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Goals!

1.) Practice the bioinformatics knowledge and
computing skills by applying them to a research
project, which might lead to novel research
findings

2.) Learn how to design a bioinformatics workflow
to answer biology/evolution questions

3.) Learn how to identify useful tools, datasets and
existing knowledge from the research papers to
help design the workflow



DID WE ACCOMPLISH THIS??



RESEARCH BACKGROUND



Glycoside hydrolases

 These enzymes hydrolyze the glycosidic bond
between two (or more) carbohydrates, or
between a carbohydrate and a non-
carbohydrate moiety

* These enzymes were then broken down into
different families based on sequence
similarities



**This family also includes

Mostly But some are... some cellobiohydrolases

(EC:3.2.1.91)

Glycoside Hydrolase Family 10

Known Activities

endo-1,4-b-xylanase (EC 3.2.1.8); endo-1,3-b-xylanase (EC 3.2.1.32)

Mechanism Retaining

Clan GH-A

3D Structure

Status (b/a)8

Catalytic L
Nucleophile/Base Glu (experimental)

Catalytic Proton
Donor

Glu (experimental)

Note formerly known as cellulase family F.
External .
CECTITE=S CAZypedia; HOMSTRAD; PRINTS; PROSITE;
Commercial
Enzyme MEGAZYME; NZ2YTech; PROZOMIX;
Provider(s)
Statistics GenBank accession {1849); Uniprot accession (932); PDB accession {120); 3D entries {25); cryst (1)
Summary |: !
Q i All (1516) (i Archaea (8) i Bacteria (906) i Eukaryota (288) |i unclassified (314) i Structure (25 - 1 cryst) i Characterized (260) :

Last update: 2013-04-16 © Copyright 1998-2013
AFMB - CNRS - Université d'Aix-Marseille

Tahle 1. Acronyms for genes and encoded enzymes

. Ehzyme Gene Protein  EC designations
Predominant GH10 enzymes are

denoted as EC 3.2.1.8, therefore
classified as xylanases.

Cellulase cef Cel EC3214,EC3219
Xylanase Xy Xyn EC32158

Manhanase  manr  Man EC321.78

Lichenase fe Lic EC32173,EC3.2153

Laminarinase &m Lam EC321.39

http://www.cazy.org/GH10.html http://www.sciencedirect.com/science/article/pii/S0014579398002658




Domain organisations: Glycoside hydrolase, family 10 (IPR001000)

This family has the following domain organisations:

Showing 1 - 20 of 177 234567829
Domain organisation Number of proteins
ee 69
®o0 88
o 42
[ Jew) 48
—o 42
a|aee O 19
o@e@aeo 16
Colour key
@ Carbohydrate-binding, CenC-like (IPROD330S5) @ Carbohydrate-binding domain, family 9 (IPRO10502)
(o) S-layer hormology dormain (IPRO01119) @ Irmmunoglobulin-like fold (IPRO13783)
() Cellulosome enzyrme, dockerin type I (IPRO16134) @ Galactose-binding domain-like (IPRODS979)
@ Ricin B lectin domain (IPRO0O0D772) @ cCellulose-binding domain, fungal (IPRO0DD254)
@ Glycoside hydrolase, catalytic dormain (IPRO13781) D cCellulose-binding domain, family II, bacterial-type (IPRO01919)
D Glycosyl hydrolase, five-bladed beta-propellor domain (IPRO23296)

http://www.ebi.ac.uk/interpro/entry/IPRO01000/domain-organisations



Endo-1,4-B-Xylanase

* Class of enzyme that degrades B-1,4-xylan into
xylose

— This breaks down one of the major component of
plant cell walls, hemicellulose
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http://www.biotek.com/assets/tech_resources/11087/figure3.jpg



endo-acting reducing end

& ‘ exo-acting

0 S ORI 0 L0 0 L 0T ok

exo-acting T

This enzyme cleaves B-1,4-xylan in an endo manner
(as seen above)

http://www.cazypedia.org/index.php/File:Retaining%26Inverting.png



Retaining Mechanism

Retaining glycoside hydrolases:

1.)a t::oi op * HO  — t‘-:oi oy *+ HOR

e SR e

OR OH



Retaining glycoside hydrolases:

L)a = or + MO

HOR

Retaining mechanism for an a-glycosidase:

nucleophile |
{0 (0] 3
QR 0—R
§c|> 0 0
acid/base E |

transition state

1.) Glycosylation step

2.) Oxocarbenium ion-like
transition state

s
|

5.) Final product!

