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Starts with a Query Sequence in FASTA Format

Amino acid sequence:

>ribosomal protein L7/L12 [Thiomicrospira crunogena XCL-2]
MAITKDDILEAVANMSVM ELVEAMEEKFGVSAAAVAVAGPAGDAGAA
GEEQTEFDVVLTGAGDNKVAATKAVRGATGLGLKEAKSAVESAPFTLKEG
VSKEEAETLANELKEAGIEVEVK

Note the description line
Starts with “>”, ends with carriage return

Nucleotide sequence:
; Not read as sequence data

>gi|118139508:333094—333465 Thiomicrospira crunogena XCL-2

ATGGCAATTACAAAAGACGATATTTTAGAAGCAGTTGCTAACATGTCAGTAATGGAAG
TTGTTGAACTTGTTGAAGCAATGGAAGAGAAGTTTGGTGTTTCTGCAGCAGCAGTTGC
GGTTGCAGGTCCTGCAGGTGATGCTGGCGCTGCTGGTGAAGAACAAACAGAGTTTGAC
GTTGTCTTGACTGGTGCTGGTGACAACAAAGTTGCAGCAATCAAAGCCGTTCGTGGCG
CAACTGGTCTTGGGCTTAAAGAAGCGAAAAGTGCAGTTGAAAGTGCACCATTTACGCT
TAAAGAGGGTGTTTCTAAAGAAGAAGCAGAAACTCTTGCAAATGAGCTTAAAGAAGCA
GGTATTGAAGTCGAAGTTAAATAA

Kerfeld and Scott, PLoS Biology 2011




NCBI BLAST Interface
blastp: for protein-protein alignments

¥NCBI BLAST/ blastp suite
blastn | blastp |

BLASTP programs search protein databases using a protein query. more...

Enter Query Sequence

Enter accessi

n number, gi, or FASTA sequence &
(Paste FASTA format
sequence here)

]

Job Title [

Querysubrange &

Clear

Fom[ ]

v —]

Or, upload file

Enter 3 descriptive fitls for your BLAST search &)
[ Align twe or more sequences ©

Choose Search Set

Database [ Non-redundant protein sequences () ¥ | &

Organism
optional [ | CExclude +

Enter organism common name, hinomial, o taxid. Only 20 top taxa il be shown

Exclude
Optional
Entrez Query I
Optional

Ol Models (avAXP) L] Unculturedferironmental sample sequences

Enter an Entrez queryta [imitsearch
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Resel page

Bookmark

NCBI BLAST Results Page:

Potential homologs retrieved from database

Color key for alignment scores

40-50 B80-200
Query
| | | | | | |
0 30 60 90 120 150 180
Sequences producing i
Accession Description | Max score Total score Query coverage e
NP 440048.1 potential FMN-pratein [Synechocystis sp, PCC 6803] sp|P727 E) 379 100% 1e-103
YP 0018642951 flavin reductase domain-containing protein [Nostos punctiform 198 199 100% 2ze-a0
YP 3218881 flavin reductase-like, FMN-binding [Anabaena varisbilis ATCC 198 198 98% e-a9
L] be 4864841 flavoprotein [Nostoe sp. PCC 7120] >5p|QBTNW7 1|DFAG_ANE 187 197 95% 6e-49
CAOBISE2.1 dfad [Mierocystis aeruginesa PCC 7808] 184 194 100% 3e-df
ZP 01630850.1  flavoprotein [Nodularia spumigena CCY9414] >0b|EAWA4518, 193 193 100% 6e-ds

score =

-

fuery
sbict
Muery
sbict
tuery
swjct
fuery
sbict

SEME Ib: 7267753 Cueniazs Lato |
[Cvanothece op. FCC 7425]

Identivies =

3 QLEVET:

Length=585

176 bits (448), Expect

. le-42, Method:
35/196 (45%), Fositives = 125/186 (63%), Gaps = L6/L36

SGANFARQLRTHKRRTARQATTE TQADRT( QAVGRTIGS TGV TTQTTGRHE-
ABHFAH L+ FHIR E_(H+DRT+OAVGRIIGS+ W4T +

3 AGSDFAQVLEKAKKORSPROSILEVQSDRTEQAVGRIIGSLCVLTAENQ UTHPHPEVEE 1]

UGTLTSIVSQASFTPPG N AT POEFDAYCLAGUNRAFLNLLEGRSVRRUIDH
+L SUVSUASF PRGH +ht T FYLE+14EG ++RRHF
T AKE - FAELDES GO LA N LRRAT S

