3.3 Database searching for similar
sequences

3.3.1 Importance of database searches for
similar sequences

“The massive quantities of data generated by genomic
research ... We are swimming in a rapidly rising sea of
data...how do we keep from drowning?”

Roos DS. Bioinformatics----Trying to swin in a sea of data. Science,
2001,291(5507):1260-1261



Doolittle RFE, et al. Simian sarcoma virus onc gene, v-sis, is derived from the
gene (or genes) encoding a platelet-derived growth factor.
Science. 1983 Jul 15;221(4607):275-7

simian sarcoma virus (SSV) oncogene, V-SIs
e platelet-derived growth factor (PDG)
* 31AA (26 similar) / 39AA (35 similar)

* It appeared likely that the retrovirus had
acquired the gene from the host cell as some kind
of genetic exchange event and then had produced
a mutant form of the protein that could
compromise the function of the normal protein
when the virus infected another animal


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6304883&dopt=Abstract
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Uses of Similarity Searches

* Find orthologous proteins sequences Iin
different organisms (ortho = same function)

 Find paralogous sequences in same
organism (para=originate from gene
duplication

 Align genomic sequences and expressed
gene sequences (cCDNAs, ESTs) to locate
gene and ORFs In gene.

Mount D, 2002



Difficulties in Similarity
Searching and

Slowness of dynamic programming alignment
algorithm -

Low complexity regions in sequences give false high
scores -
How good is the match? -

How significant is the alignment score? -

Mount D, 2002



3.3.2 Word or k-tuple methods

e Used by the FASTA and BLAST programs

* They align two sequences very quickly, by first
searching for identical short stretches of sequences
(called words or k-tuples) and by then joining
these words into an alignment by the dynamic
programming method.

e They are heuristic methods, reliable in a statistical
sense, and usually provide a reliable alignment.

e Heuristic methods: an empirical method of
computer programming in which rules of thumb
are used to find solutions and feedback is used to
Improve performance.



Heuristic method for sequence alignment is used to try to find
a reasonable alignment. An example of a heuristic
alignment method is starting with a search for similar
sequence patterns and then building a longer alignment
based on these patterns.

Rather than comparing individual residues in the two
sequences, FASTA and BLAST search for matching
sequence patterns or words (Wilbur and Lipman, 1983).
The programs then attempts to build a local alignment
based on these word matches.

Wilbur WJ and Lipman DJ. 1983. Rapid similarity searches of nucleic acid and
protein data banks. PNAS, 80:726-730



Methods of Similarity Searching

 FASTA (fast alignment) and BLAST (basic
local alignment search tool) algorithms

e PSI-BLAST (position-specific-iterated) and
PHI-BLAST (pattern-hit-iterated)

* MAST and MetaMEME on MEME server:

search with PSSMs or HMMs representing
domains

Mount D, 2002



FASTA & BLAST story

1985 : FASTP (D. Lipman and W. Pearson)
Global gapped alignments

1988 : FASTA (W. Pearson and D. Lipman)

Local gapped alignments

1990 : BLASTH
(S. Altschul, W. Gish, W. Miller, E. Myers, and D. Lipman)

Local ungapped alignments

Gapped BLASTs :

1996: WU-BLAST2 (W. Gish)

1997: NCBI-BLAST2 (and PSI-BLAST)
(S. Altschul, T. Madden, A. Schaffer, J. Zhang, Z. Zhang,
W. Miller and D. Lipman)
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BLAST

 BLAST(Basic Local Alignment Search Tool)
(Altschul et al 1990), a heuristic method
designed to detect alignments that optimize a
measure of local similarity known as the
maximal segment pair (MSP) score.

* Word length: 11 (DNA sequences) and 3
(protein)

* Word index
* High-scoring segment pairs (HSP)



BLAST]1 algorithm

First step:

For each position p of the gquery. tind the list or words of length
w scoring more than T when paired with the word starting at p:

i p-word

.

List of words of length w.

scoring more than T with
the p-word.



Second step:

Far each words list, identify all exact matches with DB sequences:

p-waord words list OB sequences
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Third step:

For each word match («hit=), extend ungapped alignment
in both directions. Stop when S decreases by more than X
from the highest value reached by S.

