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ABSTRACT

Using the computational approach, we studied the oligonucleotides repeats in cur-

rent available bacterial whole genomes. Though, repeats only count for a small por-

tion in bacterial genomes, they still prevail. Our study shows, some of these oligonu-

cleotides have a large copy number in genomes while maintain its taxon specificity.

Generally, a length larger than 12 is enough to make a oligonucleotides repeats genus-

specific. Longer oligonucleotides will become more specific and be the species or strain

marker sequences. We show here some examples in archaea and bacteria with different

specific taxon levels. As we have a large volume of computational results, we make

it available online by our TSOR server.It deals with user’s query and in this thesis we

give examples on how to use this server. Moreover as these TSOR sequences are both

specific and highly repeated, they would become possible nice candidate for biased

microbial community genomes amplification.

Keywords Bacteria Genomes Repeats Database
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1�Ù XØ

1.1 [ÿÄÏ|?Ð

[ÿ)Ô£ý[ÿÚ�[ÿ¤´)Ô���|¤Ü©"gln�õ·c

c§[ÿ����P�)Ô�)u/¥§�y3§§E´/¥þ©Ù�2§·

A5�r�)Ô[1]"���N�[ÿ´�éf��)Ô§�¦��8N�^

%ã��K�X/¥)¸Ú<a)¹"k
[ÿ«aÏ�UÚuî�<a;

¾�·�¤Ù�"ùÙ¥�)��,«6a�Haemophilus influenzae§��

¡ö�Streptococcus pneumoniae§��,
¯Ô¥Ó�Staphylococciá�"�k

�õ�[ÿ´é<alõÚk|�"Ù¥Òkéõ��©)ö�[ÿ§)�3

è1§ôà�°.§r)ÔN¥�zÆ��±ÃÅÔ�/ª8��g,�¸¥

�"XJvkù
©)ö[ÿ§¤kýØ)Ô7ò«ý§��[ÿE�±g

d�)¹e�"

�´Ï�[ÿéu<aèx§)��¸ÚU��5§¿�[ÿ�Ä

Ï|�éuýØ)Ôó�é����Ï§@31996cm©§Òm©éº

Yé[ÿÄÏ|?1ÿS§±BuéÙ?1��\�ïÄ"Escherichia coli

K-12´�@m©ÿS�[ÿ�ÄÏ|[2]§Haemophilus influenzae Rd´�@�

¤�[ÿ�ÄÏ|[3]"d�§�X�ÄÏ|Ñ�lÿS(Whole Genome Shotgun

Sequencing§WGS)�Ú\Ú]7Ý\�O\§[ÿÄÏ|�ÿS�ÝÚ5�z

cÑ3O\"��2006c4�7F§�k�ÿS�[ÿ�ÄÏ|319�§�)26�

�[ÿ(Archaea)Ú293�ý[ÿ(Eubacteria)[4]"Ù¥§éu<a���¾[ÿ�

8¥�Proteobacteria�¥§®kõ�64�ÿ¿�ÿS"

�ÿSó��?Ð���§Äu[ÿÄÏ|�ïÄó����


���?Ð"Äk§�)
éõ¡�[ÿÄÏ|�éÄÏ§S§�

)Glimmer[5],GeneMark[6]�"du[ÿÄÏ|�éuýØ)ÔÄÏ|ó

(�{ü§ù
§S®äk�~p�O(Ç§��éÄÏ�£OÇ��90%±

þ"Ùg§ÄuWGS�{�[ÿÄÏ|ÿS�uÐ×�§�X©�§S�

�õ§y3|^WGS�{§�±3�
�5�ÿS¥%�U�¤��[ÿ�

ÿSó�"��§éuÄÏ|�'�ÄÏ|ïÄ(Comparatitive Genomics)§�

©f)ÔÆ§¢DÆJø�þ�Ä:�£§Ó�|^ÄÏ|S�¥��¥

1



1�ÙXØ

(E(Small Satellite Repeats, SSR),G1E(Tandem Repeats, TR)½Ù¦�


A�S���¢DÁ�¥�Marker®²¤�¢DÆïÄ¥��óä[7]§é

uDUS(DNA uptake signal)[8],χ-site[2]�A�S��ïÄ�´�Ï�«
éõ

|L§¥�©fÅ�"ÏdÄÏ|Æ�¢´0�©fõUÚ¢D&E�m��

èÆ§�X�õ�)ÔÄÏ|ò�ÿS§§��5Øó�"

1.2 [ÿÄÏ|¥ES�

3éu[ÿÄÏ|�ïÄ¥§éu[ÿÄÏ|¥�ES��ïÄ´Ù

���Ü©"ÄÏ|ES��±½Â��ÄÏ|¥�Ù¦S��ké�

�q5�S�"[ÿÄÏ|¥�ES��±��©�ü«a.§$E,Ý

G1ES�(Lowcomplexity TR)Ú���ES�"$E,ÝG1ES�

~�Eü��Ý�1�Ø���5�Ø���m§Þ���ü��õgÑy

�ES�"���ES�K�)=���(Transposable Elements)§�\¥

(S�(Minisatellite)§�5�G1ES�(TR)Úm�©Ù�ES�(Spaced

Repeats)"

�,[ÿÄÏ|¥�ES�a.3ýØ)ÔÄÏ|¥ÑUé�éA§�´

�«ES�3ÄÏ|¥¤Ó'~9êþ´ØÓ�"

• 1�§�éuýØ)ÔÄÏ|ó§[ÿÄÏ|'�{'§90%±þ�?

