nhoncoding
sequences

-
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ACEAAGGGAAAGCGCAAGAGAGAGCGCACACGCACACACCCGCCGCGCGCACTCGCGCACGGAC
CCGCACGGGGACAGCTCGGAAGTCATCAGTTCCATGSGCGAATGCTGCTGCTGGCGAGATGTCTG
CTGCTAGTCCTCGTCTCCTCGCTGCGGTATGCTCGGGACTGGCGTGCGGACCGGGCAGGGGGTTC
GGGAAGAGGAGGCACCCCAAAAAGCTGACCCCTTTAGCCTACAAGCAGTTTATCCCCAATGTGGCC
GAGAAGACCCTAGGCGCCAGCGGAAGGTATGAAGGGAAGATCTCCAGAAACTCCGAGCGATTTAA
GGAACTCACCCCCAATTACAACCCCGACATCATATTTAAGGATGAAGAAAACACCGGAGCGGACA
GGCTGATGACTC]GTAGGAACCCAGCGCCGGGGCGTGGAATGTGTGGCTTTCCAGGGGGTTACGA
GAAGCCGAACACTTCCAGACTTAACTCTGTTTGCTCTTCGGGCAGATGAAGGTGATTTCACCCGCTC
CTTCCCCACCCACCTGCCCGCCCCCCATTCTTCCTCTTCCTGGAGGAGAATGGAGGTCAAGGGTCC
AGCTGGAGAAGTTAGGGTGTGGTGGGGGTGAGGACGGTAACAGACGTGGTTCATTATGGCCTGATT
TGATGAGTCTTGCTACAATGGCCTTCCCCATCCTACCTCTGCCTGGCTTGTAACTTGGGGAGACCTT
CACTTTGGGGGCGTCGGCCCTTTCCAGTCAGGAGTGGAAATGGAAGGAGAGGCTGGGAATCCCCC
TCCCACAAACATGAAGTGGTCTCCTGGTACTGTACGAACGAACGAACGTAGCCTTGGGCTTGGAGC
TCAGAGCCCCCACGTTTCCCGTTGCCTCTGTGGTTTTCTTTCCACCACTACCCCCACCCTGCACCTC
CCCACCAAAGAATTCTCAACTGGAAAAGCCAGGAGGCGGTTCTGACAAAAGGCAGGGGCTCCAGG
GGAGACTCCCCCGTCCCTGGGTGGCTGGCTGTATCGCAGAGCTGGCTTTGCGATTGCGTGTCCGCA
ATTGTGCCCATCAGAGTGTGAATGTATTGATATTTCTTTAA(%L\TGCTCTTTCGTTCTTCCAAGCCCG
AGGTACCTTAGGGGAGGGACTTAGAACTTATTGGCATTGCATCACTTTAGTTTTCAACCTGCTTGCA
TAAGAATTAAGAGCGAATAAATATTAGTGTGGGGGGAGGGGAAGCTAAGCAAAATATGAATTCCTC
TCTCTCTCCCCACCTCCTTTGAGATTTCTGAGCTGCCAATCTCCCAGCCAATTCTAGACTTTCTGAAA
CTCCATGCACGTATAACTGAAGCCAGAAATGGGTTTCCTTGCAAATATAGGTCAACATCCTTTTTATT
GCCCTATTAAAATATTCAAGTCCTACCTTTAGGGCTAGGTGCGTACAGCGGCTGATG(T-?-ﬁGTGGCGC
TGGTGGGGCGCAAGTGCAGGGGGAGGGTACTGACGGCAGAGAGAGAGGAGCTACCTCCGTGCCG
CCCTGCTTCCCGACCCGATTCCCAGGCTTGCTTGAGGCCGAGAAAGGCGAGGGGCAGGCAAGGTA
GCCTGCTCCAGCTGTCGGAAGGGAGAGGAATGGGAAATGGTCCTGATTTCCTTGCTCTCCCTCATC
TGCTCCCGACCACCTTAAATCTGGACCGCGAGTGTGGACGCGCGCGCCAGTGCCAGACAGCAGCG
CGATCCACAATTAACTCTGCACGGGCCATGGGGTGCCCGTTGCGTGCAGCTGGCTGGAGGGAGTTC
TCCGGCTAGCCCGAGGCGCCCATCCICTCGTCACCCTCACTCCCCGCGGAGGAGGGGCCTTGCCA
GGGTCCCTCGGAACCCGAGAGGAGGGAGGCACTGCGGAGAGAGCGGCGGGGGCGTGGATACCC
GAGGTCCCAGAGCCAGAGTGGGTCAGCTTCTGACCTGCTCTGCGGGAGGCCAATACCGCAGAAGG
GGTCCTGGGCTCGCACACCTTCCCAGGGCTTGAGCCTTGCAGCCCTGCTGCAATAACTACCCGTGA




