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proteindomain viadifferentorganismal genomic landscapes

Arunava Goswami?®,PabitraPalChoudhury!, Rajneesh Singh*, Sk. SarifHassan®*

*BiologicalSciences Division and *Applied StatisticsUnit, Indian StatisticalInstitute,203, B. T.
Road, Kolkata700108, India

Darwinian evolution hypothesizes that a short stretch of DNA was first
constructed and then itexpanded to give rise to a long strand. This long strand
then produced a mix of exons, introns and repetitiveDNA sequence. The order
of production of above three kinds of DNA sequence isunknown. Reshufflingof
stretches of DNA like above within organisms has given rise to different
chromosomes. Tilldate it is not known how this process is governed. In this
paper we show that starting with a sixteen base-pair human olfactory DNA

sequence one can form a highlyconserved proteindomain. Once thisdomain is
formed repetitive DNA sequences of a particular kind starts generating which
signifiesthat thisparticularconserved protein domain willbe unique innature.
The entiremathematical exercise presented in thispaper isbased on simplest
possible context free L-System which we think has been adopted by biological

system ingeneral.

Context free L-System [1, 2, 3, 4], considered to be one of simplest, originally proposed by
Hungarian BiologistA. Lindenmayer [5]to study symmetry of plants can be used to generate a

large length of DNA sequence with a definitesize limit.We took a human olfactory receptor

DNA sequence (OR1F1l) and derived an L-System with following production rule [ (Axiom: A) A

ATGA, C GCGG, T GACA, G AACC] which basicallycovers extreme 5’-end of OR1F1l. 1024 bp
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length DNA sequence [Fig. 1] generated from this production rule showed 3 Open Reading

Frames (ORF) in3’ 5’ direction [Fig.2].

Fig.1l

ATGAGACAAACCAT GAAACCAT GAGCGGAT GAAT GAAT GAGCGGGECGGAT GAGACAAACCAT GAAT GAAT GAGCGGGCGGAT GAGACAAACCAT GAAACCGCGGAACCAAC
CATGAGACAAACCAT GAAT GAGACAAACCAT GAAT GAGACAAACCAT GAAACCGCGGAACCAACCAACCGCGGAACCAACCAT GAGACAAACCAT GAAACCAT GAGCGGAT
GAATGAAT GAGCGGGCGGATGAGACAAACCAT GAAT GAGACAAACCAT GAAT GAGACAAACCAT GAAACCGCGGAACCAACCAACCGCGGAACCAACCATGAGACAAACCA
TGAAACCAT GAGCGGAT GAAT GAAT GAGCGGGCGGAT GAGACAAACCAT GAAT GAAT GAGCGGGCGGAACCGCGGAACCAACCAT GAAT GAGCGGGECGGAT GAAT GAGCGG
GCGGAT GAGACAAACCAT GAAACCAT GAGCGGAT GAAT GAAT GAGCGGGCGGATGAGACAAACCAT GAAT GAGACAAACCAT GAAACCAT GAGCGGAT GAATGAATGAGCG
GGCGGATGAGACAAACCAT GAATGAGACAAACCAT GAAACCAT GAGCGGAT GAAT GAAT GAGCGGGCGGAT GAGACAAACCAT GAATGAAT GAGCGGGCGGAACCGCGGAA
CCAACCATGAAT GAGCGGGCGGAT GAAT GAGCGGGCGGAT GAAT GAGCGGGECGGAACCGCGGAACCAACCAT GAAT GAGCGGGCGGAT GAATGAGCGGGCGGATGAGACAA
ACCATGAAACCAT GAGCGGAT GAAT GAAT GAGCGGGCGGAT GAGACAAACCAT GAAT GAAT GAGCGGGCGGAT GAGACAAACCAT GAAACCGCGGAACCAACCATGAGACA
AACCATGAAT GAGACAAACCAT GAAT GAGACAAACCAT GAAACCGCGGAACCAACCAACCGCGGAACCAACCAT GAGACAAACCAT GAAACCAT GAGCGGATGAATGAATG
AGCGGGCGGATGAGACAAACCATGA
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Fig.1l Legend. Context—free L-System [(Axiom: A) A ATGA, C GCGG, T GACA, G AACC] derived

1024 bp sequence from olfactory receptor OR1F1 sequence (ATGAGACAAACCATGA)
[http://genome.weizmann.ac.il/cgibin/horde/showGene.pl?key=symbol&value=0OR1F1].

