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Analysis on the sequence and molecular structure of breast cancer susceptibility protein 1

and its mutagenesis to pathogenicity

FAN Yi',YU Yun?, HAN Xin-huan**

("Department of Clinical Medicine ,’Department of Mathematics & Computer Science ,NJMU ,Nanjing 210029,
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[Abstract] Objective:To analyze the structure characteristics of the breast cancer susceptibility protein 1(BRCA1) gene sequence
by bioinformatics methods and predict the relationship between mutations of functional coding regions in BRCA1 and the pathogenic
genetic effects. Methods:The molecular phylogeny,conservation,selection pressure,domains, three-dimensional structure and mis-
sense of BRCA1 were analyzed by online Bioinformatics analysis tools such as Maximum Likelihood , Clustal W ,SMART,SELECTON
and so on. Results; Total 195 fixed-residue sites(10.5% )and 393 conservative sites(21.1%) , of which distribution is non-randomness,
were obtained. A big difference in the BRCT domain was founded between human and other species,which indicated the role of
BRCT domain in BRCA1 gene of various species is difference. The high pathogenic mutation rate in conservative sites was confirmed
by correlation analysis. Conclusion: Taking full advantage of relevant resources,the BRCA1 sequence structure analysis based on
bioinformatics methods can deepen our understanding of the correlation of BRCA1 gene mutation and tumor.
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Table 1 BRCAL1 protein sequence information from 11 species

W5 YrFh 2 FR JEICRE AU (%) BRCTI BRCT2 GenBank 5
1 ANZ&(homo sapiens) 1 863 100.0 1 644~1726  1758~1 845 AEQ98814
2 TURIR (Pan troglodytes ) 1 863 99.5 1 644~1726 1 758~1 845 AAR04849
3 21 SRS (Pongo pygmaeus) 1 863 98.3 1 644~1726 1 758~1 845 AAT44834
4 KPR (Gorilla Gorilla) 1863 98.0 1 644~1726  1758~1 845 AAT44835
5 Wi (Macaca mulatta) 1 863 94.0 1 644~1726  1758~1 845 AAT44833
6 F R (Canis lupus familiaris) 1878 84.2 1647~1729  1766~1 853 AAC48663
7 4= (Bos taurus) 1 849 79.3 1638~1719  1751~1 838 AAL76094
8 ¥ (Porcus) 1 863 80.5 1 640~1 722 1 754~1 841 BAF62296
9 K B Mus musculus ) 1812 68.1 1587~1669  1700~1787  CAM21026
10 K B(Rattus norvegicus) 1817 66.8 1590~1 672 1703~1790  AAC36493
11 B (Opossum) 1 844 53.2 1619~1 707  1739~1826  AAX92675
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The phylogenetic tree of BRCA1 proteins
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BRCA1_human ————MDLSALRVEEVQNVINAMQKILECPICLELIKEPVSTKCDHIFCKFCMLKLLNQKK 56
BRCA1_human GPSQCPLCKNDTTKRSLQESTRFSQLVEELLKTTCAFQLDTGLEYANSYNFAKK-ENNSP 115