è«[9]§ES�3[ÿÄÏ|¥���Ó�1-2%"3ýØ)Ô¥§

�?è«�'~���õ§�1¥�28%§3<a¥�97-98%[10]§Ï

��?è«õ�ES�§¤±ýØ)Ô�ES��õ�õ"

• 1�§{üES�2�©ÙuýØ)ÔÄÏ|¥§Ó¤kES�oþ
¥�ý�õê§X<aÄÏ|¥�AluS��[11]§�±��Azkb"��

/§3[ÿÄÏ|¥§{üES�¤Ó'é�§A�é�Ñy"�é

ó���ES��'�'ýØ)Ôpéõ",·�7L�%ù�

�'�§Ï�ýØ)ÔÚ[ÿÄÏ|�����ØÓ§Ù¥ÄÏ���

E�U�[ÿÄÏ|¥��E��",ÄÏ���E  3ýØ)

Ô¥®Ø2�@�==´ES�"

• 1n§ýØÄÏ|���S�E  ´�5��=�f§X�ÔÄÏ|
¥�Mite§Sine§LineS��[12]"3[ÿÄÏ|¥§�,=�fÚ�\

S�(Insertion Sequence, IS)�©Ù�é2�§�ÙoþØ�§��ES

��Ì�¤©´m�©Ù�ES�Ú�5��G1ES�"

2



1�ÙXØ

�,Ø
±þn:ØÓ	§ýØ)ÔÚ[ÿÄÏ|3ES�þ�kéõÙ¦

ØÓ�?"

ES���±UEü����§Ý©�î�E�Øî�

E"z�Eü��zgÑyÑî���Ò´î�E§zgÑy�

±Ø��Ò´Øî�ES�§½ö��ì?ES�(Approximated

Repeats)"Ï�ù
ES�  �k)ÔõU§¤±éõ^5Ïé

ù
ES��^��A$)"~��ÏéØÓES��^�

kSTAR§STRING§TRF§SRF§Adplot§Reputer�[13–18]"

1.3  Ø��ES�

�,[ÿÄÏ|¥ES�a.Êsl�§3ù�Ø©¥·��Ì�ïÄ

é�´î�E� Ø��S�§Eü��Ýl9�Ø���24�Ø��"ù

��ES�3[ÿÄÏ|¥�©Ùé2�§¿�  %¹X)ÔõU¿Â"

@31996c§1��[ÿ�ÄÏ|Haemophilus influenzaeÿS�¤�§Òkó

�éÙ¥�ª�Ñy� Ø��§�Ò´·�¤¢� Ø��ES�?1


ïÄ[19]"uyL²ù
ª�Ñy� Ø��S�©¤n«a."�´§Uptake

Signal Sequences(USS)S�"ù«USSS��Ó�3Pasteurellaceaeá�Ù¦ÿ

¿¥�uy[20]"�´§Multiple Tetranucleotide Interations§3?è«cã§

Egê�UClUC�L���x"n´§Intergenic Dyad Sequences(IDS)§

3�?è«§�U�DNA�E,�?(�k'"d��X[ÿ�ÄÏ|êâ�

O\§Ó��ïÄ�í2��õ�ÄÏ|þ§¿�'�ÄÏ|Æ��{�(

Ü"©z¥§<�éStreptococci§Bacilli�áÄÏ|¥� Ø��ES��


ïÄ§(J�L²¦��[ÿ�)ÔõU���'[21, 22]"

oó�§3[ÿÄÏ|¥§Ù¥�pªÝ� Ø��ES��V¬k±

e)ÔõUµ

• 1�§��&ÒS�(Biological Signals)§3)ÔõU¥å��

�^§�XEcoliÄÏ|¥�χ-site[2]§��S�s�£O :¶q

�XPasteurellaceae�ÚNesseriaeá¥�USSS�[20, 23, 24]§��C

�uptakeÅ��&Ò"

• 1�§3DNA��?(�¥�Uå��^§cÙ´©Ù3�?è

«�(intergenic)�ES�§�XSulfolobusá¥�á5Km�ES

�[25]§´��DNA(��x�½ :¶q�X§Haemophilus in-

3



1�ÙXØ

fluenzae¥�IDS[19]ÚEschrecia coli¥�REP[2]§Ñ´dyad(�§é�U

3DNA¥/¤hairpin(�§lN�Ùþi�ÄÏL�"

• 1n§��?\?è«(coding)§UCÄÏL�§�XHaemophilus influen-

zae¥�tetra tandemES�[19]§½öNesseriaeá�VNTRS�[26]§Ù

Eü���Ø�n��ê�§l3UC©ê��¹eUC?è«��

 §��L�ØÓ�x¶q�X�
TEÚISS�§±ES��|� 

:§��ÄÏ|�ÛÜS���§���Ü©ÄÏL��%½ö�2"

ùn�����U´é Ø��ES�õU�Ø��8a§�k�õ�Ù)

ÔõU��uy"

1.4  Ø��ES��©aAÉ5

 Ø��ES�3þ!¤ã�õU�	§�~�k©aAÉ�&E"Ê

H5ù§ÄÏ|��É5  �LXÔ«��É5§,��¡ Ø��ES

�TTq´ÄÏ|��|¤Ü©§¤±¦�â´ÄÏ|�É5�1N§�Ò

´Ô«�É�1N"@3�ÄÏ|ÿS¤�y¢�c§<�Ò®²m©gú

|^�
©aAÉS�§~X|^«AÉ½öáAÉ�S�¡ä��ÚÔ?

