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Abstract:

The uroporphyrinogen 11l synthase (UROS) enzyme (also known as hydroxymethylbilane hydrolyase) catalyzes the cyclization of
hydroxymethylbilane to uroporphyrinogen 11l during heme biosynthesis. A deficiency of this enzyme is associated with the very
rare Gunther's disease or congenital erythropoietic porphyria, an autosomal recessive inborn error of metabolism. The current
study investigated the possible role of UROS (Homo sapiens [EC: 4.2.1.75; 265 aa; 1371 bp mRNA; Entrez Pubmed ref NP_000366.1,
NM_000375.2]) in evolution by studying the phylogenetic relationship and divergence of this gene using computational methods.
The UROS protein sequences from various taxa were retrieved from GenBank database and were compared using Clustal-W
(multiple sequence alignment) with defaults and a first-pass phylogenetic tree was built using neighbor-joining method as in
DELTA BLAST 2.2.27+ version. A total of 163 BLAST hits were found for the uroporphyrinogen 1ll synthase query sequence and
these hits showed putative conserved domain, HemD superfamily (as on 14t Nov 2012). We then narrowed down the search by
manually deleting the proteins which were not UROS sequences and sequences belonging to phyla other than Chordata were
deleted. A repeat phylogenetic analysis of 39 taxa was performed using PhyML and TreeDyn software to confirm that UROS is a
highly conserved protein with approximately 85% conserved sequences in almost all chordate taxons emphasizing its importance
in heme synthesis.
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Background:

Congenital erythropoietic porphyria (CEP) or Gunther’s disease
is a rare inherited autosomal recessive trait and is caused due to
the deficiency of uroporphyrinogen Il synthase (UROS), the
fourth enzyme in heme biosynthesis. Only about 150 cases of
CEP have been reported to date [1-4]. CEP symptoms are
heterogeneous, ranging from severe hemolytic anemia in utero
to milder, later onset forms, with skin lesions due to cutaneous
photosensitivity in adult life [4]. The deficiency of functional
UROS causes buildup of porphyrins to toxic levels in red blood
cells. The excess porphyrins can then accumulate in the skin
causing oversensitivity to sunlight [4, 5]. UROS is the central
point for the synthesis of heme, a complex organic molecule, is
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a cyclic tetrapyrrole that contains a centrally chelated Fe and
functions in the transport oxygen. The human UROS gene
located on chromosome 10 (10g26.2; Cytogenetic Location:
10g25.2-926.3; EC 4.2.1.75; 1371 bp mRNA, Entrez Pubmed ref
NP_000366.1, NM_000375.2) and expressed as a 265 amino acid
UROS enzyme catalyzes the cyclization of the linear
tetrapyrrole, hydroxymethylbilane, to the macrocyclic
uroporphyrinogen 11l which is eventually converted to heme.
Most organisms have the ability to synthesize their own heme
molecules by this largely conserved metabolic pathway [4, 6, 7].
UROS enzyme is localized in the cytosol and plays a critical
part in production of heme which is an essential prosthetic
group in many cellular reactions in prokaryotes and eukaryotes.
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The presence of this pathway across Bacteria, Archaea, and
Eukarya suggests that heme performs a central function in the
evolution of life. The acquisition by eukaryotes of the heme is
one of the most important events in cellular evolution and any
interference to its synthesis can thus have dire consequences to
the survival of these organisms. Because of the inherent role of

open access

UROS in the synthesis of heme, and considering its role in
many other inherent metabolic pathways in the cell, we aimed
to elucidate if variance in this gene exists in various species
during evolution by using a phylogenetic analysis of published
protein sequences of these genes.
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Figure 1: Putative sequence of UROS in super families; UROS (HemD) catalyzes the production of uroporphyrinogen-Ili, the fourth
step in the biosynthesis of heme. This ubiquitous enzyme is present in eukaryotes, bacteria and archaea. Cd Length: 239 Bit Score:

