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Number of reads for different insert libraries

Individual Total number of base pairs

2 kbp 10 kbp 50 kbp Total

No. of sequencing reads A 0 0 2,767,357 2,767,357 1,502,674,851

B 11,736,757 7,467,755 66,930 19,271,442 10,464,393,006

Cc 853,819 881,290 0 1,735,109 942,164,187
D 952,523 1,046,815 0 1,999,338 1,085,640,534
F 0 1,498,607 0 1,498,607 813,743,601

Total 13,543,099 10,894,467 2,834,287 27,271,853 14,808,616,179
Fold sequence coverage A 0 0 0.52 0.52
(2.9-Gb genome) B 2.20 1.40 0.01 3.61
C 0.16 117 0 0.32
D 0.18 0.20 0 0.37
F 0 0.28 0 0.28
Total 254 2.04 0.53 511
Fold clone coverage A 0 0 18.39 18.39
B 2.96 11.26 0.44 14.67
c 0.22 133 0 154
D 0.24 1.58 0 1.82
F 0 2.26 0 2.26
Total 342 16.43 18.84 38.68

Insert size- (mean) Average 1,951 bp 10,800 bp 50,715 bp
Insert size” (SD) Average 6.10% 8.10% 14.90%
% M ates-l- Average 74.50 80.80 75.60

" Insert size and SD are calculated from assembly of mates on contigs.

1-% Mates is based on laboratory tracking of sequencing runs.
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Completion phase sequence

Center Statistics
0 land2 3
Whitehead Institute/ Number of accession records 2,825 6,533 363
MIT Center for Number of contigs 243,786 138,023 363
Genome Research, Total base pairs 194,490,158 1,083,848,245 48,829,358
USA Total vector masked (bp) 1,553,597 875,618 2,202
Total contaminant masked (bp) 13,654,482 4,417,055 98,028
Average contig length (bp) 798 7,853 134,516
Washington University, Number of accession records 19 3,232 1,300
USA Number of contigs 2,127 61,812 1,300
Total base pairs 1,195,732 561,171,788 164,214,395
Total vector masked (bp) 21,604 270,942 8,287
Total contaminant masked (bp) 22,469 1,476,141 469,487
Average contig length (bp) 562 9,079 126,319
Baylor College of Number of accession records 0 1,626 363
Medicine, USA Number of contigs 0 44,861 363
Total base pairs 0 265,547,066 49,017,104
Total vector masked (bp) 0 218,769 4,960
Total contaminant masked (bp) 0 1,784,700 485,137
Average contig length (bp) 0 5,919 135,033
Production Sequencing Number of accession records 135 2,043 754
Facility, DOE Joint Number of contigs 7,052 34,938 754
Genome Institute, Total base pairs 8,680,214 294,249,631 60,975,328
USA Total vector masked (bp) 22,644 162,651 7,274
Total contaminant masked (bp) 665,818 4,642,372 118,387
Average contig length (bp) 1,231 8,422 80,867
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The Institute of Physical Number of accession records 0 1,149 300
and Chemical Number of contigs 0 25,772 300
Research (RIKEN), Total base pairs 0 182,812,275 20,093,926
Japan Total vector masked (bp) 0 203,792 2,371
Total contaminant masked (bp) 0 308,426 27,781
Average contig length (bp) 0 7,093 66,978
Sanger Centre, UK Number of accession records 0 4,538 2,599
Number of contigs 0 74,324 2,599
Total base pairs 0 689,059,692 246,118,000
Total vector masked (bp) 0 427,326 25,054
Total contaminant masked (bp) 0 2,066,305 374,561
Average contig length (bp) 0 9,271 94,697
Others" Number of accession records 42 1,8% 3,458
Number of contigs 5,978 29,898 3,458
Total base pairs 5,564,879 283,358,877 246,474,157
Total vector masked (bp) 57,448 279,477 32,136
Total contaminant masked (bp) 575,366 1,616,665 1,791,849
Average contig length (bp) 931 9,478 71,277
All centers combi nedf Number of accession records 3,021 21,015 9,137
Number of contigs 258,943 409,628 9,137
Total base pairs 209,930,983 3,360,047,574 835,722,268
Total vector masked (bp) 1,655,293 2,438,575 82,284
Total contaminant masked (bp) 14,918,135 16,311,664 3,365,230
Average contig length (bp) 811 8,203 91,466

" Other centers contributing at least 0.1% of the sequence include: Chinese National Human Genome Center; Genomanalyse
Gesellschaft fuer Biotechnologische Forschung mbH; Genome Therapeutics Corporation; GENOSCOPE; Chinese Academy of
Sciences; Institute of Molecular Biotechnology; Keio University School of Medicine; Lawrence Livermore National Laboratory;
Cold Spring Harbor Laboratory; Los Alamos National Laboratory; Max-Planck Ingtitut fuer Molekulare, Genetik; Japan Science
and Technology Corporation; Stanford University; The Institute for Genomic Research; The Institute of Physical and Chemical
Research, Gene Bank; The University of Oklahoma; University of Texas Southwestern Medical Center, University of Washington.

TThe 4,405,700,825 bases contributed by all centers were shredded into faux reads resulting in 2.96x coverage of the genome.
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Scaffold size

All >30 kbp

>100 kbp >500 kbp

>1000 kbp

Compartmentalized shotgun assembly
No. of bp in scaffolds
(including intrascaffold gaps)

No. of bp in contigs

No. of scaffolds 53,591 2,845
No. of contigs 170,033 112,207
No. of gaps 116,442 109,362
No. of gaps "‘_il kbp 72,091 69,175
Average scaffold size (bp) 54,217 966,219
Average contig size (bp) 15,609 22,496
Average intrascaffold gap size (bp) 2,161 2,054
Largest contig (bp) 1,988,321 1,988,321
% of total contigs 100 95
Whole-genome assembly

1,935 1,060
107,199 93,138
105,264 92,078
67,289 59,915

1,395,602 2,348,450
23,242 24,916
1,985 1,832
1,988,321 1,988,321
94 87

No. of bp in scaffolds (including intrascaffold gaps) 2,847,890,390 2,574,792,618 2,525,334,447 2,328,535,466

No. of bp in contigs

No. of scaffolds 118,968 2,507

No. of contigs 221,036 99,189

No. of gaps 102,068 96,682

No. of gaps i:l kbp 62,356 60,343
Average scaffold size (bp) 23,938 1,027,041

Average contig size (bp) 11,702 23,534

Average intrascaffold gap size (bp) 2,560 2,487
Largest contig (bp) 1,224,073 1,224,073

% of total contigs 100 90
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Scaffold size
All >30 kbp >100 kbp >500 kbp >1000 kbp
Compartmentalized shotgun assembly
No. of bp in scaffolds 2,905,568,203 2,748,892,430 2,700,489,906 2,489,357,260 2,248,689,128
(including intrascaffold gaps)
No. of bp in contigs 2,653,979,733 2,524,251,302 2,491,538,372 2,320,648,201 2,106,521,902
No. of scaffolds 53,591 2,845 1,935 1,060 721
No. of contigs 170,033 112,207 107,199 93,138 82,009
No. of gaps 116,442 109,362 105,264 92,078 81,288
No. of gaps E:l kbp 72,091 69,175 67,289 59,915 53,354
Average scaffold size (bp) 54,217 966,219 1,395,602 2,348,450 3,118,848
Average contig size (bp) 15,609 22,496 23,242 24,916 25,686
Average intrascaffold gap size (bp) 2,161 2,054 1,985 1,832 1,749
Largest contig (bp) 1,988,321 1,988,321 1,988,321 1,988,321 1,988,321
% of total contigs 100 95 94 87 79
Whole-genome assembly
No. of bp in scaffolds (including intrascaffold gaps) 2,847,890,390 2,574,792,618 2,525,334,447 2,328,535,466 2,140,943,032
No. of bp in contigs 2,586,634,108 2,334,343,339 2,297,678,935 2,143,002,184 1,983,305,432
No. of scaffolds 118,968 2,507 1,637 818 554
No. of contigs 221,036 99,189 95,494 84,641 76,285
No. of gaps 102,068 96,682 93,857 83,823 75,731
No. of gaps E:l kbp 62,356 60,343 59,156 54,079 49,592

