-AGGGGCAGGEG- COTGAALL CATG‘C G
CAlIGEETICCCATGTCAGAGAGAGTTTYT®TTTGARTGGGCCAAATI®CCC----ACTTAATEAG GAAAAGALAIITTAET TGALIC.
CéET T CT—&TTTAGTTGCCATTGT TTTACGAGJGTTC TCE@CTT---GACTCIATT TATECE--ATHGCUETIETCLGLCCG
TTTTTAATEAGGAGAAT TV NIAAITIT TACEICEAGCENAAI TIICCAARCBAGG - -~ CTPG------ G@IITTCCACGEC-
Te———- AG GACAGTG“‘AT“TTTTCAT CARTELANTHTAAGLICEAAG-—— GCAJA-———-- G@CCTCCTTGEC-
Te———- AG GGaGAATG“‘ C‘TTTTTET Ci GCGAAATG C-AAGCEGGG--— GTGUG-——--- G@IICTGGCTGEC-

e TGTTTTAAGTCANANN I TTIACCCTGTYGERAAATTCT] GTTAﬁ$GCACAGTTGAG CTTTCTT--—-- TEITAGGATCATA
CTCC--CCEGATTAGACTGTINAGCCCGEICAL AGEGACIGUCTCTATETGTTGCHAACTIKEITCAIITCCAAGCAGITAGTACAET -

TTC
CTCOIEGGACCCCAGGCEAOTGTGGCCCC----ACTAGCAGGGAGGAGREGATG. TUGCAATENAACGECTRTTC
GTG CTGC‘GCGTE”GGGCC TCC|
TCCT| TTTTAT TT]|

TC. TTTC&TATTGGG“GG“‘T

CTCeIElGGCCCCCCCACEC®CCCAGGCCTCCGTGCCCCCCCACCCCCCy
GATT| GCTGGAAGG CTTGGAGTCA-—————-— TCTA-GTCTGR

CTCOIEiGGGGCCCCGGCET®TGTGTCCCTG---AGCTGTAGGGAGGATI] TGCOIIGHYGTGC
A
GCTEIECACATAGTAAGEGETCAATAAATACTATTGAATGAATGAATG]

———————— CAAGGCCAGE--/ECAETETGCEICTCACCHNANI---- GGTGGTTGE®CTAGCiEler N ---1 CTGAAGE
———————— CAAGGCCAGE--NECECATGGOICTGGCCUIAY - - - - ®GEAGCAGGAGEIECTCGCyieler N ---1 CCGAATE

1ICCGGCCINAY-———®GEAGCGGGAGEI®CTAGC] e ---2 CCCAATE
C---TGAGGAGACTTGCOTANETAAGECCTTCTCACATYAGAG--T®ACTATTCTTTTETCCTTATEG GACTC-TCIRICTTAGGGE

ACAAGGCACGAGGCCCT®--GECh CiCTGC
G

CATGTACATHGCATTAASTTAATGETETATEIAAAAAARATRIAACATASTATGAGT TEATAATTITEAGGASCCIRICAGAGIRIETTGGCCS

CCIce----- AGII---EcCENR- TTTNIG--ETCATASAEGGCCECAGCICCEAGCCSISAE- - - YACTE

6 7€ T TiclcHmm— GT---EGCNA- TG - Se T AR TeCCRTEGCHCARGTopea TE- -- (YTl

CUCIRIGG----- [T TR ACATAR TTAINIG--ECTRINSGETGCCoCeGCCATAGTCp@e T e - - - VY TGE
THIACCTAGGGGICCTCCATTTTCCCENE ATTAA--ATTITTTCAAATTET ECTLGASTAAGGEIISACGATGGCCTE

GUCIMIAC----- AGCOTGTEATIEAR CCAG CAGRIISARG GGAGTRATCIGIT TECTCATTE
TPATTGTAGTEECATA- - -ATHGICATTAGGER- --CAE-- TGASINAGAGCE
TulrTeTAGTEEGATA- - AriEGATTAGG - - -CAR- - congaciicch
TilrTeTAGCEEGHTA- - ATIEGATTAGGE- - -CAR-~ congamciicch
GA-BGCAAGCCAAAGAGGA-TGIEGETCRTTTARAATTGECTC TTATGG--
GGIRGCAATCTEECARGAARGCATEGCYT TTEA- - - TGEACTIGATCTCEFAGCE

BACCCA

TACUCTASIIYAG-IGTELYAGCG GGCTCGCCCCACAGACACACAC&CCCTT—— TGGE-®AG/.{€-AGCCCTG C®CACAECAGG

(o TeelelCTTCAR GTGATAGCGCAGCTCGGCCCACAGA——CACACECCCTT—— TGGE-®AGGECCGTCCCCGEGTE®CCGGECCAG
CTYTTAGAYTAGG TTPCCCCPAAGATTTGGGCTTTTGCTGTGTGT TAGGGTIIEGACABA®ACNEGTCCTGCAGENICE®TCAGEGCAGA
CAATG TR CCATETCCCATCTTTCATTTGCATEACA-- CClo- @A TI.€--GATAT. AATTTTTA

CTTCACHE GTGATAGTGiGGCCC ———————————— CACGGMCiCTT——G TGGE-®AG/A€-ACTTTAG C®CACAEGAAA
n

- CAAGNIAAT

GTJICCCAAACC --AGCCAAGAGCT-—---—

GCLICCCEGGGTEGE-CAGGAGGGCCTGGGAGCC
CCCTTTTTAAGTCCT-————————————————
ecTC

TTETTT TEATGATTTGGACT-----~-

GCJICTCEAACAEGEGCAGTCCAACCTC-——--~
T|
T|
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