QPL EHYSTQNGCLILAEALAYLECLTQSWSNIGDHVLVEATVOAGQVLY
+ L HNGC +L + LAVLEC 705 GDH L+FATV GHVLQ
SFAP——EEDRFAMMW ENGCPVLODCLAYLECT

TVIGETLQ
ENGITATRIRESGSAT 163

G TA+HFESE
FTETT

555

fon ref wp_nnzas2567.11 K8 e1avin requstase domain protein FN-binding [Cranstheoe sp. FOC

gb AELAMZZE 11 [& f1avin redustase donain protein Pi-binding [Gyanothece sp. POC

flavin reductase domsin protein FHN-binding

Compositional metrix adjust.
(8%)

sz
a5z

511
167
568
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Overview of BLAST

Segment the query sequence into short “words”

Use the query sequence segments to scan the
database for matching sequences

Extend the matched segments in either
direction to find local alignments.

Create a list of hits & alignments, with best

> W b=

matches first

Kerfeld and Scott, PLoS Biology 2011

BLAST Phase 1: Segment the query sequence and
identify words that could form potential alignments

Query Sequence:

>gi|16329320 (residues 412 to 594)
SGANFARQLRTHKRQRIARQATTETQADRTQQAVGRI IGS IGVVTTQTTG
RHDGILTSWVSQASFTPPGIMLAT PGEFDAYGLAGQNKAFVLNLLOEGRS
VRRHFDHQPLPKDGDNPFSRLEHYSTQNGCLILAEALAYLECLVQSWSNT
GDHVLVYATVQAGQVLOPNGITATRHRKSGGQY

Fragmentation into words:
SWVSQASFTPPGIM SWV WV3 V5Q SQA QAS ASF SFT ...

Selection of words scoring above threshold (for word SWV)-
ubstitution Matrix* SWV (4+11+4 = 19)
1

S
RIG[I K F[5 [T v =
wls 0 lili=T1 1o 2 SWI (4+11+3=18)
G 64230 [2]2 3 TWV (1+11+4 =16} | Synonyms above
:( L] -53 03 -02 } 3 32 GWV (0+11+4 = 15) R:‘fhesm‘dt"-- )
- -1 ]-3 |- ers Not show
E 8 2 21 1 = KWV (0+11+4 = 15)
_? 4 :_’ g 702 SWS (4+11-2=13)
- SEV (4+1+4=9 Synonyms below
W 11,-3 ( ) ] m¥eshg\d 1.
Y 4 SRV (4-3+4=3) (others not shown)

*A portion of the BLOSUM 62 matrix

Kerfeld and Scott, PLoS Biology 2011

— Segment the query
sequence into pieces
(“words”)

» Default word length: 3
amino acids or 11 nucleic
acids

— Create a list of synonyms
and their scores for
comparing query words to
target words

» Uses scoring matrix to
calculate scores for
synonyms that might be
found in the database

— Save the scores (and
synonyms) exceeding a
given threshold T




BLAST Phase 2: Using the query sequence word list,
scan the database for synonyms (hits)

— Scan the database for matches to the word list with
acceptable T values

— Require two matches (“hits”) within the target

sequence
— Set aside sequences with matches above T for further
analysis
Words
SWI PGI

wereienene« « SWITEASFSPPGIM.... . €— Possible match from the database

Kerfeld and Scott, PLoS Biology 2011

BLAST Phase 3: Extending the hits

— Search 5’ and 3’ of the word hit on both the query and
target sequence

— Add up the score for sequence identity or similarity
until value exceeds S

— Alignment is dropped from subsequent analyses if
value never exceeds S

RHQGIL QASFTPPGIMLAIPGEFDAYGLAGQNK
SRR e
. . TAMLVISWVSQASFNPPGLTIALAKE . RAEGLDHSGD

Word match Extension until score drop's
from Step 1

Kerfeld and Scott, PLoS Biology 2011




So, to summarize:

