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Summary

Assembly: GRCh37.p8, Feb 2009
Database version: 69.37
Base Pairs: 3,300,551,249 %/EEDNA@Eé (iﬁ%}'{{l’

Golden Path 3,101,804,739

Length: DNA@@E@U(;A, G, C, T
Genebuild by Ensembl > i D K?@aﬁu G) 7__ $2

Genebuild method Full genebuild

Genebuild started Jul 2010 1 XZ=1/)\1r&TB
Genebuild Apr 2011

released DVD_dt&(:”yai%o

Genebuild last Oct 2012
updated/patched

Gene counts

Coding genes: %gy}fag%j—ﬁ‘b
Non coding
genes:

Pseudogenes:

Gene exons:

Gene transcripts: —mRNADZ
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A B|Cc|D|[E|F|[G|H|]I1|[J|K|]L[M|N|[O|[P|]Q]|R S T U v AC AD AE AF
D s, 2.3 4 56 78 210 11 12 13 14 15 16 17 DMSO T3 OH-CB159 OH-CB106 Symb Geneh E D TIGRID
&10_P000018( 055 084 021 025 0.13 087 094 109 014 025 028 636 612 63 544 567 5.84\(13944956 06093174 62576415  5.648762|LOC397792 alpha-1-antiproteinase TC383838
|A10.P00CO75| 371 336 449 338 368 107 131 103 063 032 037 121 17 12 043 039 069 [3.7257368 0.7886832 1.3681403 0.5027059 Xesp-2 embryonic serine protease~2  TC358745
A_10.PO00084} 201 209 25 185 2 105 119 101 05 022 03 179 205 208 219 217 243 | 2091036 0.7134385 1.9736458 22637699 |k-a larval keratin TC397137
_|A10.P000T70] 183 1.14 174 264 202 1.14 096 237 095 098 1.19 083 073 057 053 048 055 [1.8944374 1.2635843 07102711 05214314 AHR aryl hydrocarbon receptor TC357927
A0 252 122 122 251 266 254 044 048 053 035 028 04 152 132 133 121 113 14 20309915 04130425 1.3905919 1.2421975|BGP bone Gla protein
|A10.P000253] 106 11 502 437 463 107 099 106 1.17 088 105 04 033 055 079 094 084 |32339485 1037382 04255625 0.8564081|meo-A matrix Gla protein TC371317
A_10.P000267] 086 088 04 046 046 167 182 167 147 139 145 087 095 0988 052 053 058 | 0612373 15769785 0.93290897 0.5441302|LOC338090  TAP2 protein TC357973
A10.P000308] 142 154 142 118 1.17 074 08 075 082 074 072 122 121 122 113 111 1.14 [1.3462446 07622302 12159824  1.125507 |SLBP2 oocyte-specific histone mRNA s: TC365743
A_10.P000358] 054 0.58 058 055 052 279 292 349 057 047 051 585 692 571 041 053 048 05552788 17914822 6.1600498 0.475414|im28-a clone IM28/E3-111 upregulated during i
A10P000373] 156 16 172 166 174 105 105 108 107 097 096 1.11 101 105 049 049 051 |1.6544611 1.0296408 1.0573993 0.4957388 |f|j20436 hypothetical protein MGC52525 TC374727
A_10.P000440] 044 019 033 05 05 227 081 087 304 304 327 079 085 082 124 134 135 |0.3908296 22153556 0.8215837 1.3081381 |dbx-A homeodomain protein dbx TC365931
A10.P000473] 223 251 744 706 677 049 057 067 12 117 106 037 033 051 039 051 039 [5.2008163 0.8588968 04215465 0.428668 |anf-A atrial natriuretic factor TC366806
A_10.P000475) 0.75 062 074 086 068 1.55 125 146 1.1 119 106 125 117 114 08 08 072 | 0731925 12688618 1.1884609 0.7753875 |tcf4 T-cell factor XTCF-4A TC406625
A_10.PO00S07| 129 222 142 144 123 098 076 082 086 078 076 1.34 135 161 064 075 074 [1.5212993 08258733 14324454  0.710258 |gcgrp-A glucagon receptor precursor TC362012
