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Suppl ementary Texts

Text S1. The normalized number of effective sequencasdff) in MSA
The depth of a multiple sequence alignment (MSA) is measured by the normalized number of
effective sequence\eff) in thiswork:
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wherelL is the length of protein\ is the number of sequences in the MS%,is the sequence
identity between thpth andi-th sequenced0Y; 1@ equalsto1ifY;, T&), or zero otherwise.

Therefore, Neff is essentially equal to the number of medundant sequences (sequence
identity<0.8) in the MSA normalized by the protein length.

Text S2. The comparison of Pfam families in Pfam database and supplemented by
metagenome data

To examine the advantage of wusi
Pfam database and the MSAs built

ng microbi ome s
by DeepMSA on n

famiTa emake a fair comparison, we did not direct
dat abase. I nstead, we have reconstructed the MSA
DeepMSA program t hat is that s ames oas weh afti rvse u s

DeepMSA for each queryHsddeenbMar kandMobdeh (BBHM)t
the second step of DeepMSA to search against the
Pfam database to construc¢t ythe MSA for the 2,214
|l ki gure w3 presented a quantitati Fersompamies dr
e enlarged sequence database (3,643,924 from WM
am f atnhiel iaevse)r,age number of MSAuéncds. B6SN3#“RBRe 4 M
6ol d higherPftamnMSANZZ2DE6 Fh@e. SBccordingly, the
effect iNeff fod g Men age nome2 2WSAHf H Ve dralryged t han t
m MSAsL 3(.255. pW0f e.tSBB&Cugh t he average sequence id
Met agenom@28M8ABA3 (46 h7T@her than that of Pfam
ersity3stbyetfidan6Rhéli)aurtee rSEMBe.n8B 9me Melifed by t
e HJHsbeI @i 1t) sn
s natural that searching through a | arger ¢
cting the MSAs. For exampl e for the Pfan
search time is 1.42N0.s&@r rsp.ackomwathe .
average search time is 6. 2.68 hours (
that motivated us to dev MeotuarSour ce t
vali daambhies wheh264l f ture, tI
h time by 3.3 times (=5 .
ghtly higher than the Pfam MS A, t he MS/
hen combining MetaSource with microbiom

- =

-

nao~T|Pmo wTmTm—
O — > —h — -
= ~+ =

L o
S5 <
(%2
< —TwnwW SO+

_‘
(¢

e
%

lon O
D o
OS> QDS —O0O<0ODOD®

—
>

stil
i mr o

TextS3.Case studies verified the applicability and i

stu es our targeted dnet aSour c
I interpretahbi r A mocnagn éD6OX B f arh Of d&Prhialm
are selTabt)eds ase studies (
Bmami es are se d based on the |literatu
(medlestod eby fohefour common(l2y) I(gMGE dfadat aset s
Bynd Mestth | These four datasets are commonly usec
tion for unsolved proteins.
t, assisted by Soil biome, PF05120 could be s
(Nestore.=5A8srcdh-0€ £8) . Based on our targeted metasour
successfully classified into the Soil bi ome (accur
datasets supply insufficient enNabod corgeo utsh asre qtuheen cosi, |
used in our research: 32.0, 336. 8, 69.0 and 17¢8
Oceans+Unirefl100 and Metaclust+Uniref 100, respecti

h the case
a

o -
—



prediction model tcdan &Smddr atielme pcroeudidctbe used t o s
sequence of PF05120. Furthermore, this prediction |
role in Soil bi ome for PF05120: AccordinhyO taordhe re
annotated as gas vesicles proteins. These gas vesi
di ffusion and provide buoyancygoi kngbi,e rBtha cse Iplrso tteo nm
plays an important role in the communi ¢d4)ions bet we

Second, the accuracy aendd nienttaeSropurrectea bmoldietly coofulodural
other biomes: Among t-beoP6L25Pf PMIR2&Mi2] i ss swictlesGf ul
the biome of Fermentor by our metasour ceNanfofde l (acc
scork®. )306anaieClp) , our protein structure predictio
However, i nsufficient homol ogous c o\uelsdt olree Pr3d2v.i6d e d
264, 295. 2, 299.6 for Unirefilroedf,1 A MGatn dJ nMea ted cll0OWs, t +T a
respectivel ynel &thed ffeu metnit@m of proteins in PF12652
the records in PF12652, this Pfam family is relate:
spore ceavelfopmcti on are closely related to anaero
f er me(nt)er s

Finally, based on an investifamilbhneo,f dgrheatcoappl
prospects have sprung up using our targeted MetaSo
accuracy: 0.982)CoA caehboxyli @ase asp Aiclydn subuni t, v

bi osynt heshsai pf hdiothg.-c hTahien Ifoantgty aci ds are import
l egumi nosarum Growth7)aRE0OS828sandadBp0adbnare two i
These two antibiotichhs osntad ws atnlle coppiest ameréactho ar e ha
plants &gmBd MW0aMN650 (classified into Soil biome, ac
polyhydroxyal kanoic acid (PHAhe styigalpflna sptrioct ei n, and