26



Average scaffold size (bp) 23,938 1,027,041 1,542,660 2,846,620 3,864,518

Average contig size (bp) 11,702 23,534 24,061 25,319 25,999
Average intrascaffold gap size (bp) 2,560 2,487 2,426 2,213 2,082
Largest contig (bp) 1,224,073 1,224,073 1,224,073 1,224,073 1,224,073
% of total contigs 100 90 89 83 7
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Chromosome 21 Genome

Library Library

type M0 Meaninsert SD/mean  No. of mate  No. of invalid %  Meaninsert S
szep) X O (06  parsteted  maepars  invalid  size(op) > P ’?;3”
2 kbp 1 2081 106 51 3,642 38 10 2,082 90 43
2 1913 152 7.9 28,029 413 15 1923 118 61
3 2166 175 8.1 4,405 57 13 2162 158 73
10kbp 4 138 851 75 4,319 80 19 11370 6% 61
5 14523 1875 129 7,355 156 21 14142 1402 99
6 9635 1035 107 5573 109 20 9606 93 97
7 10223 928 91 34,079 399 12 10190 777 76
s0kbp 8 64,888 2747 42 16 1 63 65500 5504 84
9 53410 5834 109 914 170 186 53311 5546 104
10 52034 7312 141 5,871 569 97 51498 6588 128
1 52282 7454 143 2,629 213 81 52282 7454 143
12 46616 7,378 158 2,153 215 100 45418 9,068 200
13 55788 10,099 181 2,244 249 111 53062 10893 205
14 39894 5019 126 199 7 35 36838 9988 271
BES 15 48931 9813 201 144 10 69 47845 4774 100
16 48130 4232 88 195 14 72 47924 4581 96
17 106027 27,778 262 330 16 48 152000 26,600 17.5
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CSA PFP
Genome library
%valid % mis-oriented % mis—%paratedr %valid % mis-oriented % mis—separa&edf
2 kbp 98.5 0.6 10 95.7 20 23
10 kbp 96.7 10 23 81.9 9.6 8.6
50 kbp 93.9 45 15 64.2 22.3 135
BES 94.1 21 38 62.0 19.3 18.8
Mean 97.4 10 16 87.3 6.8 59
Data for individual chromosomes can be found in Web fig. 3on Science Online at

WWW.SCi encemag.org/cgi/content/full/291/5507/1304/DC1.

4L
I'Mates are mi sseparated if their distance is >3 SD from the mean library size.
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Method Sensitivity Specificity
Otto (RefSeq only)- 0.939 0.973
Otto (homol ogy)-l- 0.604 0.884
Genscan 0.501 0.633

“ Refers to those annotations produced by Otto using only the Sim4-polished RefSeq alignment rather than an evidence-based
Genscan prediction.

.I.

Refers to those annotations produced by supplying all available evidence to Genscan.
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Types of evidence No. of lines of evidence"
Total

Mouse Rodent Protein  Human :‘;"1 :‘;"2 :'_"3 :'_"4
Otto Number of transcripts 17,969 17,065 14,881 15477 16,374 17,9681- 17,501 15,877 12,451
Number of exons 141,218 111,174 89,569 108,431 118,869 140,710 127,955 99,574 59,804

Denovo Number of transcripts 58,032 14,463 5,094 8,043 9,220 21,350 8,619 4,947 1,904
Number of exons 319,935 48594 19,344 26,264 40,104 79,148 31,130 17,508 6,520

No. of exons per Otto 7.84 5.77 6.01 6.99 7.24 7.81 7.19 6.00 4.28

transcript Denovo 5.53 317 3.80 3.27 4.36 37 3.56 342 316

" Four kinds of evidence (conservation in 3x mouse genomic DNA, similarity to human EST or cDNA, similarity to rodent EST or cDNA,
and similarity to known proteins) were considered to support gene predictions from the different methods. The use of evidenceis quite liberal,
requiring only a partial match to a single exon of predicted transcript.

This number includes alternative splice forms of the 17,764 genes mentioned elsewhere in the text.
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O 9isochored GCOOOOO

Fraction of genome Fraction of genes
Isochore G+C (%)
Predicted” Observed Predicted” Observed
H3 >48 5 95 37 24.8
H1/H2 43-48 25 21.2 32 26.6
L <43 67 69.2 31 485

" The predictions were based on Bernardi's definitions (70) of the isochore structure of the human genome.
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010000000 DenovoanydOOttoO0 OO0 OD0ODOOODOODOOO 10000000000000000O0ODenovo/2xO0CttodO0OO0O
O00D0D0O000oobo 2000000000000 00000O0Desrt 00000000 b0oooooboboboooa
Sequence coverage (CS assembly) Base composition Gene prediction” Gene density (genes’Mbp)
Chr. % of total se- i
e ' wde sdios oo FECn, K% G o 00 DS obork  (Oloide | deat | indeiool Oto mu 0%, ot Ofosde
olds (Mbp) >500 kbp  folds >500 kbp Kbp islands novo/any) novo/2x) >500/kbp Mbp any
1 220 2,549 11 82 192 88 37 42 2,335 1,743 1,710 710 3,453 2,453 29 6 8 8 3 16 11
2 240 3,263 13 78 217 91 36 40 1,703 1,183 1,771 633 2,954 1,816 55 19 5 7 2 12 7
3 200 3,632 7 78 173 87 37 40 1,271 1,013 1,414 598 2,427 1,611 50 12 5 7 3 12 8
4 186 2,180 10 70 169 91 37 38 1,081 696 1,165 449 1,861 1,145 55 18 4 6 2 10 6
5 182 3,231 11 63 163 89 37 40 1,302 892 1,244 474 2,136 1,366 46 15 5 7 2 1 7
6 172 1,713 13 58 160 93 37 40 1,384 943 1,314 524 2,257 1,467 38 9 6 7 3 13 8
7 146 1,326 14 53 130 89 38 40 1,406 759 1,072 460 1,831 1,219 26 12 5 7 3 12 8
8 146 1,772 1 54 135 92 36 40 948 583 977 357 1,560 940 33 6 4 7 2 1 6
9 113 1,616 8 40 101 89 38 41 1,315 689 848 329 1,537 1,018 22 9 6 7 3 13 8
10 130 2,005 9 55 116 89 36 42 1,087 685 968 342 1,653 1,027 21 8 5 7 2 12 7
1 132 2,814 9 44 116 88 39 42 1,461 1,051 1,134 535 2,185 1,586 27 9 8 8 4 16 12
12 134 2,614 8 51 117 87 38 41 1,131 925 936 417 1,861 1,342 24 9 7 7 3 14 10
13 99 1,038 13 34 91 91 36 38 644 341 691 241 1,032 582 31 16 4 7 2 10 5
14 87 576 11 16 83 95 40 41 913 583 700 290 1,283 873 34 20 7 8 3 14 10
15 80 1,747 8 31 70 87 37 42 722 558 640 246 1,198 804 8 1 7 8 3 15 10
16 75 1,520 8 27 62 82 40 44 1,533 748 673 247 1,421 995 13 3 10 9 3 19 12
17 78 1,683 6 40 61 78 39 45 1,489 897 648 313 1,545 1,210 15 6 12 8 4 19 15
18 79 1,333 13 18 72 92 36 40 510 283 543 189 826 472 21 10 4 7 2 10 6
19 58 2,282 3 31 38 67 57 49 2,804 1,141 534 268 1,675 1,409 3 0 20 9 4 29 23
20 61 580 14 17 58 94 41 44 997 517 469 180 986 697 7 1 8 7 3 16
21 33 358 10 6 32 96 38 41 519 184 265 102 449 286 15 9 8 3 13 8
22 36 333 11 12 32 88 44 48 1,173 494 341 147 835 641 3 0 14 9 4 23 17
X 128 1,346 4 91 93 73 46 39 726 605 860 387 1,465 992 29 8 5 6 3 1 7
Y 19 638 10 12 65 50 39 65 55 155 49 210 104 4 2 3 8 2 1 5
Ut 75 11,542 1 479 196 278 132 474 328
Total 2907 53,591 1,059 2,490 28519 17,764 21,350 8,619 39,114 26,383 606 208
Avg. 116 2,144 9 44 104 87 40 41 1,160 714 812 333 1,526 1,047 25 9 7 7 3 14 9