skoosksk, skek skoskeks o skskgskekskek s I
BRCA1_human EHLKDEVSIIQSMGYRNRAKRLLQSEPENPSLQETSLSVQLSNLGTVRTLRTKQRIQPQK 175
BRCA1_human TSVYiéLésﬁééﬁs?éNﬁAfiésvcngﬁLLQITPQGTRDEISLDSAKKAACEFSETDVTN 235
BRCA1_human TEﬁﬁgPéNﬁﬁfﬁ?TE;RAAERHPEKYQGSSVSNLHVEPCGTNTHASSLQHENSSLLLTKD 295
BRCA1_human RMNVEKAEFCNKSKQPGLARSQHNRWAGSKETCNDRRTPSTEKKVDLNADPLCERKEWNK 355
BRCA1_human QRLPzzéﬁPEDTED;—VPWITLNSSIQKVNEWFSRSDELLGSDDSHDGESESNAKVADVL 413
BRCA1_human DVLN——EVDEYSGSSERIDLLKSD?HEZETCESEﬁVHSRéVEéN IEDKIFGKTYRKKAS 470
BRCA1_human LPN—LSHVTENLIIGAFVTEPQI1QERPLTNKLKRKRRPTSGLHPEDFIKK ADLAVQKT 528
BRCA1_human PEMINQGTN———QTEQNGQVMNITNSGHENKTKGD SIQNEKNPNPIESL——EKESAFKT 582
BRCA1_human KAEPISSSISNMELELNIHNSKAPKKNRLRRKSSTRHIHALELVVSRNLSPPNCTELQID 642
BRCA1_human SCSSSEEIKK KKYNQMPVRHSRNLQLMEGKEPATGAKK——SNKPNEQTSKRHDSDTFPE 699
BRCA1_human LKLTNAPGSFTKCSNTSELKEFVNPSLPREEKEEKLETVKVSNNAEDPKDLMLSG BRVL 758
BRCA1_human QTERSVESSSISLVPGTDYGTQESISLLEVSTLGKAKTEPNKCVSQCAAFENPKGLIHG* 817
BRCAl_human - CSKDNRNDTEG——————;—FKYPLGHEVN HSRETSIEMEESELDAQYLQNTFKV 863
BRCA1_human SKRQSFAPFSNPGNAEEECATFSAHSGSLKKQSPKVTFECEQKEEN QGKNESNIKPVQT 922
BRCA1_human VNITAGFPVVGQK DKPVDNAKCSIKGGSRFCLSSQFRGNETG LITPNKHGLLQNPYRI 980
BRCA1_human PPLFPTKS FVKTKCKKNLLEENFEEHSMSPEREVGNEN- TPSTVSTISRNNTRENVFKE 1038
BRCA1_human AsssﬁlNEVGséTNEVGssINE1GSSDEN1QXELGﬁNEGPKLNAMLRLGVLQPEQYKQSL 1098
BRCA1_human PGSNC KHPETKKQ- EYEEVVQTVNTDFSPYLISDNLEQPMGSSHASQVCSETPDDLLDD 1156
BRCA1_human GEIKEDTSFAENDIKESSAVFSK———SVQKGELSRSPSPFTHTHLAQGY——RRGAKKLES 1211
BRCA1_human SEENLSSEDEELPCFgHLfFGKVNNIPSQSTRHSTVATECLSKNTEENLLSL ~KNSLNDC 1270
BRCA1_human SNQVILAKASQEHHLSEETKCSASLFSSQCSELEDLTANTNTQDPFLIG——SSKQMRHQS 1328
BRCA1_human ESQGVGLSDKELVSDD EERGTGLEEN NQEEQSMDSNLGEAASGCESETSVSEDCSGLS 1386
BRCA1_human SQSDILTTQQRDTMQHNLIKLQQEMAELEAVLEQHGSQPSNSYPSIISDSSALEDLRNPE 1446
BRCA1_human QSTSEKAVLTSQKSSEYPISQNPEGLSADKFE VSADSSTSKNKEPGVERSSPSKCPSLD 1505
BRCA1_human DRWYMHSCSGSLQNRNYPSQEELIKVVDVEEQQLEESGPHDLTETSYLPRQDLEGTPYLE 1565
BRCA1_human SGISLFSDDPESDPSEDRAPESARVGNIPSSTSALKVPQLKVAESAQSPAAAHTTDTAGY 1625
BRCA1_human NAMEESVSREKPELTASTERVNKRUSHVVSGLTPEEFL VYKFARKHITTTLINL ITEETT 1685
BRCA1_human HVVMKTDAEFVCERTLKYFLGIAGG?W?VSYF@?TQSIKERK&LNEHDFEVRGDVVNGRN 1745
BRCA1_human HQGEKﬁARESQ;R ————— KIFRGLEICCYGPFTNMPTDQLEWMVQLCGA?VV?EfsSFTE 1800
BRCA1_human ETééH;I$$$QPDAWTEDNGFHAIGQMCEAPVVTREWVLDSVALYQCQELDTYLIPQIPH 1860

Figure 2 BRCA1 amino acid sequence alignment result including 11 species and ancestors of the tree’s nodes
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Figure 3 The three-dimensional structures of BRCT domain
in human,chimpanzee,rhesus,dog, cattle, pig and o-

possum

Bl 4 ZERKE BRCAL # 1 H) BRCT Z5 438 = 4E45 1 i
=34
Figure 4 The three-dimensional structure alignment of BRCA1

protein in house mouse and Norway rat
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Figure 5 The partial result of positive selection pressure test of BRCA1
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Table 2 The conservation analysis result of 24 mutation sites
G RAF Sl EROES G RAE 437 EROERT S

1 H1402Y 7 7 / 13 T1720A 37 7Y /
2 R1443G e RvRIL} / 14 V1804D VA /
3 S15121 RNV / 15 R1699W HER *
4 V1534M RNV / 16 R16990Q HER *
5 D1546N rhsz 7Y / 17 G1706E HER /
6 T15611 Fp a7 A : 18 A1708E HER )
7 L1564P Hr A / 19 S1715R HER *
8 S1613G rhsz 7Y 20 G1738R HER

9 P1614S Fp a7 A . 21 L1764P HER /
10 M1628T RNV / 22 11766S HER

11 M16521 7 7 / 23 M1775R HER /
12 A1669S VA / 24 G1788V HER /
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