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Why comparative genomics?

* Helps in gene predictions
» Helps in understanding evolution
« Conserved between species non-coding

sequences are reliable guides to regulatory
elements

 Differences between evolutionary closely
related sequences help to discover gene
functions




¢ Biological importance of conserved non-coding elements
% Discovering them in DNA sequence
% Tools for sequence visualization and analysis
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90 Elements in 1 Megabase

Are most conserved
noncoding sequences
“functional” or are they
a product of passive
evolution?

Evolutionarily Conserved Non-Coding Sequences

Identification

Analysis
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ists of several unified modules:

Well tested - ~2500 queries processed on-line

Modules of VISTA:

Novel program for global alignment of
DNA fragments of any length

Visualization of alignment and various

sequence features

Evaluation and retrieval of all regions with
predefined levels of conservation in two or
more species




L ocal alignment algorithms are designed to search for highly similar regions in two sequences
that may not be highly similar in their entirety. The algorithm works by first finding very short
common segments between the input sequence and database sequences, and then expanding out
the matching regions as far as possible.

For cross-species comparison one needs to accurately align two complete sequences. It is
insufficient to find common similar regionsin the two sequences, rather, what is needed is a
globa map specifying how the two sequences fit together, much like understanding how the
piecesin a puzzle connect up with each other. This problem is called global alignment

Aligning large genomic regions

» Long sequences lead to memory problems

* Speed becomes an issue

* Long alignments are very sensitive to parameters
* Draft sequences present a nontrivial problem

* Accuracy is difficult to measure and to achieve

References for some existing programs.
Glass:
Domino Tiling, Gene Recognition, and Mice.
Pachter, L. Ph.D. Thesis, MIT (1999)
Human and Mouse Gene Structure; Comparative Analysis and Application to Exon Prediction. Batzoglou, S., Pachter,
L., Mesirov, J., Berger, B., Lander, E. Genome Research (2000).
MUM mer
Delcher, A.L., Kasif S., Fleischmann, R.D., Peterson J., White, O. and Salzberg, S.L.
Alignment of whole genomes. Nucleic Acids Research (1999)
PipM aker
PipMaker: A Web Server for Aligning Two Genomic DNA Sequences.
Scott Schwartz, Zheng Zhang, Kelly A. Frazer, Arian Smit, Cathy Riemer, John Bouck, Richard Gibbs, Ross
Hardison, and Webb Miller. Genome Resear ch (2000)
Scan2
Dbscan/Scan2: Fast alignment of mega-sequences.
Seledtsov |.A., Solovyev V.V. To Appear. Web site http://softberry.com/




AVID
Aligner for VISTA including Draft

Main features

Fast global alignment of long sequences irrespective of
similarity (applications: comparison of assemblies, human —
chimp comparison, human — mouse comparison, megabase
alignments)

Orientation and ordering of draft contigs by comparison to a
related finished sequence (applications: ordering and orientation
of draft contigs for better assembly, error detection in assembled
BACs)

Algorithm of AVID
(outline)
* ORDER and ORIENT

FIND all the (maximal) matches
ALIGN the maximal matches

FIX matches with good local homology
REFINE with shorter matches




Ordering and Orientation

Build matrix of overlaps by hashing and then using Fourier transforms
Merge and remove overlapping contigs
Find matches between super-contigs and the finished sequence

Use matching information to order and orient

Finding Matches

Build suffix tree with back pointers using McCreight’s algorithm
Finding maximal matches in linear time by building a tree from k sequences

Sort the matches by length and local homology for the purpose of finding

anchors

Results and Features

* Very fast alignment — times depend on sequence similarity and length, and
vary from seconds to minutes.

* ~100Mb RAM / megabase of sequence

* Detailed information about oriented and ordered contigs, and accurate
placement in the finished sequence

* Full integration with repeat masking to avoid confusing matches

* Robust performance on sequence pairs that range from human/chimpanzee
to human/fugu

* VISTA ready output




Visualization
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Window of length L is centered at a particular nucleotide in
the base sequence

Percent of identical nucleotides in L positions of the
alignment is calculated and plotted

Move to the next nucleotide
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and Trascription Factor Binding Sites

Comparative Genomic Sequence
Analysis of Human/Mouse/Rabbit
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Alignment 1
Seql: human
Seq2: chi
Reg id: 7
Reg length: 100
Plot min: 50
Regions: §

Alignment 2

Alignment 3
Seql: human

Eeg length: 100
Plot min: 50
Region

Alignment 4
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Resolution: 7
Window size: 100
Start:
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Finding conserved regions with percentage and
length cutoffs

with
defined to be regions in which every contiguous
subsegment of length Y was at least X% identical to its
paired sequence. These segments are merged to define the
conserved regions.