" Chromosomal assignment unknown.
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Size of the genome (including gaps)
Size of the genome (excluding gaps)
Longest contig
Longest scaffold
Percent of A+T in the genome
Percent of G+C in the genome
Percent of undetermined bases in the genome
Most GC-rich 50 kb
Least GC-rich 50 kb
Percent of genome classified as repeats
Number of annotated genes
Percent of annotated genes with unknown function
Number of genes (hypothetical and annotated)
Percent of hypothetical and annotated genes with unknown function
Gene with the most exons
Average gene size
Most gene-rich chromosome
Least gene-rich chromosomes
Total size of gene deserts (>500 kb with no annotated genes)
Percent of base pairs spanned by genes
Percent of base pairs spanned by exons
Percent of base pairs spanned by introns
Percent of base pairsin intergenic DNA
Chromosome with highest proportion of DNA in annotated exons
Chromosome with lowest proportion of DNA in annotated exons
Longest intergenic region (between annotated + hypothetical genes)
Rate of SNP variation

2.91 Gbp
2.66 Gbp
1.99 Mbp
14.4 Mbp
54
38
9
Chr. 2 (66%)
Chr. X (25%)
35
26,383
42
39,114
59
Titin (234 exons)
27 kbp
Chr. 19 (23 genes/Mb)
Chr. 13 (5 genesMb), Chr. Y (5 genesMb)
605 Mbp
25.5t037.8"
11tol4
24.41036.4
74.51063.6-
Chr. 19 (9.33)
chr. Y (0.36)
Chr. 13 (3,038,416 bp)
1/1250 bp

" In these ranges, the percentages correspond to the annotated gene set (26, 383 genes) and the hypothetical + annotated gene set

(39,114 genes), respectively
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CcAl0000D0DDOOO0OOD GenethonO OO OODODOOOOOOODODOOOOOODOO
00oooos3MbOODOOOONADOOODOODODOOOO
Male Sex-average Female
Chrom.

Max. Avg. Min. Max. Avg. Min. Max. Avg. Min.

1 2.60 112 0.23 281 142 0.52 3.39 1.76 0.68

2 2.23 0.78 0.33 2.65 112 0.54 317 1.40 0.61

3 255 0.86 0.23 240 1.07 0.42 271 1.30 0.33

4 1.66 0.67 0.15 2.06 1.04 0.60 2.50 1.40 0.77

5 2.00 0.67 0.18 1.87 1.08 0.42 2.26 143 0.62

6 197 0.71 0.28 2,57 112 0.37 347 1.67 0.64

7 2.34 1.16 0.48 1.67 117 0.47 2.27 1.21 0.34

8 183 0.73 0.14 240 1.05 0.46 344 1.36 0.43

9 2.01 0.99 0.53 1.95 1.32 0.77 2.63 1.66 0.82
10 3.73 1.03 0.22 3.05 129 0.66 284 151 0.76
11 143 0.72 0.31 213 0.99 0.47 3.10 1.32 0.49
12 4.12 0.76 0.26 3.35 1.16 0.49 2.93 1.55 0.59
13 1.60 0.75 0.01 1.87 0.95 0.17 249 119 0.32
14 3.15 0.98 0.18 2.65 1.30 0.62 3.14 1.63 0.75
15 2.28 0.94 0.34 231 122 0.42 253 1.56 0.54
16 1.83 1.00 0.47 2.70 1.55 0.63 4.99 2.32 112
17 3.87 0.87 0.00 3.54 135 0.54 419 1.83 0.94
18 312 137 0.86 3.75 1.66 0.43 435 224 0.72
19 3.02 0.97 0.10 257 141 0.49 2.89 1.75 0.87
20 3.64 0.89 0.00 2.79 150 0.83 331 215 134
21 3.23 1.26 0.69 2.37 1.62 1.08 2.58 1.90 1.18
22 125 1.10 0.84 1.88 141 1.08 3.73 2.08 0.93
X NA NA NA NA NA NA 3.12 1.64 0.72

Y NA NA NA NA NA NA NA NA NA
Genome 412 0.88 0.00 3.75 122 0.17 4.99 1.55 0.32
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Whole genome (CS

Chromosome 22
assembly)

Method1  Method2  Method1l  Method 2

Number of CpG islands detected 5,211 522 195,706 26,876

Average length of island (bp) 390 535 395 497

Percent of sequence predicted as CpG 59 0.8 26 04

Percent of first exons that overlap a CpG island 14 25 42 22

Percent of first exons with first pps' tion of exon contained inside a CpG 37 2 0 21

island

Average distance between first exon and closest CpG island (bp) 1,013 10,486 2,182 17,021
Expected distance between first exon and closest CpG island (bp) 3,262 32,567 7,164 55,811
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. ) ) 0
Repetitive dements Megabases in assembled Percent of Previously predicted (%)
sequences assembly (83)
Alu 288 9.9 10.0
Mammalian interspersed repeat (MIR) 66 23 17
Medium reiteration (MER) 50 17 16
Long terminal repeat (LTR) 155 53 5.6
Long interspersed nucleotide element
(LINE) 466 16.1 16.7
Total 1025 353 35.6
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Kwok™ 337 338 85 7.0 8.6 84 2.07:1
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" November 2000 release of the NCBI database dbSNP (www.nci.nim.nih.gov/SNP/) with the method defined as Overlap
SnpDetectionWithPolyBayes. The submitter of the datais Pui-Yan Kwok from Washington University.

TNovember 2000 release of NCBI dbSNP (www.ncbi.nlm.nih.gov/SNP/) with the methods defined as TSC-Sanger, TSC-WICGR,
and TSC-WUGSC. The submitter of the datais Lincoln Stein from Cold Spring Harbor Laboratory.
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Celera-PFP SNP density (SNP/Mb)

