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Heh T Perl HARBEAR, MAMBRETRNEFHERITENE, HERLALKBEEFRETE
10 f5L2L L,

R M BE, AWM B F Perl if2, FLR, ABAY, J’EE’?E%BLAST A, HHH, I
JLEA, IR LER, #HEiS
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Abstract

Microsatellite is the tandemly repeated fragment in genomic sequences, composed of
1-6 base pairs in length, so microsatellite also called Short Tandem Repeat (STR) or Simple
Repeat Sequence. Microsatellites in genomic sequences are ubiquitously polymorphic, they are
broadly applied to population genetic variation analysis, the research on origin and evolution of
organisms, genotyping, fingerprinting, forensic science, animal and plant breeding etc.So the
analysis of microsatellites about the content, distribution and associations in genomes would
provide significant prior information towards microsatellite application, avoiding the scrambles of
experimental science. To date with the increase of databases of sequences, the investigation will
obtain more precise and novel conclusion.

Using Perl as programming language and integrating databases technology, microsatellites,
longer than 12 nucleotides in length, in 29 eukaryotic and 1180 prokaryotic genomes were
computed and censused in great scale. The following items were studied: microsatellite distribution
on chromosomes, the relationship between microsatellite content and genetic recombination rate in
genomic scale, the microsatellite distribution of commonness and individuality in the eukaryotic
and prokaryotic genomes, the associations between the polymorphisms in computation and in
experiment, the characteristics of microsatellite distribution in orphan and non-orphan genes. The
investigation would provide the feasible theories and fundamentals of microsatellite application
with significance. Meanwhile the study also explored the bioinformatic computation method in
local and remote WEB computation through Internet. The major results showed as follows: '

1. Microsatellite distribution on chromosomes showed: microsatellite content in centromeric
and pericentromeric regions is notably lower than in others and generally higher in distal regions.
Even in acrocentromeric region, the microsatellite content is still lower than chromosomal average,
the phenomena expresses the priority of centromere in conservation.The consistent conclusion was
confirmed by the computation and statistics of microsatellites in the sequences in Arabidopsis
thaliana, Oryza sativa and Homo sapiens genomes, nevertheless the rule could not be concluded in
the unicellular prokaryotes such as Schizosaccharomyces pombe.

2. The relationship coefficierts between microsatellite content among the closest markers
and the recombination rate among the above markers were computed in human and rice genomes.
The computation showed the RS statistic of Spearman rank correlation coefficient obtained from
the data pairs is 0.3217 with 2725 in sample size in rice (cultivar Nipponbare) genome, while the
2-tailed deniable probability equals to zero, and the same kind of RS statistic, which equals to
0.1111 with 2759 in sample size and the 2-tailed deniable probability also equals 3.9045X10-9, was
observed in human genome.

3. The computation and census of microsatellites in 29 eukaryotic and 1180 prokaryotic
genomes showed: (1) microsatellite content in eukaryotes is generally higher than in prokaryotes,
but with a lot of exceptions. (2) the variation coefficient of microsatellite content in eukaryotes
is not so high, which is 75% in 29 eukaryotes, while that in prokaryotes with represent of viruses
reaches 91%. So we speculated that the prokaryotes are the microsatellite-cumulative species, while
the eukaryotes are the microsatellite-content-stable ones. (3) the total motif number in prokaryotes
is lower and that in eukaryotes is higher. Nonetheless the microsatellite content in some species in
prokaryotes is higher than in eukaryotes, the microsatellites are only deposited in local in genomic
sequences but the motif number is consistently low. (4) That the positive relationship coefficients
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between the number of microsatellite motif and genome size in both eukaryotic and prokaryotic
genomes were significant, was found. The relationship coefficient between microsatellite content
and the genome size was not significant in eukaryotic genomes, but significant in prokaryotic
genomes.