HSP = High Scoring Segment Pair
MSP = Maximal Segment Pair

Reports all HSPs having score S above a threshold, or
equivalently, having E-value below a threshold.

E-value = the number of HSPs having score S (or higher)
expected to occur aonly by chance.

Apply sum-statistics to evaluate the significance of a
combination of HSPs invalving the same DB sequence.




Ungapped
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Ungapped
and

gapped
extensions

Ungapped extension

Gapped extension by full DP

Gapped extension by «banded DP=

Gapped extension by «score-limited DP«
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Web-based BLAST Input

;ICBI Blast — Bicrosoft Internet Explorer
¥HE &EE HEQW e IRD

HERD (H)

oy . 2 2] at a 2| 3 B - =
g =1k Rl £ ik WIFE BT Hif i FTED RiE
HbtiE (D) |&] Lt tp:/ fwww. nebi. nlm. nih. gow/blast/Flast. cgi?CMD=HebALATOUT=Tx ol i ndow=AAUTO_FORMAT=S emi aut b AL TGHMENTS=504AL TGHMENT VIEW=FairwisedCLIENT=webalATA j A

‘Y" Q'Customize k1 [QI]'Bookmarks @MY Tahoo! ~ P Yahoo! - E|Games = [~ Yahoo! Mail - G‘]Shopping - -&?News - ¥

S NCBI

Mucleotide

ults for an RID|

Protein

Seatch
=
Set subsequence Frnm:l TDZ| & batchseq[1] - it Bk =18l
THE REE B0 FEH
Chonose datahase |nr j "r‘jiI23269u68|gh|n\'13?588.1| Homo sapiens cell division cycle protein 25A splice variant 2 {CDC25A) |
MRHA, complete cds; alternatively splicedl
ATGEAACT TGCTCTTCGCCTGCAGCCCCECTCCEECEGTCREN
How -:r AGCCCGTCGTGAAGGCECTATTTGGCGETTCAGCCGCCEEGEEACTETCGCCTETCACCAACCTGACCGTH
CACTATGGACCAGCTGCAGGETCTGGGCAGTGATTATGAGCAACCACTGGAGGTGARGAACARCAGTAATE
CTGCAGAGAATEGGETCCTCCEAGTCAACAGATTCAGGTTTCTGTCTAGATTCTCCTEGECCATTGGACAN
GTAAAGAAAACCTTEARAATCCTATEAGAAGAATACATTCCCTACCTCAGARGCTETTEEGATETAGTCEE
AGCTCTGAAGAGGAGCCATTCTGATTCTCTTGACCATGACATCTTTCAGCTCATCGACCCAGATGAGAACE
ARGEARAATCTTTCETCAAAT TAGCAGT TTTCATTCCTCTTTTTACACCCCE
AGTCACCTGTGACAGCCACTTTGTCTGATGAGGATEATGECTTCETGGACCTTCTCGATGGAGAGAATCTE
. T TCGTGCAT TCT TCCTCTCGTCATGAGAACTACAN
Options for advanced blasting AACCTTEACAACCGATECAAGCTGTTTEACTCCCCTTCCCTETETAGCTCCAGCACTCEETCAGTCTTEAN
CAGARCGATCT TCTCCACCTGGAAGTACARAGAGGAGGAAGAGCATGTCTGGGGCH
. TCAACTAATCCAGAGAAGGCCCATGAGACTCTTCATCAGTCTTTATCCCTGGCATCTE
Limit by entrez | ot selectfmm-l(nﬂne) TCCCCC CATT ATTTTGEACARTEACE CTTAT TTCTCCAAGEE
UBTY i GTTATCTCTTTCATACAGTTGCTGGGARACATCAGEATTTARAATACATCTCTCCAGARATTATGGCATCE
TGTTTTGAAT T TCATT TTTGTTATCATCGACTGTCGATACCCATATGAAN
} TACEAGEGAGGCCACATCAAGERTECARTEAACTTECACATEGAABARGAGETTEARGACTTCTTATTEAN
Choose filter ¥ Low complexity ™ Human repeats [T Mask for lookup table onty [ Mask lowe|agaacccaTTGTACCTACTEATEECARGCETGTCATTGTTGTETTTCACTECGAGTTTTCTTCTGAGAGHE
AGGTCCCCGCATETECCEGTATETGAGAGAGAGAGATCECCTEEETANTEARTACCECAAACTCCACTACH
CCTGAGCTGTATGTCCTGAAGEGGGGATACAAGGAGTTCTTTATGARATGCCAGTCTTACTGTGAGCCCEN
Expect (10 CTABCT T TTT T T 1
CTGEGE TETACAGTCETCTGAAGAAGCTCTCAN -