Genomic region class Size of region examined (Mb)
Intergenic 2185 707
Gene (intron + exon) 646 917
Intron 615 921
First intron 164 808
Exon 31 529
First exon 10
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Accession Domain name Domain description H F w Y A
number
Developmental and homeostatic regulators
PF02039 Adrenomedullin Adrenomedullin 1 0 0 0 0
PF00212 ANP Atrial natriuretic peptide 2 0 0 0 0
PF00028 Cadherin Cadherin domain 100 (550) 14 (157) 16 (66) 0 0
PF00214  Cac_CGRP_IAPP Calcitonin/CGRP/IAPP family 3 0 0 0 0
PF01110 CNTF Ciliary neurotrophic factor 1 0 0 0 0
PF01093 Clusterin Clusterin 3 0 0 0 0
PF00029 Connexin Connexin 14 (16) 0 0 0 0
PF00976 ACTH_domain Corticotropin ACTH domain 1 0 0 0 0
PEO0473 CRE Corticotropi n-rgl easing factor 2 1 0 0 0
family
PFO0007 Cys_knot Cystine-knot domain 10(11) 2 0 0 0
PFO0778 DIX Dix domain 5 2 4 0 0
PF00322 Endothelin Endothelin family 3 0 0 0 0
PF00812 Ephrin Ephrin 7(8) 2 4 0 0
PFO1404 EPh Ibd Ephrin receptor Ii_gand binding 12 2 1 0 0
domain
PF00167 FGF Fibroblast growth factor 23 1 1 0 0
PFO1534 Frizzled Frizzled/Smoothened family 9 7 3 0 0
membrane region
PF00236 Hormone6 Glycoprotein hormones 1 0
PF01153 Glypican Glypican 14 2 1 0 0
PFO1271 Granin Gra ”L’;éfgg%rp;?:")‘“i nor 3 0 0 0 0
PF02058 Guanylin Guanylin precursor 1 0 0 0
PF00049 Insulin Insulin/IGF/Relaxin family 7 4
PEO0219 |GEBP Insulin-like growth factor binding 10 0 0 0 0
proteins
PF02024 Leptin Leptin 1 0 0 0 0
PF00193 Xlink LINK (hyaluron binding) 13(23) 0 1 0 0
PF00243 NGF Nerve growth factor family 3 0 0 0 0
PF02158 Neuregulin Neuregulin family 4 0 0 0 0
PF00184 Hormone5 Neurohypophysial hormones 1 0 0 0 0
PF02070 NMU Neuromedin U 1 0 0 0 0
PF00066 Notch Notch (DSL) domain 3(5 4) 2 (6) 0 0
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PF00865 Osteopontin Osteopontin 1 0 0 0 0
PF00159 Hormone3 Pancrestic hormone peptides 3 0 0 0 0
PF01279 Parathyroid Parathyroid hormone family 2 0 0 0 0
PF00123 Hormone2 Peptide hormone 5(9) 0 0 0 0
PFO0341 PDGF P'ate'et'der(il‘j’gde%owth factor 5 1 0 0 0
PF01403 Sema Semadomain 27 (29) 8 (10) 3(4) 0 0
PF01033 Somatomedin_B Somatomedin B domain 5(8) 3 0 0 0
PF00103 Hormone Somatotropin 1 0 0 0 0
PF02208 Sorb Sorbin homologous domain 2 0 0 0 0
PF02404 SCF Stem cell factor 2 0 0 0 0
PF01034 Syndecan Syndecan domain 3 1 1 0 0
PF00020 TNFR_c6 TNFR/NGFR cysteine-richregion 17 (31) 1 0 0 0
. .
PEO0019 T Gllﬁ Transforming grow_th factor -like 27 (28) 6 4 0 0
domain
PF01099 Uteroglobin Uteroglobin family 3 0 0 0 0
PFO1160  Opiods_neuropep Vmebmﬁgg‘;ggf opioids 3 0 0 0 0
PF00110 whnt wit fg.'gin'gl ggd;i)?gﬁgmta' 18 7 (10) 5 0 0
Hemostasis
PF01821 ANATO Anaphylotoxin-like domain 6 (14) 0 0 0 0
PF00386 Clq Clgdomain 24 0 0 0 0
PF00200 Disintegrin Disintegrin 18 2 3 0 0
PFO0754 F5_F8 type C F5/8 type C domain 15 (20) 5 (6) 2 0 0
PEO1410 COLFI Fibrillar collagep C-terminal 10 0 0 0 0
domain
PF00039 Fnl Fibronectin type | domain 5(18) 0 0 0 0
PF00040 Fn2 Fibronectin type Il domain 11 (16) 0 0 0 0
PFO0051 Kringle Kringle domain 15 (24) 2 2 0 0
PF01823 MACPF MAC/Perforin domain 6 0 0 0 0
PF00354 Pentaxin Pentaxin family 9 0 0 0 0
PFO0277 SAA_proteins Serum amyloid A protein 4 0 0 0 0
PFO0084 Sushi Sushi domain (SCR repeat) 53(191) 11(42)  8(45) 0 0
PEO2210 TSPN Thrombospondin N-termi nal-like 14 1 0 0 0
domains
PF01108 Tissue fac Tissue factor 1 0
PF00868 Transglutamin_N Transglutaminase family 1
PF00927 Transglutamin_C Transglutaminase family 8 1 0 0 0
Vitamin K-dependent
PF00594 Gla carboxylation/gamma- 11 0 0 0 0
carboxyglutamic (GLA) domain
Immune response
PF00711 Defensin_beta Beta defensin 1 0 0 0 0
PF00748 Calpain_inhib Calpain inhibitor repeat 3(9 0 0
PFO0666 Cathelicidins Cathelicidins 2 0 0 0 0
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PF00129

PF00993

PF00969

PFO0879

PF01109

PF00047
PF00143
PFO0714
PF00726
PF02372
PF00715
PFO0727
PF02025
PF01415
PF00340
PF02394
PF02059
PF00489

PF01291

PF00323
PF01091
PFO0277

PF00048

PF01582

PF00229

PF00088

PFO0779
PF00168

PF00609

PF00781

PF00610

PF01363
PF00996
PFO0503
PF00631

MHC_|
MHC_Il_alpha”

MHC_II_beta”
Defensin_propep
GM_CSF
Ig
Interferon
IFN-gamma
1L10
IL15
L2
L4
IL5
IL7
IL1

IL1_propep
IL3

IL6
LIF_OSM

Defensins
PTN_MK
SAA_proteins

IL8

TIR
TNF

Trefoil

BTK
c2

DAGKa
DAGKc

DEP

FYVE
GDI
G-apha

G-gamma

Class | histocompatibility antigen,
domainsalphaland 2

Class |1 histocompatibility
antigen, alphadomain

Class |1 histocompatibility
antigen, beta domain

Defensin propeptide

Granulocyte-macrophage
colony-stimulating factor

Immunoglobulin domain
Interferon alpha/beta domain
Interferon gamma
Interleukin-10
Interleukin-15
Interleukin-2
Interleukin-4
Interleukin-5
Interleukin-7/9 family
Interleukin-1
Interleukin-1 propeptide
Interleukin-3
Interleukin-6/G-CSF/M GF family

Leukemia inhibitory factor
(LIF)/oncostatin (OSM) family

Mammalian defensin
PTN/MK heparin-binding protein
Serum amyloid A protein

Small cytokines
(intecrine/chemokine),
interleukin-8 like

TIR domain

TNF (tumor necrosis factor)
family

Trefoil (P-type) domain

18 (20)

5 (6)

7
3
1

381 (930)
7(9
1

N P RPN R R R R R R

N

N

32

18
12

5 (6)

PI-PY-rho GTPase signaling

BTK motif
C2domain

Diacylglycerol kinase accessory
domain (presumed)

Diacylglyceral kinase catalytic
domain (presumed)

Domain found in Dishevelled,
Egl-10, and Pleckstrin (DEP)

FYVE zinc finger
GDP dissociation inhibitor
G-protein alpha subunit
G-protein gamma like domains

GTPase-activator protein for

5
73 (101)

9

10

12 (13)

28 (30)
6
27 (30)
16

0

0

125(291) 67 (323)

0

O O O O O O o o o o o

o

o

1
32 (44)

4

14

10

0

0

0

O O O O O O o o o o o

o

o

0
24 (35)

7

10

15
1
20 (23)
5

0
6 (9)

0

R N B O

O O O O O O O O o o o o o

o

o

131 (143)
0

0

0
66 (90)

6

11(12)

15
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Ras-like GTPase

Guanine nucleotide exchange

PF00618 RasGEFN factor for Ras-like GTPases; 9 2 3 5 0
N-terminal motif
PF00625 Guanylate kin Guanylate kinase 12 8 7 1 4
PF02189 ITAM Immunoreceptor tyrosine-based 3 0 0 0 0
activation motif
PF00169 PH PH domain 193(212) 72(78)  65(68) 24 23
o Phorbol esters/diacylglycerol
PF00130 DAG_PE-bind binding domain (C1 domain) 45 (56) 25(31) 26(40) 12 4
PF00388 PI-PLC-X Phosphatidylinositol-specific 12 3 7 1 8
phospholipase C, X domain
PFO0387 PI-PLC-Y Phosphatidylinositol-specific 11 2 7 1 8
phospholipase C, Y domain
Phosphotyrosine interaction
PF00640 PID domain (PTB/PID) 24.(27) 13 11 (12) 0 0
PF02192 PI3K_p85SB PA3-kinase family, pg5-binding 2 1 1 0 0
domain
PEO0794 PI3K rbd PI3-kinase fami Iy, ras-binding 6 3 1 0 0
- domain
PFO1412 ArfGAP Putative GTP-ase activating 16 9 8 6 15
protein for Arf
PF02196 RBD Raf-like Ras-binding domain 6(7) 1 0
PF02145 Rap_GAP Rap/ran-GAP 5 2 0
PEO0788 RA Ras association (RaIGDS/A F-6) 18(19) 709) 6 1 0
domain
PF00071 Ras Ras family 126 56 (57) 51 23 78
PF00617 RasGEF RasGEF domain 21 8 7 5 0
PFO0615 RGS Regulator of G protein signaling 27 6(7) 12(13) 1 0
domain
PEO2197 Rila Regulatory subunit qf type Il PKA 4 1 2 1 0
R-subunit
PF00620 RhoGAP RhoGAP domain 59 19 20 9 8
PF00621 RhoGEF RhoGEF domain 46 23(24) 18(19) 3 0
PF00536 SAM SAM domain (Sterile alphamotif) 29 (31) 15 8 3 6
PF01369 Sec7 Sec7 domain 13 5 5 5 9
PF00017 SH2 Src homology 2 (SH2) domain 87 (95) 33(39) 44(48) 1 3
PF00018 SH3 Src homology 3 (SH3) domain 143 (182) 55(75) 46(61) 23(27) 4
PF01017 STAT STAT protein 7 1 1(2 0 0
PF00790 VHS VHS domain 4 2 4 4 8
PF00568 WH1 WH1 domain 7 2 2(3) 1 0
Domainsinvolved in apoptosis
PF00452 Bcl-2 Bcl-2 9 2 1 0 0
PF02180 BH4 Bcl-2 homology region 4 3 0 1 0 0
PF00619 CARD Caspase recruitment domain 16 0 2 0 0
PF00531 Death Death domain 16 5 7 0 0
PF01335 DED Death effector domain 4 (5) 0 0 0 0
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PF02179