» BLAST segments query sequence into “words” and
scores potential word matches

» Scans this list for alignments that meet a threshold

score T

— uses a scoring matrix to calculate this (e.g., BLOSUM62)

» Uses this list of ‘synonyms’ to scan the database
» Extends the alignments to see if they meet a cutoff

score S

— uses a scoring matrix to calculate this
» Reports the alignments that exceed S

Kerfeld and Scott, PLoS Biology 2011

PAM and BLOSUM Matrices

» Scoring matrices are
calibrated to capture different
degrees of sequence similarity

 In practice, this means
choosing a matrix appropriate
to the suspected degree of
sequence identity between the
query and its hits

« PAM: empirically derived for
close relatives

+ BLOSUM: empirically derived
for distant relatives

Kerfeld and Scott, PLoS Biology 2011

More divergent

BLOSUM45

BLOSUM®62

BLOSUMS80

BLOSUM90

A PAM240

PAM180

PAM120

v PAM30

Less divergent
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Raw Scores (S values) from an Alignment

S = (2M;) = cO - dG,
where
M = score from a similarity matrix
for a particular pair of amino acids (ij)
¢ = number of gaps
O = penalty for the existence of a gap
d = total length of gaps

G = per-residue penalty for extending
the gap

Kerfeld and Scott, PLoS Biology 2011
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Limitations of Raw Scores

» S values depend on the substitution
matrix, gap penalties

 Impossible to compare S values from hits
retrieved from BLAST searches when
different matrices and gap penalties are
used

Kerfeld and Scott, PLoS Biology 2011
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Going from Raw Scores to Bit Scores

S’ = [AS-In(K)]/In(2)
where

S’ = bit score

A and K = normalizing parameters of the
specific matrices and search spaces

(asinOvs 1)

— Larger raw scores result in larger bit scores

— Allows user to compare scores obtained by
using different matrices and search spaces

Kerfeld and Scott, PLoS Biology 2011
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Limitations of Bit Scores

» How high does a bit score have to be to
suggest common ancestry?

— Hard to evaluate hits as homologs or not,
based solely on bit scores

Kerfeld and Scott, PLoS Biology 2011
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E-value

» Number of distinct alignments with scores
greater than or equal to a given value expected
to occur in a search against a database of
known size, based solely on chance, not
homology.

— Large E-values suggest that the query sequence and
retrieved sequence similarities are due to chance

— Small E-values suggest that the sequence similarities
are due to shared ancestry (or potentially convergent
evolution)

Kerfeld and Scott, PLoS Biology 2011
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Calculating E-values

E=(nxm)/25
where
m = effective length of the query sequence
= length of query sequence — average length of alignments

(Controls for fewer alignments occurring at the ends
of the query sequence)

n = effective length of the database sequence
(total number of bases)

The value of E decreases exponentially with increasing S

Kerfeld and Scott, PLoS Biology 2011
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BLAST Parameters

¥ Algorithm parameters

Gengral Parameters

Max target 100 [v
sequences

Selectthe maximum number of alighed sequences to display @

Short queries ically adjust far short input ]
Expect threshold 10 e
Word size 3 |v]@

Scoring Parameters

Matrix BLOSUME2 [v| &
Gap Costs Existence: 11 Extansion: 1 || &
Compositional Conditional compositional score matrix adjustment || &

adjustments
Filters and Wasking
Filter [ Low complexity regions @

Mask [ Mask for lookup table only @
[ Mask lower case letters €

BIAST ) | Search database nr using Blastp (protein-protein BLAST)
[ show resutts in anew window

17

+ Alignments will be reported
with E-values less than or
equal to the expect values
threshold

— Setting a larger E
threshold will result in
more reported hits

— Setting a smaller E
threshold will result in
fewer reported hits

Kerfeld and Scott, PLoS Biology 2011

E value Threshold

¥ Algorithm parameters

Gengral Parameters

Max target 100 [v
sequences

Selectthe maximum number of alighed sequences to display @

Short queries ically adjust far short input ]
Expect threshold 10 e
Word size 3 |v]@

Scoring Parameters

Matrix BLOSUME2 [v| &
Gap Costs Existence: 11 Extansion: 1 || &
Compositional Conditional compositional score matrix adjustment || &

adjustments
Filters and Wasking
Filter [ Low complexity regions @

Mask [ Mask for lookup table only @
[ Mask lower case letters €

BIAST ) | Search database nr using Blastp (protein-protein BLAST)
[ show resutts in anew window