Text. SHhe construction of APhyl aSourceo for gui
supplemented by metagenome

I't might be interesting to |l ook at theophyl um I
I for guiding the search of homol ogous seque
a.t hlfios,dowe wused the same set of 964 Pfam f al
aSource medealgeddtimm cko & $ enhoytl wno nltaabi enl ,t hien spt ead
bi ome data from metagenome database, we down
omes (reflstetqgpsddt/dh pse,cbi . n) marsi ht e v /t @exrownmans

abase for training the Phyl aSource. Here we d
we found that over 80% the supplemented sequenc
met agenome database can by khlssstgnederasi adanhozk.e7 .gle)
thresival d-#( E£equence i dentity 90%). The data dowr
and counts for 736GB data with 718,314 protein s
s Wbl oc ks, wdhek eo relayc hc it ai ns threylsefuieltyelsa el mnng

mod el was constcbatsedl ogiBgia mehbtession model (
to predeélcaptripbeabelephwyibdr a given WHeéime pami uyn
sample with the highest probability wasFased f or

val i dati on, -1vper esdepl belycktidentd a b @ pe sg Isei npchey lau ms idnat abase

smal | (average size=15. 3tGB)q utem d\geiswtdeals mfufmbeir e mtf s
predicted phylum databases from 1 tdodadhdphylaa (r
the highest accur8ac y2 %) f whRvshy dadt®alpdrvogeh v luss ewder e
(Figure .S10A

To further examine the practical useful ness o
model i ng, we predabltiedy t ties tprhiyd wtm -bpdr oppimyg | sseb g ct
Phyl aSource to suppl emnemtatcthih éSie rD%dgdpho. | oFgoyr st ehgeu e2n0cae
t efsga miwiitehs sol ved structures, Phyl aSource was abl
hi gher contact accuracy-sicor@9. 9%6df 4%m ods carseas ,hi
using al/l genome sSequadnce si s TOeO@Er mubdicating t
statistically significant.

FigurediSslpOlBays t he aver agec croa t-@FfAIS SdeRc Gnmroaley sand
when using MSAs collected from the ald) téhred genonm
t he dsaetlaebcpttePchyl aSource on the 204 test families.

of the sequence database by Phyl aSddGBr/peri 4 amwehl s


https://ftp.ncbi.nlm.nih.gov/genomes/refseq/

for Phyl aSource and phihéeéatdangateespacasedc| y)omuBl
in a higher contact aceswcmnaecy ((00.6488 vvss.0.®.15676) wd
t o-vaalPue-51ab@s,2.r3eEspecti vedgyt . i ThSsadread dlst $ i ndic
fromaBbwltckekputddpress the sequences from the Awr
a |limted phylum data, the PhylaSource had a | owe
magnitude ok cocroent ammpt DMement t hagh tthleeyMeb @atSlo ur
demonstrated a similar | evel of search space and

Text. SBhe constructionf of bEe diaudsi@eg cotettieg E
homology sequences

The caveaelfwd <E£election in fiofdtaenngi mMmpomotl agb upr G e g
to MSA constructBBiDomst spuoudctdabtéEs eoceqnuent woul d be wusef
an opHEvarnade caoabloéddt ifrog the homol ogous sequences
specific Pfam familPs rfurcadmrvweh iwohiltdh é er enloidab lead . 3

Similar to MetaSource, the EvalueSource was tr
features for the training set were based on the
the Pfam database. We particul arl y -vdad suieg nceudt oaf fE vV
combination used by hmmer andneHlHtilgleintoanei s eaaemMIA
def ault DeepFMSAu npei pseh evnaelaufee3 JE=d&s used for the HE
hmmer when collecting the homol ogous sequences frr
ei glwtal les for HHb | 41 s21, €-BIEE6L E-11DEEn+dD-3DE and si x E
ted

val ues for hmmel, QIE3HENDd-AEEWer BEsel ec as pre
Hence, one ofluke paome@I E=48 combinations is th
Eval ueWhemcgi ven a Pfam family, and hence 48 MSAS
families to collect the homol ogous setqghieepces fror

LIl omgnge contact scores are usedltue se dtoirmaHtHe |ti It es

hmmer for structur & apousetdddaftbii omra,t i wne raes stolte aEed wi
contact score waulgah eble fsceg HatsH )tFhreaa-nd pnd - €Epass
validation shows that the hiFglgesdit§ Caccuracy of t hi
To further examine thé@Dapplriucdlirlei mpdefl itnhigi, s wrac
204 Pfam families with sol V&d gautreu @tie@nped haesd t he v e
model ing results thamdawudtgé&ESeucoeamb®%nabd ohE (1E

named as default combination). It wasvaslhuoewsn t hat

from EvalueSource ressitcored (0. @13) ighd!| gohi gberad
that wusi hgv &lheedef@u609 and 0. 496) yuewbi 6B5cbdbored
score ~aaldue=®. 062 f or c onttaecstt .a cTchuersaec yr eisnu |l Stsu di ennd
Eval ueSource coulvdalsiuelrp hoanlod otg otuasr gpetquitieincee c ol | e
reseulint mar gscnaarle Tavnd cont act accuracy i mprovement.
generate similar effect as MetaSofac WA fool li enptriow
and 3D strucThuirse ipsr epdriccdited bofinyu adtuteat i on of sequence
di fferent protein families, whil e the inherent I
spegiresps ccecwalpdhyhetd gheener i ¢ sequewad uki ctuamdds . s u
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Figure S5. The species richness statisfThe for f o
raw metagenome seguyerxdsg awdr ¢ haes démbIr&kRNA and cl u
to obtain the operational taxonomic units (OTUs)
could represent the species richness in correspol
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Figurbe SdMSA pipeline for multi plTehes enmeuteangceen camei g
dat abaeset hiinrd st ep can be the combination of four
each individual bi ome.

























