AGGAAGGGAAAGCGCAAGAGAGAGCGCACACGCACACACCCGCCGCGCGCACTCGCGCACGGAC
CCGCACGGGGACAGCTCGGAAGTCATCAGTTCCATGGGCGAATGCTGCTGCTGGCGAGATGTCTG
CTGCTAGTCCTCGTCTCCTCGCTGCGGTATGCTCGGGACTGGCGTGCGGACCGGGCAGGGGGTTC
GGGAAGAGGAGGCACCCCAAAAAGCTGACCCCTTTAGCCTACAAGCAGTTTATCCCCAATGTGGCC
GAGAAGACCCTAGGCGCCAGCGGAAGGTATGAAGGGAAGATCTCCAGAAACTCCGAGCGATTTAA
GGAACTCACCCCCAATTACAACCCCGACATCATATTTAAGGATGAAGAAAACACCGGAGCGGACA
GGCTGATGACTCAGTAGGAACCCAGCGCCGGGGCGTGGAATGTGTGGCTTTCCAGGGGGTTACGA
GAAGCCGAACACTTCCAGACTTAACTCTGTTTGCTCTTCGGGCAGATGAAGGTGATTTCACCCGCTC
CTTCCCCACCCACCTGCCCGCCCCCCATTCTTCCTCTTCCTGGAGGAGAATGGAGGTCAAGGGTCC
AGCTGGAGAAGTTAGGGTGTGGTGGGGGTGAGGACGGTAACAGACGTGGTTCATTATGGCCTGATT
TGATGAGTCTTGCTACAATGGCCTTCCCCATCCTACCTCTGCCTGGCTTGTAACTTGGGGAGACCTT
CACTTTGGGGGCGTCGGCCCTTTCCAGTCAGGAGTGGAAATGGAAGGAGAGGCTGGGAATCCCCC
TCCCACAAACATGAAGTGGTCTCCTGGTACTGTACGAACGAACGAACGTAGCCTTGGGCTTGGAGC
TCAGAGCCCCCACGTTTCCCGTT CT CCACCACTACCCCCACCCTGCACCTC
CCCACCAAAGAATTCTCAACTGQG GTTCTGACAAAAGGCAGGGGCTCCAGG
GGAGACTCCCCCGTCCCTGGGTC CTGGCTTTGCGATTGCGTGTCCGCA
ATTGTGCCCATCAGAGTGTGAAT TCT ATGCTCTTTCGTTCTTCCAAGCCCG
AGGTACCTTAGGGGAGGGACTTAGRACT GGCATT CACTTTAGTTTTCAACCTGCTTGCA
TAAGAATTAAGAGCGAATAAATATTAGTGTGGGGGGAGGGGAAGCTAAGCAAAATATGAATTCCTC
TCTCTCTCCCCACCTCCTTTGAGATTTCTGAGCTGCCAATCTCCCAGCCAATTCTAGACTTTCTGAAA
CTCCATGCACGTATAACTGAAGCCAGAAATGGGTTTCCTTGCAAATATAGGTCAACATCCTTTTTATT
GCCCTATTAAAATATTCAAGTCCTACCTTTAGGGCTAGGTGCGTACAGCGGCTGATGGAGTGGCGC
TGGTGGGGCGCAAGTGCAGGGGGAGGGTACTGACGGCAGAGAGAGAGGAGCTACCTCCGTGCCG
CCCTGCTTCCCGACCCGATTCCCAGGCTTGCTTGAGGCCGAGAAAGGCGAGGGGCAGGCAAGGTA
GCCTGCTCCAGCTGTCGGAAGGGAGAGGAATGGGAAATGGTCCTGATTTCCTTGCTCTCCCTCATC
TGCTCCCGACCACCTTAAATCTGGACCGCGAGTGTGGACGCGCGCGCCAGTGCCAGACAGCAGCG
CGATCCACAATTAACTCTGCACGGGCCATGGGGTGCCCGTTGCGTGCAGCTGGCTGGAGGGAGTTC
TCCGGCTAGCCCGAGGCGCCCATCCTCTCGTCACCCTCACTCCCCGCGGAGGAGGGGCCTTGCCA
GGGTCCCTCGGAACCCGAGAGGAGGGAGGCACTGCGGAGAGAGCGGCGGGGGCGTGGATACCC
GAGGTCCCAGAGCCAGAGTGGGTCAGCTTCTGACCTGCTCTGCGGGAGGCCAATACCGCAGAAGG
GGTCCTGGGCTCGCACACCTTCCCAGGGCTTGAGCCTTGCAGCCCTGCTGCAAAAAAAAAAAAAAA
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Noncoding regulatory sequences

nucleotide
changes

Differences in gene expression

Human variation Pharmacogenetics Human disease
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98% of the genome