18




Filter and Mask

« Filter: Low complexity
— Replaces the following g | [

) : sequences Selectthe maxmum number of ligned sequentes o display &

Wlth N (n uCleOt'deS) Shoit queries [¥] Automatically adjust parameters for short input sequences @
. . Expect threshold 19 @

or X (amino acids) )

* Dinucleotide repeats

Word size 3 ¥@

Scoring Parameters

. Amino aCid repeats Watrix BLOSUME2 [v| &
Gap Costs Existence: 11 Extensian 1 M@
e |Leader sequences 53;::2:?::;:“ Conditional cormposiional s ore matix adjustment || &
. StretCheS Of hydI'OphObIC resldues Filters and Masking
w—p Filter [ Low complexity regions &

» Mask: Lower case —

[ Mask lower case letters &
— Replaces lowercase letters in ——
sequence with N or X

using Blastp (protein-protein BLAST)

» Lowercase letters typically indicate
base or amino acid not known with
certainty

Kerfeld and Scott, PLoS Biology 2011
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Parameter Summary is Found at the Bottom
of the Output.....

Search Parameters

Program blastp
Word size 3
Expect value 10
Hitlist size: 100
Gapcosts 11,1
Matriz BLOSUMEZ
Filter string F
Genetic Code 1
Window Size 40
Threshold 11
Compaosition-based stats 2

Database
Posted date Sep &, 2010 4:42 AM
Mumnber of letters 4,014,994,744
Nurnber of sequences 11,756 663
Entrez query none

Karlin-altschul statistics

Lamnbda 0.319424 0.267
3 0.13352 0,041
H 0.397413 0,14

Results Statistics

Length adjustrment 129

Effective length of query Set

Effective length of database 2495359417

Effective search space 134911408518
Kerfeld and SCOtt, PLoS BiOIOgy 2011 Effective search space used 1349114085158
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Evaluating BLAST Results

Query
I

Color key for alignment scores

<40 40-50 80-200 >=200

0 30 60 30 120 150 180

Sequences producing B

Accession Description | Maxscore | ZTotalscore | Query coverage |_ E value
WP 440048.1 potential FMH-protein [Synechocystis sp, PCC 6803] »sp|P727 329 379 100% 1e-103
¥P_001864295.1  flavin reductase domain-containing protein [Nostoc punctiform 199 199 100% 26-49
YR 5218651 flavin reductase-like, FMN-binding [Anabasna varisbilis ATCC 188 135 98% Ge-dd
WP 438484.1  flavoprotsin [N0stos 5p. PCC 7120] »5p| QBYNW? 1|DFA4_ANF 197 197 98% 6e-49
CA0B9562.1 dfad [Microcystis acruginosa PCC 7806] 194 194 100% 36-48
ZP 016308501  flsvoprotein [Nodularis spumigens CEYS41d] >gb|EAWA4S1S, 103 193 100% 6e-a8

Ey
g}: AEL44226 11 [& f1avin reductase dousin protein PO-binding [Gyamothece sp. FOC

Lengr.h 585

GEIE ID: 7287783 Cyan7425_L859 | flavin reductase domsin protein FHU-binding
[Cysnothece sp. PCC 7425]

Gcore = 176 bits (448), Expect = le-d2, Method: Compositional matrix adjust.
Tdenticies < 95/196 (48%), Positives = 1557196 (63%), Gaps o 16/16 5%)

-

Muery SGANFARQLRTHERORTARQATTETQADRTQQAVGRTIGSTGVVTTQTT 52
+GHFA+ I+ K+0R RO+ E (4DRTHOAVGRIIGS+ V4T +

sbict 393 AGSDFADVLKKAKKURSPRHSILEVUSDRTEUAVERIIESLEVLTAKEUUTHPHPEVEEP 452

tuery 53 - USILTY S TP LG IMLATPGEFDATCLAGUEA FLNLLQERSTRRAIDE 107
+L SUVSUASF PRGH it AFYLIHLHEG +HRREF
spjcr 453 LEVETANL YAV A AT LT TAL &I - FAEGLDRS DA P PG IERHRS 511

faery 100 QFLEKDODNFFSRLEHVITQOCLILAEALAYLECLYGSUSNIGDIVLUZATUOACOVLY 167
¥ G 4L+ VO3 GDH L#TATV  G+VLQ
Sbict 512 SFAP——DEDRFAGLNIHUAENDEPVLHDELAYLEETVDSFMEEGDHWLIYATV]I‘NDKVLU 569

