CS2220: Introduction to Computational Biology
Sequence Database Search

Wong Limsoon




Popular tools for fast

database search
FASTA
BLAST

Pattern Hunter, ...

Cautionary tales

Wong Limsoon, CS2220, AY2025/26

Poor Sequence Alignment

Good Sequence Alignment

« Poor seq alignment shows few matched positions
= The two proteins are not likely to be homologous

Alignment by FASTA of the sequences of amicyanin and domain 1 of

ascorbate oxidasa
60 T an a0 e

Erdcyanin MPHNVHF VAGVLGE AALEGPHMHEEEQAY SLIFTEAGTYD YHO T HFFMRSEVYY]

macorbake Ceigass ILORGTPWADGTAS ISQCAINPGETFFYNF TVDHPGTFFFHCHLOMOREACLYG!
El] &0 30 100 110 1

No obvious match between
Amicyanin and Ascorbate Oxidase

= Good alignment usually has clusters of
extensive matched positions

= The two proteins are likely to be hamologous

rb;il].‘rﬂ"b'-'gzlrefllﬂ’ 1M3301,.11  unkpown profain [Mesorkizobizw Joti]
Eil14027400 4L BRESITEL . 1| umdeneswsn protein [Meseshizobium leii]
Lepgth = 105

Scega = 105 hits (262), Ezpect = |a-22
ldemtitios = 6L/106 {578}, Poritives = T3/L0E (&ER), Caps = 1/LDE (O}

aecy: | WEPUFLAS [ALALIFLFMAVFAHAATTE [ THERLY ISP TEVSAKVOUT (REVIEDVFANT 50
MEGL WA Fa AATIEST4+ LY 5P ¥ AKNGDTL WVE DV AHT
Shjets | VEAGALIRLEVLAAL AL MAAFARAATIEVTIDELVFSFATVEAKSITIERVIMDVRANT 40
good match between

Amicvanin and unknown M. loti protein




Scaling challenge

Growth of GenBank
(1982 - 2005)

Increasing # of sequenced 2

genomes: yeast, human, rice, ] 4
mouse, fly, ... -4 2 7
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Performance of a search algorithm

Sensitivity
Ability to detect “true positive”

Measured as the probability of finding the match given the query and the
database sequence has only x% similarity

Specificity
Ability to reject “false positive”

A good search algorithm should be both sensitive and specific



Need heuristics for sequence comparison

Time complexity for optimal Heuristic techniques:
alignment is O(n?), where n is BLAST
sequence length FASTA
Pattern Hunter
MUMmer, ...

Given current size of sequence

databases, use of optimal algorithms  Speed up:

IS not practical for database search 20 min (optimal alignment)
2 min (FASTA)
20 sec (BLAST)



Basic idea: Indexing & filtering

Good alignment includes short identical, or similar fragments, so ...
Break entire string into substrings, index the substrings
Search for matching short substrings and use as seed for further analysis

Extend to entire string find the most significant local alignment segment



FASTA
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TAACTA

Overview of FASTA G
T
T
C ] & ®
Fast sequence search T ee o o o @
A L] L] ® 0 @
Based on dotplot T e ¢ v ¢ *
T e e ® ® b @®
|dentify identical words (k-tuples) .f, ¢ s i @ : % : ”
. g : A @ e [ ®
Search significant diagonals A| e e oo o
c ] @ ®

Use PAM 250 for further refinement

Dotplot: For a simple visual representation of the

Dynamic programming for narrow region similarity between two sequences, individual cells
in the matrix can be shaded black if residues are

identical, so that matching sequence segments
appear as runs of diagonal lines across the matrix.

Image credit: https://microbenotes.com/local-global-multiple-sequence-alignment/ 8



FASTA algorithm

Divide query sequence into its constituent overlapping words (ktup) of length
K; default: 2 for proteins and 6 for nucleic acids

Each sequence in the database is also broken up in the same way

Two word lists are compared to find all identical words in both sequences

CTGCACTA AGCTGACGCA

CTG CTG

TGC GCA
GCA

etc.