171.72 E-value: 5.15e-52; http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?RID=B6X0K5J901R&mode=all
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Figure 2: First pass phylogenetic tree constructed by multiple alignment using BLAST pair wise alignments: Results presented

using Taxonomic name [163 hits]

Methodology:

Data Set, Sequence
Phylogenetic Tree

The GenBank database [8] was queried to retrieve all available
protein sequences of the UROS protein. These sequences were
retrieved and saved in FASTA sequence format. These
sequences were then aligned using Clustal W [9] algorithm
using default parameters. The initial first-pass phylogenetic tree
was constructed using Neighbour Joining [10] method
(maximum sequence difference of 0.85) using Domain
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Enhanced Lookup Time Accelerated Basic Local Alignment
Search Tool [DELTA BLAST] pairwise alignments between a
query and the database sequences searched [11]. The
evolutionary distance between two retrieved sequences
modeled as expected fraction of amino acid substitutions per
site given the fraction of mismatched amino acids in the aligned
region was taken by the software using Grishin computation
[12]. Using the results from DELTA BLAST, we created a first-
pass phylogenetic tree after which we used a purpose-built
computational phylogenetic method using Phylogeny.fr
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software. Sequences were aligned with MUSCLE (v3.7) [13, 14]
highest accuracy (MUSCLE with default
settings). After alignment, ambiguous regions (i.e. containing
gaps and/or poorly aligned) were removed with Gblocks
(v0.91b) using the following parameters: minimum length of a
block after gap cleaning: 10; no gap positions were allowed in
the final alignment; all segments with contiguous nonconserved
positions bigger than 4 were rejected and 85% minimum
number of sequences for a flank position [15-17]. The
phylogenetic tree was reconstructed using the maximum