Query 168 PNGITATRHRESGEQY 183
P G TAHHRESG 0F

Sbict 570 PTGIT

2 ref wp_nnzas2567.11 K8 e1avin requstase domain protein FN-binding [Cranstheoe sp. FOC

21
Kerfeld and Scott, PLoS Biology 2011
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Examine the BLAST Alignment

=L ref |¥P_O002482557.1 E flavin reductase domain protein FMHN-binding [Cyanothece sp. PCC
7425]

21 E flavin reductase domain protein FMN-binding [Cyanothece sp. PCC

Length=585 Does it cover the whole length of both the query and subject sequences?

ID: 72877583 Cyan7425 1859 | flawin reductase domain protein FME-binding
[Cyanothece sp. PCC 7425]

Socore = 176 bits (446), Expect = le-42, Method: Compositional matrix adjust.
Identities = 95/196 (48%), Positiwes = 125/196 (63%), Gaps = 16/196 (&%)

Query 1 GGANFAROLETHERIRIARJATTETADRTOQAVGRI IGSTGWVT IDTTGRH ———————— 52
+6+Fit+ L+ E+QR R0+ E HDETHQAVGRIIGIH+ V+T +
Sbjeot 393 AGSDFAQVLERAFKORIPROGILEVQIDRETE QAVGRIIGSLCVLTAKQQQTHPHPEV’EEP 452

Query 53  ----—- QGILTSWYEQASFTPPGINLATIPGEFDAYGLAGONEAFVLNLLOEGRSVEFHFDH 107
+L SWVIQASF PPG+ +&+ E A4 GL AFVLN+L+EG ++FFHF
Shict 453 QLEVPTAMLVATVIQARFNPPGLTIALAFE-RAEGLDHIGDAFVLNVLEEGMNIERHFIE 511

Query 108 QPLPEDGDNPFERLEHYSTONGCLILAEALAVLECLVOSWSNIGDHVLVVATVIAGOVLO] 167
POGH F+ L HNGC +L + LAYLEC VO3 GDH L+TATV G+VLO
Sbjct 512 SFAP--GEDRFAGLNIQUWAENGCPVLODCLAYLECTVQSEMECGDHWLITATVHNGEYL] 569

Query 165 PHGITAIRHREIGGOY 183
P G TAHHFESG 07
Zbjct 570 PTGTTAVQHRESGNOQY 555

22
Kerfeld and Scott, PLoS Biology 2011
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High E-value: Discovery of a
Distant Homolog or Garbage?

» Take another look at the target (subject)
sequence(s) that have high E-values
— Similar length?
— Recurring motifs?
— Similar biological functions?

» Use target sequences as query sequences for
another BLAST search
— Does the original query sequence come up in report?

23
Kerfeld and Scott, PLoS Biology 2011

23

Or to take a more topical BLAST search,
our favorite recent bioRxiv preprint:

Uncanny similarity of unique inserts in the 2019-nCoV spike protein to

Prashant Pradhan, Ashutosh Kumar Pandey, Akhilesh Mishra, Parul Gupta, Praveen Kumar Tripathi,
Manoj Balakrishnan Menon, James Gomes, Perumal Vivekanandan, Bishwajit Kundu

“We ... compared the spike glycoprotein sequences of the 2019-nCoV to SARS
...we found that the 2019- nCoV spike glycoprotein contains 4 insertions”

“To further investigate if these inserts are present in any other corona virus, we
performed a multiple sequence alignhment of spike glycoprotein sequences of
all available coronaviruses in NCBI refseq. We found that these 4 insertions are
unique to 2019-nCoV and are not present in other coronaviruses analyzed.”

“To our surprise, all the 4 inserts in the 2019-nCoV mapped to short segments of
amino acids in the HIV-1 gp120 and Gag among all annotated virus proteins in
the NCBI database. This uncanny similarity of novel inserts in the 2019- nCoV spike
protein to HIV-1 gp120 and Gag is unlikely to be fortuitous.”