11054 - 11156 = 103bp at 77.670% NONCODING
13241 - 13453 = 213bp at 87.793% EXON
14698 - 14822 = 125bp at 84.800% EXON

Main features of VISTA

Clear , configurable output

Ability to visualize several global alignments on
the same scale

Alignments up to several megabases
Effective handling of gaps in the alignment

Available source code




H Vista input - Netscape
e e

< = A &4 2 W oSG & @ i

Back Fonwerd  Reload Home Search  Metscape Print Security Shop S

| w# 7 Bookmarks i Looation [http://ww-gad Il govivistatVistalnput himl =] 7 what's

Biginformatics,

i| Dlease male sure vour sequences are orthologous before wou use VISTA, that is they should contain homology ffom BLAST or a similar tool giving at leas

The base seguen:e:l Browse... |

Vista input

WARNING:
Owr alignment program uses a heunistic by looking for exact matches between the two sequences. Ifthe sequences are too different in length (greater than 5

or without significant homelogy, the random matches outnumber the real matches, Without a sufficient number of consistent matches, the program cannot ali
the sequences and you will not get output

several hits

Tour email address:l

The base orgamism l— The second organism. l—

The third organism (spfional) l—

Window length to caleulate a percent identity (defiuir - IOObp).l—

Conservation level (defmas - 75%) l_

IMinirnum conservation level to show on the plot (defauls - 50%) l_

Title of the plot (a short description like the abbrewiation for a gene, a region or something) (opfional’) |

Enter filenames to process:

VISTA server output files

 All pair wise global alignments of the
sequences

« VISTA plot in pdf format

* The list of conserved regions at predefined
length and conservation cutoffs
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Additional modules of VISTA

» Analyzing cutoffs to define actively
conserved non-coding sequences

* Finding potential transcription factor
binding sites by two-species comparison

» Comparing two closely related species

Human/Dog
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Active conservation of noncoding sequences —
present in more than two mammals

% Cutoff

sum of three pair wise
Intersection/Union
values is maximal

Over 120 basepairs:
H/D > 92%
H/M > 80%
D/M > T77%

_Vista (complementary Vista)

Visualizes and analyzes alignments of genomic fragments of

species like human/primates

shows patterns of DNA, which differ, while Vista is aimed at
representing DNA patterns with a high conservation level

represents location and magnitude of main sequence
compares 3 DNA sequences simultaneously.
separates sequence differences into two parts:
1) when nucleotides are present in both sequences, but differ
2) the difference due both to nucleotide difference and gaps

15



cVISTA for two species

Legend for APDa, Chinp vs Human,:
ANUCIEDtidE difference Mucleotide difference & Nucleotide gap e (iene Exun/UTR. Sequence gaps  "The Rest"

| TNEL | INEZ - RHA = Sinple MIR Other SINE LTR = Other repeat

apolipoproteinia)

apal ipoprateintal

Three closely related species

Legend for APDa, Chimp/Baboon v Human,

JNucleotide difference Nucleotide difference & Nucleotide gap = [iene Exon/UTR | Sequence gaps  "The Rest”

== | JhEL = | TNEZ == A == Single MIR (ther SINE LTR = (jther repeat

apolipoproteintas
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Prediction of transcription factor binding sites

» Simultaneous searches of the maor transcription
factor binding site database (Transfac) and the use
of global sequence alignment to sieve through the
data.

Combinationof database searches with
comparative sequence analysis reduces the
number of predicted transcription factor binding
sites by several orders of magnitude.

