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Lesson 6 -Key

1. BLASTP search

B. Exam ne the BLAST out put:

BLAST output:

Sequences produci ng significant alignments: (bits) Value
sp| P48013| RAD9_SCHOT DNA REPAI R PROTEI N RAD9 106 8e-23
sp| P26306| RAD9_SCHPO DNA REPAI R PROTEI N RAD9 101 3e-21
sp| P09627| PMAL_SCHPO PLASMA MEMBRANE ATPASE 1 ( PROTON PUMP) 31 3.3
sp| @3504| NRD2_RAT ORPHAN NUCLEAR RECEPTOR NR1D2 ( REV-ERB-B... 31 5.7
sp| P35658| N214_HUMAN  NUCLEAR PORE COVPLEX PROTEIN NUP214 (... 31 5.7
sp| ©02755| CEBB_BOVI N CCAAT/ ENHANCER BI NDI NG PROTEI N BETA (C. .. 30 9.9
1. Go back to Netscape.
2. How many hits are significant? 2
3. dick on the nanme of each of the best hits and save the resulting

sequence file to your diskette.
VWhat bi ol ogi cal function does our unknown human protein perforn? It
Is a DNA radiation damage repair protein.

. What biochem cal function does our unknown human protein have? The

blast search reveals nothing about the protein®s Dbiochemical
function.

D. Conpare the alignnment given by Bestfit to the alignnent given with the
BLAST program

Blast alignment:

sp| P48013| RAD9_SCHOT DNA REPAI R PROTEI N RAD9

Score

Length = 432

= 106 bits (262), Expect = 8e-23

Identities = 81/309 (26%, Positives = 143/309 (46%, Gaps = 37/309 (11%

Query:
Shj ct:
Query:
Shj ct:

1 MKCLVTGGENVKVLGKAVHSL SRI GDEL YLEPLEDGLSLRTVNSSRSAYACFLFAPLFFQQ 60
M- +V+  N++ L+ +LSRI D+ E +D L L T+NSSRS + FF +
1 MEFVVSNTNLRDLSRI FLNLSRI DDAVNWEI NKDQLI LTTLNSSRSGFGKVTLTKKFFDK 60

61 YQAATPGDL------- LRCKI LMKSFLSVFRS- - -------------- LAMLEKTVEKC 97
+ L +R +K LS+FR+ E + +K
61 FTFHPDTLFLTGFVSPTVRLSTQ KPI LSI FRNKI FESTLLVNNNLNTNAGAAESSSKKN 120



Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:

98

121

151

181

208

240

265

300

Cl SLN------- GRSSRL VWQLHCKFGVRKTHNL SFQDCESL QAVFDPASCPHMLRAPAR
+ N G+ R++ + +CK GV KT+ ++++ ++L AVFD ASC + + ++
VWEN QVQJ TSCKECRVI FKFNCKHGVVKTYKI AYEQT QT L HAVFDKASCHNNWQL NSK

VL GEAVL PFSPAL AEV T XXXXXXXXXXXXSYHEE- - - EADSTAKAMVTEMCL GEEDFQQL
+L + + F E+T S+ EE D + T+ + ++F+0Qt
| LKDLI EHFGQKTEELT- | QPVQCRVLLTSFTEEVVHNKDVLKOQPTQITVSI DGKEFEQV

QAQEGVAI TFCLKEFRGLLSFAESANLNLSI HFDAPGRPAI FTI - - - KDSLLDGHFVLAT
EG+ | T LKEFR + AES  +++ ++ G+PA+FT K ++ F+LAT
SLNEQ | | TLSLKEFRAAVLLAESLGTSI ASYYSVSGKPALFTFNKGKFMVEI EAQFI LAT

LSDTDSHSQ 273
+ D +
VMGPDDFDE 308

Bestfit alignment (with default parameters):
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| | | oy o SR N N N PR B
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L R

IIvnnnlntnagaaessskknvvvenlqnqltsgkech|fkfnckhgvv
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I I T B R |
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S R RN | I N e
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FCLKEFRGLLSFAESANLNLSI HFDAPGRPAI FTI . . . KDSLLDGHFVLA
N L N R A R | T

| sl kef raavl | aesl gt si asyysvsgkpal ftfnkgkfneieaqfil a
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TLSDTDSHSQDLGSPERHQPVPQLQAHSTPHPDDFA...NDDIDSYNIAM 310

t vhgpddf dessl gar wgqsgt anssl | vpent saapal eneapsasi gw

ETTI GNEGSRVLPS| SLSPGPQPPKSPGPHSEEEDEAEPSTVPGTP 356

a |1 I S
gt ngdaet srnf hst | di pr neepaakpsr qtt deenhpl fl egnp 394
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1. If the two alignnents are different, why? They are different
because Gapped Blast does not do a full Smith-Waterman alignment.