5 | A10.P000573] 129 132 28¢ 239 196 048 045 044 082 092 052 066 073 073 176 1.53 1.4 | 1959324 06060286 07065479 1.5637813|LOC398311 T-cell receptor gamma NP460569
A_10.P000657f 057 03 043 033 027 157 13 159 03 032 029 068 ( b f— 3 hannel Ka TC359451
A_10.P000700] 043 029 08 107 081 076 102 065 041 029 052 172 1 E{K?é&m roxylate aminotransfera TC373866
19 |A10.P000705] 1.63 186 151 141 139 095 093 096 062 048 051 071 Na+/K+ transporting. be TC365137
20 |A10.P000745] 18 17 209 177 181 103 101 101 107 083 083 078 ( rrotonin receptor TC358291
gijAJO_POOiSH 16 191 11 151 158 092 131 137 081 041 087 057 ( X TC408003 null
22 |A10P001408] 056 062 062 044 051 228 247 28 21 188 191 0987 ( TC384897
E?irA_lO_POOMW 077 085 1.19 103 126 106 098 088 087 087 079 05 ( ~ o e TC396959
24 |A10P001421] 106 109 08 103 096 069 069 071 08 089 087 13 1 -|j- Jj )I/;&n
25 |A_10.P001529] 069 035 078 03 065 133 09 146 147 136 1.39 132 1
26 |A10.P001663] 093 098 108 101 102 085 098 079 032 034 037 045 ( — I W TC412713
27 |A10.P001772] 322 252 187 18 179 073 085 073 088 086 087 044 ( 0)7_ - 9 7 l\ J J 7 2
28 |A10P001908] 1.36 129 1.11 149 132 14 131 113 161 148 144 054 ( null null null
29 (A10.P001965] 223 141 19 375 124 076 094 148 092 069 1.58 0868 ( like factor 15 TC365184
7£A_IO_POO1999 182 169 249 281 267 016 022 0.16 081 082 087 096 1 \L NP869135
31 |A10.P002 158 1.74 7.14 679 689 01 0.12 0.11 095 098 079 048 ( sr associated with antig TC357511
32 |[A10.P00210¢] 076 056 061 046 047 141 132 14 101 147 144 136 1 tE 7D ° > — ] rendent kinase inhibitor TC365585
33 |A10.P002167 066 074 037 039 039 105 091 0985 136 116 132 12 1 ][] E-l-ﬁq:*ﬁ t 7 D 9 7.[5\0)% g |‘$ TC366704
A_10.P002182) 087 058 065 085 067 132 078 101 058 045 05 206 Zoo 189 209 140 1Y/ JUIZD1IZD| U.JIZIIUS | ZIUDISIY | ZUSUI1I14|Serpinci serine \or cysteine) proteinase in TC360723
A_10_P002251 1.1 11 185 182 167 064 068 065 062 063 065 129 127 144 126 124 127 |1.5093187 06467922 13339656 1.2567803 MGC52934 similar to apolipoprotein A-{ TC365470
A10P002284] 219 208 307 29 298 047 055 051 156 151 155 127 138 137 056 056 062 | 2643972 10260786 1.3403173 0.5819113 hoxala homeo box A3 TC360883
A10P002303] 04 046 042 041 1.14 082 036 031 124 037 037 219 144 184 11 121 108 [0.5664787 0.5788532 1.8226201 11.304793|fga Fibrinogen, A alpha polypeptide  TC360342
A10.P002367| 162 1.38 188 185 193 09 072 1.16 104 117 063 049 066 051 089 1.15 1.12 [1.7344715 0.9360542 0.5529548 1.0512139 |foxil forkhead box [1 TC362704
9 |A10P002398| 113 125 23 211 22 081 094 08¢ 141 133 137 092 087 091 053 053 056 |1.7973627 1.1183452 08997099 0.5427944|MGCB2035 MGCB82035 protein
A10.P002473\ 099 1.16 188 18 187 069 073 075 097 086 094 069 056 067 1.25 141 135 J1.5390202 08229748 0.6425872 1.3370467 MGC53012 similar to Fyn proto-oncogene  TC363643
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>contig00019 gene=isogroup00001 length=579