PFO0656

PF00653

PF00022
PF00191
PF00402
PFO0373
PFO0880
PFO0681
PF00435

PF00418

PF00992
PF02209
PF01044

PF01391

PF01413

PF00431

PFO0008

PF00147

PFO0041
PFO0757
PFO0357
PF00362
PF00052

PF00053

PFO0054
PFO0055
PFO0059

PF01463

PF01462

PFO0057

PFO0058

PFO0530

BAG

ICE_p20

BIR

Actin
Annexin
Calponin
Band 41

Nebulin_repest
Plectin_repeat
Spectrin
Tubulin-binding

Troponin
VHP

Vinculin

Collagen

Ca
CcuB
EGF

Fibrinogen_C

Fn3
Furin-like
Integrin_A
Integrin_B

Laminin_B
Laminin_EGF

Laminin_G
Laminin_Nterm

Lectin ¢

LRRCT

LRRNT

Ldl_recept_a

Ldl_recept_b

SRCR

Domain present in Hsp70

regulators 5)
ICE-like protease.(caspase) p20 1
domain
Inhibitor of Apoptosis domain 8(14)
Cytoskeletal
Actin 61 (64)
Annexin 16 (55)
Calponin family 13(22)
FERM domain (Band 4.1 family) 29 (30)
Nebulin repeat 4 (148)
Plectin repeat 2(11)
Spectrin repeat 31(195)
" hdinbngrg 402
Troponin 4
Villin headpiece domain
Vinculin family 4
ECM adhesion
Collager(l 2t(|;| Eloep Ih; ; X repeat 65 (279)
C-terminal tandem repeated
domain in type 4 procollagen 6(11)
CUB domain 47 (69)
EGF-like domain 108 (420)
Fibrinogen beta and gamma
chains, C-terminal globular 26
domain
Fibronectin type Il domain 106 (545)
Furin-like cysteine rich region 5
Integrin a pha cytoplasmic region 3
Integrins, beta chain 8
Laminin B (Domain 1V) 8(12)
Laminin EGZ—nI é k\e/:)(Domal nslil 24 (126)
Laminin G domain 30(57)
Laminin N-terminal (Domain V1) 10
Lectin C-type domain 47 (76)
Leucinerich repe_at C-terminal 69 (81)
domain
Leucinerich repe_at N-terminal 40 (44)
domain
Low-density | i_poprotei n receptor 35 (127)
domain class A
Low. denS|r g,;??;;teé n receptor 15.(96)
Scavenger receptqr cysteine-rich 11 (46)
domain

7

5(9)

15 (16)
4(16)
3
17 (19)
12
0
13 (171)

14

10 (46)

2(4)
9(47)
45 (186)

10 (12)

42 (168)
2
1
2
4(7)

9(62)

18 (42)
6
23 (24)

23(30)

7(13)

33(152)

9 (56)

4(8)

2(3

12
4(12)
7 (19)
11 (14)
1
0
10 (93)

2(8)

174 (384)

3(6)

43 (67)
54 (157)

34 (156)
1
2
2
6 (10)

11 (65)

14 (26)
4
91 (132)

7(9)

3(6)

27 (113)

7(22)

1

12

9(12)

o O o o o

o

O O O o o

0

24
6 (16)

o o o o

O O O O K
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PFO0084 Sushi Sushi domain (SCR repest) 53(191) 11(42)  8(45) 0 0
PF00090 Tsp_ 1 Thrombospondin type 1 domain 41 (66) 11 (23) 18 (47) 0
PFO0092 vwa von Willebrand factor type A 5 g 0 17(19 0 1

domain
PF00093 vwe vonWillebrand factor type C 14 099 g1y 2(5) 0 0

domain
PFO0094 vwd von Willebrand factor type D 1535 57 9 0 0

domain

Protein interaction domains
PF00244 14-3-3 14-3-3 proteins 20 3 3 2 15
PF00023 Ank Ank repest 145 (404) 72(269) 75(223) 12(20) 66 (111)
PFO0514  Armadillo_seg Armadi”(’/r:?;c:tmi n-like 22(56) 11(38) 3(11) 2(10) 25(67)
PF00168 c2 C2 domain 73(101) 32(44) 24(35) 6(9)  66(90)
PF00027 cNMP_binding Cyclic nucleotide-binding domain 26 (31) 21 (33) 15 (20) 23 22
PF01556 Dnal C DnaJ C terminal region 12 9 5 3 19
PF00226 DnaJ DnaJ domain 44 34 33 20 93
PFO0036 Efhand” EF hand 83(151) 64(117) 41(86) 4(11) 120(328)
PF00611 FCH Fes/CIP4 homology domain 9 3 2 4 0
PF01846 FF FF domain 4(11)  4(10) 3(16) 2(5) 4(9)
PF00498 FHA FHA domain 13 15 7 13 (14) 17
PFO0254 FKBP FKBP-type peptidyl-prolyl 15200 7(8)  7(13) 4 24 (29)
cistransisomerases
PFO1590 GAF GAF domain 7(8) 2(4) 1 0 10
PFO1344 Kelch Kelch motif 54(157) 12(48) 13 (41) 3 102(178)
PF00560 LRR' Leucine Rich Repest 25(30) 24(30) 7(11) 1 15 (16)
PF00917 MATH MATH domain 1 5  88(161) 1 61 (74)
PF00989 PAS PAS domain 18(19)  9(10) 6 1 13(18)
PF00595 PDZ PDZ domai ”O(rAC';_Oé;‘)OW” aDHR o5 154y  60(87) 46 (66) 2 5
PF00169 PH PH domain 193(212) 72(78) 65(68) 24 23
PF01535 PPR™ PPR repeat 5 3(4) 0 1 474 (2485)
PF00536 SAM SAM domain (Sterile alphamotif) 29 (31) 15 8 3 6
PF01369 Sec? Sec7 domain 13 5 5 5 9
PF00017 SH2 Src homology 2 (SH2) domain 87 (95) 33(39) 44 (48) 1 3
PF00018 SH3 Srchomology 3 (SH3) domain ~ 143(182)  55(75)  46(61) 23 (27) 4
PFO1740 STAS STAS domain 5 1 6 2 13
PFO0515 TPR™ TPR domain 72(131) 39(101) 28(54) 16(31) 65(124)
PF00400 WD40" WD40 domain 136(305) 98(226) 72(153) 56(121) 167 (344)
PF00397 Ww WW domain 32(53) 24(39) 16(24) 5(8  11(15)
PFO0569 zz ziﬁg‘;ﬂi’fi&ﬁ&j“ 10 (11) 13 10 2 10
Nuclear interaction domains