1AP-PCR§éT«½öTá?1AÉ5*O[27]¶~X|^FingerprintEâu

ÿ¥(ES�§¦^ù
¥(ES���ØÓÿ¿�©fIP§l«©

�¾5ÚÃÓ5�ÿ¿[28]¶�kó�|^���Ý���x�|á/S�§

¿�Ø�µ§2^¤©¥þ�m�ål�ï[ÿ�©aä§T��lÄÏ|ê

âÚO�Ñu�[ÿ©a{%�¢�Æ[�â�zõc5�¢�È\���[

ÿ©aÃþ¬Ü���Ð[29]"¤kù
¢�ÚO��¯¢þL²áØ��S

���k[ÿ�©aAÉ5&E§XÛl¥J�¿|^ù
&Eò´��ék

]Ô5��K"

ù�Ø©¥§·�òlO���y8®k�¤k[ÿÄÏ|��½�Ý� 

Ø��ES�Ñu§éù
ES��AÉ5§)ÔõUÚA^�
ïÄ"

·�Äk?�
O�ES��§S§·��§SREPFINDERU°(����

��½�Ý�¤k[ÿÄÏ|¥� Ø��ES�"d	�gC?�
Nõ

9Ïó��Perl§S§5�¤¥m(J�$E,ÝLÈ§gULÈ�ó�"3

O���¥m(J�§·��
±e©Û§Äk·�©Û
ù
O�(J�Ú

OwÍ5§Ùg·�3äkÚO5�G¥Ïé
�
AÏ�«á½öÙ¦©a

?OAÉ�pÝE Ø��S�¿é¦��õU�^�
©Û§2g·��

4
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ï
��Taxon Specific Oligomer Repeats(TSOR)ÑÖì²�§�±Äu^r�I

¦�£¤�Î�TSORS�"ù
SNò3e¡�Ø©¥Ñ¬k�[Qã"
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1�Ù ©aAÉ5� Ø��ES�

2.1 ïÄ�{

|^ênÚOÚKG�|ÜÆ9S��{§·�é¤k®ÿS�[ÿ�ÄÏ

|O�Ù¤k�°(EG"O�L§¥·�UCG��ÝK"éuù���

�êâ8§·�æ^A«�{l¥�÷©aAÉ�&E"Äk§·��½,�

G�3,�Ô«¥���ÑygêD§Ó�î�×¤Ù¦¤kÄÏ|§òù�

G3@
ÄÏ|¥��ÑyDg�P¹3Y"ù�·�ÒU��3,«wÍ5

^�e§ù�G3¤k�ÄÏ|p�©ÙG¹"Ùg§·��±ÃóÀJ,�

á�Ý Ø��S�K=12��«f§lù�«fm©÷ÐÑK=15,18...�¹kù

�«fG�S�§¿é¤kù
S�3D=2��¹eî�×¤¤kÄÏ|§Ò

�±��'uù�GXÛl2�©Ùu�
ÄÏ|¥�§¦�û)GÅìÂ 

©Ù�,
AÉ�ÿ¿¥�©aAÉã�"

2.2 êâO�

(1)lNCBI�[ÿÄÏ|ftp�Õ[30]þ·�e1
y®ÿS�¤k[ÿ

�ÄÏ|�S�©�"¤kS�©���L�TSOR�Õ[31]"Ù¥�

k293��ÄÏ|§�)�[ÿ3�10j12813�16á24«24�ÿ¿§ý[

ÿ14�21j56879�120á196«293�ÿ¿"(2)gC�O�{§êâ(�¿?

�§S§O�¤kù293�[ÿ�°(E� Ø��S�"3O�¥§·�I

�ü�ëê§ Ø��S��ÝK§E�wÍ5K�D"Ó�·�3O��À

�·��K�����ÚÚ?§¢S¥·�ÀJK����9�24§Ú?�3"3

�î�^�e§·�ÀJD�2§ù�²LO�·�Ò¼�
K=9,12,...,24�¤k

�3[ÿÄÏ|pE� Ø��S��8Ü"(3)ÄuÚ½(2)¤¼��(J§

·�Ò�±UYïÄG�©aAÉ5
"

2.3 EG�ÚOwÍ5

�
ïÄ Ø��ES�§ Ø��ES��ÚOwÍ57L�µ�§

±¦¦�«©u�Å�µ"·�ÀJ
�����Markov�.5��·��

6



1�Ù©aAÉ5� Ø��ES�

�µ"�ù��ÀJ�1���Ä´§��ó§·�I�ÀJ��3n + 2�

�Markov�.5��µ"ù´Ï�§[ÿÄÏ|¥�Ì�Ü©�Ü´?è

¡ä(;.�¹e§?è«�u90%)"�Ä�ê�3n + 2�Markov�.�±�

3n + 1���èf Ð5'é"ù���,���Ä´§XJ·�ÀJ��'

�p�3n + 2�Markov�.§�X`5�§½�p§ù�¬%N��b�§3g

,.¥ù
��� Ø��¡ä§5mer½öÙ§¯Ó�����©Ù�^�"

¢S�*	%¿�Xd[22]"

·�¦^
SSPATT^�5O�ÚOwÍ5[32]"Z-score�©Å��^5éá

G�©"Z-score�½ÂXeªµ

Z − score(p) =
Np − Ep√

V arp

Ù¥Np´*	��áGEgê§Ep´l�µ�.Ï"�Eg

2 3 4 5 6 7 8
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

D−value

P
er

ce
nt

Percent of Z values on different D−values, K=15, EcoliK

Z<=1

1<Z<=2

2<Z<=3

3<Z<=4

4<Z<=5

5<Z

ã 2.1 EcoliK, NC 000907,ÄÏ|4.6Mb, GC¹þ51%, K=15�O�(
J
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1�Ù©aAÉ5� Ø��ES�

ê§V arp´��"¢Sþ§Z-score²~^§�éê�ª�Ñ"d�§XJ

��G�Z-score'3.29�p§@oÒ¿�X�k0.1%�VÇù�*	´���

Å¯�Ø´AÏ¯�"éuÚOwÍ5��K����´��G�Eg

ê§C�"�G��ÝK�½�§��ó§���C�§G�ÚOwÍ5�

p"Ø
C�§,��K�ÚOwÍ5�þ´G�K"Ó��C�e§��

ó§���GÙÚOwÍ5�p"��§�k,��K�ÚOwÍ5�þ§

Q´[ÿÄÏ|�GC¹þ Ð5"��GC¹þ Ð5ép�ÄÏ|�'�

�GC¹þ'�þ!�ÄÏ|ó§¬¦Ó���G�ÚOwÍ5~f"

