TAP CHI SINH HOC, 2013, 35(2): 212-218

STRAND SYMMETRY AND NONRANDOM DNA TRIMER ARRANGEMEN T
IN YEAST SACCHAROMYCES CEREVISIAE CHROMOSOMES

Phan Thi Huyen*, Nguyen Duc Luong
Ho Chi Minh city University of Technology, VNU-HCMhuyencnshbk@hcmut.edu.vn

ABSTRACT: According to the Chargaff's second parity ruleg #ukaryotic chromosomes have been
reported to be strand symmetric. However, how tgeotides are arranged in the chromosome and why
the chromosomes possess this strand symmetric nyopeve not been known. We found in
Saccharomyces cerevisi#lgat although the frequencies of trimers and thafstheir respective reverse
complements in the whole single stranded sequeficehmosome were almost equal, they were
remarkably different in the local regions of chraome. Results of investigation on trimer arrangeémen
in the intergenic sequences as well as in the sandeantisense sequences of chromosome showed that
the frequencies of trimers and those of their retipereverse complements in the intergenic seqesent
chromosome were approximately the same, and tleatritmer arrangement in the sense and antisense
sequences of chromosome shaped the codon usagehfbimeosomal strand symmetry is the consequence
of the equal distribution of trimers and their resfive reverse complements.

Keywords: Saccharomyces cerevisiagergenic sequences, sense and antisense sequéinoer, trimer
reverse complement, codon usage.

INTRODUCTION underlying these nonrandom organizations are

Among the  eukaryotic organisms,nOt clear.
Saccharomyces cerevisiagas chosen for its At the nucleotide level, DNA arrangement
genome to be first sequenced completely iim the eukaryotic chromosome and consequent
1996 [7]. Since then, its chromosomakffect are not much known. Nucleotide skews,
sequences have became a valuable resource \ithich reflect the difference in distribution of
studying the DNA structure and DNA relatedadenine (A) and thymine (T) or guanine (G) and
biological processes in the eukaryotic cell. cytosine (C) in the single stranded DNA

Structurally, the double-stranded DNASeduences, have been found to be present in the

chromosomal sequence primarily interacts Wi’t_g:al regions of chloroplast [14], mitochondrial

histone proteins to form nucleosomes, creating /) Viral genomes [15], prokaryotic
the chromatin fiber. The nucleosomesromosomes [5, 12, 15, 17] and eukaryotic

positioning along the yeast chromosomayenomes [18]. These skews have also been
sequences has been sfated to regulate gegteq to be associated with replication and
expression of genes [31]. The formation OFranlscrl%tlonk[S, 16, 211; 2%'30]' In bcontrast,

chromatin loops which facilitates the interactior]'Y¢ eﬁt' € SKews wr?re ound not to be presEnt
of distant regions in the chromosome has aldj "€ Yeast chromosomes except the

been recognized to orchestrate and regulate t romosome ends [6]. It was reported that the
transcription and the recombination [3]_ocat|on of genes on the complementary strands

Furthermore, the chromosomal DNA has beeff chromosome explained the presence or

found to distribute nonrandomly into territoriesabsence of nuqleot_lde skews in _the chromosome
thereby different DNA regions in the [22], while distribution of genes in chromosome

Mas found to be nonrandom for reducing the

with those in the other chromosomes. Thegi¥N€ expression noise [2]. Also, in comparison

higher-order organizations of chromosomal/ith frequency of G, McLean and Tirosh
DNA have been found to be importanlrecently found that the frequency of C was

consequences on the gene activity and functi(gﬂ%ﬂ? highder at the 5h lend, decr(re]ase('j a(; ﬂ}e
[10, 11, 26, 32]. Nevertheless, the principledliddle and was much lower at the 3'end o
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genes. McLean and Tirosh thus stated thalong the chromosomal sequence was viewed
different biases in nucleotide distribution werdy recording the physical positions of that
associated with the initiation, elongation, andrimer along the sequence as in the previous
termination phases of transcription [13] study [19].

Although the nucleotide skews existed Tphe density of an individual trimer, i.e., the
differently in the local genomic sequences Ofequency of each trimer in the whole single
both bacterial and eukaryotic chromosomegyanded sequence of chromosome normalized

these chromosomes were reported to be strapf,q frequency in 1 kb, was calculated as in
symmetric, i.e., in the whole single strande@he previous study [20].

sequence of chromosome, numbers of A and T, o . o
were similar as were those of G and C, showinE”mer distribution at three trimer positions

that the Chargaff's second parity rule held true Three trimer positions in the sense and
for the whole single stranded chromosomalntisense sequences were obtained as in the
sequence [1, 4, 25]. This rule was also foungrevious study [19]. The frequency values were
true when it was applied with dimers, trimerghen plotted for each pair of trimer/trimer’s
and tetramers for the prokaryotic chromosomesggverse complement.