Fig.2
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3'5' Frame 1
SWFVS5SSARSFIHPLMetE VSWFVYSWLVPRLVGSAVSWFVSFMet VCLIHGLSHGWFRG
FMet VCLIRPLIHSWFVSSARSFIHPLMet VSWFYVSSARSFIRPLIHGWFRGSARSEF
IRPLIHPPAHSWLVYVPRFRPLIHSWFVYVSSARSFIHPLMaet VSWFVS FMatVCLIRPLI
HS 5 AHGFMat VCLIHGLSHPPAHSFIRSWFHGLSHPPAHSSARS FMet VGSAVPPAH
SFMet VCLIRPLIHSSAHGFMet VCLMat VGEGSAVGOGWFRGFMat VCLIHGLSHSWFWYSSA
RSFIHPLMtVSWFVSWLVYVPRLVGSAVSWFYSFMet VCOCLIHGLSHGWFRGFMat VCOLTI
RPLIHSWFVSSARSFIHPLMtVSWFVWVS
3t F 2
HGLSHPPAHSFIRSWFHGLSHGWFRGWLYVPRFHGLSHSWFYSFMatVCLMatVGSAW
SWFVS5S5ARSFIHGLSHPPAHSFIRSWFHGLSHPPAHSSARSFMat VGESAVPPAHSS
ARSFIRPLIHGWFRGSARSFIHGLSHPPAHSFIRSWFHGLSHSWFVYSSARSFIHEP
LMet VSWFVSFMet VCLIRPLIHSSAHGFMaet VCLIRPLIHPPAHSWLYVPRFRPLIHS
WFVSSARSFIHPLMetVSWFVSWLVPRLVGSAVSWFVSFMat VCLIHGLSHPPAHSF
IRSWFHGLSHGWFRGWLYVPRFHGLSHSWFYSFMet VCLMeE VGESAVSWFVYVSSARSFTI
HGLSHPPAHSFIRSWFHGLSH
3'5" Frame 3
Mat VCLIRPLIHSSAHGFMet VOLMet VGESAVGEWFRGFMat VCLIHGLSHSWFVYSWLVYP
RFHGLSHPPAHS FMet VCLIRPLIHSSAHGFMat VCLIRPLIHPPAHSWLVYPRFRPL
IHPPAHSSARSFMet VG SAVPPAHSFMet VCLIRPLIHS SAHGFMet VCLIHGLSHPP
AHSFIRSWFHGLSHSWFVSSARSFIHPLMaE VEWFVSSARSFIRPLIHGWFRGSAR
SFIHGLSHPPAHSFIRSWFHGLSHGWFRGWLVYVPRFHGLSHSWFVS FMet VCLIRPL
IHSSAHGFMat VCLMet VG SAVGOGWFRGFMet VCLIHGLSHSWFYSWLVYVPRFHGLSHPP
AHS FMat VCLIRPLIHSSAHGFMetVCL

Fig. 2. Legend. Expasy [http://expasy.org/tools/dna.html] generated six reading frames from

Fig.1l show thatthere are three ORFs inthe 3’ 5’ direction.

As DNA synthesisoccurs in5’ 3’ direction thereforewe made complementary sequence of Fig.

1 as shown inFig.3.We then generated 1024 bp sequence from another L-System [(Axiom: A)

A TACT,C CTGT,T TTGG, G TACT]which isthe extreme 5’-end of Fig.3.