configured for

(v198.3) [19].
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likelihood method implemented in the PhyML program (v3.0
aLRT) [13, 18]. The Jones-Taylor-Thornton (JTT) substitution
model was selected assuming an estimated proportion of
invariant sites (of 0.197) and 4 gamma-distributed rate
categories to account for rate heterogeneity across sites. The
gamma shape parameter was estimated directly from the data
(gamma=1.199). Reliability for internal branch was assessed
using the aLRT test (SH-Like). The graphical representation and
edition of the phylogenetic tree were performed with TreeDyn
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Aal¥rs15INplSIDtGEAqvLssvT1dREAEN i LPLE FRCGs 1 rREVIPKAL - DnGvE]
AalVenlGLiplGIDtGEAdVLer] TieREAEE1LPLEFECGS L KREVLEL ALRKDEVE]
AalVenlGLvpl GEDtGEAdVLS r1T1=REdENiLPLEFRCGs I KREVLEC AL CenGvE]l
ASLVeelCLes EELgsCHARKLARCICSKg L 5y SaP1 LFECGS LKREVLEKKLyeKkvP1
ASLVeelilasDEEgsGIARKLARCIC Skl By 5aP i LFECGaLEREVLERK LagknvEL
ASTVarTGLraD=THSGE ARKLARY TCSKE-EEpLPLLFECGT LKREVL PEVLEatGr RN
ALK GLDaRGaHsGIARKLARYIC SR~ SEALPLLFECGT  Kyyd e L PKMLEDEGI B
ASLYNKIGLOaB5agsGAEKLARYIG S kp-58eLPLLFRCGT L Kgd b LEFMLEDRGI EX
ABLVNKIGLDa Gag IR KLARY ICSkp- 856 LPLLFECGT L Kydt L FKMLEDRGI FY.
ASTNKIGLOE DG NG ARKLARY I 3RE- SpALPLLFECGTLEREVL PIMLEDRGI I
ASLVNEIELNE DEINC AR KLAEYIC SRE- SpvLPLLFECGT LEREAL PEMLEDKGI EY.
ASLVsKIGLOTREINCENAEKLARY ICSRE-SEALPLLFECGN LKRETLPEMLgae GTPH.
AELWNrIGLhT Rt CRIARKLARYICSRE-pSALPLLEECGT LKREILERMLEDKGI E1
BSLVTKIGLOTECE RN ARKLARY ICSRE- SpALPLLFECGTLEYEI L PFMLE DRI B
ASLVNKIGLOTEEaH sGARKLARY ICSRE-Bp ALPLLFECGTVRYEILEKMLEDTGI EM
ASLWNEIGLOTECaN AR KLARY IC SRy - SpALPLLFECGTVEIEILPRMLEDT GI PN
ASLVNKIGLDa BEat AL KLARYIC SRE - Sp ALPLLPECGTvRARIL PgMLED GIEM
SELVHKIGLOTESE S AARKLAR Y ICSRE-Sp ALPLLFECAT v ETLPEMLADRGT B
EELVHKIGLOTECESTARKLARY TCSRE-Ep ALPLLFECGTYKYEILPEMLEDRGI PN
ASLVaKIGLOpICINCGIARKLARY ICSRE-EEALPLLFECGH LKRECLPRMLEDKGVEM.
ASLVNKIGLOTEEEN IR KLARYIC SRE-SEALPLLFECGT LESELL PRULEDEGI EY.
AFTVsKIGLOTBEELORIARKLARY ICSRE- S8 ALPLLFECGN LEREIL FTIMLEDRGI aM
ABLVsKIGLOTEEEt ORIARKLAEY ICSAE- B8 ALPLLFECGn LKREIL PKEL¥DRGI 8.
ASLYsKIGLOTEGEt CAARKLARY I SRE- S8 ALPLLFECGn LEREILEHALKDRGI &
ASLYSKIGLOTIGELCSIARKLARY ICSRE-SEALPLLFECGN LKREI LEKALKDRGT &M
ASLVeKIELOTEEEtIARKLARYIC SRE- S8 ALPLLFECGn LERETL PRALEDRGT 2N
ASLVsKIGLOTaGEt AR LARY ICSRE-35Ar PLLFPCGN LKRET LEKALKDRGEI 2l
ASLVsKIGLOTIEEtORAIARKLARY ICSRE- 55 ALPLLFECGNLKREIL PRAL¥DEGI M.
ASLVsKIGLOTEEEt (AR LARY ICSRE- BEALPLLFECGn LKREILEKALKDRGT al
ASLVTK] GLaTERE kg RKLARY T0SgE-pr tLPLLERCGTLHgEaL PriklogKGv R
ABLVEKvGLaaBEERgEKLARYICSREtp At LPLLPECGT LEyBVLEKCLEgRGT 11
AvLVael GLipQE I sGUAEKLSYICSRESpNSLPLLFECGS LERECLEE il reRGTal
ASLVeelGLYpoEEEaRIATKLARY ICSKE-pl 52aLLFECGa LKREVLECVLEeKSTP]
ASLVeeliLspQEEksGARKLARYIC Skk-phSss LLFECGaLKREVLEL aLReKGIEL
AELVeelCLCpRETksCNATKLAEY ICSREGph S PLLFECGaLKREVLEL aLKaKETPL