CTGTACTTGTTACTGTGAGTCATGTATAGGCTGCCTTTGGATGATGTGggTCAAATCTCA
GCTGGATACTAGTGGTAAAAGAAATGGACCGTTTOGGAACAAAACAAGTATGTGTAATTT while.ol
GGCTGGAGCTATTTTTTtCATTAAACTATTTTCTTTTTGTAAGAATTTAATTTTtAAAGA p
aCAATGGAACTTAGCCATGGTGCATGAAAGGAAAGTTACAGTGTTGTCCATAATACACAC
TTTTtOCTAGCACAGATTATAGTATAAAASGAATCAAAGGAACAATCTCOCATTTTTTLC
TGTTCTGTATTTTTACACATTAGGGTCAGTGATGTAAAGGGOGATTTTAAAATTGTAAAA : .
CTATGCACAAGACTTTGCTGGTTTCTCAGTCTGTTTGCTTTAGTACTTCAATCTGCCAGT : use strnct;
TTACTTTAGAAAATTAAATCTGATTTTAGATATTTTAGACACTATTACCCATCATGATGC :
CCATTTAAGTCTTTTCCAAATTACAAACTTTTAAACTTTACTTGTAGATGTGATATTGCT -
TGGAGCACTGCTTTACATATGTAGCTAAAGTAATATGTG : T .
>contigD0020 gene=isogroup00001 length=631 : my (-)fIIC) = @A.RGV.
AAAAZTGTTCTAGGCATTCATTGATTATACTTTAGTCATGTCAAATTACAGCTTGATGOC open {F $file) or die gl
TTTAGGCACTTTTGTAACCCTACTATAGTAAATGCTAATATATATATAAAAGCCATTTTT - ’ 5 '’
ATGATTAAGCACCTTATTTTTTCAGTTTGCTGTTAGCTAATGTACTGTTTGCTTAGCATA : my Scount = 0;
TTACTTTTTTtGTAAAAGTGGATACTGTTGTTTATCTCAAACTAAGCCAGTACAAATTGA :
GAATACAAACACATCTACACCACTGAGGCAAATGGTAGGTAGAAGAACAGTTGGACAAGT : while (<F>) {
TATGGTAAAATACTCTCTGTTGTTAACAATTTACAAGAAGCTAACAGCTATCAGGGGCTC :
TATGTTTATTGATGCTAAGCAACGGGATGAATCCTGCTTTAGGTGATTTTCAATTAAAAT : chomp;
TTTCTGAATTTACTTTTATCCTTCAAGCTCTATAGCTGTACCACATTGGTTTATGTAATG : i
AGCAAACATTAGGGGGCAGGTGAAATGAAAAATGAATACTAAATTTTAGAATAAATACAA : if (S =~ fAS[ )[
TACAATACAGTGQCACTTACACCCCCTTCCTGCCCAAGOCATTTTTCAGCTTTCAGCTATC : " =
ACACTTTGAATGACAATTGcgCAGTCATGCTACACTGTAACCATGTGAAATTTTTaTCaT : print $_\n";
TTTCTTCATACAAATTGAGCTTTCTTTTGGT - - P
>contig00022 gene=isogroup00001 length=1004 : sCoun v+,
GTtATtaTATATATATATATATATATATATAtATATATAGAGAGAGAGGAZGAGAGAGAG : }else ;
AGAGAGAGAGAGAGACGATCACTTTAAGAATTAGTAATGCACTTTTTTGCTTCTATTTGG :
ACACAGAGTTTTCAGTCCATGATGACCTTCACCACCAGATAAGAAGCAATAGTTTACTCC : next;
CTTTTTGCTCCAAGAAATGGACTGTCTTATCTAGCTGTTCTGATCTAGTACCGTTATGGC :
GGOGCTCATGTTTTCTTGCACTTTCTATCAGTCACATGATGTAACCACCTACTTAACTGT
TCCCTTGCTACTAAGAAGAAATGAATGCTGATTGGACTAAACTATATGATCACaCCTATA :
ACACGCCTGGACCTTATGCATATTCATACTTATAAAATTGTATAGCCTGTAGATGTAACC : }
TCAGAAACACTTTCGCATTACTGCTTTATTGAGAACTGTGTATTGTGTTTCTCCACTGCA :
GTGTATGC\AATAAAAGCACCTAATTTTCTTAAGATTTGGACTCACTGTCTCGTCAGAAAA close F;
ATTTAACAATA AN

D N A@Bﬁ” 7 ’r ) |/ print "Entry count: Scount\n"
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The effects of EDCs -- overview

Endocrine disruptors are chemicals that interfere with endocrine (or hormone system)
in animals, including humans.