TACTCTGITTGGTACTTTGGTACTCGCCTACTTACTTACTCGCCCGCCTACTCTGITTGGTACTTACT TACT CGCCCGCCTACTCTGT TTGGTACTTTGGCGCCTTGGI TG
GTACTCTGTTTGGTACTTACTCTGT TTGGTACTTACTCTGI TTGGTACT TTGECGCCT TGGT TGGT TGECGCCT TGGT TGGTACTCTGT TTGGTACTTTGGTACTCGCCTA
CTTACTTACTCGCCCGCCTACTCTGITTGGTACTTACTCTGT TTGGTACTTACTCTGT TTGGTACT TTGGECGCCTTGGT TGGT TGECGCCTTGGT TGGTACTCTGI TTGGT
ACTTTGGTACTCGCCTACTTACT TACTCGCCCGCCTACTCTGT TTGGTACTTACTTACT CGCCCGCCT TGECGCCTTGGT TGGTACT TACTCGCCCGCCTACT TACTCGCC
CGCCTACTCTGT TTGGTACTTTGGTACTCGCCTACT TACT TACTCGCCCGCCTACTCTGT TTGGTACTTACTCTGT TTGGTACTTTGGTACTCGCCTACTTACTTACTCGC
CCGCCTACTCTGTTTGGTACTTACTCTGT TTGGTACT TTGGTACTCGCCTACTTACTTACT CGCCCGCCTACTCTGT TTGGTACTTACT TACTCGCCCGCCTTGECGCCTT
GGTTGGTACTTACTCGCCCGCCTACT TACT CGCCCGCCTACT TACT CGCCCGCCT TGECGCCT TGGT TGGTACT TACT CGCCCGCCTACT TACTCGCCCGCCTACTCTGI T
TGGTACTTTGGTACTCGCCTACTTACTTACT CGCCCGCCTACTCTGT TTGGTACTTACTTACTCGCCCGCCTACTCTGT TTGGTACTTTGECGCCT TGGT TGGTACTCTGT
TTGGTACTTACTCTGTTTGGTACTTACTCTGI TTGGTACT TTGECGCCT TGGT TGGT TGECGCCT TGGT TGGTACTCTGT TTGGTACTTTGGTACTCGCCTACTTACTTAC
TCGCCCGCCTACTCTGTTTGGTACT



Fig.3 Legend. The complementary strand of Fig.1l inthe 5’ 3’ direction.

This sequence when conceptuallytranslated and itgave rise to three ORFs in 5’ 3’ direction

(Fig.4).
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Fig.4Legend. Expasy generated sixreading frames from Fig.3 show that there are three ORFs

3’ direction.

inthe 5’

Fig.5
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Fig.5. Legend: FirstORF of Fig.4 gives 80%-200% homology with a protein domain of nearly
350 amino acids long. This protein has been classifiedby NCBI as a hypotheticalprotein (1081
aa long) from Gray short—+tailed opossum, Monodelphis domestica. Similarly other two ORFs

alsoexhibited high homology with other organisms (datanot shown).

The extreme 5’ end sequence in Fig.3 was again used as a template (likeFig.l) to generate

1024 bp sequence with following production rule [(Axiom: A) A TTGG, C TTGG, T TACT, G

TACT].On carefulobservation itisclear the production ruleof A and C are same as wellas T
and G. As expected the L-System produced was found to be a highly repetitiveDNA sequence
(Fig.6).