3ùp§·��I��Ñ��'�;.�ÚOwÍ5�C�§K�ÚGC¹þ

 Ð5�'X§·�¿Ã7�é¤kÄÏ|¥�¤k Ø��EG�µ�"

��§·�c[ÀJ
ü�;.�ÄÏ|5~yC�§K�§GC¹þ Ð5�

ÚOwÍ5�'X"·��Ñ
5gEscherichia coli O157:H7 EDL933(EcoliK,

Nc 000913, 4.3MB, GC=50%) �Ú5gXanthomonas oryzae KACC10331 (Xanor,

2 3 4 5 6 7 8
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

D−value

P
er

ce
nt

Percent of Z scores on different D−values, K=15, Xanor

Z<=1

1<Z<=2

2<Z<=3

3<Z<=4

4<Z<=5

Z>5

ã 2.2 Xanor, NC 006834,ÄÏ|4.8Mb, GC¹þ68%, K=15�O�(J
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1�Ù©aAÉ5� Ø��ES�

NC 006834, 4.8MB, GC=68%)�(J"Xeã2.1,2.2,2.3¤«§�Ñ
ØÓZ-

score�GÓoGê�'~�D��'X"lã¥·���§3ÃGC¹þ 

Ð5�EcoliKÄÏ|¥§�K=15§C=2�§90%±þ�E Ø��G�Z-
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�AÉ5=ò"ÁX£�ù�¯K§·�òK=9§12§...§24�E Ø��ê
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ã"òù
ã¿�3�å§·���
eã2.4"lã¥��

E Ø���êþ��ó3K=12���
��©.:"d©.:c§�

XKO�Oõ§d©.:��XKO\~�§¤±AÉ5O\"dd��§

ÀJK=12ÚK=15��ÏéAÉ5S��å©K��1"d	*	�XK�ÝC

zCz�G�AÉ5©zL§§·�$��±é�*�w��
ÄÏ|�?

z�¢"éõ�¹e§ù
[!$��¹X«O[��ÿ¿�m��
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2.5 �
©aAÉ�EG

·��(J�±l3��TSOR�webÑÖìhttp://tlife.fudan.edu.

cn/∼xial/tsor.htmlþ�¯�£'uTSOR�webÑÖì�|ïÚäN¦^

¬3e�Ù¥k�[ùã¤"ù
(J¥§·�k�L5�çÀ�
©aAÉ

� Ø��ES�¿é¦�?1?Ø"

(1)�[ÿ

• Pyrococcus·��1��~f5guPyrococcusá"Pyrococci¥�kn�

«®�ÿS§©O´Pyrococcus furiosus§Pyrococcus abyssi§Pyrococcus

horikoshii[33]" @ k � � 3 ù n � Ä Ï | ¥ k � �K=18� G5’-
gttccaataagactaaaa-3’3��ÄÏ|¥þÑy§¿�Egê�u20g"

3Tn�ÄÏ|±	�Ù§[ÿÄÏ|¥þî��ØÑy§$�Blast(

JL²§TGØÑy3Ù§®�)Ô�ÄÏ|¥"¤±�@�TG´é

uPyrococcusáAÉ� Ø��áG[34]"3·��ïÄ¥§�uy
T

AÏG"

• Methanobacterium thermoautotrophicus ÚArchaeoglobus fulgidus"ù´·

�1��~f"ùü�ÄÏ|��X��ªjAÉ�K=21�G5’-
aaatcagaccaaatgggatt-3’§3Methanobacterium thermoautotrophicus ÄÏ|

¥Ñy
107g3Archaeoglobus fulgidus¥Ñy
171g"ù
GpÝ8

¥u�?è«�§©O�k0gÚ19gÑy3
?è«"3Archaeoglobus

fulgidus�ÿS©Ù¥§ù�ES��¡�LSE[x[35]"ù�E

S�[x�Sulfolobus solfataricusÚSulfolobus tokodaii¥�á5Km�E

S�(SRSRs)3©ÙþÚ(�þké��q5§éSRSRs�ïÄL²§

¦�ék�U´áAÉ��x��(Ü :[25]"duMethanobacterium
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thermoautotrophicus ÚArchaeoglobus fulgidusÑ´zÆg��U9ÿ§ù

��E(��U3�oÄÏ|3îx�¸e�½5k��^"

(2)ý[ÿ

• Escherichia coli"Escherichia coli ´��k��~f"ù�«�o�®

ÿSÿ¿Escherichia coli K12§Escherichia coli CFT073§Escherichia coli

O157:H7 ÚEschericia coli O157:H7 EDL933 l��AÉ5 Ø���

�Ý5w§n��)ÿ¿¥�O157:H7 ÚO157:H7 EDL933�®ÿS

�Shigella flexneri ÿ¿2a str.301 Ú2a str. 2457T ��C"CFT073 ÿ

¿K�Yersiniaá��C"�[(J�d�TSORÑÖì”non-blast”��4

�”Code=B.12.3.13.1, K=15, D=10”�Î��"²<óÀJõc�K12ÿ

¿�Ù¦n�ÿ¿%�å$�"d§��ÿS�w��[2, 36–39]§K12¿

K
Nõ=�Ú£ÄÄÏ|��§ù�U´��k�y��Ì��Ï"
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3.1 TSORÑÖì��O

�OTSOR(Taxonomic Specific Oligomer Repeats)ÑÖì�8�3u±�«�

B^r�Î��ªr Ø��©aAÉS��(J���^r"��ÏéAÉ

S��6§Xeã¤«µ

Ù¥Ú½��[ö�Xeµ

(1)ÄÏ|êâ�O�"X2.2!¤ã§Ó�·�¦^DUST§SÐÚLÈe1

ÄÏ|¥�$E,ÝES�[40]"