transition state

http://www.cazypedia.org/index.php/File:Retaining _glycosidase_mechanism_1.png

3.) Deglycosylation

<' step

glycosyl enzyme
intermediate

%

4.) Oxocarbenium ion-like
transition state



5.) Final product! i

http://www.cazypedia.org/index.php/File:Retaining _glycosidase_mechanism_1.png
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3D Structure of GH10 / Active Sites

(the refined X-ray crystal structure at 1.8 A, resolution of the catalytic core of
the family F xylanase A from Pseudomonas fluorescens subspecies cellulosa)

*These active sites
are conserved
across all
homologous GH10
proteins

The active sites are the
Glul127 on strand 4 and
Fig. 1. The eightfold f/a-barrel of xylanase A viewed perpendicular to

the GIUZ46 on Strand 7 the barrel axis showing the acid base Glul27 on strand 4 and the
nucleophile Glu246 on strand 7. The Ca atom (yellow dot) stabilizes

the long loop after strand 7. This figure was prepared using

MOLSCRIPT (Kraulis, 1991). The B-strands are shown as arrows in

red and the eight a-helicies are shown in green; the additional a-helix

(a4a) is shown in yellow. The glutamates are 5.5 A apart consistent
with a retention of the configuration during catalysis.




Crystal structure of the catalytic domain of
xylanase A from Streptomyces halstedii

http://en.wikipedia.org/wiki/File:PDB_1nq6_EBI.jpg

Again, note the
eightfold B/a-barrel, a
notable characteristic of
GH10 family members



Key species Number of proteins

Oryza sativa subsp. japonica (Rice) 33

Arabidopsis thaliana (Mouse-ear cress) 27

E cellular organisms 2110 proteins| FASTA | Protein IDs
B aArchaea 18 proteins | FASTA | Protein IDs

Euryarchaeota 15 proteins | FASTA | Protein IDs

B Bacteria (eubacteria) 1350 proteins | FASTA | Protein IDs

Actinobacteria 261 proteins | FASTA | Protein IDs

=

Bacteroidetes/Chlorobi group 245 proteins | FASTA | Protein IDs

(&3]

Chlamydiae/Verrucomicrobia group 42 proteins | FASTA | Protein IDs

=

Chloroflexi 3 proteins | FASTA | Protein IDs

=

Cyanobacteria (blue-green algae) 33 proteins | FASTA | Protein IDs

=

Deinococcus-Thermus 3 proteins | FASTA | Protein IDs

=

Dictyoglomi 4 proteins | FASTA | Protein IDs

(&3]

Fibrobacteres/acidobacteria group 21 proteins | FASTA | Protein IDs

=

Firmicutes {Gram-positive bacteria) 339 proteins | FASTA | Protein IDs

=

Planctomycetes 23 proteins | FASTA | Protein IDs

e

Proteobacteria 248 proteins | FASTA | Protein IDs

]

Spirochaetes 16 proteins | FASTA | Protein IDs

=

Thermotogae 28 proteins | FASTA | Protein IDs

=

environmental samples 82 proteins | FASTA | Protein IDs

=

unclassified Bacteria 2 proteins | FASTA | Protein IDs

E Eukaryota {eucaryotes) 742 proteins | FASTA | Protein IDs

alveolata (alveolates) & proteins | FASTA | Protein IDs
Opisthokonta 402 proteins | FASTA | Protein IDs

=

=

Stramenopiles (heterokonts) 21 proteins | FASTA | Protein IDs

=

Yiridiplantae 275 proteins | FASTA | Protein IDs

environmental samples 36 proteins | FASTA | Protein IDs

B unclassified sequences 561 proteins| FASTA | Protein IDs

environmental samples 556 proteins | FASTA | Protein IDs

metagenomes S proteins | FASTA | Protein IDs

http://www.ebi.ac.uk/interpro/entry/IPR0O01000/taxonomy



Roles of Xylanase

* Important role for microorganisms that live off
of plant sources

— An example of which is seen with fungi that
degrade plant sources for nutrients

e Human uses include...

— Chlorine-free bleaching of wood pulp prior to
papermaking
— Digesting silage (for cattle/biofuel)



Why is this important?

e Xylan is a major component of the
hemicellulose portion of plant cell walls and
constitutes up to 35% of the total dry weight
of higher plants (Badal, 1999).