ECITVYQTseRPAlN adt FLQGVERCTVRFSPAGTSE LAl 1 KDLSGELEQTKFL
Enl TVIQTaeHEnl eelL 3t fheQst PATTaFFAPGVHE cLetvrILaGTLpRIEFA
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Takifugn ¢ - - MRVLLLKeFrebges-Gi DBYTRELashGatATLIPVLSFabysl, Momodelphi
Oreochrami FVLLLKeFidges-GeDPYTkELes roukgTLLVLSFkEvsL  Sarcophilu
Hnoplopana MHVLLLKeProlges-GpOPTThELashGHkATLIFVLSThRysL,  Anolis_car
Dicentrarc MAVLLLKe P s-rp DY kELas ToHkATL I PVLSFkEySL  Tasniopygl
Isox_luciu --MhVLLLKePriggs-GsDEVIkELashGkATLI FVLAFkEvL Meleegrls
Salno_sala - MOVLLLKePYEgye-GpDeYTkRLas YGhkATLT BVLSRtRyst,  Gallus gal
Yenopus_Si MEVLLLKDPELXDL -asDeYvRELS S YGLGRTLI VLATKEVSL
Kenopus la MEVLLLKDPELXDL 25DV kELe shGLgRTLIPVLSFkEySL,  Danio_reri
Oryotolagy MVLLLKDARADAC -GDETvRELGLOGLEATLI ILaFEFLSL,  Takifugu ®
crigetulie --MVLLLKDakADDS-GO0PYTgELGLYGLERTL I PYLSFERLSL,  OTeochrond
Rattus_nor - MVLLLKDaRADDs-GODRY ToRLrLoGLEATL T PYLSFRRmS],  Anoplopoma
Mus_miscol MEVLLLKDAREDDs-G1 YT gELy LoGLERTLIVLAPREnaL,  Dicenfrare
Cavia_pore MRVLLLKDVREDDC-GODEY TRELGLTGLERTL [ FVLFRELSL  E20s Tuciu
Heteraceph MRYLLLKDAKENDC -G0BY T kELALYGLEATLI FYLSFERSL  Salmd_sala
Otolsmir_g --MEVLLLKDAREDDg-GODEY RELGLIGLEAT [ PYLSFRELSL  Kenapus St
Boe bauroe —-MKVLLLKDFREDDC-GRDRTvRELGLYGLEATL IIVLSFEFLSL  AEIODUS 12
Loxodonta MEVLLLKDFREDDC-GQDBYTRELGLIGLERTLIZVLFRRLSL  Otyerolagn
Mistela pu MKLLLKDAREDDC -G08V T RELGLYGLEATL FVLSFERLSL  ricetulus
Liluropoda MEVLLLKDAKEDDC -G)DRY I RELGLTGERATL FLSFRFLSL  Rabbus_nor
Canis_lpy ~-MKVLLLKDFREDDC-GODE YT RELGLYGERRTL I FYLSFEELSL  Mus_muscul
Felig --MHVLLLKDFREDDC-GQDRYI RELGLYGLERTLIVLAFERLSL  Cavia pore
Felis cetu MFVLLLKDFREDDC -GODE YT RELGLYGLERTLI FVLAFERLSL,  Heteroceph
Sus_scrofa MEVLLLKDFREDD rGODPYTRELGLIGLERTLFVLSFERLSL  Jtolemir g
Iquus_ciba MRVLLLKOPRENDT-G0PY TRELALYGERATL FYLSFERLSL B0 Laurus
Saimiri bo ~MHVLLLKDAREDDC GO0 TRRLALGTRATL I WL SFRFLAL  LoRodanta
callithrin - -MKVLLLKDaREODC-GO00YTRELGLYGLEATLI VLEFEFLSL  Mstela pu
Homn_sapiz MEVLLLKDGKEDDC-GQDBY TRELGLIGLERTLIPVLFRRLSL  Adluropeda
Pan_panisc MK LLLKDAREODC-GODPY RELGLYGLEATL L FVLSFRFLSL  Canis lupu
Fougo_ahel MEVLLLKDAREDDC-GQDBYTRELELYGLEATLIIVLSFRELSL  Telis
Nomascus_1 - MV LLLKDYREDDC-G00RY T RELGLYGLEATLI PVLAFRFLL  Telis_catu
Papio_amb mfpcsvtapykdcqaummmamvc QDEYIRELGLIGLEATLIVLAFRFLL,  Sus_sorefa
Macaca ml ~HFVLLLKDAREDDC -GODEYTRELGLYGLERTLIFVLAFRRLSL  Tquue_caba
Yonodelphi MEVLLLKe PEclys - G00PTvqRLashGERATLI IVLAFEELSL,  Salnird bo
sareophilu MEVLLLKDAEADDS -1 0PV ] qELGs cGfRATLI PYLAFRFLSL CalllEhriz
laolis_car -MEVLLLKDFREsen-GoDBYT=ELGshGLERTLIVLaFRRiSL  Homo_sapie
Taeniapyyl -MKVLLLKDPFAIDe-CGp DOV RELGS TeLERTLIIVLEFFLSL  Pan_panise
Melzagris MEVLLLKDFE ke s-GpDEYvRELGLOGERRTLIVLAFERvSL  Ponga_abel