~1 Meg region, 5q31

Coding Noncoding
Human interval Transfac predictions for GATA sites 839 20654
Aligned with the same predicted site in the mouse seq. 450 2618
Alligned sites conserved at 80% / 24 bp dynamic window 303 731

Random DNA sequence of the same length 29280

BS core (4 bp)

w

24 bp

17



A mmrwﬁm M LMM)

m ﬂ“w”m —{ i

lh ﬂWW\n b b P A, L L

225Kk 22Tk 220K 231k 233k 235k 237k 239 241k 243k 245Kk 24Tk 249K

20
2
2
15
10
223

Y AT N N e e

-~ ———+ -— -+ —t

1l

Sequence motif recognition
+

multiple sequence alignment of syntenic regions,

a high throughput strategy for filtering and prioritizing
putative DNA binding sites

genomically informed starting place for globally investigating
the detailed regulation




Reproduction of VISTA

VISTA

multiVISTA

cVISTA

regulatoryVISTA

activeVISTA or conservationVISTA
audioVISTA

Information in Sequence
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http://pga.lbl.gov

berkeley

NEWS OVERVEW TOOLS DATA RESEARCHERS OTHERPGA's  EDUCATION

Comparative Genomic Analysis of Cardiovascular Gene Regulation

The central goal of this PGA is to use a comparative genomic approach first ta
identify, and then ta determine the function of elements regulating the
expression of genes affecting the cardiovascular system

VISTA comparative genomics analysis. Submit your sequences

CVCGD database of cardiovascular genes. Find a gene

http://pga.lbl.gov/cvcgd.html

The dal
project:

Cardiovascular Comparative Genomic Database (CVCGED)

This database includes well-studied CV genes, for which an understanding of regulation should
provide insights into CW relevant biological issues. While only a fraction of these genes will be
characterized in the PGA biological projects over the 4-year time period of this program, the
sequence of ~200 genomic intervals containing C genes will be obtained and comparatively
annotated and included in the CvCGD.

tabase contains a variety of information for each gene relevant to this SEARCH the CVCGD

* by gene name and abbresiation
* sorted alphabetically
® by categories (groups of diseases).

Gene name;

Gene ID in the OMIM database (OMIM);

Hurnan map location (HM);

GenBank accession number for hurman cDNA (HC);
Mouge map location (MM);

GenBank accession nurnber far mouse cONA (MC)

20



Example of CVCGD entry

Solute carrier Family 22, organic cation transporter member 4 [SLC22A4, OCTN1) - Netscape
e Edt View Go Communicalor Help

Ea < & @ @
[CYCGD search iesults|Reload Home  Search Melseape  Pint  Secuty  Shep  Giop

. Bookmarks Location:[http./pga bl.gov/egibin/get_geneTid=234

Bicinfomatics,

Solute carrier family 22, organic cation transporter member 4 (SLC22A4, OCTINI1)

Category: Atherosclerosis

Gene ID in the OMIM database: 604150

Human map location: 5931

GenBank: accession nurber for human cDIA: M 003059

Mouse map location: 11

GenBanl: accession nurber for mouse cDIA: MMM 013687

Annctation of the human sequence

Human_mouse alignment: Whele sequence | 1-100000 | 100001-200000 | 200001-300000 | 200001-400000 | 400001-500000
500001-600000 | 600001-700000 | 700001-800000 | BO0D01-200000 | 300001-367636 (see important xnote below) | Printabl
version (PDF

List of conserved regions

: [ your browser hangs or crashes on the aligmment page you can try this link instead.

Short annotation of the region

Annotation of the VASq31 region *
948869 bp

—
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IL-13 HYP_7

* Assembly contains a deletion of 18822 bp afler the first exon of the RIL gene

Tdentity/Similarity
Tdentical to 25601437 Homo sapiens AF5q31 protein (AF5431) (Start not found)
Identical to gi[188526 growth differentiation Factor 9 from Hormo sapiens
hypothetical




Detailed annotation in AceDB format

GENE LACS? : Identical to gi[4336603 long-chain acyl-CoA synthetase 2 (LACS?) from Homo sapiens (End not found)

elected DHA L 172373
LACS2 1 72379 (723792 hand_built
[2oem In..] [Zoom Dut.. ae [Analusis. .| [GeneFind..]

[l A KTAROS37 LACS2

VISTA plot of the region

Genomic region containing Solute carrier family 22, erganic cation transporter member 4 (SLC22A4, OCTN1)

Vou can view corresponding alignment regions if you click on the picture inside plot frames
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Alignment

Genomic region containing Solute carrier family 22, organic cation transporter membe

seql = human
seg2 = mouse

6990 o000 7010 70z0 7030 7040

seql CAGAGTGACAGCACAACACAGAGAAGAACTGTAGGCAALAAACAACCCAALLAGGCTGAG

PEEEE Lrere v e e reererer tererrrerrrr e e e

seq2 CAGAGCGACAGTACCACTCAGAGGAGAACTGTCGGCAALARACAACCCAALAAACCTGAG
8130 8140 8150 8160 8170 8180

7080 Toe0 7070 Tos0 7090 7100
AAGGCAGCTGCTGAAGAGCCTCGTGGAGGCCTGAAGATAGAALGTGARACCCCTGTAGAC
FEELEEEEE et e e e e e e e e e eeerrrr rl
AAGTCAGCTGCTGAAGAGCCTCGTGGAGGCCTGAAGATAGAALGTGAGACCCCTGTGGAC