* Therefore studying xylanases helps contribute

to bioenergy research and the creation of
biofuels! ©



D-glucose-6-phosphate

pgi
A 4
D-xylose D-fructose-6-phosphate
PPP pfkA pfkB
v
D-fructose-6-phosphate fructose=1,6=bisphosphate
+ fbaB fhaA
D-glyceraldehyde-3-phosphate \ "
Daglyceraldehyde=3=phosphate <—> dihydroxyacetone phosphate
tpiA
gapA
1,3-bisphosphoglycerate
pgk
v
3-phospho-D-glycerate
General schematic of pgm
v 2 ethanol
2-phospho- cerate
how xylose can be 2-phospho-D-glycerat A
fermented into ethanol, I} adhE
a common biofuel phosphoenolpyruvate 2 acetylaldehyde
N
pyvkF pykA adhE
v
pyruvate > 2 Acetyl=CoA

R. Manow, et. al., J Ind Microbiol Biotechnol ©



GOALS

Compare the HMM domains of known GH10 proteins to determine if any
JGI metagenome contain GH10 domains



How on earth did we do this?!

METHODS



Step 2 — Download Datasets

2.2.2: H M M model File Edit yies Operation Window ﬂ;lp = : — af @ .

def 101
A web server and database for Carbohydrate-active enzyme ANnotation . &1 Quick Connect (] Profiles
" * " . e " o - :
‘l' § S 8§ 28 % db AN N S R A a2 | gk X |[wloads\ v[| Add | B | & A3 > |k 117479 ~|| Add
. .
t=c Local Name £ Size | Type » | Remote Name i Size | Typ
Help g!ExtraPuTTV-mstaller,exe 2273641 Applic bin Fol(_
You are here: Home > Al families > Family: GH10 <, FreeHandMX-en.zip 31,162,823 Win.Zi bioinfo Fol¢
| GH5.hmm (1).ps 127,771 PSFile class Folc
Basic information | Sub-familes  Phylogenetic tree | Signature sequences | Component proteins |_|GHS.hmm.ps 127,771 PSFild= ftp.ncbi.nim.nih.gov Folc
1 0 ept.gp 5,694,763 GP Fil homework? Folc
Activities HELP GHI mm.ps 140,678 PSFile Neisseria_gonorrhoeae_FA... Folc
|| GH10.model.hsearch.out 22,523981 OUTF |_|--tblout 0 File
See annotated activities from CAZyDB || HOA82W0AD15-Alignment... 244376 TextC |_|array-from-file.pl 92 PLI
| HOA140P0013-Alignment. 99,596 TextC || array-from-file2.pl 49 PLI
| HO82ET7PO1R-Alignment.... 99940 TextC || Aspergillus 268,074,5... File
Statistics of sequences | H094347VO1R-Alignmentxt 173954 TextC | aspergillus 268,074,5... File
Source BGI-gut (488), CAMERA (756), CAZy (787), Cow-Rumen (1109), JGI (2014), NCBI-Bacteria (394), NCBI-env-nr (340), __| Hill Lab Inventory 60,580 File || bicinfor 104,068 File
NCBI-Fungi (40), NCBI-nr (1920), Phytozome-Plant (225), Swiss-Prot (49), TrEMBL (1768), WUSTL-bacteria (41), Hill Lab Inventory (1) 60,580 File CAA28392 0 File
Taxonomy Archaea (20), Bacteria (2264), Eukaryota (1311), other sequences (7), Undlassified (68), unclassified sequences (1136), chmewcrlG alignment M, 67'343 TetC ~ QCAA474ZQ 0 File ™
<« n ) < m »

Transfer| Queue|

/| Source File | Source Directory | Destination Dire... Size | Status Speed Time

4 GH10.cazy... /media/DATAPA.. C:\Users\Jenny\.. 20396 Complete  50.2kB/s 00:0
4 GHl0.cazy... C\Users\lenny\.. /media/DATAPA.. 5694,. Complete 673.5kB/s 00:

Domain logo

Download

Multiple sequence alignment

Connected to 131.156.41.196 - /medi SSH2 - aes128-cbc - hmac-md5 - n¢|79 items (3106.7 MB) ;él