and with oligomers of different sizes for the

eukaryotic chromosomes [1, 23]. However, thESULTS AND DISCUSSION

reason why the chromosomes are stran§isyibution of trimers along the yeast
symmetric remains unknown. S. cerevisiae chromosome

~In this study, we present the biased \ye observed that the relative differences
distribution of trimers and their respectiveyetween trimer counts obtained by shifting
reverse complements in the yeast localyery single base and by shifting 3 bases along
chromosomal sequences. We show that thge ~chromosomal sequences were similar
chromosomal strand ~symmetry is thefigure 1). This revealed that the trimers were
consequence of the equal distribution of trimergs:  distributed randomly, but in a
and their respective reverse complements in &bt ynidentified order in the chromosome.
intergenic sequences as well as in all sense a@ffe strand symmetry in the yeast chromosomes
antisense sequences of chromosome, and thatjjystrated by the approximate equivalence
the arrangement of trimers in the sense anghwveen the frequencies of trimers and those of
antisense sequences of chromosome shapes hs;, respective reverse complements in
codon usage in yeast. the whole single stranded sequence of
chromosome, which were obtained in the single
MATERIALS AND METHODS base shifting manner and were then normalized
DNA sequences to the frequencies in 1 kb (figure 2).
We thus noted the distribution of each

and data used to extract the sense and antiseHgTé'er and its reverse complement in the local

sequences as well as the intergenic sequen gglons of chromosome. As .shown n
were taken from NCBI, as files with the .fn igure 3A, although the frequencies of each

and .ptt extensions, respectively, vidrimer in the sufficiently long regions, i.e.,

ftp://ftp.ncbi.nIm.nih.gov/genomes/Fun(‘:]i/Sacchregions 'con'ta!ning 1000 individual trim(_ers,
aromyces_cerevisiae_uid128, as of July 2012. were quite similar, the frequency of each trimer

and that of its reverse complement were
Trimer distribution in the chromosomes remarkably different in the local region of

The trimers were counted over the length ofertain length. The bias in distribution of a
single stranded DNA sequence, in tHet®c3 trimer and its reverse complement was more
orientation and in the single-base or three-bastearly seen in the narrower local regions
shifting manner. The distribution of a trimer(figures 3B and C).

Chromosomal sequences &. cerevisiae
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Figure 1.Counts of trimers in th8. cerevisiaehromosome 4. Data were plotted for all 64 trimers
however, only 32 of the 64 alphabetically listeichers are shown due to lack of space. shift 1 and
shift 3 denote the one base-pair and three basesiuéting manners, respectively.
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Figure 2. Mean densities of trimer/trimer's reverse complemim yeast chromosomes. Mean
density values calculated from the trimer densitiesach of the 16 chromosomes. RC stands for
reverse complement. Data were plotted for each2op&irs of trimer/trimer's RC. Error bars
indicate standard deviations.
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Figure 3. Distribution of trimers and their respective ressrcomplements along the yeast
chromosome 4. The trimer distribution is shown lie whole chromosome (A), first 1/10f
chromosome (chromosomal positions from 1 to 1500@))and first 1/100 of chromosome
(chromosomal positions from 1 to 15000) (C). Fashetmimer, its physical positions were recorded
along the sequence. The individual trimer’'s cuniwatount was plotted against its positions along
the sequence. cum1000, cum100 and cuml0 in thedeigdicate that the counts were cumulated
for every 1000, 100 and 10 individual trimers, edjvely, standing before it. Only cumulative
counts of 3 out of 32 pairs of trimer/trimer's rese complement, i.e., AAA/TTT, AAC/GTT and
AAG/CTT, are shown.
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Distribution of trimers in the sense and counted the occurrences of trimers at three
antisense sequences and in the intergenictrimer positions as in the previous study [19].
sequences We found that in all yeast chromosomes, the
As we found biases in distribution of trimergréquencies of individual trimers at the first
and their respective reverse complements in tR@Sitions were almost similar to those of their
local regions of chromosome, we checked thgSPective reverse complements at the first
distribution of these complementary trimerdPositions. In contrast, the frequencies of trimers
along the sense and antisense sequences 8h{e second positions were almost the same as
also along the intergenic sequences. those_of thel_r respective reverse complements at
the third, while the frequencies of trimers at the
Bird positions were almost equal to those of
Nfeir respective reverse complements at the
YWecond (figure 4).

Along the sequence that was made
connecting all the sense and antise
sequences in the chromosome together,
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Figure 4.Counts of trimers at three trimer positions in toanected sense and antisense sequence

of chromosome 4. Data were plotted for each paitriofer (T) and its reverse complement (T's
RC).
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Figure 5. Trimers counts in the intergenic sequences ofytast genome. Data were plotted for
each pair of trimer (T) and its reverse complenf&ig RC).