PFO1754 Zf-A20 A20-like zinc finger 2(8) 2 2 0 8
PF01388 ARID ARID DNA binding domain 1 6 4 2 7
PF01426 BAH BAH domain 8 (10) 7(8) 4(5) 5 21 (25)
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PF00643 Zf-B_box™ B-box zinc finger 32(35) 1 2 0 0
PF00533 BRCT BRCALC Zgnrgi?]us BRCT) 17028 1008 23(35) 10016 12(16)
PF00439 Bromodomain Bromodomain 37 (48) 16 (22) 18(26) 10(15) 28
PFO0651 BTB BTB/POZ domain 97(98) 62(64) 86(91) 1(2 30 (31)
PFO0145  DNA_methylase c5 Cytc’:] r:;}ji’:;ﬁc DNA 3(4) 1 0 0 13(15)
PF00385 Chromo Org;}?;;’;";; ﬁg;;?gag(’:mam 24(27)  14(15) 17(18) 1(2) 12
PF00125 Histone Core histone H2A/H2B/H3/H4  75(81) 5 71(73) 8 48
PFO0134 Cyclin Cyclin 19 10 10 n 35
PF00270 DEAD DEAD/DEAH box helicase 63(66) 48(50) 55(57) 50(52) 84(87)
PFO1529 Zf-DHHC DHHC zinc finger domain 15 20 16 7 22
PF00646 F-box™ F-box domain 16 15 309 (324) 9 165 (167)
PF00250 Fork_head Fork head domain 35(36)  20(21) 15 4 0
PF00320 GATA GATA zinc finger 11 (17) 5(6) 8 (10) 9 26
PFO1585 G-patch G-patch domain 18 16 13 4 14 (15)
PEO0010 HLH Helix-loop-helix !Z)NA—bi nding 60 (61) 24 o4 4 39
domain
PF00850 Hist_deacetyl Histone deacetylase family 12 5(6) 8 (10) 5 10
PF00046 Homeobox Homeobox domain 160 (178) 100 (103) 82(84) 6 66
PF01833 TIG IPT/TIG domain 29(53)  11(13) 5(7) 2 1
PF0O2373 JmjC JmjC domain 10 4 6 4 7
PF02375 JmN JmjN domain 7 4 2 3 7
PFO0013 KH-domain KH domain 28(67) 14(32) 17(46) 4(14)  27(61)
PF01352 KRAB KRAB box 204 (243) 0 0 0 0
PFO0104  Hormone rec Liga”d'?igfr:gg?g‘cgg nudear 47 17 142(147) 0O 0
PF00412 LIM LIM domain containing proteins 62 (129) 33(83) 33(79) 4(7) 10 (16)
PF00917 MATH MATH domain un 5 88 (161) 1 61 (74)
PFO0249 Myb DNA-binding  Myb-like DNA-bindingdomain ~ 32(43)  18(24) 17(24) 15(20) 243(401)
PF02344 Myc-LZ Myc leucine zipper domain 1 0 0 0 0
PFO1753 Zf-MYND MY ND finger 14 14 9 1 7
PF00628 PHD PHD-finger 68(86)  40(53) 32(44) 14(15) 96(105)
PFO0157 Pou Pou domain--N-terminal to 15 5 4 0 0
homeobox domain
PF02257 RFX_DNA_binding RFX DNA-binding domain 7 2 1 1 0
PFO0076 Rrm E’;ﬁ ’r;cg%”’i gfg&‘ggﬁ:g 204(324) 127(199) 94(145) 43(73) 232 (369)
PF02037 SAP SAP domain 15 8 5 5 6(7)
PF00622 SPRY SPRY domain 44(51)  10(12) 5(7) 3 6
PF01852 START START domain 10 2 6 0 23
PFO0907 T-box T-box 17 (19) 8 22 0 0
PF02135 Zf-TAZ TAZ finger 2(3) 12 6(7) 0 10 (15)
PF01285 TEA TEA domain 4 1 1 1 0
PF02176 Zf-TRAF TRAF-type zinc finger 6(9) 1(3) 1 0 2
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Transcription factor TFIID (or
TATA-binding protein, TBP)

PFO0567 TUDOR TUDOR domain 9 (24) 9(19) 4(5) 0 2
Zinc finger C-x8-C-x5-C-x3-H

PF00352 TBP 2(4) 4(8) 24 12 2(4

PFO0642 Zf-CCCH e (and Sl 17220  6(8) 22(42) 3(5  31(46)
PFO0096 Zf-C2H2" ZInc finger, C2H2 type 564 (4500) 234 (771) 68(155) 34(56) 21 (24)
PF00097 Zf-C3HC4 Zincfinger, ?ﬁggg‘ Wpe(RING 1o 137y 57 88(89) 18  298(304)
PFO0098 Zf-CCHC Zinc knuckle 9(17)  6(10) 17(33) 7(13)  68(9L)

M10 MM H c@anien€ HAO OO MO MO MM MM MN D malannnacaf 1 DOCM M C alenan&l COM

Panther family/subfamily- H F w Y A

Neural structure, function, development

Ependymin 1 0 0 0 0
lon channels
Acetylcholine receptor 17 12 56 0
Amiloride-sensitive/degenerin 11 24 27 0
CNG/EAG 22 9 9 0 30
IRK 16 3 3 0
ITP/ryanodine 10 2 4 0 0
Neurotransmitter-gated 61 51 59 0 19
P2X purinoceptor 10 0 0 0 0
TASK 12 12 48 1 5
Transient receptor 15 3 3 1 0
Voltage-gated Ca®* alpha 22 4 8 2 2
Voltage-gated Ca?" alpha-2 10 3 2 0 0
Voltage-gated Ca® beta 5 2 2 0 0
Voltage-gated Ca?" gamma 1 0 0 0 0
Voltage-gated K™ alpha 33 5 1 0 0
Voltage-gated KQT 6 2 3 0 0
Voltage-gated Na* 1 4 4 9 1
Myelin basic protein 1 0 0 0 0
Myelin PO 5 0 0 0 0
Myelin proteolipid 3 1 0 0 0
Myelin-oligodendrocyte glycoprotein 1 0 0 0 0
Neuropilin 2 0 0 0 0
Plexin 9 2 0 0 0
Semaphorin 22 6 2 0 0
Synaptotagmin 10 3 3 0 0
Immune response
Defensin 3 0 0 0 0
Cytoki neT 86 14
GCSF 1 0 0 0 0
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GCSF 1 0 0 0 0
GMCSF 1 0 0 0 0
Intercrine alpha 15 0 0 0 0
Intercrine beta 0 0 0 0
Inteferon 8 0 0 0 0
Interleukin 26 1 1 0 0
Leukemiainhibitory factor 1 0 0 0 0
MCSF 1 0 0 0 0
Peptidoglycan recognition protein 2 13 0 0 0
Pre-B cell enhancing factor 1 0 0 0 0
Small inducible cytokine A 14 0 0 0 0
Sl cytokine 0 0 0 0
TNF 9 0 0 0 0
Cytokine receptorT 62 1 0 0 0
Bradykinin/C-C chemokine receptor 7 0 0 0 0
Fl cytokine receptor 2 0 0 0 0
Interferon receptor 3 0 0 0 0
Interleukin receptor 32 0 0 0 0
Leukocyte tyrosine kinase receptor 3 0 0 0 0
M CSF receptor 0 0 0 0
TNF receptor 3 0 0 0 0
Immunoglobulin receptor-l- 59 0 0 0 0
T-cell receptor alphachain 16 0 0 0 0
T-cell receptor beta chain 15 0 0 0 0
T-cell receptor gamma chain 1 0 0 0 0
T-cell receptor delta chain 0 0 0 0
Immunoglobulin FC receptor 8 0 0 0 0
Killer cell receptor 16 0 0 0 0
Polymeric-immunoglobulin receptor 4 0 0 0 0
MHC class| 22 0 0 0 0
MHC class|I 20 0 0 0 0
Other immunoglobuli nT 114 0 0 0 0
Toll receptor-related 10 6 0 0 0
Developmental and homeostatic regulators

