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Scientists Lo highlight reasons why evolution by natural selection
‘can be treated, in effect, as an estabished fact.
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habitats, and from studies of molecular biological processes.
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Get the most from an article

Finding the article you need is your starting point, but you can do so much more than read it. Share
your research with friends and colleagues, post your comments, export diagrams on to slides, save
your references, access supplementary information (often not available in print), even order the
equipment you need.
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RNA interference screen for human genes associated
with West Nile virus infection

i Manoj N. Krishnan!, Aylwin Ng, Bindu Sukumaran!, Felicia D. Gilfoy?, Pradeep
: D, Uchild, Hameeda Sultanal, Abraham L. Brass, Rachel Adametz?, Melody

¢ Tsui®, Feng Qian®, Ruth R. MontgomeryZ, Sima Levy, Peter W. Mason®, Raymond
. A. KoskiZ, Stephen J. ElledgeZ12, Ramnik 1. Xavier®Ll, Herve Agaissed:ll & Erol
: FikrighdDdl

PR Section of [nfectsous Diseades,

1. Section of Rheumatsdogy, Department af interral Mécione,
;nsculg:rw Microbial Pathagenesis, Yale University School of Medicing, New Haven, Connectioutt 06520~
1

o Bickogy, ang unit, Gengral
Schos, D114, USA
5. Department of Pathoiogy, Ur-vww o? Texas Mecical Branch. Gobveston, Texas 77555 USA

. Department of Systems Biology.

E 7. Department of Genetics, Center for Genetics Ant Gendmics, BNgham ang Women's Hospitsl, Harvare
: Mesical School, Boston, Massachusetts 02115, USA

: & Degartrient of Neurchiclogy, Weizmann [nstitute of Science, israel

: 512 Diognostics, 300 Gearge Street, New Haven, Connecticutt 06511, USA

: 10, Howarg Hughes Medical institute, Chevy Chase, Maryland 2081%-6789, USA

: 11, These authors contributed ecually 1o this wark.

0 Erol Fikrigh-2d.2L ¢ ang reguests for materials shouls be adcressed to
Sale oo,

111

. West nne vlrus (WNV), and remad flaviviruses such as tick-borne - Tep

yellow fever and dengue viruses,

: constitute a significant global hnman health problem®. However, our

of the ction of such ‘with
: host cells is 1. WNV only 10 p
: that it may use many cellular proteins for infection’, WNV enters the
: cycles of
and rep progeny virions in association with

endoplasmic reticulum, and exits along the secretory pathway!-2.3, RNA
: to

(RNAI) p a

: dissect virus-host cell interactions®-5-%, Here we repart the identification
: of 305 host proteins that affect WNV infecti
: wide RNAI screen, F
: dependence of this virus on host cell phmulonv; requiring a wlae variety of
: molecules and cellular p for

. demonstrate a mqulrtmen! for the ubiquitin ligase OBLLZ Il\ WHNV

using a h
of the genes

We further

subscribe to Nature

+ Prévious | Next v
»*Table of contents

& CrossRef lists 2 articles

citing this article

i Scopus lists 2 articles citing
this article

¥ Submit a correspondence <o ¢

[B Export citation

[B Export references

[ Rights and permissions

Order commercial

£’ Bookmark in Connotea *°*°°°° 1

= Abstract

» Methods Summary
* References

* Acknowiedgements.
» Figures and tables.
» Supplementary info
= Online methods

immllution, » w“;:m,”" for u“.m the aclkd SEARCH PUNMED FOR
: transporter MC!" as a viral factor, By this » Mol . Krighnge

have both fapping and

of WNV-human cell interactions that
single plus d RNA virus infecti

and reveals potential antiviral targets.

| by Subject Area

Chemistry

Drug discovery
Biotechnology
Materials

Hethods & Protocols

Clirenl Proctice & Re
Cancer
Cardiovascular
madicine
Dentistry
Endocrinclogy
Gastroenteralogy &
Hepatology
Methods & Protocols
Pathalogy &
Pathobislogy
urology