FASTA algorithm, cont’d

Ktup matches can be depicted in a matrix;
diagonals indicate matches

For every library sequence, the 10 best \

diagonals are constructed from the ktup
matches using a distance formula \

The top 10 diagonals are rescored using
substitution matrices; each of these \

rescored diagonals is called an initial \
region

10



FASTA, further cont’d

Initial regions are joined with a joining
penalty (similar to a gap penalty)

The highest joined score defines the library
seguence’s score

Library sequences are ranked by this score

If the score is high, a Smith—\Waterman
alignment is run in the same dot-plot region
using the same window

The resulting score is reported as the
optimal score

11



BLAST

Wong Limsoon, CS2220, AY2025/26
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Overview of BLAST

Similarity matching of words
3 aa’s, 11 bases
No need identical words

If no words are similar
No alignment

Won'’t find matches for very short
sequences

Altschul et al, JMB 215:403-410, 1990

MSP: Highest scoring pair of
segments of identical length. A
segment pair is locally maximal if it
cannot be improved by extending or
shortening the segments

Find alignments w/ optimal max
segment pair (MSP) score

Gaps not allowed

Homologous seqgs will contain a
MSP w/ a high score; others will be
filtered out

13



Step 1 of BLAST: For the query, find the list of high

scoring words of length w

Ciyery Sequence of length L

____________ bazdrnun of L-w+ 1 words [bypically w = 3 for proteins)

For each word from the query sequence
find the list of words thal will score al least
T when scored ysing a pair-scare makhx
[e.0. Pakd 250].

Image credit: Barton 14



Step 2 of BLAST: Compare word list to db & find exact

matches

________---""_ﬂ_ Database

Exact matchis of words
frar ward it

Image credit: Barton
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Step 3 of BLAST: For each word match, extend

alignment in both directions to find alignment that score
greater than a threshold s

= — = —

—_—

Maximal Segment Pairs MSPs)

Image credit: Barton 16



Exercise

Is BLAST generally more sensitive and more efficient than FASTA? Why?




Spaced seeds



Spaced seeds

111010010100110111 is an example of a spaced seed model with
11 required matches (weight=11)

/ “don’t care” positions

GAGTACTCAACACCAACATTAGTGGCAATGGAAAAT...

GAATACTCAACAGCAACACTAATGGCAGCAGAAAAT...
1110100160100110111

11111111111 is the BLAST seed model for comparing DNA seqs

20



Observations on spaced seeds

Seed models w/ different shapes can detect different homologies

3rd base in a codon “wobbles” so a seed like 110110110... should be more
sensitive when matching coding regions

Some models detect more homologies

More sensitive homology search

PatternHunter |

Use >1 seed models to hit more homologies
Approaching 100% sensitive homology search

PatternHunter Il

21



PatternHunter |

BLAST's seed usually uses more Spaced seeds uses fewer hits to
homology .
— Efficient

= \Wasteful S 95 5 95 o 5
TTGACCTCACC? oot : :
IRRRERNRERE: elezlziez 2] ?
TTGACCTCACC? ? 2?2 9? 27?7 2 ?
11111111111 111010010100110111
11111111111 11 0 00 O 001 011
1/4 chances to have 2nd hit
next to the 1st hit 1/4¢ chances to have 2nd hit

next to the 1st hit

Ma et al., Bioinformatics 18:440-445, 2002 22



Proposition

The expected number of hits of a weight-W length-M model within a length-L
region of similarity pis (L— M + 1) * pW

Proof:

For any fixed position, the prob of a hit is p?/
There are L — M + 1 candidate positions
The proposition follows

23



Implication

PatternHunter |
Ma et al., Bioinformatics 18:440-445, 2002

+ BLAST's seed usually
uses more than one hits

« Spaced seeds uses

fewer hits to detect one

to detect one homology homology
= Wasteful = Efficient
TTGACCTCACC? CAA?A??A?C?2TA?TGG?
RN Irrziezl2?(2?1120112?
TTGACCTCACC? CAAPAR?PA?C?2TA?TGGE?
11111111111 111010010100110111
11111111111 111010010100110111

1/4 chances to have 2nd hit
xt to the 1 1/4¢ chances to have 2nd hit

Copyright © 2004 by Limsoon Wong

H IR
b

PatternHunter |
Ma et al., Bioinformatics 18:440-445, 2002

Proposition. The expected number of hits of a
weight-W length-M model within a length-L
region of similarity pis (L—M + 1) * pW

Proof. For any fixed position, the prob of a hitis p%. There are L —

+ 1 positions. The proposition follows.