24



Let’s repeat their BLAST analysis: Wuhan coronavirus spike protein x nr database

m) National Library of Medicine
National Center for Biotechnology Information

BLAST ° » blastp suite » results for RID-3P99TTOP014 Home RecentResults Saved Strategies Help

<Edit Search Save Search Search Summary v @ How toread this report? B BLAST Help Videos  *DBack to Traditional Results Pagt
Job Title refYP_009724390.1| Filter Results
RID 3POYTTOP014  Searchexpires on02-0703:27am Download All v

i y v (] exclude

Program BLASTP@ Cliation v Organism only top 20 will appear J
Database W SeElEY ‘ Type common name, binomial, taxid or group name ‘
Query D YP_009724390.1 + Add organism
Description surface glycoprotein [Wuhan seafood market pneumonia virus]

Percent Identity. Evalue Query Coverage
Molecule type  amino acid

= D Ij Cl L I:
Querylength 1273 \_‘
Otherreports  Distance tree of results Multiple alignment MSAviewer @ m

m Graphicsummary  Algnments  Taxonomy

p g Download ¥ Manage Columns ¥ Show
selectall 100 sequences selected GenPept  Graphics Distance tree of results Multiple alignment
R Score Score Cover value ldent <N
be‘tter sike glycoprotein [Wuhan seafood market pneumonia virus] 2640 2640 100% 00 100.00% QHR63250.1
surface lycoprotein (Wuhan seafood market peumonia virus] 2637 2637 100% 00 10000% YP 009724390 1

urface glycoprotein [Wuhan seafood market pneumonia virus] 2634 2634 100% 00 9992% QHRB44491

2565 2565 100% 00 S741% QHRE3001 Score OA)'D

2105 2105 99% 00 8032% AVP730421

spike proten [Bat SARS. ke coronavinus] 2292 2092 9% 00 §100% AVPT0311 2105 80%

top
hit

spike | at SARS-ike coronavirus] 2066 2066 100% 00 77.07% AT0982051
ke proten [Bat SARS e coronais] 265 266 100% 00 76S2% ATOSMISTT Vs

spike protein [SARS-like coronavirus WIV16] 2085 2065 100% 00 77.07% ALKO24571 2048 760/
spike glycoprotein [recombinant coronavirus] 2054 2054 100% 00 77.38% ACJ607031 (o]

spike protein [Bat SARS-lke coronavirus RsSHCO014] 2050 2080 99% 00 7731% AGZ483061

Their
top —
hit

at SARS like coronavius] 2049 2049 99% 00 7723% ATO981321

spike glycoprotein [SARS coronavirus GZI2] 2048 2043 100% 00 7627% AAS000031

NN T<N<N<N<N<N<N<N<]

25

spike protein [Bat SARS-like coronavirus]
Sequence ID: AVP78042.1 Length: 1245 Number of Matches: 1

Range 1: 12 to 1245 GenPept

Score Expect Method Identities Positives
2105 bits(5454) 0.0  Compositional matrix adjust. 1016/1265(80%) 1123/1265(88%) 33/12

Query 11 VSSQCVNLTTRTQLPPAYTHSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHV - 7@
V+50C +LT RT L P YTNS RGVYYPD ++RS L +Q FLPF+SNV+h++++
Sbjct 12 VNSQC-DLTGRTPLNPNYTHSSQRGVYYPDTIYRSDTLVLSQGYFLPFYSNVSWYYSL-T 69

Query 71 TNGTKR |DIPVLP FNDGUYF ASTEKSNITRGIFGTTLDSKTQSLLIVNNATNWIKY 130
TKRADNP+L F DG+YFASTE SNI+RGWIFGTTLD+ +OSLLIVNNATNV+IKV
sbjct 70 INAATKRDIPTLDFKDGTYF AATEHSNTVRGNIFGTTLDNTSQSLLIVNNATIVITKV 129
Query 131 CEFQRNDPFLOVINHKAIKSHESEFRVYSSANICTEEVVSQPELIDLEGKQGNFKILR 10 The actual tOp BLAST
HNNK+f EF VYS  NCTEEYVST F+++ G G F LR . .
Swict 130 CHFDFCYOPYLSGINH-MICTPSTREFAVYSFYAIICTE SV SRSFRLIESCGELFNTLR 185 hit (bat COfOﬂaVIrUS)
Query 191  EFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLT 250 . .
EFVE+N+DG+FKIYSK TP+NL R LP G S L+PLV+LP+ INIT+F+TLL +HR has the |nse|’t|0ns
Sbjct 189  EFVFRNVDGHFKIYSKFTPVNLWRGLPTGLSVLQPLVELPVSINITKFRTLLTIHR---- 244