These disruptions can cause cancerous tumors, birth defects, and other developmental
disorders.

Specifically, they are known to cause

*learning disabilities ZBREE

*severe attention deficit disorder JF = Z &) EEE

*cognitive and brain development problems SR:fEE., NDFEEDREE
*deformations of the body (including limbs) D FH

*sexual development problems

*feminizing of males or masculine effects on females, etc.
HERILEY RO B E

Any system in the body controlled by hormones, can be derailed by hormone
disruptors. The critical period of development for most organisms is between the
transition from a fertilized egg, into a fully formed infant. As the cells begin to grow
and differentiate, there are critical balances of hormones and protein changes that must
occur. Therefore, a dose of disrupting chemicals can do substantial damage to a
developing fetus (baby). The same dose may not significantly affect adult mothers—
for a more scientific explanation, see below.
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The mechanism of thyroid hormone action and endpoints affected by
endocrine-disrupting chemicals.
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Background and the purpose of experiment.

*Polychlorinated biphenyls (PCBs) have high stability to heat, so they had been
widely used for many applications such as dielectric oil, plasticizer, coating material.
*Production of PCBs was banned in the 1970s. However, large amounts of these
compounds remain ubiquitous in the environment.
*Hydroxylated PCBs are the metabolites produced from parent compounds by the
drug-metabolizing enzyme cytochrome P450. These compounds are suspected to
disrupt post-embryonic neural development in the brains of mammals including
humans.
*Because thyroid hormones play a role in the perinatal development of the central
nervous system, the thyroid system is thought to be one of the important endpoints
affected by several endocrine-disrupting chemicals including PCBs. Although it is
important to study the effects of hydroxylated PCBs on the brain and thyroid system in
vivo, studies with mammalian species are fraught with difficulty because each embryo
is enclosed by the uterus FEERAIFIEDOETILE UTAEEZRWE
* Amphibian metamorphosis is one of the most dramatic TH-induced changes, and it
shares manv similarities with mammalian nerinatal develonment. It could also be a
MAEEDRRE. PIRIRTILEVICK>TSISEISNBDIRRTH O, PIRERRIL
EVIERZREALITDIHDESIHDRVWETILRTH D
*To clarify the effects of these compounds on thyroid hormone function in the brain,
we used metamorphosing tadpoles of the African clawed toad as a model for
ammalian post-embryonic development.




Experimental Scheme
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Effect of PCBs on T;-induced TR[5 and BTEB gene expression in the
tadpole brain undergoing metamorphosis.
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Total RNA was extracted from the tadpoles after short-term (96-h)
exposure to hydroxylated PCBs. They were treated with vehicle control
(DMSO0), 1 nM T, 1 nM T, and 0.05, 5, or 500 nM of 4-OH-PCB106
(Upper) or 4-OH-PCB159 (Lower). The vertical axis represents the
ratio of the amount of TRB (open bar) and BTEB (solid bar) transcripts
in Ty-treated samples to those in Ty-untreated samples as a magnitude
of the induction (fold) after normalization with the housekeeping gene
GAPDH. Each value is the mean + S.E. of triplicate determinations.
Different letters denote significantly different means (p < 0.05; 1-way
analysis of variance by Fisher’s least significant difference test for
multiple comparisons).
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Hydroxylated PCBs inhibit T;-induced metamorphosis.
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Time-dependent inhibition of Ty-induced metamorphosis by hydroxylated PCBs. The average developmental stages of the
tadpoles treated with vehicle control (DMSO; solid circle), 1 nM T, (solid square), 1 nM Ty and 500 nM 4-OH-PCB106 (solid
triangle), 1 nM T, and 500 nM 4-OH-PCB159 (solid diamond) were plotted every third day. Each value is the mean + S.E. of
surviving animals. An asterisk indicates significant differences in the stages between T; and T + hydroxylated PCBs groups
(*p<0.05, **p < 0.01, ***p < 0.001). Typical images of tadpoles from each group after the experiment are represented in the
figure. White arrows indicate limbs.
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The results of genome-wide expression analysis. Partl

Venn diagrams showing the number of genes altered by T3 or a combination of T3 and hydroxylated PCBs.