(2)Ï é  Ø � �  E S � " | ^ ü � g � � §

S§REPFINDERÚKMERREPEATER�^5O�LL�� Ø��E

S�§ù�(JUp�u�"zgO�L§I�ü�ëêµK�§O�¤Ïé

� Ø��ES���ÝÚD�§���E�°ê§�uù�°ê�Ñyò

�P¹"K�ÚD��±´g,ê�?¿|Ü§3·��¢SïÄ¥§·�D�

�Czl2�±þ§ØÓD�éA�ÚOwÍ5®32.3¥?Ø"éuK�§·�

ÀJKl9Cz�24§Ú?�3"K�����32.3¥®?Ø"·�¦^wÄI

���{é Ø��S�?1Oê§�ù���{¬ég·�U�S�¬\õ

Oê[41]§¤±·�^gC�OLFILT.PL§S5�ØcMÚ�M�Uõ��g�

ES�"Ó�·�2¦^,��§SLCFILT.PL5�Ø�d��é��i1

85)¤�S�§~X�k��½ü�i1§±93ÞÜÚ�Ük��üi1

E�S�§~Xüi1EÓ�S��Ý���±þö"·�é¤k�[ÿ

ÄÏ|?1þãö�§ù��(J�ª�¤·��¥mES�êâ8"

(3)é Ø��ES��©a"·��TSORÑÖì�´Äu±þ�Ó�¥

mêâ8"3TSOR�����¥§·�éuz�g�Î§k¦^EXKD.PL§

S§�âBergey’s Phylogeny Code[42]é�ES���U8¿���Ó©a?

O",�§·�^Local Blast[43]�çÀGØ@
38¿��©a?O	ÿk$

EÑygêÑy�@
ES�"¦^Bacteria¥��·��Blast Database§

T¥´l¤k[ÿÄÏ|^Blast�formatDB��5�"Ó�·�½Ân�þ

5L�T Ø��S��AÉ5"1�´Self-Hit Number§½�SH§^5P¹

5guÓ©a�g�hit",����Out-Hit Number§½�OH§^5P¹5g
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T©a�g	�hit"�k���Outside Starin Number§½�OSH§^5P¹5

guT Ø��S�«f¤3ÿ¿ÄÏ|�	�Self-hit"

(4)u�(J"fâJ��,�§S§KMERREPEATER§�Ü
þãL

§§�±^5u�(J"§�ØÓ�?3u§zg�Ué,��ÄÏ|

�|¢"KMERREPEATER��n�ëê�ÝK§�$�wSH�sh§�$�

wOH�oh"3¢SïÄ¥éØÓ�K§D§sh§oh|Ü?1
ïÄ§�
~f

®²32.4!¥?Ø"

3.2 TSORÑÖì�¦^Þ~
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blast”�0.1�"1�Ü©�ÑÖì¦^�0�{ü0�§`²�Î4��§(J

¬6���3����¥§���/�¬^>eu�^r"1nÜ©´ÑÖì

�4�L�"ÄkI�W�^r�>e/�§ÙgI�^rW�¦¤'%�©

a�g�Bergey’s�è"T�è��âÿ¿¶3mýJø�7Úó�¥é�"d

	^r���½K�§D�"K��D��¹ÂX12Ù¤ó",�:ÂJ�UÜ

=�J�?Ö"1oÜ©´�Õ�oö�éX�ª"

TSORÑÖìy©�ü���§�´”blast”�§�´”non-blast”�§üö�É

Ó3uµ

”non-blast”�§TSORÑÖì¬�£¤k��^r¤Jø�Bergey’s�è¤�

L�©a�gS�ÄÏ|¤���§¿�3,�½,
�ÄÏ|¥Egê�

u�uD��°(KG"ù���U�Ï^r×�çÀ3�,�©a�g�ÄÏ

|¤���pwÍ5�EKG"

”blast”�§¬ò”non-blast”��(J?�Ú�[ÿ¥�'é"��

�£�KG¬�L²§�OH§SH§ÚOSH�"ùU�Ï^r?�Ú

l”non-blast”(J¥?�ÚçÀ©aAÉ�EKG"L3.1¥´^EcoliK�

�Bergey’sè§D=10§K=15�l”blast”����£(J�!À§�(Jõ

�364^S�§ØB�Ü3d?�Ñ"EcoliK¿Ø´��A~§ý�õê

·�ïÄ�ÄÏ|Ñ�k½õ½�ù��ÿ¿AÉ� Ø��S�"¦

^KMERREPEAT^��Ó��±��þã�(J"

k
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Taxonomic Specific Oligomer Repeats

Taxonomic Specific Oligomer Repeat Server

non-blast version 0.1

Query Submission Form

Use this form to submit your request to TSOR server. TSOR server will discover the TSORs upon your 
requirement. Results will be presented on a webpage and the address will be sent to you via e-mail. 

Your Email Address:

Provide Taxonomy Bergess Code:Look for code here

Provide K VALUE K=9, 12, 15, 18, 21,24

Provide D VALUE D>=2, D>20 is recomended

Please send comments and questions tolixia at fudan dot edu dot cn

file:///C|/Documents%20and%20Settings/charlie/Desktop/tsor_query.pl.htm2006-5-14 11:20:40

submit

ã 3.2 TSORÑÖì�Î4�.¡
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�100±þ"L3.2§3.3¥·��Ñ
^”non-blast”��§K=21§D=100�ëê

e�3�~wÍ�AÉ5E Ø��S��ÄÏ|"�C�Ú�”blast”��

w«§ý�õêù
EG�´î��äkAÉ5�"

Pattern SH OH OSH
AGCTGGGTGCCTCAA 11 0 0
AGCCAGCGATTGATG 11 0 0
CTTCATGCCAAAGTG 11 0 0
CAATGCTGCATGCAG 11 0 0
GAGCAGATTCTGCCA 11 0 0
GGCATGAAGGCCCAC 11 0 0
GTCAGTGGGAGAGAT 11 0 0
TAAGCGCCGTCAGAC 11 0 0
TGACGCCTGCTTCGG 11 0 0
TTGAGGCACCCAGCT 11 0 0