Web-based BLAST Output

I. Overview of Query

BLASTN 2.2.4 [Aug—-26-2002]

Eeference:

A1t=zchul, Stephen F., Thomaz L. Madden, Alejandro A, Schaffer,
Jinghui Thang, ITheng Thang, Webb Miller, and Dawid J. Lipman (1997),

“Gapped BLAST and PSI-ELAST: a new generation of protein database search
programz", MNucleic &cids Ees. 25:3389-3402.

EID: 1031881000-015047-25897

Query= cluster8150_1
(1447 letters)

Database: 411 GenBank+EMEL4+DDEJ+PDE zequences tbut no EST, 5T35,
53, or phaze 0, 1 or 2 HTGS zequences)
1, 367, T36 sequencesz; (,4d42, 224, 816 total letters



Web-based BLAST Output

Color Key for Alignnent Scores

50-80 [ g0-200  INSEIGNNN
O 5 0 o e o
L 100 200 J00 400 o010 GO0 F00 G010

ll. Graphical overview of database
matches




Web-based BLAST Output

1. Descriptions of each hit (alignment)

Score E
Sequences producing =zignificant aligrnment (bit=) Walue
121353145856 gb|ﬂF513015.1| 1= =crofa myosin regulatory lig. .. 654 0.0
g1 |21261T235 emb | AT48TET1. 1| S5C48TAT1 sus scrofa mRINA for mo. .. 6o4d 0.0
gi 17226389 | gb |AF440215. 1 |AF440218 Canis familiaris wentric... 521 e—145
gi|EED51915|ref|EM 027060. 4 | Homo =apien=s myosin, light pol. .. 420 e—114d
gi|21ﬂ11328|gb|ECDSIDDE.1| Homo =zapiens=, myo=zin, light polss. .. 420 e—114d
gi|21ﬂ1D232|gb|ECDSIDDE.1| Homo =zapiens=, myo=zin, light polss. .. 420 e—114d
gi|1519835ﬂ|gb|ECD15821.1|BCD15821 Homo =apien=, mywo=zin, li... 420 e—114d
gi|515580|gb|559ﬂ22.1|SEQDEE Homo =szapien=s myvosin light chai. .. 420 e—114d
gi|d557774|ref|HH ooo452. 1 | Homo =sapiens myosin, light pols. .. 404 e—10859
gi|34845|emh|3551d1.1|HSHYLCE H. zapien=z mBENA for cardiac we... 404 e—104
gi|EdEDEdE|gb|ﬂFDEDTEE.1|ﬂFDEDTEE Homo =sapiens cardiac went. .. 400 e— 108
gi| 1220300 | b | M228156. 1 |HUMCMLC  Human (clone PWHCLCZ2-8) card. .. dJ8h e—103
g1 | 34686 |emb [X143532. 1 |HSMLCY Human mBEML for wentricular myo. .. 371 2e—H0
g1 |B6682 |emb [X0T514. 1 |ENMLCXE Eat heart myosin light chain ... 264 Je—6T
gi|2084189ﬂ|ref|EM 152524, 1 | Ma=z mu=culu=s myo=sin light chai. .. 262 le—GA&
gi|5754TTT|ref|HM 010861, 1 | Mai=z mu=zculuz myro=zin light chain. .. 262 le—GA&
gi|12832295|dbj|ﬂKDD235T.1| Mai=z mu=zculuz adult male kidhnew ... 262 le—GA&
e l1ooagcd ]l = 1mmoai1 e 4 BT T T7IT M e mgq laqem arer— s oame ] = 1o 1 = L=t { o=



Web-based BLAST Output

[ >2i|215146566 ] zb |AFG15016. 1| Suz =crofa myoszin regulatory light chain ventricular izoform