Signaling mol ecul%T
Calcitonin 3 0 0 0 0
Ephrin 8 2 4 0 0
FGF 24 1 1 0 0
Glucagon 4 0 0 0 0
Glycoprotein hormone beta chain 2 0 0 0 0
Insulin 1 0 0 0 0
Insulin-like hormone 3 0 0 0 0
Nerve growth factor 3 0 0 0 0
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Neuregulin/heregulin 6 0 0 0 0

neuropeptide Y 4 0 0 0 0

PDGF 1 1 0 0 0

Relaxin 3 0 0 0 0

Stannocalcin 2 0 0 0 0

Thymopoeitin 2 0 1 0 0

Thyomosin beta 4 2 0 0 0

TGF—!3 29 6 4 0 0

VEGF 4 0 0 0 0

Wnt 18 6 5 0 0

ReceptorsJ'-

Ephrin receptor 12 2 1 0 0

FGF receptor 4 4 0 0 0

Frizzled receptor 12 6 5 0 0

Parathyroid hormone receptor 2 0 0 0 0

VEGF receptor 0 0 0 0

BDNF/NT-3 nerve growth factor receptor 4 0 0 0 0

Kinases and phosphatases
Dual-specificity protein phosphatase 29 8 10 4 11
S/T and dual-specificity protein

kinase 395 198 315 114 1102

ST protein phosphatase 15 19 51 13 29

Y protein ki naseT 106 47 100 5 16

Y protein phosphatase 56 22 95 6

Sgnal transduction

ARF family 55 29 27 12 45

Cyclic nucleotide phosphodiesterase 25 8 6 1 0

G protein-coupled receptors 616 146 284 0 1

G-protein apha 27 10 22 2 5

G-protein beta 5 3 2 1 1

G-protein gamma 13 2 0 0

Ras superfamily 141 64 62 26 86

G-protein modulatorsT

ARF GTPase-activating 20 8 9 5 15

Neurofibromin 2 0 2 0

Ras GTPase-activating 9 3 8 1 0

Tuberin 3 2 0 0

Vav proto-oncogene family 35 15 13 3 0

Transcription factors/chromatin organization

C2H2 zinc finger-containi ngT 607 232 79 28 8

COE 7 1 0

CREB 7 1 2 0 0

ETS-related 25 8 10 0
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Forkhead-related
FOS
Groucho
Histone H1
Histone H2A
Histone H2B
Histone H3
Histone H4
Homeoti cT

ABD-B
Bithoraxoid
Iroquois class
Distal-less
Engrailed
LIM-containing
MEIS/KNOX class
NK-3/NK-2 class
Paired box
Six
Leucine zipper
Nuclear hormone receptorT
Pou-related
Runt-related
ECM adhesion
Cadherin
Claudin
Complement receptor-related
Connexin
Galectin
Glypican
ICAM
Integrin alpha
Integrin beta
LDL receptor family
Proteoglycans
Apoptosis
Bcl-2
Calpain
Calpain inhibitor
Caspase
Hemostasis
ADAM/ADAMTS
Fibronectin
Globin
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Matrix metalloprotease 19 2 7 0 3
Serum amyloid A 4 0 0 0 0
Serum amyloid P (subfamily of Pentaxin) 0 0 0 0
Serum paraoxonase/arylesterase 0 3 0 0
Serum albumin 0 0 0 0
Transglutaminase 10 1 0 0 0
Other enzymes
Cytochrome p450 60 89 83 3 256
GAPDH 46 3 4 3 8
Heparan sulfotransferase 11 4 2 0 0
Slicing and trandation
EF-lalpha 56 13 10 6 13
Ribonucleoprotei nsT 269 135 104 60 265
Ribosomal protel nsT 812 111 80 117 256

" The table lists Panther families or subfamilies relevant to the text that either (i) are not specifically represented by Pfam (Table
18) or (ii) differ in counts from the corresponding Pfam models.

TThis class represents a number of different familiesin the same Panther molecular function subcategory.

1

This count includes only rhodopsin-class, secretin-class, and metabotropic glutamate-class GPCRs.
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Eligibility criteria for participation in the study were as follows: prospective donors had to be 21 years of age or older, not
pregnant, and capable of giving an informed consent. Donors were asked to self-define their ethnic backgrounds. Standard
blood bank screens (screening for HIV, hepatitis viruses, and so forth) were performed on all samples at the clinica
laboratory prior to DNA extraction in the Celera laboratory. All samples that tested positive for transmissible viruses were
ineligible and were discarded. Karyotype analysis was performed on peripheral blood lymphocytes from all samples selected
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36.

consent process provided information about the genome project, procedures, and risks and benefits of participating. The
second stage of the consent process involved answering follow-up questions and sighing consent forms, and was conducted
about 48 hours after the first.

DNA was isolated from blood (173) or sperm. For sperm, a washed pellet (100 pl) was lysed in a suspension (1 ml)
containing 0.1 M NaCl, 10 mM tris-Cl-20 mM EDTA (pH 8), 1% SDS, 1 mg proteinase K, and 10 mM dithiothreitol for
1hour at 37°C. The lysate was extracted with aqueous phenol and with phenol/chloroform. The DNA was ethanol
precipitated and dissolved in 1 ml TE buffer. To make genomic libraries, DNA was randomly sheared, end-polished with
consecutive BAL31 nuclease and T4 DNA polymerase treatments, and size-selected by electrophoresis on 1%
low-melting-point agarose. After ligation to Bst X| adapters (Invitrogen, catalog no. N408-18), DNA was purified by three
rounds of gel electrophoresis to remove excess adapters, and the fragments, now with 3'-CACA overhangs, were inserted
into Bst XI-linearized plasmid vector with 3-TGTG overhangs. Libraries with three different average sizes of inserts were
constructed: 2, 10, and 50 kbp. The 2-kbp fragments were cloned in a high-copy pUC18 derivative. The 10- and 50-kbp
fragments were cloned in a medium-copy pBR322 derivative. The 2- and 10-kbp libraries yielded uniform-sized large
colonies on plating. However, the 50-kbp libraries produced many small colonies and inserts were unstable. To remedy this,
the 50-kbp libraries were digested with Bgl 11, which does not cleave the vector, but generally cleaved several times within
the 50-kbp insert. A 1264-bp Bam HI kanamycin resistance cassette (purified from pUCK4; Amersham Pharmacia, catalog
no. 27-4958-01) was added and ligation was carried out at 37°C in the continual presence of Bgl II. As Bgl 1I-Bgl 1l
ligations occurred, they were continually cleaved, whereas Bam HI-Bgl Il ligations were not cleaved. A high yield of
internally deleted circular library molecules was obtained in which the residual insert ends were separated by the kanamycin
cassette DNA. The internally deleted libraries, when plated on agar containing ampicillin (50 ug/ml), carbenicillin
(50 pg/ml), and kanamycin (15 pg/ml), produced relatively uniform large colonies. The resulting clones could be prepared
for sequencing using the same procedures as clones from the 10-kbp libraries.

Transformed cells were plated on agar diffusion plates prepared with a fresh top layer containing no antibiotic poured on top
of a previously set bottom layer containing excess antibiotic, to achieve the correct final concentration. This method of
plating permitted the cells to develop antibiotic resistance before being exposed to antibiotic without the potential clone bias
that can be introduced through liquid outgrowth protocols. After colonies had grown, QBot (Genetix, UK) automated
colony-picking robots were used to pick colonies meeting stringent size and shape criteria and to inoculate 384-well
microtiter plates containing liquid growth medium. Liquid cultures were incubated overnight, with shaking, and were scored
for growth before passing to template preparation. Template DNA was extracted from liquid bacterial culture using a
procedure based upon the akaline lysis miniprep method (173) adapted for high throughput processing in 384-well
microtiter plates. Bacterial cells were lysed; cell debris was removed by centrifugation; and plasmid DNA was recovered by
isopropanol precipitation and resuspended in 10 mM tris-HCI buffer. Reagent dispensing operations were accomplished
using Titertek MAP 8liquid dispensing systems. Plate-to-plate liquid transfers were performed using Tomtec Quadra
384 Model 320 pipetting robots. All plates were tracked throughout processing by unique plate barcodes. Mated sequencing
reads from opposite ends of each clone insert were obtained by preparing two 384-well cycle sequencing reaction plates
from each plate of plasmid template DNA using ABI-PRISM BigDye Terminator chemistry (Applied Biosystems) and
standard M 13 forward and reverse primers. Sequencing reactions were prepared using the Tomtec Quadra 384-320 pipetting
robot. Parent-child plate relationships and, by extension, forward-reverse sequence mate pairs were established by
automated plate barcode reading by the onboard barcode reader and were recorded by direct LIMS communication.
Sequencing reaction products were purified by alcohol precipitation and were dried, sealed, and stored at 4°C in the dark
until needed for sequencing, a which time the reaction products were resuspended in deionized formamide and sealed
immediately to prevent degradation. All sequence data were generated using a single sequencing platform, the ABI PRISM
3700 DNA Analyzer. Sample sheets were created at load time using a Java-based application that facilitates barcode
scanning of the sequencing plate barcode, retrieves sample information from the central LIMS, and reserves unique trace
identifiers. The application permitted a single sample sheet file in the linking directory and deleted previously created
sample sheet filesimmediately upon scanning of a sample plate barcode, thus enhancing sample sheet-to-plate associations.