Copyright © 2004 by Limsooa Wong

M

ForL=1017 '
Spaced
seeds
likely to
be more
sensitive
& more
efficient

BLAST seed expects (1017 — 11+ 1) *p’ =
1007 * p' hits

But ~1/4 of these overlap each other. So
likely to have only ~750 * p'* distinct hits

)

Our example spaced seed expects (1017 —
18+ 1) *p’ =1000 * p"" hits

But only 1/4% of these overlap each other.
So likely to have ~1000 * p' distinct hits

24



Sensitivity of
PatternHunter |
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Image credit: Ming Li
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Speed of PatternHunter |

a Human 20 b Hurman 17 -] Human 2
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Position on mousa
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Pagition on mouse
chromosame (Mb)

Mouse

Chr1 m
Chr2 m
Chrs

Chré m
Chr10m
Chr 11

ChriZm
Chri7m
Chr18m

Mouse Genome Consortium used
PatternHunter to compare mouse
genome & human genome

PatternHunter did the job in a 20
CPU-days ---it would have taken
BLAST 20 CPU-years!

Nature, 420:520-522, 2002 26



How to increase sensitivity?

Ways to increase sensitivity:

“Optimal” seed

Reduce weight by 1

Increase number of spaced seeds by 1

Intuitively, for DNA sequences,
Reducing weight by 1 will increase number of matches 4 folds
Doubling number of seeds will increase number of matches 2 folds

27



Exercise

Is it better to use two spaced seeds or a reduced weight spaced seed?




PatternHunter Il

ldea
Select a group of spaced seed models

For each hit of each model, conduct
extension to find a homology

Selecting optimal multiple seeds is
NP-hard

Li et al, GIW 2003, pp. 164-175

See also llie & llie, “Multiple spaced seeds for homology

search”, Bioinformatics, 23(22):2969-2977, 2007

Algo to select multiple spaced seeds
Let A be an empty set

Let s be the seed such that A U {s}
has the highest hit probability

A=A U{s}
Repeat until |A| = K

Computing hit probability of multiple
seeds is NP-hard

30



Sensitivity of PatternHunter li

Solid curves: Multiple (1, 2, 4, 8,16) I
weight-12 spaced seeds --
0.8

Dashed curves: Optimal spaced seeds el
with weight = 11,10, 9, 8 £ ]
% .44

= “Double the seed number” gains . 2_—-:
better sensitivity than “decrease the ]
weight by 1” 3

00.6

Image credit: Bin Ma
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Expts on real data

30k mouse ESTs (25Mb) vs 4k human ESTs (3Mb)
Downloaded from NCBI genbank

“Low complexity” regions filtered out

SSearch (Smith-Waterman method) finds “all” pairs of ESTs with significant
local alignments

Check how many percent of these pairs can be “found” by BLAST and
different configurations of PatternHunter Il

32



H wa i l.1a.a-.;‘r| iy S

PH 4 seeds 575 sec

PH1 s.eeﬁ 214 s;e'(
BLAST, 75 sec

(SSearch. 20 days)

ettt —t—t—t——————{ 1A g e-Ctedit M a
05320 30 40 50 60 70 20 90

Wong Limsoon, CS2220, AY2025/26 3 3



Farewell to Supercomputer Age of sequence comparison!