4. Other characteristics of the microsatellites in eukaryotic genomes were shown as follow:
(1) the genome size did not directly associate with the microsatellite content, but significantly
associated with the number of motif. The frequencies of motif are more divergent among species.
Only A/T microsatellite is common for all eukaryotes but no motif is unique for a species. (2) The
longer of motif, the less of the motif repeated. (3) The variation of different length of motifs within
genome is highly diverged. The variation coefficients of all the motif of length less than 3 are
above zero, while that longer than 3 are more divergent. Some variation coefficients of motifs are
equivalent to zero while others are higher than zero. The trend of the most microsatellite motifs
is the longer the motif, the larger the variation coefficient within genome. (4) The frequency of
microsatellite motifs in land organisms is differentiated from that in marine organisms and the
motif length shorter than 5 is more obvious. In marine organisms, the variation of c/g rich motifs is
higher while that of the a/t rich motifs in land organisms is higher.

5. The association of microsatellites in rice (cultivar Nipponbare) orphan and non-orphan
genes was computed and censused. The result showed: rice has 28532 orphan genes, which
accounts for 50.9%, and 27524 non-orphan genes, which accounts for 49.1%; the microsatellite
content in orphan genes is significantly higher than in non-orphan genes; in constitution, tri-
nucleotide microsatellite content in ether orphan genes or non-orphan genes exceeds 50%, while
the total tri-nucleotide microsatellite content in orphan genes accounts for 68% and that in non-
orphan genes accounts for 58%, of total microsatellites.

6. Microsatellites in various components in Oryza sativa SSP. Japanica were computed
and censused. The result showed: Microsatellites distributed in both coding regions and non-
coding regions of genes and other regions in rice genome. The only quantitative relationship
of microsatellites among regions could be confirmed. In quantitative, microsatellite content in
non-coding region is higher than in coding region, but the nature of tri-nucleotide microsatellite
excepts. That microsatellites in rice EST sequences are plentiful was found similar to the research
before. Of the usage of microsatellite motif length, the di-nucleotide microsatellite is higher than
others. Of the di-nucleotide microsatellite, the at/ta motif accounts for the major.

7. We also explored the computation methods related to the computation. The format
transformation and parse of FASTA, GENBANK, XML and BLAST report were programmed;
remote BLAST at TIGR and NCBI though Internet was also programmed; using proxy method
overcome the limit of 50 juxtaposition-online BLASTS in concurrence; using multi-thread and non-
blocking method solved the issues in parallel remote computation and increased the computation
efficiency and communication throughput in comparison with single-thread programming. The
efficiency was increased 10 folds at the fewest.

Keywords: microsatellite, bioinformatics, Perl programming, centromere, eukaryote,
prokaryote, BLAST, gene, genomes, orphan gene, non-orphan gene, evolution

http://www.researcherid.com/rid/B-4194-2009




1 JCHRERR

LI EERRH:E

HERAAH DR, XFRAFEFFIESE(SSR) HEEBBRER (STR).ZK] ~6 BHMBMENES
ol B LA R R A H A ZBAEDY, FEREHNE SR — RO MR a
HER . Bell A MR i TR0 A A A RENLAE T B LAY, B — b M R FIBE DL T R
DARTEH R AKX, Bachtrog K Hat & B Sat/ta)n M T EHE R BEEMHX, AR T EARDIFE
FLE BRI TH39% RIZELE 75 R T i T B MBI

FERR A SCER P B T A R D B # b R R R R AR, M T EEWER 25N
HER/MGIR G, 3 B4 9 B HThEE AT, M DR L, ¥ BN —Fh i IDNA 4710 X 8 F
EREFEMTENBHNEBREERGAABEEAM T ENHEUR L EHNREXRE L, )
BEXT PR ORI T R M R BB AT BB T XN a8 B 3L L, iR AR MAIERA
R e AR R AR, TR X R LA B B B A L B T B A RME T 2 SR
AR BEIERR T XA AT T P