AGGAAGGGAAAGCGCAAGAGAGAGCGCACA

CGCACACACCCGCCGCGCGCACTCGCGCAC Com pa rative
GGACCCGCACGGGGACAGCTCGGAAGTCAT )
CAGTTCCATGGGCGAATGCTGCTGCTGGCGA Genomics

GATGTCTGCTGCTAGTCCTCGTCTCCTCGCTG




Evolutionary conservation can find regulatory elements

Last common

ancestor

|

Non-Coding Sequence

AACTGAAGCOTATAAA

TGTTGTTAGQTATAAA

AATGGATCTGATGGAGCAGGTGGCCCTGCGCGTG

AGTTGAAACOTATAAANIGCGCGAGCTGATGGAGCAGGTGGGCCTGAGTGTG

TGCGCAGTATCGCGTCCACAACCGCGTCAGTCCC

TGTTCTTAGYTATAAA

AGCTCGGTATCGCCTCTCCAACCGGGTCACTCCC

Evolutionarily Conserved Sequences
are Functionally Important.



98% of the genome

AGGAAGGGAAAGCGCAAGAGAGAGCGCACA

CGCACACACCCGCCGCGCGCACTCGCGCAC Com pa rative
GGACCCGCACGGGGACAGCTCGGAAGTCAT )
CAGTTCCATGGGCGAATGCTGCTGCTGGCGA Genomics

GATGTCTGCTGCTAGTCCTCGTCTCCTCGCTG

NO CODE

Second base

High-Throughput
Characterization




Distant cis-regulatory element: Enhancer

. Promoter




Extremely conserved non-coding sequences tested

1. Human-Fish (N=3,124) 2. Ultraconserved (N=256)

70% & 2100bp Human-Fugu  100% & 2200bp Human-Mouse-Rat

AACTGAAGCQTATAAAPATGGATCTGA

AACTGAAGCCTATAAAAATGGATCTGA

AGTTGAAACQTATAAAITGCGGAGCTGA

-
\:‘\\‘;i TGTTGTTAGUTATAAAITGCGCAGTATC
. TGTTCTTAGQTATAAAAGCTCGGTATC

~50% enhancer positive success rate

GAAGCCTATAAAAATGGATCTGA




Mouse Enhancer Assay

AACTGAAGCCTATAAAAATGGATCTGA

ecarcrea  Zebrafish

Conserved

Element



http://images.pennnet.com/articles/bow/thm/th_286693.bmp

Tissue-Specific Expression is Highly
Reproducible and Specific

4/4 9/10 10/14

(triangular distal wedge) (apical ectodermal ridge) (forelimb-specific, single
medial dorsal spot)



The Jewish Enhancer




VISTA Enhancer Browser

whole genome enhancer browser
I PO R e ey ey i

H509%5508%5 8D
A Y

AESES55858

! - Rl ) _ 4

http://lenhancer.lbl.gov

346 human enhancers out of 849 tested




N VISTA Enhancer Browser

whole genome enhancer browser
L L L o o i BNy RO hym T CAETOELT O

Home Browser Handbook and Methods Experimental Data

The ¥YISTA Enhancer Browser is a central resource for experimentally validated
hurman noncoding fragments with gene enhancer activity as assessed in transgenic
mice, Most of these noncoding elements were selected for testing based on their
extreme conservation with other vertebrates, The results of this enhancer screen are
pravided through this publicly available website,

This program is located at Lawrence Berkeley Mational Laboratory, See Handboolk for
additional details on this work or visit the Experimental Results to view data.

The browser also features relevant results by external contributars and a large
collection of additional genome-wide conserved noncoding elements which are
candidate enhancer sequences. We invite external groups to submit computational
predictions of developmental enhancers.,

A5 of 5f26/2006 the database contains information on 255 in vivo tested elements
- 106 elements with enhancer activity.