Time required to compare Arabidopsis
Computer: Flll FOOMhz Redhat 7.1, 1 G main memaory chromosomes 2 and 4
Lequence Length Blastn PatternHunter Megablast
816K vs 580K 47 sec 4 cec
PattemHunter
4639K vs 1830K 716 et 44 e
Z0M vs 18M aut af mermary 13 min 0 5000 10000 15000 20000 Seconds
lo0m ———rrr ——— — ————rr
: PatternI-]ISleter —_—
[ astn ——
Memory required to compare Arabidopsis ‘% MegaBlast —
chromosomes 2 and 4 -
g 1000 |
o
hegablost e
:
ab
PottemHunter FERUNS
0 200 400 &O0 g00 1000 ME
Image credit: Bioinformatics Solutions Inc T T T T T T T T T T T e e

alignment rank

Wong Limsoon, CS2220, AY2025/26 3 4



About the inventor: Ming Li

Ming Li

University Professor, Univ of Waterloo
Fellow, Royal Society of Canada
Fellow, ACM

Fellow, IEEE




Cautionary tales



Guilt by association

Good Sequence Alignment

+ Good alignment usually has clusters of
extensive matched positions

. = The two proteins are likely to be homologous
Poor Sequence Alignment am

Cagi | 13476732 | ref (WP _108301. 11
2il 04027403 [dhj IRAESL7ED 11

ankpoen protain [Mezorkizobizm loti]

uElnsem pjulﬁflu [lBal.-J'Ilixq'lliu- |uli]
Léegth = 105
+ Poor seq alignment shows few matched positions stors = 105 it (263), Fapact = le-20
ldemiities = GLI10E [5TR), Positiwves = TIFL06 (6ERY, Gaps = 15LO6 (0%
- The m protEIns are nDt hke'y tﬂ be homnlogous Guacy: | MEPORLAS [ALAL IFLFMAVFAHAATTE [ TNERLY | SPTEVZAKVOIT IRFVIEEDVEAHT 40
ME G L b M4 Pa AATIE+T4=+ LW 5P W AKWGEITI WM DY AHT
Eojot: | MEAGALIRLEWLAAL AL MAGFAARSTIEVTIDELVFEPATVEAKVOIT [EFMREIVYANT &0
Allgnment by FASTA of the sequences of amicyanin and domain 1 of good m hetween
ascorbate oxidasa ¢ A : .
Amicvanin and v wi M. loti protein
63 T0 an 0 o
Ardcyanin

M HNVHE VAGVLGE RALKGFHHEKEQAY S LIFTEAGTYD YHE TP HEFMRSKVVYI

Aacorbate Quildass ILORGTPWADGTASISQCATNPGETFFYNFTVDNPGTEFYHOHLEAREAGLYG!
M g0 0 oo ]

110 ]
Mo obvious match between
Amicyanin scorhate Oxiadase

37
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BLAST is one of the most popular tool for doing “qguilt-

by-association” sequence homology search

find seqs with

L a» | anking
! @ alignment
> P ) [T
find from db seqs | [ 4D |

with short perfect & X
matches to query
a» X

seq
[ X

38



Homologs obtained by BLAST for a query sequence

Socore E
Sequences producing significant alignmwents: (bhits) Value
61143193750 | cfo | AAKSEI0D. 1| AFS54081 1 protein tyrosin phosph. .. 62: e=177
gqilleacde?|sp|P15433 | PTRAL HUMAN Protein-tyrosine phosphatase... EEI e-177
gil4sl6303 | ref |NP U087, 1] protelin tyrosine phosphatase; ... EEI e=176
ailez27294|prf]| |17013004 protein Tyr phosphatase £20 e-176
21119450369 | pef | NP _S5430230,1] protein tyrosine phosphatase, ... .ﬁij! e-176
G| 32067 [emb | CARSTYE47.1| tyrosine phosphatases precursor [Ho... ﬁ;l,: =175
gi| 285113 |pir] |JC1285 protein-tyrosine-phosphatase (EC 3.1.... 519 =176
gil| 6981446 ref|NP 036895.1] protein tyrosine phosphatase, r... 1l 2-176
gi| 2095414 | pdl | 1¥FO| A Chain &, Receptor Protein Tyrosine Ph... 1E e=174
gi|32315 | enmb | CAAGEE6Z .1 | protein-tyrozine phosphatase [Howo... 1 e-174
il 450583 | ob | AAROG150. 1 | protein tyroszine phosphatase >gi|4... &0 e-172
gi|6673557 | ref|NP 033006.1 | protein tyrosine phosphatase, r... & - e-172
il 4853922 (o] Aaal17990.1 | protein tyrosine phosphatase alpha a9 e-170
[ ]