Gallus gal --MEVLLLKDFRdXes-GPDEYVRELGLYGERATL I PVLSFEFYSL  Nemascus 1
Papio_amuh
Danio reri 1e 188 L EqPRY 6L T PTSERAVEAVEL sLE L k] e hefD-avkAKRHAKSYYVVRHAT Macaca mml
Tahifugu ¢ 51 84K FqPRkhGELT FTSPRAVEAV I LE 2Bk rvEeWnKoy rdgNAKIVYVVEEAT - Monodelphs
dreochrani 0] 5L Cq PRk GEL FTSERAVEAY mELE eDe £ BT aRd NN LKSTTVVERAT  Sarcophilu
Jnoplopana 0t 194K EqPBKRGALIFTSERAVEAVINCLE 2De e ReWna SvHANNSKSTYVVHAT  Anolis_car
Dicentrate 1t 184K EqUEKNGELYFTSPRAVERVInCLE 2Rer L Tens SEAKNN EKSTYVVERAT  Taeniopygl
Isox_luciu 7] KL ErPkhGELI FTSERAVIAVIN LEehormEsknenmrakWHAKSYYVVGKAT  Meleagris
salmo_sala 1t 154K FqPRGhGELI FTSPRAVEAY miLEDe £ Befinncl FOFWRAKSTYVVGeaT  Gallue gal
Kenopus_Si FEAKL EHFRETAGLT FTSERAVEAVELC LGt pan kBT Lo KN sy VY VVGHAT
Kenopus _la b FFdKLSAPRSYa5L] FTSERAVEAV L CLpahkEaikohLcakiNsHp VY VWGHAT  Danio_reri
Oryckolagu P3FRKL CrPRdYGELIFTSPRAV AL LEKe sRAEWERSLIEHWITEVTVVGgRr  Takifugu r
cricatuloe 5] SEHL SHTRGFGELTFTSDRAVEAT L L EQ UK TERW, yveanr  Jreach
Rattus_nor PE18BKLEHPRqFGALI PTSERAVEAVEL CLEKTHKT EAWEKSLEATHNAKSVY V2T Anoplopema
Mus_rrruscnl PSISEKLEEPngGGLIFTSPRAVHVKLCLEPU]\IKTES"EKSLK&MAREWWGSRT Dicentrarc
Cavia pore CCBSRHLEHPRAYGALIFTSERAVEAVEL CLEKDXaBWERpLEE KNS LESVYVVGHAT  Esox_Luciu
Heteraneph SnFFRHLSAPRAYGELT FTSPRAVERVEL CLETHKTRWEKE LERHIN LHSVYIVGHAT  Salmo_sala
Otolemu g PSPSRKLEHPENYGALI PTSPRAVEAVEL CLEK N aBWEKSLERKNAKyWYVOHAT  Renopus_Si
Bos_taums P31 SEHL A2 GALI FTSBRAVEAVEL CLKDE AT RKSLEEHHIARSVYVGnAT  Renopue_la
Loxodanta PSFSEKLEHPRYGALI FTSERAVEAVEL CLEKDEXTEAWERSLERKHNARYVYVVGaAT - Oryotolagu
Mustela pu PEFSKL SHTRGYCAL FTSDRAVEAVEL CLEKTHXTEVWELSLERKHAKSYIVGART - Cricetulus
kiluropada PEFSRKLEHPRGYGALI PTSPRAVIAVELCLEKDSKTEAKhSLEKNNARSVYVVEaT  Rattus_nor
Canis_lupu PSFSEKLSEPEgYGGLIF'I'SPRAVIWELCLEPU]\IKTEWKhSLKEmAKtWWGnM‘ MU3_""153'”1
Pelis 3SESRHLEHPRYGALI PTSERAVEAVEL CLEKTHKTEVWESLEEHAKSVYVGeRT  Cavia_pore
Telis taty SFSEHL PRV GELI FTSPRAVEAVEL CLEKINKTEWEhSLEEKNNARS VY VVGsAT  Heteroceph
Bus_scrofe PERSEKLEH PRV GALI PTSERAVEAVEL CLEK KT BWk t SLEEKHNKEVTVTGAT  Otolemur g
Equus_caha PSFSHL SHPRGVGALI FTSPRAVEAVEL CLEKTHRTEWEKSLEHWNAKSVY VAT Bos_Taurus
Sﬂimirl_bo PSFSEKLSHPEAYGELI FTSERAVEAR ELCLEKINKTEWERSLEEKHHAKS VY VVGnAT  Lorodonta
callithrix tSFSBHL PRV GALI FTSERAVEAGELCLAGINRTGVWERSLERKNNARSYYVVGART  Mustela pu
Hom_sapie PERSRKLEHPRAYGALI PTSERAYIAZELCLE QK TEWWERSLEEKNNARSVYVGnAT  Alluropeda
Pan_panisc PSFERHLSHPRAYGELT FTSPRAVERAELCLAGINKTEVERSLERKHNAKSIVGAAT  Canie_Lupu
Fongn_sbel PSFORKLEHPRAVGALI PTSPRAVEASELCLEKINKTEWIRSLEEKNNAKSVYVGaRT  Telis
Nomascus_l PSFSEHLEAPRAYGELI FTSERAVERQELCLEKINKTEVERSLEENARS VY TVGAT  Felle_catu
Paplo_amb 3SFSRKLEHPRAYGALI PTSERAVEASqLCLEKINKT EWWERSLERKNAKSVTVVGAAT  Sus_scrofa

