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Current molecular biology dogma (except alternative splicing) suggests that leading strand of 
DNA produces mRNA and usually the leading strand gives one ORF (ORF) among the available 
six ORFs. We attempted to break this rule where three and six ORFs from the leading strand 
will be formed by designing L-Systems, originally proposed to study symmetry of biological 
world. We thought this would revolutionize the world of synthetic biology. While doing so, 
we found L-System containing A��T, T�G, C�A, and G�C, i.e., single nucleotide production 
rule will stop growing after one nucleotide. L-System containing either (a) A�TG, T�GC, 
C�GA, G�TC or (b) A�CTG, T�GAC, C�TAC, G�TGC will lead to generation of repetitive 
DNA sequence after few iteration. These repetitive sequences might become easy target for 
enzyme like restriction endonucleases and transposase or RNAse but may give repetitive DNA 
sequences which are normally found in the large non-coding region of the genome.  Here we 
show that a number of L-Systems like with (Axiom: A) A�ATGC, C�CTCA, T�GCAG, 
G�CGAA and A�GTAC, C�TGCA, T� CTGG, G�ATAT if used to generate either a short 
(~2000 bp) or long (~16000 bp) can give rise to three ORFs and six ORFs per DNA molecule 
when conceptually translated through Expasy tools respectively. To our surprise we find that 
L-System production rule with only four letter codes (not one, two, three, five, six) can 
produce this miraculous results which nothing but follows Young Fibonacci graph. We find 
that production rule with higher order of magnitude like 10 bp also give similar results but 
not 20 bp containing production rules.  

Leading strand of DNA chain is constructed on the backbone of pentose sugar and nucleotide 
like A, T, G, C are arranged in following fashion where R boxes represent pentose sugar moieties 
and boxes with A, T, G, C represent nucleotides as shown in Fig. 1 below. 

Fig. 1 
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DNA with 10 nucleotides per turn of a DNA helix would exactly look like Fig. 1. In this paper, we 
took following L-System production rule (Axiom: A)- A�ATGC, C�CTCA, T�GCAG, G�CGAA 
and made a 4096 bp long DNA sequence (Fig. 2) [1, 2, 3, 4]. 

Fig. 2 

ATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACT
CACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGC
CGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCT
CAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAG
CTCAATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGC
AGCTCAATGCATGCGCAGCGAACTCACTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAA
CTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCT
CAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCA
CTCACGAAATGCATGCCTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCG
AACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCAGCAGCTCA
ATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCT
CAATGCATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAG
CTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCCGAACT
CAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGC
GCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACT
CACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGCCGAA
CTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCAGCAGCTCAAT
GCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCA
ATGCATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCT
CAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCCGAACTCA
ATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCAGC
AGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGC
GCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACGAACTCAATGCCGAACT
CACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGC
CTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACT
CACTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGC
ATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAAT
GCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCAGCAG
CTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACG
AAATGCATGCCTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCA
CGAAATGCATGCCTCAGCAGCTCAATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCG
AACTCAATGCCGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGC
CTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGCAGCTCAAT
GCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAAATGCATGCCTCAGCAGCTCAATGCCGAACTCAATGC
CGAACTCAGCAGCTCAATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCG
AACTCACGAACTCAATGCCGAACTCACGAAATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCCTCAGCAGCTCAATGCATGCGCAGCGAACTCACTCACGAA
ATGCATGCCTCAGCAGCTCAATGCCTCACGAAATGCATGCATGCGCAGCGAACTCAATGCGCAGCGAACTCACTCAGCAGCTCAATGCCGAACTCAATGCCGAACTCAGC
AGCTCAATGCATGCGCAGCGAACTCA 

Then we used Expasy tool (http://expasy.org/tools/dna.html) (freely available over internet) 
and translated the sequence into six ORFs (http://en.wikipedia.org/wiki/Open_reading_frame). 
We find that 5’�3’ direction all three open ORFs but in the 3’�5’ direction all three ORFs have 
stop codons. We then use another production rule (Axiom: A) A�GTAC, C�TGCA, T� CTGG, 
G�ATAT, we made 4096 bp long stretch of DNA and translated into six ORFs.  

Fig. 3 

ATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCT
GGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTAC
CTGGCTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTG
CAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGG
ATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCT
GGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCA
CTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCATG
CACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGG
GTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATAT
ATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTAC
TGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGT
ACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATAT
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TGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACT
GGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTAC
CTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGT
ACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATAT
GTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGT
ACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCA
GTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGT
ACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGG
ATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACT
GGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTAC
CTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATAT
ATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTAC
TGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGT
ACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTAC
CTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGT
ACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGG
ATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCT
GGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATAT
CTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTG
CACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTAC
CTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCT
GGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTAC
CTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACATATCTGGGT
ACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGG
GTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGAT
ATTGCAGTACATATCTGGGTACTGCA 

To our surprise (Fig. 3) we find that all the six reading frames are open. This led to formation of 
a 16384 bp long stretch of DNA using the aforesaid L-System (Fig. 4).  