Thus, the query sequence could be a protein tyrosine phosphatase a (PTPa)

Wong Limsoon, CS2220, AY2025/26 3 9



Example alignment
with PTPa

Wong Limsoon, CS2220, AY2025/26

BCoOre =
[dentities = 2847302 (97%), Posltlwes = 2947302 (97%)

Query:
shict:
Query:
shict:
Query:
shict:
Query:
shjct:
Query:

shjct:

1

202

fil

16l

121

321

181

382

241

442

632 blts {1629, Expect = e-180

eP e TNEEYPFLPVDELEEE INEEMADDNELFEEEFNAL PACE [QATCE A8 REEI000NR
SP S TNEEYPFLPVDELEEE INEEMADDNELFEEEFNALFACE IQATCEALS E

&l

SP R THEEYPFLFVDELEEE INEEMADDNELFEEEFNAL PACE IQATCEAL SKEENKERNE 261

YVN I LPYDHREVHLTPYEGVPDEDY INAGE INGYQERNEF [ A8QGPEEETVNDFWEMIWE
YV I LPYDHEEVHLTPYEGVPDEDY INASE INGYQERNEF [ AAQGFEEETVNDFWEMIWE
YVN I LPYDHREVHLTPYEGVPDEDY INAGE INGYQERNEF [ AAQGPREETVNDEWEMIWE

QNTAT IVMYTNLEERKECEC AQYWE DOGCWTYGNYEY S VEDVTVLYDY TVEEFC IQQVGD
ONTAT IVMYTNLEERKECEC AQYWE DOGCWTYGHYEYSVEDVTVLYDY TVEEF C IQOVGD
QNTAT IV TNLEERKEECEC AQYWER DOGCWTYGHYEY S VEDYTVLYDY TVEEFC IQQVGD

120

321

130

381

VTHNEEFQFEL I TOFHF TEWPDFGVEF TR IGMLEFLEEVEACNPQYAGA TVVHC SAGVGRTS 240

VINEEPQRLITOFHF TEWPDFGVEFTE IGMLEFLERVEACHPOYAGS TVVHC S AGVGETG

VINEEPQRELITQFHFTEWFDFGVPFTF IGMLEFLEEVEACHPQYAGA I VVHC SAGVGRTG 441

TEVV I DAMLDMMHEEREYDVYGFVER I RAQRCOMYOTDMOYVE [YOALLEHYI YD TELE
TEVV I DAMLDMMHEEREVDVYGEFVER I RAQRCOMYOTDMOYVE [YOALLEHYI YD TELE
TEVV I DAMLDMMHEEREYDVYGEVER I EAQRCOMYOTDMOYVE IYOALLEHYI YD TELE

200

501

40



Guilt by association: Caveats

Ensure that the effect of database size has been accounted for

Ensure that the function of the homolog is not derived via invalid “transitive
assignment”

Ensure that the target sequence has all the key features associated with the
function, e.g., active site and/or domain

41



Law of large numbers

Suppose you are in a room with 365 Q: What is the prob that there is a
other people person in the room having the same

birthday as you?

A: 1 —(364/365)3%° = 63%
Q: What is the prob that a specific

person in the room has the same

ey 7k el Q: What is the prob that there are
A: 1/365 = 0.3% two persons in the room having the
same birthday?

A: 100%

42



Interpretation of P-value

Seq. comparison progs, e€.g. BLAST, Suppose the P-value of an
often associate a P-value to each hit alignment is 10°

If database has 107 seqs, then you
expect 107 * 10° = 10 seqs in it that
give an equally good alignment

P-value is interpreted as prob that a
random seq has an equally good
alignment

— Correct for database size if your
seq comparison prog does not
Note: P=1-¢F

43



Lightning does strike twice!