L 3.1 EcoliK§D=10§K=15§blast version§TSOR�£(J�!À

Lvl. Tax.Code Oligos. Cp.Num. in Genomes
Cla. A.2 10 171(Metth),107(Arcfu)
Spe. A.1.1.4.1.1 2 135(Sulto∗),151(Sulso∗)
Spe. B.12.2.4.1.1 285 202(Neima∗),191(Neimb∗)
Spe. B.12.3.13.1.37 1280 107(ShiflT),111(Shifl∗)
Spe. B.17.1.1.3.1 6 102(Lepin),106(LepinF∗)

L 3.2 ���~wÍ�AÉ5EKG��)ÔÄÏ|
Tax. Code Abbrev. Tax. Code Abbrev.
A.1.1.4.1.1 Sulac B.12.3.9.1.1 Psepk
B.12.1.6.8.1 Braja B.12.3.9.1.1 PsepyP
B.12.2.1.3.3 Borpe B.12.3.9.1.1 PsepyP
B.12.2.6.1.2 Azose B.12.3.9.1.1 PsepyV
B.12.3.11.1.1 Vibch B.12.3.9.1.1 Psyar
B.12.3.13.1.26 Pholl B.12.4.5.2.1 Geosl
B.12.3.3.1.1 Xanor B.13.1.2.1.11 Thetn
B.12.3.3.1.1 Xancp B.14.1.1.2.3 Thefu
genomes marked ∗ in table 3.2 also have specific extra. oligo. rep.

L 3.3 �kÿ¿AÉ� Ø��ES���)ÔÄÏ|

3.3 TSORS�3¢�¥�A^

dTSOR���©aAÉ5S�3¢�¥�UäkA^d�"�«��

´lTSOR�(J¥À��
E�©ê�p�AÉ5S�§Ó�Ù3ÄÏ|
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¥�©Ùq'�þ!§g�qØ¬pÖ",�±ù��S���ÚÔ§|

^φ29DNAÜ¤sé�¸ÄÏ|?1� �5�*O"3n�G¹e�±l

�¸ÄÏ|¥AÉ5�*OÑT©aAÉ�g�ÄÏ|§l��½�¸Ä

Ï|½ö�e�Ú��ÄÏ|ÿSC½Ä:"8c·�®²Ú¢�|Ü�§

lEcoliK¥K=15§D=20§OH�u5�(J¥ÀJ
�
ÚÔ�
ÐÚÁ�§(

JÐÚL²äk�½�AÉ5*OUå§�X¢���\§�&¬k���?

Ð"

18



1oÙ o(

4.1 �3¯K9ò5��

3ù�Ø©¥·�^O��ÃãïÄ
[ÿÄÏ|¥äk©aAÉ5� Ø

��¡ä"�,(J'��ß§�ïÄ¥Ù¢�´�3Ø�¯K"

1�§312Ù¥§3¢SÏé©aAÉ�ES��Ï�3K=9�12�m

EÑy�áØ���õ§çÀO��  ¬ÑyP¹�mI¦��§��S

�ÄÑ"3O� Ø��S��ÚOwÍ5�§SSPATT^�3?n�L�¬�

$§7L^^?n§l�Ç$e"éuÓ�ÄÏ|�ØÓK�� Ø��§

�,�±ÐÚw� Ø��l�;�§�áAÉ5Cf§¿���ÝCz

Ù©a;��g~f��Oy�§�duÉO�Uå��§¿�ÿÃT���

{U¡Þ�3ù
�¦eéÑÎÜ�g5éÑÎÜù
�¦�G"3�Y�ï

Ä¥§·��Äk§UYïÄ�{§�{�gO�¼�¤kI��G§Ùg�

é�½gC?�'SSPATT�Ç�p�½�^�§\�ÚOwÍ5µ�"

1�§313Ù¥§�,TSORÑÖì®²ÐÚä�§�y3ÙõU��é{

´§�.�ÄÏ|êâ��#Ú�o�I�Ãó"Ó�duÑÖìO�Uå

ÚS��m���§,
K�§D�ÚBergey’s Code�|Ü4��¬��S�Ä

Ñ§lO��}§Ã{�£(J"2gÑÖì�¦^ÿvk�[�3��Ï

©�"3�Y�ïÄ¥§·�¬lA���XÃ`zTSORÑÖì"Äk§?U

�è§U?�{Ú�è�Ç§��ÑÖì�§¦O��½§)ûS�ÄÑ�

¯K"Ùg§?���§¢yTSORÑÖì�gÄ�#§¦Ùêâ¥�NCBI�

[ÿÄÏ|�#ÓÚ"

Ø
±þ[!þ��#	§l÷*þ§·�F"UÚ\¿1O�§O

\TSORÑÖì�?nUå§¿���õ<0�§¶Ïé¢�¥�A^�U§�

XþãJ��AÉ5*O�¶d	�I�(Ü'�ÄÏ|��{§©Ûy3®

²é��½öò5é��©aAÉ5G�)ÔõU�"c<�ïÄ9ù�Ø©

¥�ó�þ®�y�½�Ý� Ø��S�¬´��)Ô&EÚ©a&E

§·�knd�&ù���þ��\�ïÄ7ò�5?zþÚ�Nþé[ÿ

�?�Ú@£§Ó��k�U��¢�Æ[#�¢�ïÄÃã"

19



ë�©z

[1] N.A. Campbell and B.R. Reece. Essential Biology, Chapter14, The Evolution of Microbial
Life. Pearson Education, 2001.

[2] F.R. Blattner, G. Plunkett, C.A. Bloch, and et al. The complete genome sequence of es-

cherichia coli k-12. Science, 277:1453–1462, 1997.

[3] R.D. Fleischmann, M.D. Adams, O. White, and et al. Whole-genome random sequencing and
assembly of haemophilus influenzae. Science, 269:496–512, 1995.