F. Sanger, S. Nicklen, A. R. Coulson, Proc. Natl. Acad. Sci. U.SA. 74, 5463 (1977) [Medline]; J. M. Prober , et al., Science
238, 336 (1987) [Medling].

Celera's computing environment is based on Compag Computer Corporation's Alpha system technology running the Tru64
Unix operating system. Celera uses these Alphas as Data Servers and as nodes in a Virtual Compute Farm, all of which are
connected to a fully switched network operating at Fast Ethernet speed (for the VCF) and gigabit Ethernet speed (for data
servers). Load balancing and scheduling software manages the submission and execution of jobs, based on central
processing unit (CPU) speed, memory requirements, and priority. The Virtual Compute Farm is composed of 440 Alpha
CPUs, which includes model EV6 running at a clock speed of 400 MHz and EV67 running at 667 MHz. Available memory
on these systems ranges from 2 GB to 8 GB. The VCF is used to manage trace file processing, and annotation. Genome
assembly was performed on a GS 160 running 16 EV67s (667 MHz) and 64 GB of memory, and 10 ES40s running 4 EV6s
(500 MHz) and 32 GB of memory. A total of 100 terabytes of physical disk storage was included in a Storage Area Network
that was available to systems across the environment. To ensure high availability, file and database servers were configured
as 4-node Alpha TruClusters, so that services would fail over in the event of hardware or software failure. Data availability
was further enhanced by using hardware- and software-based disk mirroring (RAID-0), disk striping (RAID-1), and disk
striping with parity (RAID-5).

106



37.

38.
39.

41.

42.

46.
47.

49.
50.
51.
52.
53.

55a.
56.

57.
58.
59.
60.
61.
62.

Trace processing generates quality values for base calls by means of Paracel's TraceTuner, trims sequence reads according to
quality values, trims vector and adapter sequence from high-quality reads, and screens sequences for contaminants. Similar
in design and agorithm to the phred program (174), TraceTuner reports quality values that reflect the log-odds score of each
base being correct. Read quality was evaluated in 50-bp windows, each read being trimmed to include only those
consecutive 50-bp segments with a minimum mean accuracy of 97%. End windows (both ends of the trace) of
1, 5, 10, 25, and 50 bases were trimmed to a minimum mean accuracy of 98%. Every read was further checked for vector
and contaminant matches of 50 bp or more, and if found, the read was removed from consideration. Finally, any match to
the 5' vector splice junction in the initial part of a read was removed.

National Center for Biotechnology Information (NCBI); available at www.nchi.nlm.nih.gov/.
NCBI; available at www.ncbi.nlm.nih.gov/HTGS.

. All bactigs over 3 kbp were examined for coverage by Celera mate pairs. An interval of a bactig was deemed an assembly

error where there were no mate pairs spanning the interval and at least two reads that should have their mate on the other
side of the interval but did not. In other words, there was no mate pair evidence supporting ajoin in the breakpoint interval
and at least two mate pairs contradicting the join. By this criterion, we detected and broke apart bactigs at 13,037 locations,
or equivalently, we found 2.13% of the bactigs to be misassembled.

We considered a BAC entry to be chimeric if, by the Lander-Waterman statistic (175), the odds were 0.99 or more that the
assembly we produced was inconsistent with the sequence coming from a single source. By this criterion, 714 or 2.2% of
BAC entries were deemed chimeric.
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Shredded bactigs were located on long CSA scaffolds (>500 kbp) and the distribution of these fragments on the scaffolds
was analyzed. If the spread of these fragments was greater than four times the reported BAC length, the BAC was
considered to be chimeric. In addition, if >20% of bactigs of a given BAC were found on a different scaffolds that were not
adjacent in map position, then the BAC was also considered as chimeric. The total chimeric BACs divided by the number of
BACs used for CSA gave the minimal estimate of chimerism rate.
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Scaffolds containing greater than 10 kbp of sequence were analyzed for features of biological importance through a series of
computationa steps, and the results were stored in a relational database. For scaffolds greater than one megabase, the
sequence was cut into single megabase pieces before computational analysis. All sequence was masked for complex repeats
using Repeatmasker (52) before gene finding or homology-based analysis. The computational pipeline required ~7 hours of
CPU time per megabase, including repeat masking, or a total compute time of about 20,000 CPU hours. Protein searches
were performed against the nonredundant protein database available at the NCBI. Nucleotide searches were performed
against human, mouse, and rat Celera Gene Indices (assemblies of cDNA and EST sequences), mouse genomic DNA reads
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rodent (mouse and rat) EST data sets parsed from the dbEST database (NCBI), and a curated subset of the RefSeq
experimental MRNA database (NCBI). Initial searches were performed on repeat-masked sequence with BLAST 2.0 (54)
optimized for the Compag Alpha compute-server and an effective database size of 3 x 10° for BLASTN searches and
1 x 10° for BLASTX searches. Additional processing of each query-subject pair was performed to improve the alignments.
All protein BLAST results having an expectation score of <1 x 10™ %, human nuclectide BLAST results having an
expectation score of <1 x 10 ® with >94% identity, and rodent nucleotide BLAST results having an expectation score of
<1 x 108 with >80% identity were then examined on the basis of their high-scoring pair (HSP) coordinates on the scaffold to
remove redundant hits, retaining hits that supported possible alternative splicing. For BLASTX searches, analysis was
performed separately for selected model organisms (yeast, mouse, human, C. elegans, and D. melanogaster) so as not to
exclude HSPs from these organisms that support the same gene structure. Sequences producing BLAST hits judged to be
informative, nonredundant, and sufficiently similar to the scaffold sequence were then realigned to the genomic sequence
with Sim4 for ESTs, and with Lap for proteins. Because both of these algorithms take splicing into account, the resulting
alignments usually give a better representation of intron-exon boundaries than standard BLAST analyses and thus facilitate
further annotation (both machine and human). In addition to the homology-based analysis described above, three ab initio
gene prediction programs were used (63).
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Lek first compares all proteins in the proteome to one another. Next, the resulting BLAST reports are parsed, and a graph is
created wherein each protein constitutes a node; any hit between two proteins with an expectation beneath a user-specified
threshold congtitutes an edge. Lek then uses this graph to compute a similarity between each protein pair ij in the context of
the graph as a whole by simply dividing the number of BLAST hits shared in common between the two proteins by the total
number of proteins hit by i and j. This smple metric has several interesting properties. First, because the similarity metric

talroc intn arcninint hnth tha cimilaritv and tha Adiffaranroc hohiicon tha hain cormianroe at tha laal f R1 AQT hite tha matrir

108



90.
91
92.
93.

94.
95.

96.
97.

98

respects the multidomain nature of protein space. Two multidomain proteins, for instance, each containing domains A and
B, will have a greater pairwise similarity to each other than either one will have to a protein containing only A or B
domains, so long as A-B-containing multidomain proteins are less frequent in the proteome than are single-domain proteins
containing A or B domains. A second interesting property of this similarity metric is that it can be used to produce a
similarity matrix for the proteome as a whole without having to first produce a multiple alignment for each protein family,
an error-prone and very time-consuming process. Finally, the metric does not require that either sequence have significant
homology to the other in order to have a defined similarity to each other, only that they share at least one significant BLAST
hit in common. This is an especially interesting property of the metric, because it allows the rapid recovery of protein
families from the proteome for which no multiple alignment is possible, thus providing a computational basis for the
extension of protein homology searches beyond those of current HMM- and profile-based search methods. Once the
whole-proteome similarity matrix has been calculated, Lek first partitions the proteome into single-linkage clusters (27) on
the basis of one or more shared BLAST hits between two sequences. Next, these single-linkage clusters are further
partitioned into subclusters, each member of which shares a user-specified pairwise similarity with the other members of the
cluster, as described above. For the purposes of this publication, we have focused on the analysis of single-linkage clusters
and what we have termed "complete clusters,” e.g., those subclusters for which every member has a similarity metric of 1 to
every other member of the subcluster. We believe that the single-linkage and complete clusters are of special interest, in part,
because they allow us to estimate and to compare sizes of core protein sets in a rigorous manner. The rationale for thisis as
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