Keyword Search

|SALL1 | [ Search ]

Examples: gene, accession number, locus link, genomic
position

Expression Pattern Search
Advanced Search

Home Browser Handbook and Methods Experimental Data

Computational Dataset Participants and Contact

Comparative Analysis

Mouse Egg Microinjection E11.5 Reporter Staining

Computational Dataset

Participants and Contact




4 VISTA Enhancer Browser

whole genome enhancer browser
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Home Browser Handbook and Methods Text Search for Expression Pattern Advanced Search Experimental Data Computational
Dataset Participants and Contact
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VISTA Enhancer Browser

whole genome enhancer browser
JLSN VAN 3§ VLN Y VR OA oV R Y I R e TRy i
Home Browser Handbook and Methods Text Search for Expression Pattern Advanced Search Experimental Data Computational
Dataset Participants and Contact

~Expression pattern SEER——
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Flanking genes: SALL1-CHDS

The patterns are strongly reproducible.

Expression Pattern

limbs

Embryo 1

Embryo 2

Embryo 4

Fasta sequence

ttgctgtaattoctgaaagaggcaggagttgacaaaaaagagatcgagetgtttttttctyg
aaggcaatttattggactaccacagggatgtttattttocttaactagaggtcatgagaca
caaaggccactaatgagtgaaattggtggctgggggagteccagyggctttocctcacttctt
ccaagttottettagactgasaaaaaasaaaaagdaaaacaaacasaasaacaaaasaaatyg
gttcocctgbagattttatgactgcagtgtcasaagtcttotatctaaattgcagtaaata
ttctaatgaagtctggaaagaaagoccatttgtaatggctocggggcagagtattaagatag
cotgtttotagttagoetggtecattagagagatctaacatgeatgggaaatggtttectgt
toctaagtgoctttaaaaccaagttttaggaaaccococgtttoctgooggoctocatttggagac
aacagtgtgccaaccggtcagacttttcagatggcocaagtggtcaccttoctcageoctacaa
tttagttteogctgcagocagoctoctaccagggagagtgggectttgecatctcaggggtectg
goagggagtagatagoctccacagagcgaggacat ctggacggggcaccactgaaagot gt
cotttgocctoctgttgtaaatgocattgggattgagtgattcatgggatgagtcaaaaccta
caggagaatocttocagtcatcagoctagatacatctatctagaaacagactgaggggact
gatgagaaaatggtgygataaactcocctyggtttgggagggacagugtagctgatgggagag
gqaaattcttttggctacctgatgtgctgtgecattaaaatgggatttt

Primer
[(Hectgctgtaattctgaaagagyca

FIctgggacttcctiotittag
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Bins of Enhancer Activities
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Pennacchio L.A., Ahituv N. Nature 2006, 444: 499-502
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Applications

Gene/Genome annotation

Reagent to drive tissue specific expression
EvoDevo

Exploring the regulatory code

Role of regulatory sequences in human disease

Cre/GFP/Etc X

— = —

enhancer €«=500kb=—> |[s]|1 enhancer



Consensus

Human

Mouse

Armadille

Eat

cCow

Hippopotamus
ocelet

Wallaby

Elephant

Camnal

Llama

Giraffe

Toothed Whales:
Northern Bottlenose
Common FPorpoise
Narwhal

Baluga

Whitebeak Dolphin
Indug River Dolphin
Antillean Beaked
North Sea Beaked
La Plata Dolphin
Baird's Beaked Dol.
Sperm Whales:
Great Sperym Whale
Pygmy Sperm Whale
Baleen Whales:
Fin Whale

Sai wWhale

Minke Whale
Bowhead Whale
Humphrack Whale

3. EvoDevo
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Shashikant et al. PNAS 1998



4. Exploring the regulatory code
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Pennacchio L.A., Ahituv N. Nature 2006, 444: 499-502



Forebrain Predictions

*CNS injected= 5% m Prediction=17% (4/23)

Tralnlng Set

Element 1

Element 3 I H

Over-representation

Element 4

6 different motifs

ATTAA CANNGGC
GATTA TTNNAAA
TANNTGA TTNNTTT

Predictions

Element 4 ~}
J

(’5

"'/

Alan Moses, Mike Eisen
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Applications

. Gene/Genome annotation

Reagent to drive tissue specific expression
EvoDevo

Exploring the regulatory code



Human phenotypes studied in the lab

I

Limb malformations

*Obesity

‘Pharmacogenomics u




LIMB MALFORMATIONS

* 1in 500 births.