(MLC—2V) mEML, complete cds
Length = 672

Score = 654 bits (3300, Expect = 0.0
Tdentities = 352370 (9T%)
Strand = Plu=s / Plus

iJuerw: 95 atggagccaaagnrmnogtztto 154

Sbijct: 1 tocaccatgtocacctaagasagsocaasaagagagcagzat ggagoccaattococaacztgtte &0

iJuerw: 155 toccatgtttgaacagaccocagattocaggaatttaaggasgocttcaccatocatgzaccaz 214

Sbijct: 61 +teocatgtttgaacagaccoagattocaggaatttaaggsagsoccttocaccatcatzzaccaz 120

iJuervw: 215 aacagggatggocttoatagacaagaatgatoctgagsgsacacctttzotgotottgzzost 274

Sbict: 121 aacagggatggcttocatagacaagaatgatoctgaggsacacctttgoctzotottzzzozt 180

Querw: 2ThH aacgtgaaaaatgagsaaattgat gaaatgatcaaggaagoctoocaggto gt taac 533534

Sbijct: 181 gtgaascgtgasasatgsaggaaattsatzaaatgatcaagsaagoctococagzgto

uerw: 335 gagaaacttaagggogoagacoot IV' PalreWISe
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbict: 241 tttactgtgttoctaacgatgtttossgssagaaacttaagsgszsocagacocty alinments

iJuerw: 395 goococttgacgogttocaagtgtttzaccotgaagscaaaggsgstgoctcagggsoctgattat 454

Sbijct: 301 atcocttaacgocgttocasmagtgtttzaccococtsaaggscaaaggggtgoctocaggosctzattat 360



Web-based BLAST Output

Databa=se: 411 GenbBank+EMBL4+DDEIT+FDE =eguence= (but no EST, 5T35, =55,
or phase O, 1 or 2 HTZ5S =seqguences=s)
Fo=zted date: Sep 4, 2002 12:27T 4oN
Mumber of letter=s= in databa=e: 2, 147, 257, 520
IMambery of =eqgquences in databas=se: 1. 367, T3G

Lambda E H
1. 35T o. T11 1. 51

Fapped
Lambda
1. 37

Matrix: blastrn matrix:1 —3

izap Penaltie=s: Exi=stence: b, Exten=sion:
Mumber of Hit=s to DE: S5, 320, 1835

Mumber of Seqguence=s: 1367TT3IG

Mumber of extension=s: 33201835

Mumber of =ucce=sz=ful exten=sion=: 156985
Mumber of =eguence= better than 100 0: 207
lengsth of guers: 1447

lengsth of databas=sze: 6,442, 224, 516
effectiwe HSP lencsth: 22

effectiwre length of guers: 1425

effectiwvwe length of databa=se: 6,412, 1534, 624
effectiwve =earch =pace: 9137291539200

iffgctive zearch =pace un=sed: 91537231839200 V. Sta’tistical details

A: 30

¥i1: 6 £11.9 bits) of the search
¥2: 15 (29.7 bits=)

S1: 12 ¢2d4.3 hits=)

S2: 20 (40.1 bits=)




| ocal BLAST

On Windows PC:
(1) Download from NCBI and install
(2) Configuration: using the ncbi.ini file
[NCBI]
Data="C:\path\data\*

(3) Create or format your databases



Difference between FASTA and BLAST

* Whereas FASTA searches for all possible words of the
same length, BLAST confines the search to the words
that are the most significant.

e For the BLAST algorithm, the word length Is fixed at 3
(formerly 4) for proteins and 11 for nucleic acids (3 if
the sequences are translated in all six reading frames).
This length Is the minimum needed to achieve a word
score that iIs high enough to be significant but not so
long as to miss short but significant patterns.

 FASTA theoretically provides a more sensitive search of
DNA seguence databases because a shorter word length
may be used.




Beyond sequences: database
searching using scoring matrices,
profiles and PSSMSs

Previously used a single sequence to search a
sequence database to locate similar sequences

Now Interested In searching a database with a
representation of a local multiple sequence
alignment —a PSSM (no gaps), profile (gaps) or
HMM (gaps)

Can also search a sequence for matches to a
database of models in the form of PSSMs,
profiles or HMMs (e.g. the PFAM database)

PSSM: position-specific scoring matrix; HMM: Hidden Markov Models



How do PSSMs etc. find additional
matches than searching with single
sequences?