MJﬁEEEEE%@XE#%ﬂEﬂﬁﬁ

T BT IEGRSDNA A E K M —&F 43, T AE 25 B o 4 55 DX JUL 4 X (R 8 20 89 40, Wang SR
3, 254 MY R R, 101 A AP0 BREAL T IE4RES X, 75 6 B2 53 (Saccharomyces
cerevisiae), SR #8 ( Caenorhabditis elegans), % 7 B ¥} ( Schizosaccharomyces pombe), & . ( Mus
muscular). 588 ( Drosophila) FE#FIR 5" & Hig T2 it B (A FHEYL M F B ZE R SRS
X H1, Morgante %™ 7£6 Fhil ¥y (1B KTB K E. ERF/NE PERT3.6 BMENM BEZ SN B
A B DB EET RIS X .78 B AT K ( Pufferfish)H, H%11.6% FETHRBXH. X EHT
TE 455 X F 07 1) 356 8 X 5 T 2K BT B 1 JR BRI 5 BT, ZE S R T B, A AR LR A B X
HERIFFETER (Fungi). £ Y (Protists). Y (Prokaryotes ). 5 2 ( Viruses), 41 i85 E
( Organelles). Fiki ( Plasmids LA™ ' 4ATH5 SRR M =B BOK S7E A B A1 ARSI,
X EMorgante 25945 R AAZEA, Morgante TAHIX R By F 9828 FE I AT R AU PRI S 8 0 E ) B — B 2L
MEENER AL FRBEEANR ZHAKN S ATR EZ L EITERTEERFIIH
— 4, AR RER( Mcga EX) SEBARB HRERTFREL B L EHE,

ERZYRDTFENH T ER —BEZHERGS ~67%) Y, HERARKEPAREZER(E
ERNEERBEIN—HRHTE™Y,

N FEREHRTE, = WR AN T EERBER LIRS TRES FlN, REZH
BRIEMR EAZ T, 3555 L BEPL A R R4 7514720 £519 768 NR B A MBS, LA ®
K AREN _BAEERAHEEE R TARBX MM TIEE L EEHDNA Xigh
LMK _BEM T E, 1. EZBA/NTFET3 1, B HBernoulli BEIHIM, TH7EJEHRHS X
hRERTETS B RBAH T E DNA KEMEES T IMmA5 R AR 78X MERHR, &
BEBEH—KMARERBE - NEELT BEFRNTUBEFKHLER, A NN L
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BE AT KR LR FE B EHARE X, RIFA AN TR PRS2
% ( Exponential), i[RI ZEIEGRB X, KEH W _BHRE T ES#LRARA BT S KENEEE
( Power—Law )RR 3™, X o K MR 16 3 A0 R R U R 3 43 X DNA X 28728 FE LA R 2l /189
R AME_REM T EERMATEREFEMNS Wk E3 SmIEREX, ks s HEE"Y,
TEM LA AIHSP70 K B (ga)6cag(ic)24 EHE . Lisowska Lt R I —RAEM T EP ENESFHEE,
3 S IR B X XA & F P L R TR B ERN R/ 8 B R RS
AR E AR EC P X AMER U, I R =R AT REEV RS
ERAE N TFRBEK B EEN S, REEF RS RN B IR
S FRE MR T B An DX A 2 X RT3, 38T Bk B . K B B SR A7 A7 S T A L
HWE, 222 WAMNERERE, 74 FHAMN R EHE R I mH™ X R8I N, s X AFE5HRDE
R PREFENZRRHATHREBXIBHREERKETAZ EERIE=EE TR MR
Brs e,

SR, 14% MEHRBAETEERS], ARAY X LEBEYE T3 FY, Toth ' {F4H45)
MTAEHBAMEZSEFOM TR, &R BN, ERGX AERGX, N & TR X, &
RAWERE R (NEBEHFR—HIAKER N6 ERTEE LR R X R R 5
LAY T ARK SR E/ERER . R NERIEELT B8R TR P H iYL T
SYEEEMER, MEEHY P, 2 M TENEKR.

Eyre-Walker & 31> JE4575 X A4 B A8 S ASRE S0 b IR AR ) SR A i, T BRI BB R T &
FIVER] . 5 e BS TR AR v R B R, JE4RAS X DNA FRIIZEE BB EZ MR # (JREY AR
KRB E, MEMBAESE T EREG # (Giemsa B4 )™ E . Xit AR, BT BBEEFIIR
8T R AR E AR —R 804 Wi s A JERB X M ShS SR L T RE e
W AR E R Ak aFREAN R AR AR e S B NS KEEHTFERE
B2 RIS TR, RERNMEERNAE, REAFEHEE T BEEA" S REE
it B, EREAERTERNAERBRX, &R 00585 T ERHDNA FBR TR PR R/ME
a2 R A BB AT SERANA/NMIEEREHR, SR N ERAERK
B7ES R AT A R B A — B B> P X BB H R FIEE T RS ERE AN R R YR Z ), &
i T B R HIEREILE S B B A IR BRI 0 2K