8190 8200 8210 8220 8230 8240

7110 7120 7130 7140 7150 71e0
TTGGCTAGCAGCATGCCCTCCAGCAGACACAAAGCAGCCACCARAGGCTCALGGARACCC
FEEEr rrererrrerrrerrrer reererrrrerrerrre reerr rrrrrrind
ATGGCTGCCAGCATGCCCTCCAGCAGGCACAAAGCAGCCACCAAGGGCTCGAGGARACCC
8250 8260 8270 8280 8290 8300

Conserved regions

Genomic region containing Solute carrier family 22, organic cation transporter member 4 (SLC22A4, OCTNI1)
criteria: 75% identity over 100 bp
FErTETTEETEETEE Conserved Regions - human (mouse] FEETTERTEErEETE

1469 (580) to 1515 (626 = . exon
z668 (2043) to 2817 (2151) .4% noncoding
4316 4531) to 4370 (4585) = . exon
4816 (6136) to 4853 (6173) . exon
6717 (7860) to TEE4 (8777 = . exon
10835 (10743) to 10927 (10837) = . exon
11553 (12627) to 11793 (12873) . exon
14508 (15706) to 14622 (15823) = .5% noncoding
14671 (15866) to 14783 (16003) . noncoding
14784 {16004}  to 14878 (18098) = .5%  exon
15797 (17526) to 15860  (17589) . exon
15975 (17703) to 16111 (17838] = . exon
16365  (18045) to 16436 (18116) = . exon
16437 (18117) to 16535  (18217) .zt noncoding
17554 to 17647 .2%  exon




Demonstrated the validity of
a comparative genomic
approach to study gene

regulation in a pilot 1 mb
study

for the entire human genome

Whole genome approach
http:/pipeline.lbl.gov

(4 PIPELINE FOR REAL-TIME COMPARATIVE ANALYSIS OF THE HUMAN AND MOUSE GENOMES)

Description of the project:

*+ Infroduchion

* Examples
* Contact ug

[Pipeline results:

» Localization of Mouse Contigs on Human Genome

s Databage of Conserved Noncoding Sequences (CHE)

* Annotation of Conserved Noncoding Sequences & VISTA wisualization data (MySQL Tahles)

* Faux pared mouse reads (coming soon)

+ Mouse Contamnations i the Human Genome (Long stretches of mouse sequence exacily matching fragments i Human Genome)
* Owetlapping Mouse Contigs

24



Localization of Mouse Contigs
123456789 1011 12 13 14 15 16 17 18 19 X ¥

Approximate
Mouse Reverse o Conserved AVID’s Top Hit Effective Length of Top 3
contig Cenatiy Complement ST regions Localization Collapsed BLAT Hits
Mixtore
59035900 -
NT 2597 204618 003% meinre main re - HChd 59357429  B7036bp Tho0 139bp
4 321529 bp P
67215844
NT 026598 10048 27.07% mainre main re s HCh7 675513821 STe0by Siooe %615
P 335538 bp P P
67531287 =
NT 14920 467165 751% wain re wain re s HCw7 o G7E0SSD. o0 MEES goe,
P 1248363 bp ? ®
102809830
NT 026533 26820 030% wainve wain re  HCw7 100061093: o0 1T ge
P 251263 bp i P
30633825
NT o210 18073 9595% main - mmin - - HOW13 30940397 7O02bp ol 76Sbp
4 306572 bp P
30633894
NT 026540 L7307 6180% mainre main re - HOWi3 310805191  89145by o 1074bp
b 446735 bp n
e : : 30740275 -
NT 026539 216 094% main - main - - HChrl3 31002789  82505bp 882bp 775bp
B
262514 bp
182534 ; : Jadilids
NT 025616 73.15% mainre main ve s HChrls  750018Ln  730bp  534bp  443bp
by 135126 bp

Global status: done=173, in progress=22

Criteria: 70% identity ower 100 bp
#EE+tiieiiiistd Conserved Regions - human (mouse) ##+#ssddsstsids