Query 251 JPGD--SSSGWTRGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTV 308
GD  S++GWTR +AAY+VGYL+PRTF+LKYNENGTITDAVDCALDPLSETKCTLKS +V

Sbjct 245 |-GDPMSNNGHTIRF SAAYFVGYLKPRTFHLKYNENGTITDAVDCALDPLSETKCTLKSLSY 303 It dates to 2018:
Query 309 EKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYANNRKRISNCVADYSVL 368

+KGIYQTSNFRVQPT+SIVRFPNITN+CPF +VFNATRF SVYAW R +IS+C+ADY+V 1 g i s Emerging Microbes & Infections
Sbjct 304 QKGIYQTSNFRVQPTQSIVRFPNITNVCPFHKVFNATRFPSVYANERTKISDCIADYTVF 363 o ‘wnatuce comer
Query 369 YNSASFSTFK[YGVSPTKLNDL[FTNVYADSFVIRGDEVRQIAPGQTGKIADYNYEII:PISB 428

YNS SFSTI APGQTG IADYNYKLP
Sbjct 364 YNSTSFSTFKCVGVSPSKLIDLCFTSVYADTFLIRFSEVRQVAPGQTGVIADYNYKLPDD 423 Genomic characterization and lnfectlwty of

Query 429 FTGCVIAMNSNNLDSKVGGHYNYLYRLFRKSNLKP FERDISTETVOAGSTPCNGVEGFHC 485 a novel SARS-like coronavirus in Chinese
FTGCVIAWN+ D+ +Y YR R + LKPFERD+S+
Sbjct 424  FTGCVIAWNTAKQDTG----- AVFYRSHRSTKLKPFERDLSSDE - -~ NoVR---- 466 bats
Dan Hu'%, Changgiang Zh?, Lele A7, Ting He’, Yi Wang’, Fugiang Ye’, Lu Yang?, Cherd Ding?, Xubui Zhu
Query 489 VFPLOSYGEQPTNGUGYOPYRVVWLSFELLHAPATVCGPKKSTHLVKIKCVIIENENGLG - 548 Richeng L1 in 2, Sachr Hasar', Yousn Feng’, Welong T’ and Cangin Wang'”

RVUWLSFELL+APATVCGPK ST LVKN+CVUNFNFNGL G
Sbjct 467 —rTLSTVDFNPNVPLEYQATRVWLSFELLNAPATVCGPKLSTQLVKNQCVNFNFNGLKG 524

Query 549 TGVLTESNKKFLPFQQFGKDIADTTDAVRDPQTLEILDITPCSFGGVSV
TGVLT+5+K+F DPQTLE!

momecsreevay They tested 334 bats for coronaviruses

45+
Sbjct 525 TGvLTDsSKRFQSFQQFGKDASDFIDS\IRDPQTLEILDITP[SFGGVSV

Query 689  AVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVH from ZhOUShan C|ty; Chlna

AVLYQDVNCT+VP  THADQLTP WR+Y+ G++VFQT+AGCLIGAEHVN

Sbjct 585  AVLYQDVNCTDVPTTIHADQLTPAWRIYAIGTSVFQTQAGCLIGAE
—

Query 669 GIcAsYORQTNSPRRARSVASQSTIAVTMSLGAENSVAYSIISTATA “WE found that the ViI'US can cause disease

GICASY F + S ++I+AYTMSLGAENS+AY+NNSIAL

Sbjct 645 GICASVH[AS-—-TUSTGOATVAYTHSLGAENSIAVANNSTAT jpy Suckling rats...to StUdy the pOSS|b|||ty of
Query 729 VSMTKTSVDCTHYICGDSTECSHLLLOYGSFCTOLNRALTGIAVEOD . o Ly,
cross-species transmission
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