« Appear in numerous syndromes

. Promoter

MUTATIONS

*Brain

*Neural tube

MUTATIONS MUTATIONS MUTATIONS Limb

Limb *Neural tube *Brain

 Well characterized and good human-mouse correlations



Limb enhancer with substantial evidence for
involvement in human disease

1|1 | | G — -]y Limb
- =

Fogu  NILLR

Belgian 1 Belgian 2
Lettice et al. HMG 2003 12: 1725-35

I




>40 limb enhancers discovered




Limb malformations outline

I

Mutation analysis in humans

Find Additional Limb Enhancers

Computational approaches

-Comparative genomics around limb associated genes.

-Limb specific signatures.

‘Limb enhancer assays - - - .



Ultraconserved elements

Mt. Everest




Ultraconserved elements

(100% identity and 2 200bp human-mouse-rat)

Human
Mouse
Rat

Human
Mouse
Rat

Human
Mouse
Rat

Human
Mouse
Rat

Human
Mouse
Rat

Human
Mouse
Rat

Human
Mouse
Rat

Human

Mouse
Pas

Non-coding

Possibly
Coding

-SAiQnAifAicantIyAIesé SNi:’S witAhiAnAtheséA eleﬁ\ehts

(Drake J.A. et al. Nature Genetics 2006, 38: 223-7
Katzman et al. Science 2007, 317: 915)

TGTGGGCAG(S1e]
TGTGGGCAGS1e]

AT TGTCCT Tub=de
AT TGTCCT Tub=de]
AT TGTCCT Tab={e]

TTCAGTGCTuaER]S

T TGAAATCCpZNe]
T TGAAATCCpaNe]
T TGAAATCCPEEZNS]

VAVAVANEVAVANSVZN N S O O
VAVAVANEVAVANSVANR N S O O
VaVaVANEYV VNSV 3 OO

LACATCTAATEISIO
VANV N OR WAVAN N 3 S O
LACATCTAATEISSO

| TGCTCACT TE»>de
| TGCTCACT TEZyde)
| TGCTCACT TE»d6

AN le{eyNen Nele -1 SO

AN e{eaNen Nele -1 SO
A =20

Significantly depleted in segmental duplications

and copy number variants
(Derti A. Nature Genetics 2006, 38:1216-20)

Bejerano G et al. Science 2004 304: 1321-5




N VISTA Enhancer Browser

whole genome enhancer browser

L L Lol gy NI RN RN crE TN OOEIOEY W
Home Browser Handbook and Methods Experimental Data Computational Dataset Participants and Contact

inactive at =R

ell.b enhancers

~50% function as enhancers in mice at E11.5



Ultraconserved elements
(100% identity and 2 200bp human-mouse-rat)

VAVAN NEVAN Bl AN Ol AN EI{ el N ol NCl WAVAN NEel WAVAN Bl Nel Neh I NeIovAN B NEVAN WAVAVAVAN WAVAVAVAVAN Bl el Eeieoammp 1 > O
AVAN N CEVAN B WANeN WANeI{ ey Nel el WAVANS NCH WAVAS B Nl Nl Il FeIeyiN Bl NCVAN WAVAVAVAN WAVAVAVAVAN B Bl FefeonmmpE 1 > O
TATCTGTGTCCTGATAATGT T CAATITTACAGGCTGGCT T TCTCTGCCACCTCT T CAGTGCTERS)
TATCTGTGTCCTGATAATGT T CAATITTACAGGCTGGCTTCTCTGCCACCTCT T CAGTGCTERSIS)
TATC TGTGTCCTGATAATGT T CAATITTACAGGCTGGCT T TCTCTGCCACCTCT T CAGTGCTERS)
T TGAGTATTCCAGT T TCTCCTCCCTTCCTGCTCTGAGAGCGCACAGAACTGT T TGAAATCCEL Y]
T TGAGTAT T TCCAGT T TCTCCTCCCTTCCTGCTCTGAGAGCGCACAGAACTGT T TGAAATCCE2 Y]
T TGAGTATTCCAGTTCTCCTCCCTTCCTGCTCTGAGAGCGCACAGAACTGT T TGAAATCCEL Y]
Extreme Sequence Constraint

E_xtr_eme_Functiona_I C_onst_ra_int?