Roy Sullivan, a former park ranger, was struck by lightning 7 times
1942 (lost big-toe nail)

1969 (lost eyebrows)

1970 (left shoulder seared)

1972 (hair set on fire)

1973 (hair set on fire & legs seared)
1976 (ankle injured)

1977 (chest & stomach burned)

September 1983, he committed suicide g Ty e—

Data: David Hand

45



Exercise

One fourth of all residues in protein sequences occur in regions with biased
amino acid composition

What happens when you align protein sequences containing biased amino
acid composition?

What should you do about this?

Y
Source: NCBI 6




Effect of sequence
length

sequence identity (1), %

| U-sets

1 HSSP(+3%)
1 40

—= 1%

sequence length (L)

Abagyan RA, Batalov S. Do

aligned sequences share the

same fold? J Mol Biol. 1997
Oct 17;273(1):355-68
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IMP dehydrogenases (IMPDH)

18 entries were found

Wong Limsoon, CS2220, AY2025/26

D Organism \ PIR | Swiss-Prot/TrEMEL RefSeq/GenPept
21582300 inosine-S-monophosphate
: - Ef4381 conserved hypothetical protein . . dehydrogenase (guab)
WEO0181857 [Methanococcus jannaschi WI0653 ¥i653_METIA Hypothetical protein MI0653 NP 247637 inosine-5-monophasphate
dehyrdrogenase (guab)

560355 MI063S homolog AFO247
LALT MAMES: inosine-monophosphate

028411 INOBINE MONOPHOSFHATE

22649734 inosine monophosphate
dehyrdrogenase (guab-1)

NEQO1E7788 | Archaeoglobus fulgidus dehydrogenase (guab-1) homolog DEHYDROGENASE (SUAB-1) HP_069681 inositie monophosphate
[trisniomer) dehydrogenase (guab-1)
F&8514 wheV homolog 2 226428410 inosine monophosphate
NF00188267 |Archasoglobus fulgidus LALT MAMES: inosine-monophosphate 028162 INOSINE MONOPHOSEFHATE dehydrogenase (guabB-2)

dehydrogenase (guab-2) homolog
[tristiomer]

DEHVDROGENASE (GUAB-)

MF_070943 inosine monophosphate
dehydrogenase (guaB-I)

IEOD 188697

iphosphate

s A partial list of IMPdehydrogenase misnomers o

e

Ld Ld [d o
hosphat
in complete genomes remaining in some aogospht
MF001%7776 Therme tprotein
e i wonophosphate
public databases prten
mophosphate
lethansothertnobacter Iyt 027204 INOSINE- S-MOHNOPHOSPHATE dehydrogenase related protein V
MNF00414709 thermantotrophicus ‘jLT—NMES ‘inosine-monophosphate DEHYDROGENASE RELATED PROTEIN ¥ HP_276354 inosine-5-monophosphate
ehydrogenase related protein V [misnomer) PR .
dehyrdrogenase related protein V
DaR035 MT1232 protein homolog MTH126 2621166 inosine-J-monophosphate
NE00414311 Idethanothermobacter |ALT NAMES: innsine-5-monophosphate (026220 INOSINE- 5 MONOPHOSPHATE dehydrogenase related protein VII
——[thermautotrophicus dehydrogenase related protein VII DEHYDROGEN ASE RELATED PROTEIN WII MP_275269 inosine-5-monophosphate
[isniomer) dehyrdrogenase related protein VII
; 22623093 inosine-J-monophosphate
Methanothermobacter HG9233 MI1225-related protein MTH392 027073 INOSINE- 5 MONOPHOSFPHATE dehydrogenase related protein [
NEO0414537 A ALT MAMES: nosine-3-monophosphate T
——thermautotrophicus deh;?dwgenase related protein IX [misnomer] DEHYDROGENASE FELATED FROTEIN [ MP_276127 inosine-3-monophosphate
dehyrdrogenase related protein I
2622697 inosine-S-monophosphate
ME004 1406 Methanothermobacter %ﬁg;ﬁﬁfiam hosnhate 027616 INOSINE- 5 MONOPHOSPHATE debydrogenase related protein 3
————— thermautotrophicus deh}?dmgenaée related pratelfn w Eznisnumer] DEHYDROGENASE RELATED FROTEIN X MP_27668T inosine-S-monophosphate
dehyrdrogenase related protein X