2.2.1: Known GH10 proteins

(e AN P o [ crovme cunsses P assocuren woouics B oevoucs | !
Ca Glycoside Hydrolases Glyce es_Polysaccharic : 1 Halopiger xanaduensis SH-6 [AEH38379.1
2 Halopiger xanaduensis SH-6 [AEH38380.1
Glycoside Hydrolase Family 10 3 Halorhabdus utahensis DSM 12940 ACV11171.1  |C7NV87
4 Halorhabdus utahensis DSM 12940 ACV11291.1  |C7TNMS83
o Ao e 5| Halorhabdus utahensis DSM 12940 Acv11653.1  |c7NPG6
clan SH-A 6| Halorhabdus utahensis DSM 12940 [ACV12558.1  |C7NVNS
RIS ®r2)8 7] Haloterrigena turkmenica DSM 5511 [ADB61053.1  |D2RTV2
gz‘:lle\‘r";;“e”m ( tal) » 8| Natronococcus occultus SP4 IAGB38895.1
Catalytic Proton — 9] Acaryochloris marina MBIC11017 [ABW28526.1 |BOC274
Note ellulase family F 10 3.2.1.8  Acidobacterium capsulatum 161 BAB40957.1 (Q9AJRI
el cAZypedia; 1 Acidobacterium capsulatum ATCC 51196 [ACO33409.1 |C1F8L6
g:;nvl:l"eer(ial 12 Acidobacterium sp. MPSACTX9 [ADW71010.1
Erovides(s)] 13 Acidothermus cellulolyticus 118 ATCC 43068 [ABK51955.1  |AOLR95
— 14/3.2.1.8  Acidothermus cellulolyticus 118 ATCC 43068 ABK52146.1  |A0LRTE
<itizi 15 Acidovorax avenae subsp. citrulli AAC00-1 (ABM34141.1  |A1TTS3
6J3.218  Actinomadurasp.Fc7 paarzssss  fassizo
Halxa_3773 Halopiger xanaduensis SH-6 AENH38379.1

Hcpe
-- INSERT --




Step 2.2.1 — Known GH10 Proteins

Parse for unig

ue GenBankID’s Reformat GenBank sequences to

File Edit View Operation Window Help
B i 8% ¢ =
&) Quick Connect (] Profiles

B AE e e wnloads\ ]| Add | B | &

A I A

(=8 117479 ~|| Add

Fle Edt View Operation Wndow Hep

" Local Name Size | Type ~ | Remote Name / Size | Typ »
Pl abe 010 g 9
Qissbesa e cerdloll % ox BVeroPuTTV-installerexe 2273641 Applic get-seqpl a1 pLE

&1 Quick Connect (] Profiles <, FreeHandMX-en.zip 31162823 WinZi | get-seq3.pl 7 PLE

] GHs.hmm (1).ps 121,71 | GH10.cazy.genbank 20740 GEM

el KAl restop) =] | Add | & | 117479 <] | dd 121,71 || GH10.cazy.uniquegenbank 20,396 UNI_
Local Name Size| Type | Remote Name Size | Typ ~ 5,694,763 | GH10.hmm.ps 140,678 PSH
=3 ibraries Systel getseqpl 5L PLI GHL0.hmm.ps 140678 GH10.hmmsearch.dm 5069179 DM
8 Jenny syster| | | get-seqpl 7 pLt I ra n Sf e r GH10.modelhsearchout 22,523,981 GH10.hmmsearch.out 252398 OU
188 Computer Syster=| | || GH10.cazy.genbank 0740 GEN | HOAB2WOAQLS-Alignment... 244,376 | GH10.hmmsearchn.dm 4247182 DM
GNetwork Syster| || | GHIO.cazy.umiquegenbank 20396 UNI_ || HOAL40P00I3- Alignme 99,59 | GH10.hmmsearchn.out 8494309 OU
B3 Control Panel Syster— | ] GH10.hmmps 140678 PSI . . | HOB2ETTPOLR-Alignme 9,040 || GH10.model hsearchout 22523981 OU

Recycle Bin Syster | L] GH10 hmmsearch.dm 5069179 DM u n | q u e I | ’ e [ HO94347VO1R-Alignment ot 173,954 [ GH5.ain 4912707 ALY I r a n Sf e r G e n B a n k
5 Control Panel Syster | |_| GH10.hmmsearch.out 2523998 OU Hill Lab Inventory 60,580 GHS.hmm 126846 HM
Phrabutty 629 Short GHL0.hmmsearchn.dm DM Hill Lab Inventory (1) 60,580 GHS.hmm.cowrumenout 4,529,688 OU
©HP Support Assistant 2179 Shorte ||| GH10.hmmsearchn.out ou I I  Homework3 lignment M... 67,343 GHS.hmm.cowrumentdm 497,728 DM ~
3 Office Depot PC Support .. 22% Short« | | GH10.modelhsearch.out o to O C a « ] [ K I ’ s e q u e n Ce S to
@ QuickTime Player 1845 Shortc GHS.aln ALY Transfer] Queue
:T'ISSHSECWENETHMHC”' 2254 Shotc | ] GHi5.hmm HM /| Source Fle | Source Directory | Destination Dire... Size | Status Speed | Time .
EJSSH Secure Shell Client 1336 Short¢ || |GHS.hmm.cowrumenout 4,520,688 OU co m u e r
= Winzip 2281 shotd~ | GHS hmmcowrumentdm 497728 DM/~ 3 GHI.cozy... /media/DATAPA.. CAUsers\ennyl.. 2039 Complete  502Kk8/s 00:00.. e rmin a
« i ’ y |« i ! » © GHl0.azy... CAUsersenny\.. /media/DATAPA.. 5694,. 3322kB/s 0000..