ANATTACATGCTTGTTATTGTATTTACACCTTGT T TAGATACCGCTGAAGCTGATCCAGTGGERSIS)

TGCTCTCATTCAGCCACT T CACAAAAAAT
TGCTCTCATTCAGCCACTTCACAAAAAAT
[ TGCTCTCATTCAGCCACTTCACAAAAAAT




Increasing the likelihood of observing a phenotype

N

71 —>» Heterozygous deletion of

S HITHIHH—————I H— —H——mm—  chr. 11

RCN1 0610012HO3Rik \WT1

PAX6

POLA

ATP11C

a

Ad
.....
- *

TIE®

region in humans: XY females

Selected elements were:

*Positive in our enhancer assay

*Near genes that when mutated
lead to either a lethal or sexual
development phenotype

*Near genes that exhibit dosage
sensitive abnormalities

> Mouse KO: Sexual and pituitary

development abnormalities



Variable size

uc248 (222bp)

AGCCCCTTGTTCTGAAAGGCTTTCTGCTGGGATCCCATTATGTGCTTGAATAAACCCTTTEE
AGCCCCTTGTTCTGAAAGGCTTTCTGCTGGGATCCCATTATGTGCTTGAATAAACCCTTTEE
AGCCCCTTGTTCTGAAAGGCTTTCTGCTGGGATCCCATTATGTGCTTGAATAAACCCTTTE]S
ICTGCAAACAGAAATGGGACTCGGGGTTGTCAGGTGTTGGGTTACAATAGACTTTGAGGCANRAS
ICTGCAAACAGAAATGGGACTCGGGGTTGTCAGGTGTTGGGTTACAATAGACTTTGAGGCAKNAS
ICTGCAAACAGAAATGGGACTCGGGGTTGTCAGGTGTTGGGTTACAATAGACTTTGAGGCANAS

GGGGACATTTTACCAACATAAATACAAACCTGTCCCTATAGGGAGATGTTGTCAAATACTRS(®
GGGGACATTTTACCAACATAAATACAAACCTGTCCCTATAGGGAGATGTTGTCAAATACTRS]®
IGGGGACATTTTACCAACATAAATACAAACCTGTCCCTATAGGGAGATGTTGTCAAATACTRS]S
GGGATATGGAAAACATTCCCATCAAATATGAGAAAAGGATTArYYA
GGGATATGGAAAACATTCCCATCAAATATGAGAAAAGGAT TAryva
GGGATATGGAAAACATTCCCATCAAATATGAGAAAAGGAT T Ardedd

uc467 (731bp

B TATTTCTTTTTGTCCTTTCCCATGAAGAGTAATTTATTTCCCTTTTTAAAGTGTGGGCAGEM
(VW TATTTCTTTTTGTCCTTTCCCATGAAGAGTAATTTATTTCCCTTTTTAAAGTGTGGGCAG(HY
Rat ATTTCTTTTTGTCCTTTCCCATGAAGAGTAATTTATTTCCCTTTTTAAAGTGTGGGCAGES

RVEMAATGATTACTAGCGCACTGTAATGTAATTGTGTTGCATTGATAAAATAAAAATTGTCCT Thkdd]
[V EIMAATGATTACTAGCGCACTGTAATGTAATTGTGTTGCATTGATAAAATAAAAATTGTCCT TERAY]
Rat AATGATTACTAGCGCACTGTAATGTAATTGTGTTGCATTGATAAAATAAAAATTGTCCT TikAY]
R TATCTGTGTCCTGATAATGTTCAATTTACAGGCTGGCTTCTCTGCCACCTCTTCAGTGCTHRS]Y]

UV TATCTGTGTCCTGATAATGTTCAATTTACAGGCTGGCTTCTCTGCCACCTCTTCAGTGCTYREY]
Rat ATCTGTGTCCTGATAATGTTCAATTTACAGGCTGGCTTCTCTGCCACCTCTTCAGTGCTHESS