1371 (110614) tao 1417 (110660}
2851 (111775) ta 2420 (111943)
9557 (112066) tao 2718 (112295)
0808 (112500) to 2055 (112645}
3098 (113777) ta 3262 (112923)
3684 (112097) o 2860 (113173)
4055 (114232) to 4216 (114381)
4217 (11438%) to 4272 (114437)
4717 (115675} to 4755 {115713)
4756 (115714} to 4897  (115868)
S466  (116080) to 5620 (116243)
5032 (116887) to 6044 (1160991}
6618 (117432) ta 7536 (118350)
0980 (11073%) tao 0440 (119053}
10740 (120321) to 10829 (120410)
11341 (1220709 to 11453 (122198)
11454 (122199% to 11695 (12244E)
14407 (124121% to 14540 (124263)
14549 (124283) to 14604 (124423)
14685 (124424) to 14780 (124518)
15608 (1257230 to 15762 (125787
15608 (125723 +to 16013  (126037)
15876 (1259005 to 16013  (126037)
16266 (126242) to 16338 (126314)
16330 (126315) +to 16573 (126537
17455 (127111) to 17549 (127205)
18253 (127705) +to 18351 (127803)
18720 (1287509 +to 18787 (128803)
20208 (129679) to 20519 (129900)
00520 (1200015 to 20664 (130044)
99672 (1332313 to 22800 (133358)
99672 (133231) to 23206 (133751)
23907 (133752% to 23779 (134276)
24031 (134619% to 24598 (135172)
24602 (135173) to 24820 (135303)
05046 (13S567) to 26171 (136647)
96182 (1366579 to 26759 (137244)

47hp at 85.1% exon
179%hp at 68.7% noncoding
166bp at 78.3% noncoding
152bp at £9.1% noncoding
165bp at 68.5% noncoding
180bp at E62.9% noncoding
162hp at 67.9% noncoding
S6bp at 100.0% exon

3%hp at 97.4% exon
156hp at 66.7% noncoding
164bp at 89.6% exon
110bp at 70.0% noncoding
919p at 87.8% exon
170bp at 71.2% noncoding
90bp at 91.1% exon
131bp at 65.6% noncoding
248bp =t 81.9% exon
143bp at 71.3% noncoding
noncoding

Tibp at 91.8% exon
237hp at E2.8% noncoding

95bp at 87.4% exon
100bp at 71.0% noncoding

14Ebp at £9.7% noncoding
129hp at 93.8% exon
53%p at 86.3% exon
E74bp at T72.5% noncoding
S7Thp at 73.7% noncoding
237hp at 68.8% noncoding
1144bp at 75.7% noncoding
58%p at 84.6% noncoding
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CNSesin the Human Genome (Oct. 7, 2000)
HumanChr: 1 2 34 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X ¥

Mouse Starting | No uf
I S
NT 025617 44875245 1-67% 680-10%6 74767763 B099-8209 §210-5§408 $920-10220 10682-10942

21674-21818 3181731280 3907740445 5234353220 13735-13201 13202-13995
17218-17892 2104421377 2481225986 37113-38045 3006638902 53148-53648

NT_ 026397 52985836 45  11803-11851 1190712066 1242612655 1269112805 1291213014 206601206788
207045-207168 207958208070 208862202067 209344200495 212811-212210
212965-213292 224829225165 225435225947 228334228518 228560-228861
230305-230442 242468242643 243977 -244074 244087244196 245176-245418
246511246654 246969247106 247237247855 248618248881 251687252037
254344254529 255197255340 255517 255729 235765255904 257892257994
260305260544 251364261483 261620261753 263295-2634085 264185264316
279093279229 280865280963 284226284337 288574288764 347471 2220-2397
30803199 3830236411 3673935838

NT_025576 131374500 44  117-355 953-1089 55127047 9045-9173 1044210560 11238-11708 14454-14580

1858418846 22198-22332 22652-22775 23391-23957 24065-24350 24383-24530
25241-25356 2583726327 3944832578 4118541641 4184241774 4228542974
4307443207 4344343540 4397144091 4451844618 4485745320 44655948765
4716347382 4738747806 5402064127 §5986-66202 70052-70175 70412-71042
71410-71762 7199372135 7244272541 7256872737 7275573199 73780-73883
7578375030 2874208909 9964400795 99880100358 102362102460
104795-104982 105138-105326