If search with a set of single query sequences, then
matches must align with query with Blosum62
substitutions at each position

If using a PSSM, profile of HMM then can also match
combinations of amino acids

Blast search PSSM or HMM search
Query ..GYD.. Query ..GYD..
Database ..GYD.. Database ..GYD..
sequences ..GWD.. sequences . .DYE. .
matched . .GWE. . matched
(Blosum6?2 (PSSM or HMM

subsitutions) substitutions)



Searching a database with a PSSM or HMM

Recall that the PSSM is a matrix of scores with the columns
representing positions in a local multiple sequence alignment
and the rows the 20 amino acids

Position 1, 2, 3...

>

A
C |PSSMor profile | |5 there a high scoring region?
D

Similarly, an HMM is a probabilistic model of a multiple
sequence alignment.

>
@ Is there a high scoring region?
O




Other tools: PSI-BLAST

PSI-Blast is position-specific-iterated-blast

Generates a PSSM from the matched sequences in a
BLAST search — it uses the entire sequence

Query sequence

l

Blast database

|

Matched sequences

suonela)|

l Add more sequences to PSSM

PSSM




PHI-BLAST: regular expressions

Regular expressions provide a wide range of pattern
finding options e.g. [LIVMF]-G-E-x (5,11)-[IV]
Implemented In the prosite catalog and used in phi-blast

Prosite entry for ATP/GTP binding site motif A (P loop)
IS [AG] — x(4)-G-K-[ST
In phi-blast, a regular expression is provided — database

IS searched for sequences with pattern, and then psi-blast
used to expand search




3.3.4 Assessing the significance
of sequence alignments

(zlobal alignments:

the distribution 1s not known

L.ocal alignments without gaps:
theoretical work: Karlin=Altschul statistics

—=» L xtreme—=value distribution

Local alignments with gaps:

cmpirical studies

—=» L xireme—=value distribution



The Gumbel Extreme Value Distribution :
distribution of scores expected by aligning
two random sequences of the same length
and composition follow a distribution called
the extreme value distribution (Gumbel EJ,
1962).



=g d i-ﬂ ] Wﬁﬁ

1 PR i FTIT

=p=1 aif ] FA

p==i #15 £ Ort

=p==1 mil L g0t

mymmmi ey s anT

p====1 w3 £ ¥OT

EyasEEs i 2T ot £01

i SaEEEEEEEE .:.“ﬂﬂ _u_ﬂ. Wm

T i R I R s il IE 96

T R | 2 18E 14 kG

= . = === i R B — — s Gg i
EREY A 06

gaousnbas AreIqr( 7 sjueseIdal = 168UT L0 £B ga

=2 50T TET 98
¥=30ET TFT ¥8
=711 0LZ [
=s=3GTT BEZ 08
p==150F S0E BL
yu=m==iFLE 95F 9L
=y====iflF FBS L
sumswnipl9 LGS L

=p======IiGH. Mﬂm gL
sumes=====!700T 86 8BS
pm=====ss===t§LZ]  ZOET 99

seeznosasensss=! 79T [LOG9T W9
yESmmrrrraommmcx==i QT 07 AGET £g

JOEEEREEESsassnssssss=10757 GLET 09

FEES - - - —— o=======iZTf SFO0E 8%
y=======c======z==camzsssmesswes=s? (08 ZLLE 9%

B = - = " ===i058%% FFEF FCQ

} FEaNEEESo====== e = = ===smsmml fAE0 QT0G  £§

4 SSoCoToooooESCEEEDREEEETGEEEREEE S = —- s==igC0% [LELEGS 0%
RN T S S TS SES S S= S oS CSCoSSSECosEEsa SN 0% T350 B
R e e e e L SRS EttS R N I 3 Of
PESSCEES NS . = ] = zzEczcassansnsnns==a=1 5009 9T/0 ¥
E=y=== = SeEsETEEEsESEEESES = == = ===if LTS 0SE9 ZF
EmiEc======== o EEEE ssmsssssssme====I0G05F GHES OF

i == == ===i0fecL daﬂﬂ ﬂﬂ
s===========s=owmamsl]§l{ ILL BIE

p=========100T E£SO0T ¥t

s===I1TAE 1% ZE
20T 60T 0t
LT 1£ Bz

PR i Qe
=i g 14
sapusnbss ATeIqrT ST sajvsseidar = suo =if 1 bk
mm B () Qrt 0 =
(lg ado B

uonnqnsip aloog 'y



Gaussian and extreme
value density functions

Figure 3.17, Probability values for the extreme value distribution [A) and the normal distribution
{B). The area under each curve is 1,