RVETMT TGAGTATTCCAGTTCTCCTCCCTTCCTGCTCTGAGAGCGCACAGAACTGT TTGAAAT CCrty]
(V=T TGAGTATTCCAGTTCTCCTCCCTTCCTGCTCTGAGAGCGCACAGAACTGTTTGAAATCCrZlY]
Rat TGAGTATTCCAGTTCTCCTCCCTTCCTGCTCTGAGAGCGCACAGAACTGTTTGAAATCCRZIS
RETYMACTGGTACAATTGTCAAATCAATTATTCATTCTCTGCAATTATGCTCGCACAAAGAACATE]YM
[USIVEISMACTGGTACAATTGTCAAATCAATTATTCATTCTCTGCAATTATGCTCGCACAAAGAACATE]YY]
Rat ACTGGTACAATTGTCAAATCAATTATTCATTCTCTGCAATTATGCTCGCACAAAGAACATE]MY
Human TGCTGGTCTGAATGATGATTAAATTAACAGCTATTCCAGCTGCCTGATAACATCTAATE[Y
UV T TTGCTGGTCTGAATGATGATTAAATTAACAGCTATTCCAGCTGCCTGATAACATCTAATE]SY
Rat TTGCTGGTCTGAATGATGATTAAATTAACAGCTATTCCAGCTGCCTGATAACATCTAATELSS
VT MAGAATATTCATAAGCCCAAAATGGAATGAATTATCTCCATTAACTTCATCATGCTCACT Tyl
[USIVEIMMAGAATATTCATAAGCCCAAAATGGAATGAATTATCTCCATTAACTTCATCATGCTCACT TG
Rat AGAATATTCATAAGCCCAAAATGGAATGAATTATCTCCATTAACTTCATCATGCTCACT Tyl

RETMAATTACATGCTTGTTATTGTATTTACACCTTGTTAGATACCGCTGAAGCTGATCCAGTGGHER]Y
[USIVEIMAATTACATGCTTGTTATTGTATTTACACCTTGTTAGATACCGCTGAAGCTGATCCAGTGGERY]
Rat AATTACATGCTTGTTATTGTATTTACACCTTGTTAGATACCGCTGAAGCTGATCCAGTGGERSY
LIVUETCTGGCCGGGAATTGGAAGCGTCTGTCATGGGGCAGT TGGAGCGCGTTTTGTAGGAAATGCSE
[UIVEIMC TGGCCGGGAATTGGAAGCGTCTGTCATGGGGCAGTTGGAGCGCGTTTTGTAGGAAATGCilY]

31 S C TGGCCGGGAATTGGAAGCGTCTGTCATGGGGCAGTTGGAGCGCGTTTTGTAGGAAAT GCREL]

RV MTATTTATTTTAAATGCTCCACCTGCTGGGAGCCGAGGTTAGTCAGCAGCACTGAGATGAAI] Y]
[V TATTTATTTTAAATGCTCCACCTGCTGGGAGCCGAGGTTAGTCAGCAGCACTGAGATGAAR Y]
Rat ATTTATTTTAAATGCTCCACCTGCTGGGAGCCGAGGTTAGTCAGCAGCACTGAGATGAA[IeS
VLA T TGGGAAACGGGGTGTAAAAAGAAATAATGTGCTTCTGACAGGCTCCGTGGCTTTTAAGT(ESY
[USIVEIW T TGGGAAACGGGGTGTAAAAAGAAATAATGTGCTTCTGACAGGCTCCGTGGCTTTTAAGT(SSY
Rat TGGGAAACGGGGTGTAAAAAGAAATAATGTGCTTCTGACAGGCTCCGTGGCTTTTAAGTISSS
VLA TGCTCTCATTCAGCCACTTCACAAAAAATTATTTTATTCCATCTCTCAGTGATGATGACAYAS
[UCIVEIMTGCTCTCATTCAGCCACTTCACAAAAAATTATTTTATTCCATCTCTCAGTGATGATGACAAY
Rat GCTCTCATTCAGCCACTTCACAAAAAATTATTTTATTCCATCTCTCAGTGATGATGACALAY]
Human pARICOANNRI731

Mouse [CAARICOAINNEI731

Rat GATTGCTTTTgeX!

VA MATGCACTTGTCGGCCTTCTTATTACATCATGAATTTTGATAAGCCCATTAGCCAGCCAGGEY
eIV SIsWATGCACTTGTCGGCCTTCTTATTACATCATGAATTTTGATAAGCCCATTAGCCAGCCAGGSY
Rat ATGCACTTGTCGGCCTTCTTATTACATCATGAATTTTGATAAGCCCATTAGCCAGCCAGGES
RVNEIAMCAGCCAGGAGGAGGATGTCTTTCTCACTTGATGACTACACAATGAGGAGTAATATATTT TERAY
eIV [SIMCAGCCAGGAGGAGGATGTCTTTCTCACTTGATGACTACACAATGAGGAGTAATATATTT TiRdN
264 S C AGCCAGGAGGAGGATGTCTTTCTCACTTGATGACTACACAATGAGGAGTAATATATTT TEWAY
VTR MAATTTAAACACCATAAACCTATTGAGTGCTTAATTAACTTTAACCGTCTTTAGGGGAAT GRS
[eINSI=MMAATTTAAACACCATAAACCTATTGAGTGCTTAATTAACTTTAACCGTCTTTAGGGGAATGYRS{S
Rat AATTTAAACACCATAAACCTATTGAGTGCTTAATTAACTTTAACCGTCTTTAGGGGAATGYRS]S