Earth & By
Earth sclences
Evolution & Ecology

Life

Cancer
Bevelopment

Drug discovery
Evalution & Ecology
Genatics
Immunology

Medical research
Methods & Protocols
Hicroblology
Molecular celf blolagy
Neuroscience
Pharmacology
Systems blology

The host proteins previously reported to raunm.e WKV infection (termed host
susceptibility factors, ‘HSFs) comprise and
vATPase (for entry), @EFLA, TIA-1/TIAR and HMGCR. ffor renumuon). and c-Yes
(for secretion)i-2-Z-f-2.10, Other host proteins may reduce WNV infection
(termed host resistance factors, HRFs): of the IRF3
are known HRFs of WNV infectionil, In this context, we performed a genome-
scale small interfering RNA (sIRNA)-based screen sllencing 21,121 human genes
in HeLa cells to comprehensively identify the cellular proteins associated with the
early stages of WNV infection, from viral entry through to the intracellular
translation of viral RNA. Defects in the later stages of infection, such as

y or were not scored by the assay, The assay
involved infection of gene-silenced cells with WNV for 24 h, followed by a
microscopy-based quantification of the cells i for viral
protein to select the candidate host proteins. The screen was done in two steps:
a primary screen using a pool of four siRNAs per gene, followed by a validation
scraen, testing each individual $IRNA within the pool separately (for the hits
selected in the primary screen) to minimize potential off-target hits (Fig. 1a).
The detalls of the assay and screen are described in Methods and 5 ALy
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The RNAI screen |dentified 283 HSFs and 22 HRFs (of which 273 and 21
respectively are novel; Supplementary Tables 1 and 2). The number of HRFs
constituted 79 of the total host factors identified. The identification of (1) some
of the known HSFs {vATPase, 1 port 2} and HRFs (IRF3;

NAL for,

&, West Nile virus RIAI screen stratogy (see text for Seseription). b, &,
Biginfermatics clzasification of his into bislogical process (b} ang
mglecular function (€] categories, *Categaries foung eniched
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ref, 11) of WNV infoection, and (2) of macr
assemblies—for example, vATPase, the iated
d ion (ERAD) « focal adhesi (FAC) i d the

rellal)iliry of our approach aﬂd the in vitro model. A cellular map summarizing
several screen hits classified into cell compartments and broad functional
@2ssociption cotegories is provided in Supplementary Fig. 2,

Of the 283 HSFs, 195 (69%) and 193 (68%) could be classified using biological
nmo:ess and molecular function categories, respectively (Fig. 1b. ¢

Si ¥ Tables 3 and 4). There was a significant enrichment of genes
regulating intracellular protein trafficking, cell adhesion and processes associated
with the transport of ions and blomelecules. The enriched molecular function
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SUPPLEMENTARY INFORMATION

Legends for Supplementary Tables 1 and 2.

Supplementary Table 1. RNAi screen identifies 283 human genes required for West
Nile virus (WNV) infection. All of the identified 283 genes that qualified the selection
criteria are arranged in alphabetical order. Column E shows how many individual
SiRNASs scored out of the four comprising the pool against cach gene, when tested
separately. Columns G, L, Q. V and AL shows the fold reduction in WNV infection when
the indicated genes were silenced with either individual SiRNAs (G, L, Q. V) or pooled
SiRNAs (AI); and columns H, M, R, W and AJ are the corresponding Z-scores (standard
deviation (SD) from the mean infection of control samples). The relative cell numbers
(RCN, number of cells in gene silenced wells/number of cells in control) for G, L, Q, V
and Al are shown in I, N, S, X and AK; and the corresponding SD are shown in J, O, T,
Y and AL. Column AN shows fold reduction of dengue virus (DENV) infection (column
AO shows the corresponding SD) when genes were silenced with pooled SiRNAs. The
RCN corresponding to AN is shown in AP (AQ shows the corresponding SD). ‘NT*
indicates not tested in the individual SIRNA screen against WNV. *NTD" indicates not

tested against dengue virus.

Supplementary Table 2. RNAi screen identifies 22 human genes whose silencing
enhances West Nile virus (WNV) infection. All of the identified 22 genes that qualified
the selection criteria are arranged in alphabetical order. Column E shows how many

individual sIRNAs scored out of the four comprising the pool against each gene, when
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