Transfer| Queue|
/| Source Fle | Source Directory | Destination Dire... Size | Status Speed | Time
1 GHI10.cazy... /media/DATAPA... Ci\Users\Jenny\... 20,396 Complete 502 kB/s 00:00. |

Transferting file GH10.cazy.genpept. [SSH2 - aes28-cbe - hmac-mds - n( 78 tems GLOLOMB) | i/

Download GenBank sequence
to local computer

Connected to 131.156.41.196 - /medi |SSH2 - aes128-cbc - hmac-mds - nc|78 items (3101.0 MB) A

Batch Entrez

S NCBI  Resources @How T

AllDsabases Pustied (R
Database Protein : (Choose Pl | 5T Sfm esop » < 1%9 | Scarch Desktop ? Protein orotein [Search
Batch Entrez Organize v Newfolder B 1 @ Limits ~ Advanced Help
Use Batch Entrez to upload a file of Gls or accession ‘ Favorites o M . o _
databases, or upload a st of record identifiers from B Desicop GHS_uniquegenbankidsl Display Settings: () Summary, 20 per page, Sorted by Default order Sendto:[¥) _ Filter your results:
Tips - Some lists of record identifiers can be tens of f| g Downloads 1k Choose Destination
may not retrieve all records from one list. Split the list s Results: 1 to 20 of 1803 I @File Clipboard )
splitting software o a file split command at the commgll GH?U m{‘u‘?qﬁwha"k Collections )
several thousand record identifiers per file, left-formd| E UNIQUECENSANKES. v e i i Btures (13
necessary when you are loading large numbers of gl 4 Libreries 199K8 celB precursor [Caldicellulosiruptor cus]
FTP site locations to download entire genome record)| 3 pocuments Google Chrome 1. 1039 aa protein Download 1803 ftems
‘accession version' numbers when making lsts for baj) — . s

o . . . Format

Please note that Bach Entrez will check for duplicate & Pictures Related Sequences  |dentical Proteins
list that you have imported B videos @ In Chiist Aloneaspf S e a r-c h GenPept (full) |+ ]
When I I unnamed protein product [Cellvibrio japonicus Sort by
When retrieving a list of Nucleotide accessions, you 5 Defat ot [5]

611 aa protein

database from which the accessions or Gls were savdl( /% Computer Play HP Games
CoreNucleotide. the EST or the GSS selection from | & 1 ocal pisk ¢ w

fst of nucleotice accessions or UIDS, you vl need tof

Select the database ffom the pul-doun menu, Coreff| <3 RECOVERV() - [@

Create File

| database for

Oryza sativa Japonica Group (25

In all cases, be certain o select the correct database] Flename: GHID cazy.uniquegenbank ML D) Xylanase B [Cellvibrio japonicus
Batch Entrez. to ensure the expected records. For exfl [Copen ] [ concel } 3 All other taxa (1222)

G, be sure to select the Protein database 592 aa protein More

© et i st o csion o FTSOWORR sequences

« Select the database from which the list of accessions or UIDs originated

Related Sequences



Step 3-4.1.1: Homology Search and
Parsing Output Files

Hmmrsearch and parsmg ofJGI metagenome proteins against GH10 HMM

/media/DATAPART3/z




Step 4.2-4.3: Parse Files to Extract
Protein Sequences

Extrac hit ID’s

r~/projectld le: GH10. hro. jgi.cm.ps | cut —-£1 > GH1O0.hrmw. jgi.cw.ps. i

Create perl script using bioperl modules to extract sequences
from hit ID’ S

GHlO Jhmm.NCBI-nr.dm.id




Step 4.3 — Extract Protein Sequences

Run perl script on parsed hit ID files and original databases, JGI metagenome and
known GH10 proteins (NCBI)

z11 79@gl 1 up perl




Step 5: Retrieve HMM Domain Regions

Perl script using bioperl modules to extract HMM domain regions
using first HMM parsed output files

z11747908glu:~/projectld vi idsubseg-bhioperl.pl

while(§

Run perl script using the sequences extracted from the hit ID’s
(step 4.3) and the first parsed hmmrsearch parsed output files