VLA MAAGCCAATTTGAGGGGGTCAAAAGGAGTTGTTTCAATATCAAACAGTTTTACATAGT CAARZLY
[[eINSI=MAAGCCAATTTGAGGGGGTCAAAAGGAGTTGTTTCAATATCAAACAGTTTTACATAGTCAARZIY
Rat AAGCCAATTTGAGGGGGTCAAAAGGAGTTGTTTCAATATCAAACAGTTTTACATAGTCAARZIS)
VA TCCATTCATTCGGCCTACAGCTACTGATTAACACACAAAATTAACATGTTAGTAAAAATTENY
eIV ISI=MT CCATTCATTCGGCCTACAGCTACTGATTAACACACAAAATTAACATGTTAGTAAAAAT T[N
Y S T CCATTCATTCGGCCTACAGCTACTGATTAACACACAAAATTAACATGTTAGTAAAAATTENY]

Human ANFNNI®307
Mouse CNVNRI®307
Rat CATATTCR{oNg

VY CGCATTAAATGATTTCAGTAAAGGAATGTGCAGCATTAATTAGAATTTGTTAGCAGATACHE
oINSl MCGCCATTAAATGATTTCAGTAAAGGAATGTGCAGCATTAATTAGAATTTGTTAGCAGATACHM
Rat CGCATTAAATGATTTCAGTAAAGGAATGTGCAGCATTAATTAGAATTTGTTAGCAGATACHE
RVINEIIMCAAGGGGAAAAGTTTCTTCACAACAACTATAGGAGGTGTCATTTGTACAAAGACTTTTTTHERAY
e NEIMCAAGGGGAAAAGTTTCTTCACAACAACTATAGGAGGTGTCATTTGTACAAAGACTTTTT TS
Rat CAAGGGGAAAAGTTTCTTCACAACAACTATAGGAGGTGTCATTTGTACAAAGACTTTTT TEWAY]
VG TTTTCTTTCCCCATTACATTATCACTGCAATATGTAAGGTAGTGATTCTTTTCATTTAAKRSS
(eI SI=MCTTTTCTTTCCCCATTACATTATCACTGCAATATGTAAGGTAGTGATTCTTTTCATTTAAKRSY)
Rat GTTTTCTTTCCCCATTACATTATCACTGCAATATGTAAGGTAGTGATTCTTTTCATTTAAKRSS

RUINEEIMAT TAAGTGGAAAGCTACTAAATCTTGTTTTATTCTCCAAAAAGAATAAGGTCCTTAACACKZLY
(e NEI-A T TAAGTGGAAAGCTACTAAATCTTGTTTTATTCTCCAAAAAGAATAAGGTCCTTAACACKZIS
3L AT TAAGTGGAAAGCTACTAAATCTTGTTTTATTCTCCAAAAAGAATAAGGTCCTTAACACRZLY

VNI T TATCTTTTAACTTCTTTCATTTCCTAAGGTTGGTGTTTACTTTTGCTTTCAGTCrdsls
(oINSl T TATCTTTTAACTTCTTTCATTTCCTAAGGTTGGTGTTTACTTTTGCTTTCAGTCrasls}
REV T TATCTTTTAACTTCTTTCATTTCCTAAGGTTGGTGTTTACTTTTGCTTTCAGT Cpaes
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General Phenotyping Reveals No Apparent Abnormalities

‘Longevity: up to 6-12 months

250 uc248 uc329
Het(+/-) X

200 Het(+/-)
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*Fertility: No reduction In
Homozygous KO numbers
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‘Body weight measurements

*Pathology

*Clinical Chemistry Ahituv N. PLOS Biology 2007, 5: €234



Gene Specific Phenotyping Reveals No Apparent Abnormalities

DMRTZL

IIII Chl" 9

Dmrt3 KO: -Death from starvation due
to dental malocclusions

-Male sexual development

(N. Ahituv, unpublished)

uc248 KO PHENOTYPING
-Male sexual development
-Dental




SUMMARY

*Using comparative genomics we can find distant
regulatory elements.

We can do functional assays to test their function.

*Distant regulatory elements are candidates for human
disease and other phenotypes.

*Future work will link nucleotide changes within these
elements to human disease and other phenotypes.
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