2. What does this inply about the accuracy of BLAST2 alignnments? See
answer to question 1.

3. What shoul d be done to inprove upon BLAST2 alignnents? A full
Smith-Waterman alignment should be performed with Bestfit with
optimized parameters.

4. Further test the statistical significance of the match using PRSS.
Is it a match?

PRSS3 output:

PRSS3 - 1000 shuffles; uniformshuffle

unshuffled s-w score: 417; Z(417,432): 512.8 p(417) < 9.36335e-27
For 1000 sequences, a score >= 417 is expected 9.363e-24 tines

E=D*P = 84, 629*9. 36335e-27 = 7.92411E-22

Asthe E isvery low, the match is statistically significant. Note that this more sophisticated estimate of E is
very closely approximated by the Blast estimate.

E. Repeat the search agai nst the nonredundant protein database and save
t he out put as above.

BLAST output:

Sequences producing significant alignments: (bits) Value
ref | NP_004575.1|| RAD9 (S. ponbe) honol og >gi| 1765956| gb| AA. .. 723 0.0

ref | NP_035367.1|]| RAD9 honol og (S. ponbe) >gi|3869272| gb| AA. .. 601 e-171

gb| AAD31691. 1| AF124502_1 (AF124502) DNA repair protein Rad9... 129 3e-29

sp| PA48013| RAD9_SCHOT DNA REPAI R PROTEI N RAD9 >gi | 1085808] pi . . . 106 3e-22

sp| P26306] RAD9_SCHPO DNA REPAI R PROTEI N RAD9 >gi | 101067| pir. .. 101 2e-20
pir|]|S26143 rad9 protein (allele rad9-192) - fission yeast ... 100 3e-20

1. Does the nonredundant database help you identify the biochenm ca
function of the protein? No. The best hit is really only a slightly
different version of our query sequence from the same lab. None of
the statistically significant hits have a known biochemical
function.

2. Do the sanme proteins have the sanme E() values? If not explain why?
No, they don”t. E values depend on database size, and since there
are more residues (and sequences) iIn the nonredundant database than
In Swissprot, the corresponding E() values are higher in the
nonredundant database than in Swissprot.