NT_026035 131987513 131 150-258 2124-2903 3018-3383 3538-3703 37154029 7214-7308 7715-8315
84168608 2733-10041 10256-10418 10623-11052 1161011743 13530-13638
1368513794 1382513926 14622-14786 1508115197 1526915326 1652316730
1676916981 1715117591 17625-18178 20002-20122 20586-21068 21079-21202

Mouse Contaminations in the Human Genome (Oct. 7, 2000)
uman Chr: 12 34 567 89 10 11 12 13 14 15 16 17 18 19 20 21 22 X ¥

Mouse Mouse o Human No of
NT_ 025623 Chrll main re 57850628 2 38841-44431 128484-140122

NT_ 026038 Chrll main rc 55316024 & 1209617449 1970422884 4115646746 4664750632
29048110244 130792142537 143262156764
190820-206117

—ved color corresponds to an opposite strand (rc)
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NT_002625 hirl Chrl : 180211188 — 180486235 NT_002594
NT_025532 Chrl Chrl : 233498303 - 233975111 NT_025524

MT_004180 Chr? Chrll

s 765083 — 2144767 NT_004181

NT_019187 Chr2 Chrll: 32256933 - 32372132 NT_014930
NT_ 025101 Chrs Chrl3: 30633825 — 30940397 NT_026540

MT_026540 Chr3 Chrl3:

30533884 — 31080618  NWT_026539

NT_025040 Chrl2  Chrld: 105946386 - 106697482 NT_026138
NT_ 026182 Chrll Chrl7: 18773845 — 19040117  NT_025583
NT_ 025181 Chrll Chrl7 : 44350536 — 44861111  NT_026137
NT_025038 Chrll Chrl7 : 58350959 — 58567075 NT_025623
NT_002604 Chr? Chrl®: 47242229 — 47524454  NT_0025601
NT_ 026531 Chrl Chr2: 2339292095 — 234017066 NT_026094

NT_0260%4 Chrl Chr2:

234016777 - 234137611  NT_025615

MT_003207 Chrs Chr22: 14512703 — 14735210 NWT_004233
MT_004233 Chrs Chr22: 14581645 — 14827944  NT_004170

NT_0031464 Chrg Chr22:
MNT 026678 Chrg Chr22:

30656456 — 30874219 NT_002827
32263472 - 32442800 NT_002628

NT_0256654 Chrl4 Chrd: 69974000 - 70201345  NT_026852
NT_0256652 Chrl8  Chr3: 158008330 — 158350642 NT_014282
MNT 014262 Chrl8  Chr3: 158128511 - 158526520 NT_026660
NT_026660 Chrl8  Chr5: 158420094 — 158942330 NT_004235

Overlaping Locations of Mouse Contigs

Mouse contig|Mouse Chr Human Position Mouse contig|Mouse Chr Human Position

hrl Chrl ; 180244573 — 180455202
Chrl Chrl : 233838288 - 233975111
Chr? Chrll: 19517568 — 2160440
Chr2 Chrll: 32256933 - 32368972
Chrs Chrl3: 30633884 — 31080519
Chrs Chrl3: 30740275 — 31002789
Chr12  Chrld4: 105872594 — 1065697594
Chrll Chrl7: 18950912 — 19320481
Chrll Chrl7 : 44372372 — 44588259
Chrll Chrl7 : 58363274 - 58503395
Chr? Chrl?: 47598203 — 47627237
Chrl Chr2 : 234016777 — 234137611
Chrl Chr2 : 234076545 — 23435648986
Chré Chr22: 14681645 — 14927944
Chré Chr22: 14896389 — 15302624
Chrg Chr22 ; 30656460 — 30921164
Chr8 Chr22; 32314862 — 32402177
Chrl4 Chr3 ; 70200851 - 70383724
Chrl§  Chrd: 158128511 — 158525520
Chrl§  Chrd: 158429094 — 158942330
Chrl8  ChrS: 158521376 — 158746789

5001258

o e
NT_002608 ngslas 000001.4.0 Afy.ctal 6105-000001.5.0

€5001253
e —

Aligmment
Seql: hu

RS.ctgl6105-000001.3.0
5001260

Affy.ctglB105-000001 5.0
somy | maliig

I

| |
il w s L i)

RS.c1916105-000001.3.0

Effy.ctgl 61 0E500DBEN 5.0

ey wisemm 1l
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Afy.ctgl 6105000001
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48k
191 6105-000001 4.0
e
Affy 19161 05-000001.7.0
€E001261
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