EE1TWYOTacHPal e XiLknt ftenBT PRSI aFFAPAGVEEc Levr il SaegLt QTREL
Et1TVTQTachPc e MTLHNT feQGhPAST aFFEPEGVEE cLevy LG hmaTHFR
Et1TWIgTacHPel eXiLknt freqGt FAST sFFSPSGUREC Leav rIL3GegLEQTHEL
EC1ITVIQTVHECL eXNLknh fteCEVERSvaF FSPSEVEECLety TLEGe rLnRIKER
dtInyyTaqRdL e MILknh f e GVERST 2R FSPOGUK e Lepv rILSGagLEQIKEA
BETTVGTaPHPav(dsLmnt FkeGVPLSywRFSPEGRY sLKE KDLprlLngTKEy
ELITVYQTyPHDalgveLedt frkeCVEAST vEFEPEGLEY 0Ll f1KDLy slqLAOTKER
ESTTVeTVERRSL rgliLd5t t SkQGVEdSvaE FEPEGVEY SLKEIELSGIAVoRIHEL
BamhVYOTVPHRCI(NLe B enGGT FASTTRREPAG LY BLeyTvLSGIEE 00T Y
EOEVTOTIPRESIOgsLe ST TenCaT PAST TFFSPOGTHT 3LeyICalacSEIOTHE Y
ESmYOTIPHEGI( e Lk St Yed iG] PAST TR SPSGLKY SLeyTALaGSFDOTKEL
ESITVIQTIPEPeQgLh ST SkQGVPRCvTFFSPSGLRY SLKRIQELSGDSTDRTRER
ESWTVYQTIPHEGL XL LSt t SKOGI BACUTFFSPAGLEY SLIHIQELSGISTDOIKLA
EE1TV)TaaHPCIQaLN G ¥ SkGG1 FATT A FEPEGiL Y LKITGEL SG0STDRTHEL
EEVTVYOTI PG QgL ST TR CCGVEAST TR FEPOGLEh S LRI CELSCDSTURIKEY
ESTTVYORIPHRCI QLK SY SkCGVRAST TEFEPEGLa Y g LRI CELSCTRI np TKEL
ESITVYQKIPHRGIOVILNG Yt SkQGVEAST TFFSPSGLNY SLHHIQELSGISI DI IKER
ESTTVTQKIPRPEIQvSLNGT T SkOGVERST TRESPAGLE Y SLKRTQEL 550N DQTKEL
ESTT YKV PHICIQVILH S Yak (I PAST TR FEPSELAY S LRI DEL SGDNT DY TKEL
B TiVTRVER RV Lh 3T SCCGT PASTTRFSPSSLEh S LKRTQEL SGInT g TR
ES TV PHICIQVILL St Y SCCT PAST TEFEPSCLE hE LKETQEL SCDNT G TKER
ESTTVIQTIEEREIQqLNGT t SCCGT FASTTEFSPEGLeY S LKHTGEL SGDSTDRIKE v
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Figure 3: MUSCLE (3.7) multiple sequence alignment [CLUSTAL format] of short-listed sequences [39 taxons] Similar residues are
colored as the most conserved one (according to BLOSUM®62).