112 EERMERR
RAE T B B R BOA R UL R #E4_E P YEDNA $Ric, (BEEEFrAE YRR P AL T
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1 CERGER

DEARALHE ERDIREmEIL,

1.1.2.1 R ikdHR

FLety TR ARG T e S 805 I AR S5 M E BTTRRIE AL A0, L T B AR5 5 5
SEFRUE (motif Y RIS ARG BARSE, I BAEEE/DEMBE H BR THY BERARLID AR,
WHhil TRV NE R R E AR 4 R R A T4A R E4EH EAIGCWMEOL,
ot EETEFEMN ZR/NERRE(E)17™ 0, A ENEREE/NE (FEE)FHRIEFHEU,
RN RTFELERF4A FeORH AR 207 RA BB X BRE, RE AR EEM T2
R, MEFEZERARTE L RERER, X TR M ERARE (10 . FEFEH Lt bh
EEEEEA.

1.1.2.2 DNAR & 5&#H

T2 DNA 5 S A 43— Ir B ST LIE AR E L HIDNA 454, 511 Fragile
X (ccg)n EE B A Je 45 (gaa)n/(ttc)n LRI A =EH LW, BB R T XA B X F=F4
RS EEAEERRTHN AE LB E Z (aatgg)n BEFE BRI B AL JDNA £#°,
AR, S A0 S BAA T B A Rt BETE 12 B RS T B B (cag) Fii(ctg) E R TEASHEFIRE
JRREMF BRI ERRESEA X MR E NS HRR T AT, XER RSB
RAFN, LRAST MIFHBEARIRIIEA™S ERE M, —REAHEEFE TS, X RHT
FFH S BENLES 2 2k, AT RE o Bl T XUl 3 AR A AL R DNA S5 4R AE >,
BERBEMUTR— NS, X2 ERE TR EERR LT R ENIEFFEHNEE M
FIRESE M7 & T BB 2 32 RIS 40,

1.1.2.3 ﬂ#ﬁ5§éﬁ

AR YR, Je kB 200 X R AP RBEZAR, W TRAKNAR. £F
FHUO IR IT U Y fE b KB AETEE KA . =PI R EUA  ZE ( Neurospora crassa)
wh, % 420 B R DNA BYEEE HSouthern 2 FFFI ST BR TR S ML T IE b € B A MR
£ R gEH SRR 2R MR B R ARSI SRR R R AR L FE R SR/ R 1K
E4RSFEDNA TEAST REEE NS, ERIEFEBNES BUES RS R BRRE A
ERARER,

BB ER PR AR AR RNEEERER L BERRELYE LN LA NARR
1E, X T—R7E R R R B R 4R R B B E LU F R— BT R EET 2
EFE R EE P B RAE FE RGNS E IR T B h 45 Th B L Z RIGRERNA 1L
B3 400y 515 T A DNA FTEEERMER AR Bk kB R R E D B SRR R B Y,

1.1.2.4 DNAR BT R IR T

F Ry T /NI EDNA B T AR B A M HR K EM 9, X XA BN REBRR
401 B0, AL | 2 B K T RecA ROBDRLRIE A K _—RIEBHRELR
PSR AE 5oL 8, B BN S E A M EA R MRS S i T B FFI HH#E M DNA 4588
W E A AR IEHEN, gt.cact.ga. g ¥ at BEEEAFARELINFHZ w5 S E AR KK
DNA 5 5H4A,
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MOBERRA RS RRT AT ENERR

HEERBBWESEHEH FIIN, FEERSNESE Tet/ee T E BEEEAT KB TRecA MIRIIRELHK
M. B2 RS EE2EHISTE, Y WEREE7.16.37 B, Z#F L HM100% TR
F80% FI30%"°, Majewski F1 Ott 4347 TV7 A 22 Yt ik RF# T 2 EHHE R0, BAEAH
tnFnsg PR BEE U FCT EE MR BEH LM XM BRI E B E BEN AR, 7
ARGA4 1 5 H(e)39 BERE B/R TR EH LR, BE FFIRIF#E L B, (X832
XMERE X EAERE R, M D ERWEANMULEELEENEET BT ERTH.