DMSO vs T,
1.5 fold

2139 genes

X$8RBEVsIILE Y ANIRRE

1694

T, vs T3 + 4-OH-PCB159
1.5 fold
314 genes

ILEVAIBE STV EY +EBRIERILEY 1 ALIBEE

)

ANOVA: p<0.001
Total 2490 genes

T, vs Ty + 4-OH-PCB106
1.5 fold
672 genes

A total of 2139 genes were
altered in response to Ts.
Among these genes, 356
(247 + 109) or 198 (89 +
109) genes were altered in
the presence of 4-OH-
PCB106 or 4-OH-PCB159,
respectively. About 445
(21%) of the 2139 genes
were altered in the
presence of either of the
hydroxylated PCB. A total
of 796 (89 + 35 + 109 + 81
+ 247 + 235) genes were
altered in the presence of
hydroxylated PCBs, while
24% of the 796 genes were
commonly altered, and 526
(89 + 109 + 247 + 81) genes
were selected as good
parameters to distinguish
each treatment group.
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The results of genome-wide expression analysis. Partll

Principal component analysis of gene expression in all the samples by using the significantly selected gene set as analyzing parameter.

Microarray data (m transcripts and n
samples)
--->m dimensional n plots.

It’s difficult to visualize such high
dimensional data...

Principal Component Analysis!

FRDICESHRZDC
ClC&KoT. T8
REDEFIN TZE B,

http://index.cs.uiuc.edu/projects/wmn.html
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The results of genome-wide expression analysis. Partll

Principal component analysis of gene expression in all the samples by using the significantly selected gene set as analyzing parameter.

@ DMSO

T;

T, + 4-OH-PCB159
A Ty + 4-OH-PCB106

The microarray data were analyzed
by PCA by using Subio platform
software with the basic plug-in. The
three-dimensional plot view of gene
expression data is shown with respect
) their correlation to the first 3
principal components. Approximately
73.2% variation in the samples was
revealed in the first 2 principal
components. Each sample used for
microarray was plotted with the
same symbol for each group (solid
circle, DMSO:; solid square, Ts; solid
diamond, T5 + 4-OH-PCB159; solid

44.3 + 289 + 14.1 =87.3 triangle, Ty + 4-OH-PCB106).
> B26RTTDBHRDB7.3%Z3IRTT THRIRTE e EZR KL TV S,




Gene Ontology (GO) enrichment analysis.

LT3
H G0:0008150 biological_process [367271 gene products] o8 What IS Gene
¥ G0:0008283 cell proliferation [5198 gene products] %Eﬂﬂ@ia ﬁE Ontology” 9
H G0:0003263 cardioblast proliferation [5 gene products] /B\ﬂ@%%ﬂ]ﬂ@i‘%‘ﬁ@ 7|_ \J I\ D ‘\J\‘—
G0:0071838 cell proliferation in bone marrow [S gene products]
G0:0003295 cell proliferation involved in atrial ventricular junction remodeling [0 gene produc The Gene Ontology
G0:0035736 cell proliferation involved in compound eye morphogenesis [1 gene products] project iS a major

G0:0060722 cell proliferation involved in embryonic placenta development [0 gene products] L . ..
G0:0061323 cell proliferation involved in heart morphogenesis [9 gene products] blOlnfOI'matICS Imitiative

G0:0090255 cell proliferation involved in imaginal disc-derived wing morphogenesis [0 gene ¢ Geneo ntology‘;\ i%{f
G0:0072111 cell proliferation involved in kidney development [45 gene products]

G0:0035726 common myeloid progenitor cell proliferation [4 gene products] ?\ i§1ﬁ¥f£%?5 % 9 \J
G0:0050673 epithelial cell proliferation [794 gene products] ) )= Az X

G0:0070341 fat cell proliferation [13 gene products] HEHE,’&H]H@i%ﬁ@ } \0 ’ém% AU t O %n%n
G0:0048144 fibroblast proliferation [277 gene products] G)%ﬁg ‘: F;g 'g' % ggi& Bﬂgj“

G0:0048134 germ-line cyst formation [32 gene products]