Step 6: Combine JGI and NCBI files

Use “cat” to combine the JGI metagenome and known GH10 proteins (NCBI) files
(step 5) containing the HMM domain sequence regions into one new file

amAPAR . - s ~ -~

cat O.hmm.jgi.id.domseq GH10.hmm -nr.id.domseq >




Step 8: Build Multiple Sequence
Alignment

Use MAFFT program to build multiple sequence alignment using the
newly combmed file (step 6)

1$ mafft --anysymbol GH10.hmm.jgi.NCBI-nr.domseq > GH10.hmm

/G———————————————WST————ESDGI——————————} VSEDE-————-

GH10.hmm.jgi.NCBI-nr.domseqg.mafft




Step 8: Build Phylogenetic Tree

Use FastTree to build phylogenetic tree from the MAFFT
alignment

File Edit View Operation Window Help
SR 1 HEA %L D ER LA
&1 Quick Connect (] Profiles
SRR | e tesktop\ v|| Add | G | 4} | gk rojectl v|| Add
Local Name Size | Type ~ || Remote Name Size | Typ
. Libraries Syster || GH10.hmm,jgi.dm 22,524,021 DM
A Jenny Syster| || GH10.hmm.jgi.dm.ps 133721 PSt
1% Computer Syster =| | || GH10.hmmjgi.dm.ps.id 25916 IDF
€ Network Syster || GH10.hmm.jgi.dm.ps.uni... 25,894 UNI
[53 Control Panel Syster || GH10.hmm.jgi.dm.tab 22,524,021 TAE=
5 Recycle Bin Syster || GH10.hmm,jgi.dm.tab.4.1 303,104 1Fi
[53 Control Panel Syster || GH10.hmm,jgi.id.domseq 43,819 DOI
@Extraputty 639 Shortc || GH10.hmm,jgi.id.seq 827,521 SEC
OHP Support Assistant 2,179 Shortc || GH10.hmm,jgi.id.totalseq 1,282,548 TO"
@) QuickTime Player 1,845 Shortc || GH10.hmm.jgi.NCBI-nr.d... 483,319 DOI
L;':ISSH Secure File Transfer C... 2,294 Shortc E_ﬂGHlO‘hmm.jgi‘NCBI-nr‘d... 69,276 NwW
é]SSH Secure Shell Client 1,336 Shortc || GH10.hmm,jgi.NCBI-nr.d... 69,055 NW
bios104 File fo || GH10.hmm,jgi.NCBI-nr.d... 2,328,282 MA
BIOS213 Filefo ~ GH10.hmm.jgi2.dm 5,069,179 DM ~
< I » < m »

Transfer| Queue]

Source File Source Directory | Destination Dire... Size | Status Speed Time
L GH10.hmm... /media/DATAPA.. C:\Users\Jenny\... 69,276 Complete  554.2kB/s 00:00...

Connected to 131.156.41.196 - /medi |SSH2 - aes128-cbc - hmac-md5 - n¢ 35 items (104.3 MB) ;;/J




Step 9: Parse HMM Domain Sequence
Files for hit ID’s

To color code the JGI metagenome proteins and the known GH10
protelns the exact ID’s of the sequences needs to be obtained

n.NCBI

CBI-nr.id.domseq grep "

.NCBI-nr.id.domseq.id fi GH10.hmm.jgi.id.domseq.id

Perl scripts were written to assign the hex blue color code to JGI
metagenome proteins and the hex red color code to known
GH10 protelns

Perl script was run to assign the color codes to the previously

parsed ﬁles

>

eq.id > GH1

GHlO hmm jgi.id.domseq. color




Step 9: Download Datasets to computer

Jles

Transfer combined color files to local

Fie Edit View Operation Window Help
@mggt@m IRAEIE BWY% O SN

&) Quick Connect (] Profiles

& A D | &k tesktop\ v || Add | @& | &} 2 | & X |[orojectl v|| Add
Local Name Size | Type ~ | Remote Name Size | Typ ~
-4 Libraries Syster GH10.hmm.jgi.dm.ps.uni... 25894 UNI
B Jenny Syster| _ GH10.hmm.jgi.dm.tab 22524021 TAE
/% Computer Syster| " GH10.hmm.jgi.dm.tab4.1 303104 1Fi
6 Network Syster GH10.hmm.jgi.id.domseq 43819 DOI
& Control Panel Syster GH10.hmm.jgi.id.domseq.... 3449 COI_
5] Recycle Bin Syster GH10.hmmjgiid.domsegq.... 2393 IDF|
5 Control Panel Syster GH10.hmm.jgiid.seq 827,521 SEG
%Exnapuﬁy 639 Shortc GH10.hmmjgiidtotalseq 1,282,548 TO"