Fig. 4 

GTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCT
GGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATAT
ATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTG
CAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGG
ATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCT
GGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCA
CTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACT
GGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCA
TGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATAT
ATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTAC
TGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGT
ACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATAT
TGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACT
GGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTAC
CTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGT
ACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATAT
GTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGT
ACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCA
GTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGT
ACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGG
ATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACT
GGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTAC
CTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATAT
ATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTAC
TGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGT
ACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTAC
CTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGT
ACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATAT
TGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACT
GGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATAT
CTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTG
CACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATAT
ATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTG
CACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATAT
ATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGT
ACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGG
GTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCT
GGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCA
CTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATAT
ATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCA
CTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATAT
ATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGCTGGATATTGCA
GTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGAT
ATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGG
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GTACTGCACTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACT
GGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCA
CTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGT
ACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGG
CTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATAT
ATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTAC
CTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGT
ACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGG
ATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGAT
ATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGG
ATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATAT
ATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCA
TGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCT
GGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCA
GTACATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGAT
ATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGG
GTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACT
GGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATAT
CTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATGT
ACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGG
ATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTG
CATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATAT
ATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGAT
ATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGG
GTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCT
GGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCA
CTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGT
ACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTAC
ATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATAT
ATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTAC
TGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGAT
ATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGG
GTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATGTACCT
GGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATAT
CTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATG
CACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATAT
GTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATAT
ATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTAC
TGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGT
ACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGG
ATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACT
GGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGG
ATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGT
ACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCA
TGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGT
ACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTAC
TGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGAT
ATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGG
GTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCT
GGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTAC
CTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTG
CACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCA
CTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTG
CATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATAT
ATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGT
ACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGG
GTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCT
GGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCA
CTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACT
GGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCA
TGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATAT
ATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTAC
CTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGT
ACCTGGCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGG
GTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACT
GGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGG
ATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACT
GGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATAT
GTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATAT
ATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCA
GTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGT
ACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGG
ATATATATATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGAT
ATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGG
ATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATAT
ATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGG
TGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCT
GGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTAC
CTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGT
ACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATAT
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TGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACT
GGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATAT
CTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTG
CACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCA
TGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCT
GGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATAT
ATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTG
CAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGG
ATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATGTACCTGGGTACCTGGTGCACTGGATATATATATATCT
GGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCA
CTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGCT
GGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCA
TGCACTGGATATATATTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATAT
ATATATCTGGGTACTGCACTGGATATTGCAGTACATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCA
GTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTG
CAGTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGG
GTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACT
GGATATATATATATCTGGGTACTGCACTGGATATTGCAGTACCTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCA
CTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGTACCTGGGT
ACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATAT
ATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATCTGGATATTGCAGT
ACTGCACTGGATATATATGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCA
GTACTGCACTGGATATATATGTACCTGGGTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCACTGGATATTGCAGTACTGCACTGGATATATATGTACCTGGGT
ACCTGGGTACCTGGGTACCTGGATATCTGGGTACTGCATGCACTGGATATATATATATCTGGGTACTGCATGCACTGGATATATATTGCACTGGATATATATGTACCTGG
GTACCTGGCTGGATATTGCAGTACATATCTGGGTACTGCAGTACCTGGGTACCTGGTGCACTGGATATATATATATCTGGGTACTGCACTGGATATTGCAGTAC 

We find when conceptually translated via Expasy gave rise to six ORFs. Therefore, we can 
conclude that production rule starting with four letters can give rise to one to six ORFs (Data 
not shown). Now, we blasted all these aforesaid three sequences using Blastx and the results 
are summaries below (Table 1). 

Table 1 

L-System production rules 
(Axiom: A) 

Sequence length 
(bp) 

Blastp results (name of the  organism and 
percentage of alignment score in 

parenthesis) 
A�ATGC,  
C�CTCA,  
T�GCAG,  
G�CGAA 

 
4096 

 
Streptococcus oralis (80%-200%), 
 Streptococcus pneumoniae (80%-200%) 

A�GTAC,  
C�TGCA,  
T� CTGG,  
G�ATAT 

 
16384 

 
Vanderwaltozma polyspora ( 200%) 

 

 Table 1 show that the above production rules identify organisms like Streptococcus bacteria 
and Vanderwaltozyma which is a fungus. Therefore, in conclusion the method of L-System 
which we have discovered can not only be used to generate recombinant proteins from a single 
DNA molecule using all its ORFs selectively. This would be a big step forward for synthetic 
biology researchers as well as industries in general. Apart from applied aspects this method can 
be used by evolutionary biologist to trace back genetic code evolution of virus, bacteria, and 
fungi to higher endangered animals like Giant Panda. 



6 
 

ACKNOWLEDGMENTS: This work was supported by the Department of Biotechnology (DBT), 
New Delhi, grants (BT/PR9050/NNT/28/21/2007 and BT/PR8931/NNT/28/07/2007 to AG) and 
NAIP-ICAR-World Bank grant (Comp-4/C3004/2008-09; Project leader: AG) and ISI plan projects 
for 2001–2011 to A. G.  

References 

1. Prusinkiewicz, P. and Lindenmayer, A. (1990) in The algorithmic beauty of plants (New 
York: Springer-Verlag). 

2. Hassan, S. Sk., Choudhury, P. P., Pal, A., Brahmachary, R. L. and Goswami, A. (2010) L-
Systems: A Mathematical Paradigm for Designing Full Length Genes And Genomes. 
Global Journal of Computer Science and Technology, 10: 119-122, category: I.2.1, J.3, 
and G.1.0. (Published in June, 2010) 

3. Hassan, S. Sk., Choudhury, P. P., Pal, A., Brahmachary, R. L. and Goswami. A. (2010) 
Designing exons for human olfactory receptor gene subfamilies using a mathematical 
paradigm. Journal of Biosciences, volume 35, number 3 (to be published as cover page 
article in September 2010 issue). 

4. Hassan, S. Sk., Choudhury, P. P., Pal, A., Brahmachary, R. L. and Goswami, A. (2010) 
Combination of L-systems: For Designing Human Olfactory Receptor Pseudo-gene, 
OR1D3P. International Journal of Computational Cognition, (Publisher: Yang's Scientific 
Research Institute, USA) (Accepted for publication in 2011). 
 