G0:0014009 glial cell proliferation [48 gene products] U'—C \I\ % 7—_“_ 9 /\\\_Z‘t\‘ﬁ
€0:0003419 growth plate cartilage chondrecyte proliferation (9 gene products] 3, BEEE(CIEBFDIDEE|
DIR->TWD, [EEBEZ
FoTW3,

GO000000 3 2GO0000007, . . | chaTacteristies ane gene
Total 22000 transcript: 10 cANTEEEEZFD S5 1 08 Ef:iuétg rg:;zgft?uﬁta
Altered 500 transcript: 8 co ¥ RDIAATES00ETFD S5 8@

. .. . ) . wembers, as well as tools
This “GO” is significantly enriched in altered transcripts. :
to access and process this

(Fisher’s exact test) data /
W OIAATES00EEFIC. BRICEMBSNTLD, '

For example...




Table X. The list of Gene Ontology IDs that were associated with selected 526 genes and were significantly enriched in

Biological Process.
GO ID Parent GO ID Definition lﬁ E
G0:0040007 G0:0008150 growth
G0:0008285 G0:0008283 negative regulation of cell proliferation 0.011397899
GO0:0042127 GO0:0050794 regulation of cell proliferation 9.03E-05
GO0:0016477 G0:0048870 cell migration 0.013632849
G0:0030902 G0:0048856 hindbrain development
GO0:0030901 G0O:0048856 midbrain development mﬂ@jﬁaﬂﬁﬁ
G0:0031641 G0:0032844 regulation of myelination 0.001761645
G0:0030155 G0O:0050794 regulation of cell adhesion 0.02085799
GO:0050673 G0:0008283 epithelial cell proliferation 0.029762641
G0:0030856 G0:0051239 T T e A S 0.037778386
G0:0045011 G0:0022607 ‘ ﬁ?mﬂ@*g@] 0.046513827
GO0:0009825 GO0:0016049 LIULLIULIIEIISI01dL CEeLL SIOW LLL 0.027673394
GO:0009792 GO:0009790 embryonic development ending in birth or egg hatching 0.011691047
G0:0030182 GO0:0030154 neuron differentiation 0.044955394
G0:0048333 GO0:0030154 mesodermal cell differentiation RY; syt ening
GO0:0002053 GO0:0010463 positive regulation of mesenchymal cell Hw OD%E
G0:0045766 G0:0045765 positive regulation of angiogenesis V.vzaooogL
G0:0016339 G0:0016337 calcium-dependent cell-cell adhesion 0.031695492
G0:0042478 G0:0022603 regulation of eye photoreceptor cell development 0.027673394
G0:0043065 GO:0006915 nositive resulation of anontosis 0.011268777
GO:0045579 %ﬂ@%% tiation 0.005448753
G0:0006919 L 0.005620347
GO0:0042664 GO:0001714 negative regulation of endodermal cell fate specification 1.08E-03
GO0:0045843 GO0:0048635 negative regulation of striated muscle development 0.013323335
G0:0048562 G0:0048598 embryonic organ morphogenesis 0.005368416
GO0:0051489 GO0:0060491 regulation of fi 68416
G0:0048335 G0:0045596 negative reguls I%BH@% 10723
G0:0048925 G0:0048880 lateral line system development 0.01853492
GO0:0048514 G0:0009887 blood vessel morphogenesis 0.000772626
G0:0030326 G0:0035108 embryonic limb morphogenesis 0.0388314
G0:0007386 G0:0009952 compartment specification 0.002334391
GO:0050770 G0:0010769 regulation of axonogenesis 0.008384524
G0:0035284 G0:0035282 brain segmentation 8.38E-03
G0:0021545 G0:0021675 cranial nerve development 0.01853492
G0:0010090 G0:0000904 trichome morphogenesis 0.027673394
GO0:0030282 GO0:0031214 bone mineralization 0.001237237
GO0:0051932 GO0:0007270 synaptic transmission, GABAergic 0.02085799
GO:0007435 GO0O:0007431 salivary gland morphogenesis 0.039897319
GO:0007387 GO0:0007386 anterior compartment specification 0.036726938
GO0:0007388 GO0:0007386 posterior compartment specification 0.036726938
GO0O:0001754 GO0:0048592 eye photoreceptor cell differentiation 0.006305561
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