HP Support Assistant 2179 Shortc GH10.hmm.jgi.NCBI-nr.co... 67,555 COI
(@ QuickTime Player 1,845 Shortc GH10.hmm.jgi.NCBI-nr.d... 483319 DOI
[s£1SSH Secure File Transfer C... 2,294 Shortc GHI jgi.NCBI domseq.color i <]
[£3)SSH Secure Shell Client 1336 Shortc  |B¥]GH10.hmm.jgi.NCEI-nr.d... 69,276 NW

bios104 File fo GH10.hmm.jgi.NCBI-nr.d... 69,055 NwW

BI0S213 Filefo ~ GH10.hmm.jqi.NCBI-nr.d... 2,328,282 MA ~
« i ) « " »

Transfer FastTree Newick file to local computer
&) Quick Connect (] Profiles

Y Ro v | gk tesktop\ ~|| Add | & A @ @ | gf rojectl || Add

52 LA

Local Name Size Type ~ | Remote Name See | Typ ~
9 Libraries Syster| GH10.hmm.jgi.dm 22524021 DM
A Jenny Syster GH10.hmm jgi.dm.ps 133721 PSH
1% Computer Syster| = GH10.hmm,jgi.dm.ps.id 25916 IDF
€ Network Syster GH10.hmm.jgi.dm.ps.uni... 25894 UNJ
[ Control Panel Syster GH10.hmm jgi.dm.tab 22524021 TAE:
7 Recycle Bin Syster GHI10.hmmjgi.dm.tabd.1 303104 1Fi
(53 Control Panel Syster GH10.hmmjgi.id.domseq 43819 DO
ExtraPutty 639 Shortc GHI10.hmmjgi.id.seq 827,521 SEC
@HP Support Assistant 2179 Shortc GHIOhmm,jgiidtotalseq 1282548 TO"
@ QuickTime Player 1845 Shortc GHI0.hmm,jgiNCBl-nrd.. 483319 DOI
[2SSH Secure File Transfer C... 2,294 Shortc  |M¥]GH10.hmm.jgi.NCBI-nr.d... 69,276 NW
£SSH Secure Shell Client 1336 Shortc GH10.hmmjgi.NCBI-nr.d.. 69,055 NW
bios104 File fo GH10.hmm.jgi.NCBI-nr.d... 2328282 MA
BIOS213 Filefo ~ GH10.hmm.jqi2.dm 5069179 DM ~
i » »

Transfer| Queue|
Source Fle | Source Directory | Destination Dre...  Sge | Status Speed  Time
[ GHI0hmm... /media/DATAPA... C:\Users\Uenny\.. 69,276 Complete _554.2 kB/s_00:0..

Connected t0 131.156.41.196 - /medi SSH2 - aes128-cbc - hmac-mdS5 - n¢ 35 items (104.3 MB) A




Step 9: Upload Datasets to iTOL

Upload JGI metagenome and known GH10 protein Newick file
to iTOL

You can upload a list of NCBI taxonomy IDs and the tree of life will be pruned to include only the species from your file. - N
download. & Open ==
File with tax IDs: [[ Choose File ] No file chosen ‘ | Prune tree ( U*[. Desktop » Fo) |
Organize v New fold 2
Upload your own tree e evtoleer ; o e
- 222KB -
d ingi " . : - Favorites
NEW! Ifyou are using iTOL to upload your own trees, try creating a personal account. More info about the iTOL pej M Desktop GH10.hmm jgi.dm.ps.color
COLOR File
Use this form to upload your own phylogenetic tree. It should be in plain text, in one of supported formats (Newick, Nex i Downloads ‘ 136 KB

available. Q
BR[RecertBlace GH10.hmm jgi.NCBI-nr.color

You can either paste your tree into the box, or upload a file using the file selector below. Don't forgetto selectthe corre:l P ‘ COLOR File
. . 4 Libraries 659KB
Paste or type the tree: Upload a file which contains yourtr!l{ = -
B o GH10.hmm,jgi.NCBI-nr.domseq.fas

baste your cree nere... [Chosseie] GH10 hmm - stvee ikl e ek
Tree format: =/ Pictures Nl