There was no such nucleotide arrangementdverse complements in the intergenic
in the intergenic sequences of chromosomeequences extracted from 16  yeast
Nevertheless, the frequency of a trimer and thahromosomes.
of its reverse complements in all intergenic . . _
sequences extracted from a chromosome were The codon usage is conventionally defined
similar. Figure 5 shows the similarity in the@s the proportions in frequency of individually
frequencies of trimers and their respectivéynonymous codons that encode for an amino
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acid in an organism chromosome. Also, the arrangement of trimers
(http://www.geneinfinity.org/sp/sp_codonusagein the sense and antisense sequences was found
html). The frequencies of individual codongo shape the codon usage in the bacterium
among every 1000 codons in the chromosontgacillus cereuswhere the sense and antisense
are also defined as codon usageequences accounted for 85 percents of this
(http://asgpb.hawaii.edu/tools/emboss/EMBOSbacterial genome [19]. The chromosomal strand
SGUl/cgibinfemboss.pl?_action=manual&_ appsymmetry is thus mainly attributed to the
=cusp). Similar to the results reported in thapproximately equal distribution of codons in
previous study [19], the codon usage in yeasite coding sequences encoded by the sense
was also shaped by the trimer arrangement sequences and in those encoded by the antisense
the sense and antisense sequences at #eguences, though the arrangement of trimers in
chromosomal level (figure 4). the intergenic sequences is still not clear. A
Though the nucleotide skews were nokelationship between the chromosomal strand

observed in the yeast local chromosomaYMmetry and the gene expression level can

regions except the chromosome ends [6] weow be established. However, detail about this
found that the trimer biases, i.e, the differencd§lationship needs to be further investigated.

between the frequencies of trimers and those gbNCLUSION
their respective reverse complements, were n th s isiaesinale-stranded
present in these regions. As also reported by th h e yeasls. cerevisiaesingie-strande

previous studies that the complementary Stranfgromosomal sequence, the freq_uenmes of
of chromosome were symmetric on the basis jmers and those of their respective reverse
dimer and tetramer occurrences [1, 23], that thcomplements were almost similar, ie., the

location of genes on the complementary stran romosome,was strand symmetric according to
of chromosome resulted in the presence e Chargaff's second parity rule extended to

absence of nucleotide skews in the local regio dmers, due 10 the similarity in frequencies of

of chromosome [22], and that the nucleotigdimers and those of their respective reverse
skews were opposite’between the beginning aﬁam.plements in all intergenic sequences as well
the end of genes [13], we sought a rule in whic S in all sense and antisense sequences of
the complementary trimers arranged in th§'TOMOSOME, th.OUQh these trimer frequencies
chromosome. We found the similarity betweewgrﬁenggsedAS min t?ﬁ B Iogglreu(;htr)c;r;gfg rlnal
the frequencies of trimers and those of the@ ?omosorﬁe we also' found that trimer
respective reverse complements not only in th ’

whole single stranded sequence of chromoson%rangemem in the sense and antisense

but also in the intergenic sequences groguences of chromosome shaped the codon
chromosome. Consequently, the frequencies gpage in yeast.
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POI XUNG NHIEM SAC THE VA SU' SAP XEP KHONG NGAU NHIEN
CUA TRIMER TRONG CAC NHI EM SAC THE NAM MEN
SACCHAROMYCES CEREVISIAE

Phan Thi Huyén, Nguyén Pic Luong
Truong Pai hoc Bach khoabHQG tp H Chi Minh

TOM TAT

Theodinh luat the hai dia Chargaff, niim sic thé cia cac sinh & c6 nhan mang tintidi xang. Tuy
nhién, cac nucleotidéroc sip xép nhr thé nao trong nidim sic thé va vi sao cac nbin sic thé mang tinhdoi
xing Van chra duoc biét rd. O nam menSaccharomyces cerevisjaghting t6i tim thy mac di &in suiit xuét
hién cia cac trimer vaan suit xuat hién cia cac trimer B sungdao ngroc tronging din nhr nhau trong i
soi don nhiém sic thé nhung chiing khéac nhadtrnhiéu trong caaioan ngin cia )i don nay. Kt qui vé su
sip xép cia cAc trimer nay trong cac trint intergenic @ng nhr trong cac trinhut sense va antisense cho
thay, tin suit xuat hién cia cac trimer vaan suit xuat hién aia cac trimer b sungdao ngroc twong ing ¢in
nhu nhau trong toandcac trinh mtergenlc @a nhém sic thé, dong thoi su sap Xeép qia cac trimer trong
cac trinh r sense va antisensgacnh&m sic thé dinh chng sr sr dung codon @a rim men. & dbi xiing aia
nhiém sic thé chinh 1a 18 qua caa sr phan 6 trimer va trimer B sungdao ngroc.

Tir kh6a: Saccharomyces cerevisjagnh tr intergenic, trinhit sense va antisense, trimer, trimérsbingdao
nguoc, sr st dung codon.

Ngay nkin bai: 27-9-2012
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