Results:

From the NCBI GenBank database, 163 sequences of UROS
covering the putative conserved HemD domain were used to
construct a first-pass phylogenetic tree. The tree however had
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deleted. The short-listed sequences belonged to Porifera,
Echinodermata,
Bacteria, Cnidaria, Fishes, Amphibia, Reptiles, Aves and

Tunicates, Cephalochordates,
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Mammalia. The accession information for these sequences is
available in Table 1 (see supplementary material). Analysis of
the sequences revealed that there is a high degree of sequence
similarity of UROS enzyme in many of the selected sequences
used for the phylogeny reconstruction. Putative conserved
domains were observed in many taxa at the HemD region
(Figure 1) [20]. The actual alignment was detected with
superfamily member pfam02602 (E-value: 3.02e-41). BLAST
produced 163 hits (Figure 2); these sequences were screened
manually and only those related to the sequence in question
(HPSE-1) from different taxa were retained for further analyses.
This produced a total of 39 sequences from 31 taxa. Multiple
sequence alignment results of these short-listed sequences is
presented in (Figure 3). Using the PhyML program a tree was
constructed for these sequences, the results of which are
presented in (Figure 4).
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Esox lucius

“nlmr_s salar

Danio rerio
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Pongo_abelii

Nomascus_leucogenys

Figure 4: Phylogenetic tree using short-listed sequences
[cladogram] built using the PhyML software [39 taxons].

Discussion:

The evolutionary relationship of UROS enzyme in various
species, taxa and phyla was evaluated using computational
phylogenetics to identify similar genes in the short-listed
organisms. A mix of algorithms and programs were used to
construct a phylogenetic tree [21, 22]; the neighbor-joining
method was used to calculate genetic distance and ClustalW to
create trees based on multiple sequences. The JTT matrix
method was used to generate mutation data matrices from

ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 8(25): 1265-1270 (2012)