2. BLASTN search

A. Conpare the nucleic acid sequence to the nonredundant nucleic acid
dat abase using the BLASTN program

Score E

Sequences produci ng significant alignnments: (bits) Value
ref| NM_004584.1|| Homp sapi ens RAD9 (S. ponbe) honolog (RAD... 2109 0.0
gb| U53174. 1| HSU53174 Human cell cycl e checkpoint control pr... 2109 0.0
ref | NM_011237.1|| Mus nuscul us RAD9 honol og (S. ponbe) (Rad... 753 0.0
gb| AF045663. 1| AF045663 Mus mnuscul us radi o-resi stance/ cheno-. .. 753 0.0
gb| S57501. 1| S57501 protei n phosphatase type 1 catalytic sub... 367 9e-99
ref | NM_002708. 1| | Honp sapi ens protein phosphatase 1, catal... 359 2e-96
enb| X70848. 1| HSPHLCAT H. sapi ens nmRNA for phosphatase 1 cata... 359 2e-96
gb| M63960. 1| HUMPRPHOS1 Human protein phosphatase-1 catal yti... 355 4e-95
gb| AF045662. 1| AF045662 Mus nuscul us cell cycl e checkpoint c... 170 1le-39
dbj | D00859. 1| RATPP1ACS Rattus norvegi cus PP-1 al pha nRNA fo... 159 4e-36
dbj | D90163. 1| RATPP1AA Rattus norvegi cus nmRNA for catalytic ... 159 4e-36
dbj | ABO05817. 1| AB0O05817 Honop sapi ens DNA containing CpGis... 157 2e-35
gb| S78215. 1| S78215 protei n phosphatase 1 al pha [rats, stria... 147 2e-32
enb| YOO701. 1| OCPP1 Rabbit nRNA for protein phosphatase-1 ca... 105 5e-20
enmb| X07798. 1| OCCPP1A Rabbit nmRNA for type-1 protein phospha... 105 5e-20
dbj | D17240. 1| HUMD4F12M3 Human Hep& 3' region Mool cDNA cl... 105 5e-20
gb| AF167082. 2| AF167082 Hono sapi ens neuronal potassium chan... 44 0. 17
gb| AC004030. 1| AC004030 Hono sapi ens DNA from chronmosone 19, ... 44 0. 17
gb| AC005233. 2| AC005233 Hono sapi ens PAC cl one RP5-119821 f... 40 2.7
gb| AC004923. 2| AC004923 Honp sapi ens PAC cl one RP5-901A4, co... 40 2.7
gb| AE002050. 1| AEO02050 Dei nococcus radi odurans Rl section 1... 40 2.7
gb| ACO07977. 11| ACO07977 Drosophil a nmel anogaster, chronosone... 40 2.7
gb| AC0O05962. 1| AC005962 Hono sapi ens chronpbsone 17, clone hR .. 40 2.7
gb| ACO04757. 1| ACO04757 Hono sapi ens chronmposone 17, clone hC. .. 40 2.7
enb| Z82076. 1| CEMD7GL Caenorhabditis el egans cosm d W7GL, c... 40 2.7
enb| 299569. 1| HS106H14 Human DNA sequence from PAC 106H14 on... 40 2.7
dbj | D00521. 1| ABCALDH Acet obacter pol yoxogenes gene for alde... 40 2.7
gb| MB1255. 1| PH2HEADTL Bact eri ophage 21 head gene operon 40 2.7
enb| YO8696. 1| AEAHDH Acet obact er europaeus gdhA, aldF, aldG... 40 2.7

Here i1s a sample alignment with a phosphatase

gb| S57501. 1| S57501 protei n phosphatase type 1 catalytic subunit [human, nRNA, 1400 nt]
Length = 1400

Score = 367 bits (185), Expect = 9e-99
Identities = 206/209 (98%, Gaps = 3/209 (1%
Strand = Plus / M nus

Query: 1876 gagaatccagctttgacctttattcaagagaccagat gggttgccccaggatccgg-ctg 1934

, FECEEEEErrr e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 1
Sbj ct: 1388 gagaatccagctttgacctttattcaagagaccagat gggttgccccaggat ccgggetg 1329



Query: 1935 ccagccct gaggccaagcacggct ggagacccacgacct ggcctgeccgttgecct gaget 1994

CEEEEE PEEEEErr e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Shj ct: 1328 ccagcc-tgaggccaagcacggct ggagacccacgacct ggcct gececgttgecctgaget 1270

Query: 1995 gcagcctcggcccca t caccgcaggt gcaggcaggaagcagccct 2054

ggat cct gct cacag
FECEEEEEErreerer teeerr et e et e e e e rry
ggat cct gct cacag

N
Sbj ct: 1269 gcagcctcggceccca t - accgcaggt gcaggcaggaagcagccct 1211

Query: 2055 gggggact ggacgctgctattgattcatt 2083
_ RN RN RN RN AR
Sbj ct: 1210 gggggactggacgctgctattgattcatt 1182
1. What categories do the statistically significant hits fall into?
They are either rad9s (cell cycle checkpoint control proteins) or

phosphatases.

2. Note the reading sense of the phosphatase genes. Since the query
nucl ei c acid sequence is based on NRNA, it represents the correct
readi ng sense. The reading frames of the phosphatases are in
reverse.

3. Is our protein a phosphatase? No, the gene for a phosphatase, READ
IN THE REVERSE DIRECTION, coexists with our query sequence gene,
READ IN THE FORWARD DIRECTION, over some of its length.

3. TBLASTN search

Conpare the protein sequence to the nonredundant nucleic acid
dat abase with TBLASTN. Does this search tell you anything new?