[4] Ncbi microbial genome projests, http://www.ncbi.nih.gov/genomes/lproks.
cgi.

[5] A.L. Delcher, D. Harmon, S. Kasif, O. White, and Salzberg S.L. Improved microbial gene
identification with glimmer. Nucleic Acids Research, 27:4636–4641, 1999.

[6] J. Besemer and M. Borodovsky. Genemark: web software for gene finding in prokaryotes,
eukaryotes and viruses. Nucleic Acids Research, 33:W451–454, Web Server Issue 2005.

[7] A. Belkum, S. Scherer, L. Alphen, and H. Verbrugh. Short-sequence dna repeats in prokaryotic
genomes. Mcirobiology and Molecular Biology Reviews, 62-2:275–293, June 1998.

[8] H.O. Smith, M.L. Gwinn, and S.L. Salzberg. Dna uptake signal sequences in naturally trans-
formable bacteria. Research Microbiology, 150:603–616, 1999.

[9] E.P.C. Rocha, A. Danchin, and Viari A. Analysis of long repeats in bacterial genomes reveals
alternative evolutionary mechanisms in bacillus substilis and other competent prokaryotes.
Molecular Biology Evolution, 16-9:1219–1230, 1999.

[10] G. Achaz, P. Netter, and E. Coissac. Study of intrachromosomal duplications among the
eukaryote genomes. Molecular Biology Evolution, 18-12:2280–2288, 2001.

[11] M.A. Batzer and P.L. Deininger. Alu repeats and human genomic diversity. Nature Review:
Genetics, 3:370–379, 2002.

[12] Tigr plant repeats database, http://www.tigr.org/tdb/e2k1/plant.repeats/.

[13] O. Delgrange and E. Rivals. Star: an algorithm to search for tandem approximate repeats.
Bioinformatics, 20-16:2812–2820, 2004.

[14] V. Parisi, V. Fonzo, and F. Aluffi-Pentini. String: finding tandem repeats in dna sequences.
Bioinformatics, 19-14:1733–1738, 2003.

20

http://www.ncbi.nih.gov/genomes/lproks.cgi
http://www.ncbi.nih.gov/genomes/lproks.cgi
http://www.tigr.org/tdb/e2k1/plant.repeats/


ë�©z

[15] Gary Benson. Tandem repeats finder: a program to analyze dna sequences. Nucleic Acids
Research, 27-2:573–580, 1999.

[16] D. Sharma, B. Issac, G.P.S. Raghava, and R. Ramaswamy. Spectral repeat finder: identifi-
cation of repetitive sequences using fourier transformation. Bioinformatics, 20-9:1405–1412,
2004.

[17] Akito Taneda. Adplot: detection and visualization of repetitive patterns in complete genomes.
Bioinformatics, 20-5:701–708, 2004.

[18] S. Kurtz, V.L. Choudhuri, E. Ohlebusch, C. Schleiermacher, J. Stoye, and R. Giegerich.
Reputer: The manifold applications of repeat analysis on a genomic scale. Nucleic Acids
Research, 29-22:4633–4642, 2001.

[19] S. Karlin, J. Mrazek, and A.M. Campbell. Frequent oligonucleotides and peptides of the
haemophilus influenzae genome. Nucleic Acids Research, 24-21:4263–4272, 1996.

[20] M. Bakkali, T.Y. Chen, H.C. Lee, and R.J. Redfield. Evolutionary stability of dna uptake signal
sequences in the pasteurellaceae. Proceedings of National Academy of Sciences, U.S.A., 101-
13:4513–4518, 2004.

[21] J. Mrazek, L.H. Gaynon, and S. Karlin. Frequent oligonucleotide motifs in genomes of three
streptococci. Nucleic Acids Research, 30:4216–4221, 2002.

[22] E.P.C. Rocha, A. Viari, and A. Danchin. Oligonucleotide bias in bacillus substilis: general
trends and taxonomic comparisons. Nucleic Acids Research, 26-12:2971–2980, 1998.

[23] K.L. Sisco and H.O. Smith. Sequence-specific dna uptake in haemophilus transformation.
Proceedings of National Academy of Sciences, U.S.A., 76-2:972–976, 1979.

[24] S.D. Goodman and J.J. Scocca. Identification and arrangement of the dna sequence recognized
in specific transformation of nesseria gonorrhoeae. Proceedings of National Academy of
Sciences, U.S.A., 85-18:6982–6986, 1988.

[25] X. Peng, K. Brugger, B. Shen, and et al. Genus-specific protein binding to the large clus-
ters of dna repeats(short regularly spaces repeats) present in sulfolobus genomes. Journal of
Bacteriology, 185-8:2410–2417, April 2003.

[26] P. Jordan, L.AS. Snyder, and N.J. Saunders. Diversity in coding tandem repeats in related
neisseria spp. BMC Microbiology, 3-23, November 2003.

[27] D.E. Berg, N.S. Akopyants, and D. Kersulyte. Fingerprinting microbial genomes using the
rapd or ap-pcr method. Methods in Molecular and Cellular Biology, 5-1:13–24, 1994.

[28] D. Ugarkovic and M. Plohl. Variation in satellite dna profiles - causes and effects. The EMBO
Journal, 21-22:5955–5959, 2002.

21



ë�©z

[29] J. Qi, H. Luo, and B.L. Hao. Cvtree: a phylogenetic tree reconstruction tool based on whole
genomes. Nucleic Acids Research, 32:W1–W3, Web Server issue 2004.

[30] Ncbi ftp site for microbial genomes, ftp://ftp.ncbi.nih.gov/genomes/

Bacteria.

[31] Taxon specific oligomer repeats web server, http://tlife.fudan.edu.cn/∼xial/
tsor.html.

[32] H. Richard and G. Nuel. Spa: simple web tool to assess statistical significance of dna patterns.
Nucleic Acids Research, 31:3679–3681, 2003.