EATTREN7E i 1T AR B A R R R U M T B A BE o B A B TR 4T B Y6 1~
37 R B9 FEFI B4 O /0BT B RS IO AE 1 B A 25 A B R R HE A L SR A48 o BE DR B Y & 1
HAE S B R BRI X B g R T 8. X FA BRI TF =R E E A€ R E. B4 FEL
BB HERENIEN S HAEREH ZRRBRER FH L AARIIMNANL BT RAT
HBES (AERTEMNNEEABREEMNEESEANEEERAMBTEIE, IET 513 HT
BRI B B A BN, RA YR a2 SRR AL X PR N B A S B M E A5 4 573 RE,
BARHEMERFE,

1.1.2.5 DNAE # 5 ZRAEF

T EATRERMADNA & " 78 R BT, 5 d(ge)27.d0c)27 EEMEE H B RET
DNA § 3. 2 ¥ H B LA R 5 R M B R AR AR SRAE R ZEIRNDNA B B R 67 i ZE M FL 3 D 2%
AIRFEAICSAT TR, ARAE H(can M T B BH SHAE R WE AR IR,

% T R AR B B i 4 UG ER RO B 14N, ACHKI 35 BA S 4 IBFRSE1T VR R B %
BRXASTE@ EEY , XR—MEME L EAH D EREEMBERELECEAEHRTFER
B CHK] HEENR SR E WRELRA EENFEMXEK. SRA EZP— A HBASH
BRERH S EARMT A BB B4 CHK 1 A BUAR' 2288 T— 2R 40 a0k JBE 40 BB 3R 4 i 53 — %
72 B s ] 4 B B S B 22 3 iNhMSH6 . BAX IGFIIR . TGFbetal IR \(E2F4 FIBRCAZ #H THERF
5, X E 5 FFN T ARAESEMEKERNREFEER LM EPEMAREEE T MASE M
B—AE A RER, KSR T ERREEMERE N EEU EMRERE, KWER
B3 2625 i HEAR Y, B A IE#E R 9 TDNA B E SAMEIR R s RE . RELBE RSEMMR 5
W (tg)6 B HN- FFEE-N'— i 3-N- WA S HMDNA 5 #G2 MBS G & St EAER 2
H/NR TR 7 B Sm A R B T IR K BCAG)n EE MY 1, I SRR R—#B - 5hE
et B A e T BEFE BLAGKE FAEEERS> <, '

TEE M/ YDNA MMR £H b TEEN#L L 21588, DNA MMR EHRKIETA
RS FEAR 5 BRI TR R i T E A B T R AR B8 R AL T/NMMR 2
BA(MSH3 . MSH6. PMS2 FIMLH3) )% i3 X _E F(A)n JBE 4L & B 4% 4 Y1 0. 45 A\ (Homo sapiens). 5 B,
(Mus musculus), 3 B2 £} (Saccharomyces cerevisiae ), B3 B £} (Schizosaccharomyces pombe) .
¥8(Drosophila melanogaster)  #\Ri /1 (Arabidopsis thaliana) FEAZ K BT B(E. coli) BIFEFIRFE,
RASfER EeyRirh, 7 T AR E E 7 T EMMMR EEMSH2 BREMLHY) FRAFEAI, R
A PR R A S MK B HIA S B/ NIMMR 2 E 3 TR R A B RS
B4 AR 2788, T AR X rhay JE =B i T 7T ks AR R A T REZE B IR R,
BRI PR T EEEASER T EEEMNRRAREREEM T ER ARG
rh e AR AR AR R Y AR E— RV NUMMR B TS M AR E EMMR B E R AR
B RZRAR A SIS/ NYMMR 2B B TS AR R 4R B S B R W IR A I 2 AR R A AR )
S B4 Chang 2542 HUBEIA R, 72/MIMMR EEFEFIR MM TR & BRA T—MgEIrX,
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BRI DM SRR 2R R HE AL [ TR