Score E

Sequences produci ng significant alignments: (bits) Value
ref | NM_004584. 1| | Hono sapi ens RAD9 (S. ponbe) honol og (RAD... 723 0.0
gb| U53174. 1| HSU53174 Human cell cycl e checkpoint control pr... 723 0.0
ref| NM 011237.1|| Mus nuscul us RAD9 honol og (S. ponbe) (Rad... 601 e-170
gb| AF045663. 1| AF045663 Mus muscul us radi o-resi stance/ cheno-. .. 601 e-170
gb| AF045662. 1| AF045662 Mus muscul us cell cycle checkpoint c... 132 8e-33
gb| AF124502. 1| AF124502 Drosophil a nel anogaster DNA repair p... 129 1le-28
gb| AFO76846. 1| AFO76846 Drosophi |l a nmel anogaster Rad9-1like pr... 129 1le-28
enb| AL136235. 1| SPAC664 S. ponbe chronpbsone | cosnmid c664 77 le-12
enb| X64648. 1| SPRADIG S. ponbe rad9 gene 77 le-12
enb| X58231. 1| SPRAD9 S. ponbe rad9 gene 77 le-12
enb| X77276. 1] SMRAD9  S. mal i devor ans rad9 gene 77 le-12
enb| X65864. 1| SPRADG S. ponbe gene rad9-192 76 2e-12
enb| X77277. 1] SORADO S. oct osporus rad9 gene 46 3e-08
gb| AC002350. 1| AC002350 Honp sapi ens 12g24 PAC RPCl 3-424M6 (. . . 48 6e-04
enb| AL031633. 1| CEY39A1A Caenorhabditis el egans cosnid Y39ALl... 43 0.021



No it doesn’t. Only previously found genes are found. Accession

numbers AC002350 and CEY39Al1A are statistically significant but are raw genomc

DNA whi ch has not been split up into genes.

4. BLASTX search

Conpare the nucleic acid sequence to the nonredundant protein

dat abase. Does this search tell you anything new?

Sequences produci ng significant alignments:

ref | NP_004575.1|| RAD9 (S. ponbe) honol og >gi| 1765956| gb| AA. ..
ref | NP_035367.1|]| RAD9 honol og (S. ponbe) >gi|3869272| gb| AA..
gb| AAD31691. 1| AF124502_1 (AF124502) DNA repair protein Rad9..
sp| P48013| RAD9_SCHOT DNA REPAI R PROTEI N RAD9 >gi | 1085808| pi . .
sp| P26306| RAD9_SCHPO DNA REPAI R PROTEI N RAD9 >gi | 101067| pir. .

pir||S26143 rad9 protein (allele rad9-192) - fission yeast

enb| CAA18514. 1| (AL022374) hypot hetical protein SC5BS.06 [S. ..
ref| NP_032914.1|| paired nmesoderm honeobox 2b >gi| 6093753]s. .
ref | NP_003915. 1| | paired nmesoderm honmeobox 2b >gi| 1841338]| d..

No it doesn’t. Only previously found genes are found. The homeobox

genes would require lower E values to be credible,

(bits)

723
601
129
106
101
100
40
40
40

0.0

e-171
7e-29
7e-22
3e-20
7e-20
0. 063
0. 082
0. 082

6. BLASTP search against C. el egans database. No significant hits.

There is no new Information available from the more sensitive search
methods iIn this case. However, they are still worth learning how to do.

Note that in the Fasty3 search all of the apparent hits (upon visual
inspection) contain significant low-complexity regions.

Key to witten probl ens:

1. E=KmNe's

| =.219
K=. 082
s=103
m=100

| s=.219x103=22. 6

e's = 1.6x10 %

Kme's = . 082x100x1. 6x10* = 1.3x10°

For

Swi ssprot, N=2.1x10’

Val ue



E=KmNe-'s= 2. 1x10" x 1.3x10°= .028
For nonredundant, N=1.33x108

E=KmNe-'s= 1. 33X108X 1.3x10°= .17
N
2. S=- 24 k@zg—*

i=1L
L=5
n(i)=1
n(s)=1
n(a)=2
n(c)=1
S= -[1/5l 0g,(1/5)+ 1/5l 0g,(1/5)+ 2/5l 0g,(2/5)+ 1/5l 0g,(1/5)]
= -[3/5l 0g,(1/5)+ 2/ 5l 0g,(2/5)]
= -[.6 10g,(.2) + .4l0g,y(.4)]
= -[.6(-2.32) + 4(-1.32)]
= -[-1.39-.53]
= -[-1.92]
= 1.92