1268

open access

protein sequences and the set sequences were clustered at the
85% identity level. In addition, the sequences were aligned, and
the observed exchanges amino acids were tallied [23].
Following this, the final phylogenetic tree was constructed [18].
We have used MUSCLE (multiple sequence comparison by log-
expectation) method to achieve the highest scores. Close to four
benchmarks showed that MUSCLE achieved the highest
ranking of any method available at the time of publication.
Using Gblocks, poorly aligned positions and divergent regions
of sequences could be eliminated — these positions may not be
homologous or may have been saturated by multiple
substitutions [24, 25]. In addition, this program helped to
reduce the necessity of manually editing multiple alignments
with very fast processing. The PhyML software was used since
it was shown to be at least as accurate and slightly faster as
other existing phylogeny programs using simulated data. The
DELTA BLAST algorithm which uses a heuristic method to
identify homologous sequences helped to produce high scoring
sequence alignment between the query and database sequences.
We have used BLAST as a first pass sequence alignment tool to
narrow down the target and most relevant sequences.

The phylogenetic tree indicated that UROS protein is conserved
and plays an important role in organismal evolution (Figures 3
& 4). It is interesting to note that the conserved regions as
shown in Homo sapiens are similar to those found in some
other organisms that have this conserved gene. Presence of
UROS in the major organisms indicates that it is crucial for the
development of the physiology of cells. Its high conservation at
certain domains indicates that its function is preserved. In
conclusion, the evolutionary relationship of UROS gene was
established based on the sequence alignment, conserved
sequences and phylogenetic trees. The results of the published
data on protein sequences of the above genes showed that the
sequences are highly conserved especially at certain domains.
Human sequences consistently clustered with their mammal
orthologs within these genes clearly indicate the importance of
these genes in evolution [26]. The phylogenetic reconstruction
of the metabolic pathways of many organisms is one of the
major goals of genomics. Reconstructions made through
comparative genomics, and results from experiments on model
systems help in understanding the biochemical diversity of life.
Thus, analysis of phyletic patterns re-emphasizes the
importance of certain metabolic enzymes in evolution.
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Supplementary material.

Table 1: Accession details of short-listed uroporphyrinogen-111 synthase (UROS) sequences

Description

Accession no:

Pongo abelii — predicted

Macaca mulatta

Papio anubis- predicted
Callithrix jacchus- predicted
Homo sapiens

Nomascus leucogenys— predicted

Saimiri boliviensis boliviensis— predicted

Pan paniscus- predicted
Loxodonta africana— predicted
Bos taurus

Rattus norvegicus

Meleagris gallopavo- predicted
Otolemur garnettii- predicted
Oryctolagus cuniculus- predicted
Cavia porcellus- predicted

Sus scrofa

Cricetulus griseus— predicted
Mus musculus

Gallus gallus— predicted

Canis lupus familiaris— predicted
Felis catus— predicted
Ailuropoda melanoleuca- predicted
Heterocephalus glaber

Equus caballus- predicted
Taeniopygia guttata— predicted
Xenopus (Silurana) tropicalis
Xenopus laevis

Monodelphis domestica— predicted
Esox lucius

Mustela putorius furo

Salmo salar

Anoplopoma fimbria

Anolis carolinensis— predicted
Oreochromis niloticus— predicted
Sarcophilus harrisii- predicted
Takifugu rubripes— predicted
Danio rerio

Dicentrarchus labrax

XP_002821304.1
NP_001253711.1
XP_003904442.1
XP_002756746.1
NP_000366.1
XP_003277827.1
XP_003922155.1
XP_003816334.1
XP_003419757.1
NP_001178298.1
NP_001012068.1
XP_003208282.1
XP_003794158.1
XP_002721286.1
XP_003479664.1
NP_001231296.1
XP_003513922.1
NP_033505.1
XP_423886.2
XP_854192.1
XP_003994563.1
XP_002916164.1
EHB18080.1
XP_001490208.1
XP_002193805.1
NP_001107324.1
NP_001087355.1
XP_001362178.1
ACO13405.1
AES09336.1
ACI66186.1
ACQ58390.1
XP_003218642.1
XP_003441824.1
XP_003755055.1
XP_003961197.1
AA049476.1
CBNB81562.1
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