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Evolution of Highly Conserved Non-coding Sequences in

ParaHox Clusters and their Function
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Cis-regulatory element is a functional unit controlling gene expression spatially and temporarily. Acquirement,
retention and/or loss of cis-regulatory elements during evolution can alter gene expression patterns. Especially
cis-element of transcription factors expressed in developmental process, as typified by tool-kit genes, would be
key to understand evolutionary novelty emerged through vertebrate evolution.

ParaHox genes are tool-kit genes that are controlling anterior-posterior body axis determination in
vertebrates. ParaHox genes play important roles for digestive gut differentiation in both vertebrates and
invertebrates. The ParaHox gene clusters consist of three class of homeobox containing genes, Gsh1/2, Pdx1
and Cdx1/2/4. There are four ParaHox clusters in mammalian genome, most likely as a consequence of two
round whole genome duplications. Despite their importance in development, cis-regulatory mechanisms of
ParaHox gene clusters, particularly Gsh genes that functions in segmented anterior brain in vertebrates, have
not been studied well. Our analysis and previous studies suggested that evolutionarily conserved sequences in
ParaHox non-coding regions are strong candidates as tissue specific cis-regulatory elements. In this study, to
search for cis-regulatory elements in ParaHox gene clusters, comparative genomics were conducted by using
diverse species of vertebrates. Furthermore cis-regulatory candidates were functionally tested by transgenic
mice experiments to clarify their enhancer activities.

I operated genomic sequences comparison of the vertebrate Gshl-Pdx1-Cdx2 cluster. Multiple
conserved non-coding sequences are identified in ParaHox clusters by this analysis and they were termed as
CNSPs. The 1012bp CNSP#1, the most evolutionarily conserved element within Gsh1-Pdx1-Cdx2 cluster,
showed the highly reproducible reporter gene expression pattern in central nervous system that was similar to
endogenous mRNA expression pattern of Gsh1 gene.

Another highly conserved sequences among vertebrates were found in the paralogous Gsh2 gene
cluster, too. One of the conserved sequences termed CNSG2#2/#4 was found in similar relative position to
Gsh gene coding region. The 1246bp CNSG2#2/#4 drove lacZ expression largely similar to Gsh2 endogenous
expression in anterior brain.

Interestingly expression pattern of CNSG2#2/#4 was more similar to that of CNSP#1 than its

neighboring Gsh2 gene. This prompted me to search for any sequence similarity between CNSP#1 and
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CNSG2#2/#4, and then I found approximately 200bp conserved core sequences between these elements. Based
on the synteny and phylogenetic relationship between these clusters, I conclude that CNSP#1 and
CNSG2#2/#4 were generated by whole genome duplication event at ancestral vertebrate era and core
homologous 200bp sequence have been preserved for some functional reason. Paralogous conservation
between CNSP#1 and CNSG2#2/#4 strongly suggested that core conserved 200bp element already existed in
the ancestral primitive vertebrate. If 'we assume that core sequence is directly related to the cis-regulatory
function in segmented anterior brain, we could suppose that the ancestral primitive vertebrate already had
segmented brain. Function of the shared 200bp element between CNSP#1 and CNSG2#2/#4 should be tested
in the future, that will not only clarify its biological function in extant vertebrates but also give a hint to

understand the timing of emergence of evolutional novelty in ancestral vertebrates.
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ParaHox BETFREL, FHEE O KEIZ BV TEIEZEIOWRE ZHI# 5 DI
BELRBE LRI XM TWS, ParaHox Bl FHLYy 9 A X — %1
F% L. homebox KA1 % &t 3 EIEDEETF Gsh1/2, Pdxl. Cdx1/2/4 726
RO -TW5S, ZhbDEETFDEEDRBEFAGOELHEILINFHESSH O
KT DELICKRELS EE L EBTFEEND Z D, ParaHox Eis
FIITAFZ =BT D cis =L AV FERE LT, ZOERLIBRZMERT S
TEREELRILTHD,

ZDD., [ S ATEHEEY O ParaHox BInF 7 7 A X =5 cis T L A
Y FERELT, Z0OELMLEBRZALNMITSENT, FHEBHOLY /
LEFREENTWAEYREIZER LT ParaHox 7 T A Z —D 4 ) LRI O HBk
AT 24T o Tr, TDORR. Z D7 5 A X —NIZBUW T, Gshl-Pdk1-Cdx2 & Gsh2
DL DIEa— FEBICERIC L RESINEEEZENEN 1 >T28F 20
ZFE L. T b % CNSP#1 & CNSG2#2/#4 & 4 it T,

WIZ, THOREEICcis TV AL M E LT —iEEEZ b o d H
PRARDED, FTURAY =y 7wy A E/ER LT, Gshl & Gsh2 DRI
F— LB L2 A 208 bINERZ2mRNA OFBEAS 0 LIEFEIZHE
T3 U R—F—BEFORIANNY - ERTIEERALNC L, 2D
B, FRESANER LI — REED 2 SOELANICRE S Lz EmE.
Cis T AV M THAEAREENEN ERXbhotz, £, ZHHD 2 DOMEIK
W7 LAEBICHET S 200 ParaHox B+ 27 7 A & —IZEVIFEREIEZ RS
BRPROFEETDHI &ML, TNLITHFHESDOLBHALICBVTT TITREX
NTNWEZ EEBWRTAZ 2R L, EbI2, ABEAER. b 2 20
TN Y B U THEET S 2 TEFID 200bp 22675 TWAHZ 2R
DY, MRBACEEREERTOBEHEBEL S LEHME L, Z0LD
o, AT, F AR EE L THEa— FEROREFERIZFREL, D
HERERRAT & D FELRIT 2 RO 5 2 LI2 X o T cis =L A Y (LB
CHEREMLOBEZ RAZ LN TE A AREEEZBAICR LI LD TH B,

UEDZ &ob, A ADERTE L FMFHIIEMN 2R ET DI+ fH
35 &I Lz,
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