49



IMPDH domain structure

FChOO487: PROCOO391 IMP dehydrogenase £ GMP reductase signature
FFOO47S: IMP dehydrogenase £ GMP reductase C terminus

wporgoiga FPFOOS71: CBS domain

L e e FFO1351: Helix-tumn-helix

wf PFO1574: IMP dehydrogenase / GMP reductase N terminus

i FFOZ2195: ParB-like nuclease domain

¥idrann120) e S S TS ST e e T S S P AT oo
(EFODOIEY) A e e “ A0 ‘\
KSEF%‘.];.G%LBJ oy e == 4194 <::I IMPDH Misnomer in Methanococcus jannaschii
(STORRDE) ki Ao o 1ed &=
(SFIPDQDE-:]E; 2 s 133 <::| IMPDH Misnomers in Archaeoglobus fulgidus
S e e e ™ (=

Typical IMPDHs have IMPDH domains as catalytic core and CBS domains
A less common but functional IMPDH (E70218) lacks the CBS dontains.

Misnomers show similarity only to the CBS domains

50



Invalid transitive assignment

phosphanbosyl-AMP eyelohydralase (EC
B::} ™ H70468 [SFO01258 ||051440)|3.5.4.19) f phosphoribosyl- ATP pyrophosphatase || Aquifex aeclicus Proklother [594.3  |4.8e-26 (205 [39.084 (197
(EC 3.6.1.31) [srrularity]

phosphorbosyl-AMP cyclohydrolase (EC
7 576963 |[SFO01258 |039935)|3.5.4.19) f phosphoribosyl- ATP pyrophosphatase |Synechocystis sp Proklgram- (5570 [5.7e-24 (230 39,175 |19 | s——
(EC 3.6.1.31) [sunilanty]

[ T35073 |SF029243 005738 probable phosphorbosyl-AMP cyclohydrolsse  Streptomyces coelicolor  Prolpram+ (399.3 [3.5¢-15 128 42.157 (102 | s

lshosphorbosyl- AMP eyelohydrolase (EC
3.5.4.19) f phosphoribosyl- ATP pyrophosphatase
(EC 3.6.1.31) / lushdinel dehydrogenase (EC

553349 [SFO01257 001188

Saccharomyces cerevisiae | [Eulofungs  ([384.1  |2.5e-14 (799 31263 (204 | ee—

1.1.1.23
A | rEssass srozs243 oose 3h;:“?;;‘?$ﬂlp cyclahydralage (EC Archaeoglobus filgidus  |Archae (3968 |4.8e-15 [108 }41.773 U —
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Emerging pattern

A31997
(5 FO00130)

E70218
(SFO00121)

Ef4351
(SFO04505)

GEI3ES
(5 FO0SE9E)

FEQ514
(SFO04594)

BEI407
(S FO04699)

dpip FChO0487: PROCOO291, IMP debydrogenase £ GMP reductase signature
e PFO0S73: IMF dehydrogenase / GMP reductase C terminus
et FFOOS71: CEBS damain

AR PFO1351: Helix-tum-helix
ek el e PFO157<: IMFP dehydrogenase / GMP reductase M terminus
ipghin FPFOZ195: ParB-like nuclease domain

il o 514

Pt o e o et ot Pt e soodoiodoiedoc sojoaindojodol

iy o ang

4194 <::I IMPDH Misnomer in Methanococcus jannaschii

4 188 <:::::]

i 133 <::| IMPDH Misnomers in Archaeoglobus fulgidus

s 250 <C::::]

Most IMPDHs have 2 IMPDH and 2 CBS domains

Some IMPDH (E70218) lacks CBS domains

IMPDH domain is the emerging pattern

Wong Limsoon, CS2220, AY2025/26
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Concluding remarks
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Exercise

What have you learned?
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