Fig.6

TTGGTITGGTACTTACTTTGGT TGGTACTTACTTTGGTACTCTGI TTGGT TGGTACTCTGTI TTGGT TGGT TGGTACTTACTTTGGT TGGTACTTACTTTGGTACTCTGITTG
GITGGTACTCTGITTGGT TGGT TGGTACTTACTTTGGTACTCTGI TTGECTGI TTGGTACTTTGGT TGGT TGGTACTTACTTTGGT TGGTACTTACTTTGGTACTCTGITT
GGCTGTTTGGTACTTTGGT TGGT TGGTACT TACTTTGGTTGGTACTTACTTTGGT TGGTACTTACT TTGGTACTCTGT TTGGT TGGTACTCTGT TTGGTTGGT TGGTACTT
ACTTTGGTACTCTGITTGECTGTTTGGTACTTTGGT TGGT TGGTACTTACTCTGT TTGGTACTTTGGT TGGT TGGTACTTACTTTGGTACTCTGTTTGGT TGGT TGGTACT
TACTTTGGTTGGTACTTACTTTGGT TGGTACTTACTTTGGTACTCTGT TTGGT TGGTACTCTGT TTGECTGT TTGGTACTTTGGT TGGT TGGTACTTACTTTGGTACTCTG
TTTGGTTGGTTGGTACTTACTTTGGT TGGTACTTACT TTGGT TGGTACTTACTTTGGTACTCTGT TTGGT TGGTACTCTGT TTGGT TGGT TGGTACTTACTTTGGTACTCT
GITTGGCTGITTGGTACTTTGGT TGGTTGGTACTTACTTTGGT TGGTACTTACT TTGGT TGGTACTTACTTTGGTACTCTGT TTGGTTGGTACTCTGI TTGGT TGGT TGGT
ACTTACTTTGGTTGGTACTTACTTTGGTACTCTGTTTGGT TGGTACTCTGI TTGGT TGGT TGGTACTTACTTTGGT TGGTACTTACTTTGGTACTCTGI TTGGT TGGTACT
CTGTTTGGTTGGT TGGTACTTACT TTGGTACTCTGT TTGECTGI TTGGTACTTTGGT TGGT TGGTACTTACT TTGGT TGGTACTTACTTTGGTACTCTGT TTGECTGT TTG
GTACTTTGGTTGGTTGGTACTTACT

Fig. 6 Legend. RepetitiveDNA sequence generated following [ (Axiom: A) A TTGG, C TTGG, T

TACT, G TACT] which showed no significanthomology when searched inNCBI database.

Therefore L-System generation startedwith human olfactoryreceptor DNA OR1F1 has reached
its limit.We then blastp-ed the hypothetical protein (1081 aa long) from Gray short-tailed
opossum, Monodelphis domestica into NCBI database (Fig.5 with pink color line) and found
that ithas a high levelof domain homology with Forkhead box protein E4 of Xenopus laevis

[Fig.7].
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Fig.7

Query 735 PAAVEAVGGERRERFRFVORGEP PPV TALTAMATAHIARRRLTLGGIYEFITERFAFYED 794
F GERFFERFVORGEPP+ITIALTAMATA+S ER+LTLGGIYT+FI ERF FYE+
Fbjct 28 FEEHN(QASGERERFRFVORGEP FYSY TALTAMATANIPERFKLTLGGIVEFIMERFFFYRE 87

Query 795 NPREENONSIFHNLTLNDCFVEIPREF GHP GEGHTWALD PAAQDHMFD 3G3FLERRFERFERS  §54

W +EWQNSTEHNLTLNDCFVEIFREER GHE GEGHYW LD PAAHDMFD+GEFLERFFRFER+
Fbjct 88 NAFEWQNS TRHNLTLND CFVEIFRER GHE GEGHY T LD PAAEDMFDNGSFLEREFRFERT 147

This domain was re-blastp-ed to NCBI and we found that this domain is highly conserved

amongst a number of organisms who are distantlyrelated inevolution [Fig.8].

ment scores

B80-200 >=Z200

1 [l
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Fig. 8 Legend. Conserved protein domain obtained from Fig. 7 when blastp-ed into NCBI

proteindatabase

This result shows that startingwith a sixteen base-pair unique stretch of DNA and using L-
System production ruleone can make a conserve proteindomain which was hithertounknown
to biologists.We predictthatthisishow allconserved proteindomains inlivingorganisms have
been produced. This mathematical exercise also clearly shows after a conserved protein
domain is formed the biological system does not allow any more conserved domain to be

formed from the same sequence by producing a repetitiveDNA sequence.

Therefore we can conclude that L-System isan important mathematical tool which can be
explored to find out the genomic domain shuffling, protein domain formation and repetitive
DNA evolution of different organisms. Itistempting to speculate that natural systems might
have used this kind of context free L-System derived methodology to generate genomes of
different organisms. Thismethod also could be used by syntheticbiologistto find correlation

between differentorganismal DNA, proteindomain and finallychange them atwill.
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