The extreme value distribution

The normal distribution

Y =1/(27) exp[-x° /2]




The probability that score S will be less than value X,
P ( S <x), Is obtained by calculating the area under curve
from - « to X

@ P(S < x)=exp[-e "]

P(S=x)=1-exp[-e "]

=1-exp[-Kmne™]

. probability that there is at least one random
MSP having score S or greater



E-value: the number of HSPs having score
S (or higher) expected to occur only by
chance

E-value Is given by the formula:

@
P(S'>x)=1-exp E




The Gumbel extreme value distribution

7(c/6)
X—ylx=x-0.4500
=(InKmn)/A

P(s=x)= [
AS

~Kmne"

P(S>x)=1-exp[-e 7] >e™~



P(S>x)=1-exp[-e "] —>e"

P(S'> x) =~ Kmne ™




By normalizing a raw score using
the formula

S'=AS —In Kmn




Need of empirical simulations of
the random distribution in order
to calculate Iits parameters

artificial random sequences

uses results from the search: real
unrelated sequences



BLASTP 2.0.5 [May-5-1998]
Query= human XP-F repair gene {905 letters)

Database: Non-redundant SwissProt sequences 74,596 sequences; 26,848,718 total letters

B.
Color Key for Alignment Scores
QUERY
0 125 250 375 h00 625 750 875
_ﬂ_ﬂ—m“_
muﬂm
R &  # & & & & F FEF
T —— e —
L] I
]
(——
Distribution of 11 BLAST Hits on the Query Sequence
Score E
Sequences producing significant alignments: (bits) Value
8p|Q92889 |XPF_HUMAN  DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELL ... 1659 0.0
sp|P36617 |RAl6 SCHPO DNA REPAIR PROTEIN RAD1G 485 e-136
8p|PO6777 |RAD1_YEAST DNA REPAIR PROTEIN RADI 231 4e-60
sp|P40562 |YIS2_YEAST PUTATIVE ATP-DEPENDENT RNA HELICASE YIR002C 37 0.17
Sp|Ql0202 |YAXB_SCHPO PUTATIVE ATP-DEPENDENT RNA HELICASE C13F4.11C 36 0.38



Database: Non-redundant SwissPFrot sequences
Number of letters in database: 26,848,718
Number of sequences in database: 74,596

Lambda K H
0.320 0.136 0.394
Gapped

Lambda K H

0.270 0.0470 0.230

Matrix: BLOSUM&2Z

Gap Penalties: Existence: 11, Extension: 1

Number of Hits to DB: 42777291

Number of Sequences: 74596

Fumber of extensions: 1706128

Humber of successful extensions: 4638

Number of seguences better than 10.0: 12

Humber of HSP's better than 10.0 without gapping: 4
Humber of HSP's successfully gapped in prelim test: 8
Number of HSP's that attempted gapping in prelim test: 4616
Humber of HSP's gapped (non-prelim): 16

length of guery: 905

length of database: 26848718

effective HSPF length: 55

effective langth of query: 850

effective length of database: 22745938

effective search space: 19334047300

effective search space used: 19334047300

T: 11

A: 40

X1l: 16 ( 7.4 bits)

X2: 38 (14.8 bits)

X3: 64 (24.9 bits)
S1: 41 (21.8 bits)
S2: 68 (30.9 bits)




FASTA (3.14 April, 1998) function (optimized, BL50 matrixz) ktup:
join: 39, opt: 27, gap-pen: =12/ -2, width: 16 reg.-scaled

The best scores are: initn initl opt  E-8cC E{)
XPF_HUMAN 11/97 ( 905) 5893 5893 5B93 6529.7 0

RAL6 SCHPO 11/97 ( 892) 1569 519 749 827.2 2,le-39
RAD] YEAST 11/97 (1100) 975 362 619 6B1.7 2.7e-31
YISZ YEAST 11/95 ( 993) 37 37 161 174.6  0.0047
YAXB SCHPO 10/96 ( 578) 91 91 133 147.1 0.16