[33] O. Lecompte, R. Ripp, V. Puzos-Barbe, and et al. Genome evolution at the genus level:
comparison of three complete genomes of hyperthermophilic archaea. Genome Research,
11-6:981–993, June 2001.

[34] y�ÏandÔ�Ü. )Ô&EÆÃþ1��. þ°�ÆEâÑ��, 2002.

[35] T. Hayashi, K. Makino, M. Ohnishi, and et al. Complete genome sequence of methanobac-

terium thermoautotrophicum dh: functional analysis and comparative genomics. Journal
Bacteriology, 179:7135–7155, 1997.

[36] T. Hayashi, K. Makino, M. Ohnishi, and et al. Complete genome sequence of enterohaemor-
rhagic eschericia coli o157:h7 and genomic comparision with a laboratory strain k-12. DNA
Research, 8-1:11–22, 2001.

[37] T. Hayashi, K. Makino, M. Ohnishi, and et al. Genome sequence of enterohaemorrhagic
eschericia coli o157:h7. Nature, 409:529–533, 2001.

[38] R.A. Welch, V. Burland, G.D. Plunkett, and et al. Extensive mosaic structure revealed by
the complete genome sequeence of uropathogenic escherichia coli. Proceedings of National
Academy of Sciences, U.S.A., 99:26–30, 2002.

[39] T. Hayashi, K. Makino, M. Ohnishi, and et al. Complete genome sequence and comparative
genomics of shigella flexneri serotype 2a strain 2457t. Infection Immunity, 71:2775–2786,
2003.

[40] J.M. Hancock and J.S. Amstrong. Simple34: an improved and enhanced implementation for
vax and sun computers of the simple algorithm for analysis of clustered repetitive motifs in
nucleotide sequences. Computer Applied Biosciences, 10:67–70, 1994.

[41] L.J. Guibas and A.M. Odlyzko. Periods in strings. Journal Combinatorial Theory, Series A,
30:19–42, 1981.

[42] G.M. Garrity, J.A. Bell, and T.G. Lilburn. Outline: Bergey’s manual of Systemetic
Bacteriology, 2nd ed. online pulish, 2004.

22

ftp://ftp.ncbi.nih.gov/genomes/Bacteria
ftp://ftp.ncbi.nih.gov/genomes/Bacteria
http://tlife.fudan.edu.cn/~xial/tsor.html
http://tlife.fudan.edu.cn/~xial/tsor.html


ë�©z

[43] S.F. Altschul, W. Gish, W. Miller, E.W. Myers, and D.J. Lipman. Basic local alignment search
tool. Journal Molecular Biology, 215:403–410, 1990.

23



uLØ©

1. Li Xia , Chan Zhou, Phase transition in sequence unique reconstruction

Submitted to Journal of System Sciences and Complexity

24



� �

ù�Ø©´�öl2003c9��2006c5�m3E��ÆnØ)·�ÆïÄ¥

%(Tlife)ïÄó��o("<)p§�a�ww§åå§©{§±9¤k'%

Oo·��Ò§ÓÆ§*l§nc�ïÄ)§Ôc�E�Ò�(å§3\��

|±�ye·âU�´rL5"Æâþ§�öÄk�a�ùncm§Ïy��

¬éuïÄó��G%��"ÏP�Ø�´·Æâþ<���§�7ò±¦

�ó1ºÝK�·ò5��ï�´"d	·��©%a�nØ)·�ÆïÄ¥

%�Ù§P�µ�¨¬�Ç§·Ú±��1��Ø©5gu¦�F%��Úª

�ïÆ¶x�*�Ç§�xP�Ü�Øõ§���Ùâf�íòÑ¶�åP

�§U�\�l%Ú��"å²S�Ç§64\3É²k�Ð�uÐ"a��

·�Ü��þ°��ëá²�Ç§a�\3)Ô�£þ����ÏÚÙ§��

��Ï"a�±°¥�Ç§�za¥�·�í�"�,�k·�¢�¿��7

�*�3�~§ÒØ���Þ
§a�ÆS)¹þ\���Ï§�\��.�

^|§�´Ðr"

25


	ÕªÒª
	ABSTRACT
	µÚÒ»ÕÂ Ð÷ÂÛ
	1.1 Ï¸¾ú»ùÒò×é½øÕ¹
	1.2 Ï¸¾ú»ùÒò×éÖÐÖØ¸´ÐòÁÐ
	1.3 ¹ÑºËÜÕËáÖØ¸´ÐòÁÐ
	1.4 ¹ÑºËÜÕËáÖØ¸´ÐòÁÐµÄ·ÖÀàÌØÒìÐÔ

	µÚ¶þÕÂ ·ÖÀàÌØÒìÐÔµÄ¹ÑºËÜÕËáÖØ¸´ÐòÁÐ
	2.1 ÑÐ¾¿·½·¨
	2.2 Êý¾Ý×¼±¸
	2.3 ÖØ¸´´®µÄÍ³¼ÆÏÔÖøÐÔ
	2.4 ÖØ¸´´®µÄ·ÖÀàÌØÒìÐÔ
	2.5 Ò»Ð©·ÖÀàÌØÒìµÄÖØ¸´´®

	µÚÈýÕÂ ¹ÑºËÜÕËáÌØÒìÐòÁÐµÄ·¢²¼
	3.1 TSOR·þÎñÆ÷µÄÉè¼Æ
	3.2 TSOR·þÎñÆ÷µÄÊ¹ÓÃ¾ÙÀý
	3.3 TSORÐòÁÐÔÚÊµÑéÖÐµÄÓ¦ÓÃ

	µÚËÄÕÂ ×Ü½á
	4.1 ´æÔÚÎÊÌâ¼°½«À´·½Ïò

	²Î¿¼ÎÄÏ×
	·¢±íÂÛÎÄ
	ÖÂÐ»