1.1.2.6 EEERAY

WD R 5H% . BEIERE B/RSM T B TR F X4 s R st 0 Tash 71X
Hiton EE X ER BB Mg PE B ( Aspergillus) 1700 S 9% B8 ( Phytophthora ) 641 i 35 B FHHSP26
B R TRBBR AR SHNURAS PR EE NG BEMUR THFEM., #li0, Mc-Ki-ras £
B HICAT ik REEMITCF-83 FE™ R 3 F MR tccon BR 255 RIE M ARIFEE. 1AL,
(gt)n B5 52 REAE SR B 7E 1] b BE B o7 O BE R BT, (B B BN IR B e R R E R A FRIIN
g B,

MTFREFRBHM T 2R BEEHEREF A0, TRERE M BERNE - NE
F BB A T E HUMTHOL BiiHE T H R R T TR A A" Gebhardt F7 ™ BRI FREE
KEF(EGFR) HHFE—NHEFL K (can EHWAERENF FIE M MR ERIARNA WEKZILS
TR T EAL, X Bt R E 5 IR LA SURHEDNA SR MR B R BFEEGFR
LA R ca EE R KM X R A RN M XL EHASY, (ca)n WP RN TR, T
M E T(can M TEK T HFHHERIFE B E B E S RIS BB ERE, = RN T B
ZHNTF5 F R AME S F FAX IR R, Mg AEOREES B D, XuRATAERE
R TR, '

HEFRIX FHEFREAN AREBELT, M T EMNETREER T TREERERMRE
KR RBIEH . AR EERBER D ENEEERRETRE AW, LT RKEF thlac Z ZHK
JA B FH(gaa)12 BHIFLAC Z 3K, Ti(gaa),.s BH (gaa)s., AR EEF R HHREER
REAERAENM B EERREGLENRE, — BB XEE, BER AR XA EREPEE g/
cag)n, X4n=25 FIEHE RIFURA3 45 B FH F %, 18 B5~Fluoroorotic BRZ5H) MBI, Xn =30(ctg/
cag) EHEWEATURA3 BE R T With B2 HTHE™,

Hit— AR FE RIS TR B KRB BERRE L H LR BB IR () K B XpSv2-
CAT(JRMEAR 40 3R F- ) SR pA10-CAT(HIE T- W) FX B TR BB, B KR ER
B (tg) 7E30~40bp HIRHE . 2(tg) T M40 3 NBI130bp B, 3R FIEHERER, 130bp B (1) B AR
FIEMEHLS0bp B FEIR TS 5.5 B BM R, polyte) TEMWEEMEAEALERA FHF20 Bl60bp
Z {8 75 3N B R E Mk BB K EH ™ R R A K A F 32 (R B B 5 R IE R & (ca) R B
T w6 AR A cag R MBMATREM P TR MCAT |MERES, oA A 2WF
femt, 7625 )77 BERE MY WA, 3 RIS MR B cag B WY i 2 2P ERA
FERE RS T HBE TRLMNGER, EBHRI/REZIEZRGCIn( HEReag %) EEKEMNO E
50bp , 48 2 ) 7 ek PR B 53 K T 8 2 A TR SR 1 I T 3 . B an7E A IFPAX -6 B, B
#(ac)m(ag)n EERE =29 WAERKES TIHERBEE 26 R4 ~9 57 FE/ NG F R () B
BEIRBN10.15 BE22 WERBER R T-BAR TR E AR ()7 HERRBHE™ XEIEERN,
FEAFEY A SR ARED R AL R EERHLRNEREERT M T EMXKNERRIXA
BEPMDEEERBWEEE., | '

BARGSTREN, 44T LEFFINALM T ERZMATEANE &A™ >0
0, Bi4Epoly(ga)- Fipoly(g)- &5 & EAFHET AL E AT HEFPH(ghn REFR G (g)n(gam
7R A B H h E A T0x106 FE RSP, FEE M E A4 FR AR H R, 41 Ndatin
Xt B RHCR19.15 . 11bp Hpoly(t) B AL FAME™, HRAL SETRPN3.5.7 B8bp KHY
poly () AR Z R WA TET MBI o - M T ELEEA X polya) EEMLEE™,
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