H videos i In Christ Alonexspf

Make sure the file is plain text, iTunes Music Player
~|||and contains only trees in the selected formafl} 610 bytes

1% Computer

m

— = Play HP Games
Optional information l &, Local Disk (C) 5 Shorteut
Tree name: | if you don't specify & name, & numeric 1D will be | . RECOVERY (D) 8 124 KB e

Advanced options (show] .
o ( ) Filename:  GH10.hmm.jgi.NCBI-nr.domseq.fasttree.nwk v | All Files v

Upload JGI metagenome and GH10 protein combined color
file to iTOL

Upload datasets for your tree

TOL can annotate phylogenetic trees with several types of data. Please check our help pages for the detalled expl

Organize v New folder =~ 0 ©
Dataset 1 ’ = v -
- ¢ Favorites U
Dataset 1 file: | Choose File | GH10 hmr r.color | please use plain text files only B Desktop GH10.hmm.jgi.NCBI-nr.color
Display label: label will be used in the lagends 8 Downloads SOKE
(! i h ¢ delimiter =L Recent Places =
Field delimiter:  Space © Tab  Comma make sure the correct ter is selected GH10.hmm.jgi.NCBI-nr.domseq.co
~ - ) " -~ E lor
Data type: | Color Strips :] check the heip pages for datailed descriptions a3 Libaries ‘ COLOR File
Bar size: Madmum | pixels meximorm value in the dstaset wil heve this pixe! sizd} % Documents L GH10.hmm.jgi.NCEI-nr.domseq.fas
I ttree.nwk
Dataset 1 color: TR I usad in the lagends and for Gatasets whare the color & Music e
&= Pictures
In Christ Alone.xspf
. . . Videos i e
Upload | | Clear all fields = @
-
= Play HP Games .
Retrieve a previously uploaded tree “ & Local Disk (C) hortcut |
s RECOVERY (D) > (& 24 KB -
Tree ID: Retneve \
L L J File name:  GH10.hmm,jgi.NCBI-nr.domseq.color - [anFiles -

Your recently uploaded trees (1. is the most recent): Cancel ‘

Tree D Tree name Datasets




MAJOR FINDINGS






Pruning Phylogenetic Tree

[ Datasets
) ' ." p . Color

\ T L =
' ¥ ane ; Clade information:
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( II I 2. 4 Branch length: 0.73
VAL B Bootstrap 0.99
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Pruned tree with JGI metagenome proteins
o




What do we take away from this?

RESULTS!



A few metagenome proteins share stringent
sequence homology with the HMM domains
of known GH10 proteins




 What are the JGlI metagenome proteins that
share stringent sequence homology with
known GH10 proteins?

Export pruned tree form iTOL

Export current tree (71377156271110683413667469420) to other formats

Current display mode: Other tree features:
Unrooted Leaves visible: 64
|4 = Rotation: 0*
/ Arc: 360°

Branch lengths ignored: No
Branch lengths displayed: No
Bootstraps displayed: No

Please select the output format below and customize other export options as required. The default font size is likely wrong, click the ‘'suggest optimum’ link to calculate the correct value for the current tree view

‘tﬂ:a:;da:ed P c
Bitmap fonnats wnt size for leaf labels
Portable Network Graphics (png)

b bl | Vector formats P
Encapsulated Postscript (eps) e width for tree branches, in pizeis
Postscript (ps)

Portable Document Format (pdf)
Scalable Vector Graphics (SVQ) |ieaf iabeis were edited (or automatically assigned), use this option to show original tree IDs instead

Text formats

Newick (txt)

Nexus (txt)

Note: There aren¢  PhyloXML (txt) n include in the exported trees. iTOL will not check for possible overlaps, but datasets will be grouped into separate layers (in vector formats), ma

post processing.

t (eps w | select the desired output format

w can omit leaf labels from the exported trees using this option

branch colors are ignored, they will be black by default

Select the dataset(s




Exporting the tree into newick format

Your file is ready for download. It will be kept on our server for 1 week.

Citations: Letunic and Bork (200€) Bioinformatics 23(1):127-8 and Letunic and Bork (2011) Nucleic Acids Res doi: 10.1093/nar/gkr201

Copy and paste newick
file to terminal using vi




Extract tree ID’s using bioperl modules

.Jgi.NCBI-nr.itolprune.id

Hlo hmm.jgi.NCBI-nr.itolprune.id.ps
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