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 Single cell organisms can tolerate inactivating mutations in 
the majority of genes (1–3), but it is unclear whether human 
cells require more essential genes due to increased complex-
ity, or fewer, due to added redundancy. To study this we 
used mutagenesis in the near-haploid chronic myeloid leu-
kemia (CML) cell line KBM7 (karyotype 25, XY, +8, Ph+), 
and its non-hematopoietic derivative HAP1 which is haploid 
for all chromosomes (fig. S1A) (4). More than 34.3 million 
and 65.9 million gene-trap integrations were identified in 
KBM7 and HAP1 cells, respectively. The employed gene-trap 
vector was unidirectional by design (fig. S1B) and for most 
genes the number of intronic integrations in the sense di-
rection was similar to that in the antisense direction (e.g., 
pro-apoptotic factor BBC3) (Fig. 1, A and B) (5–7). For a frac-
tion of genes, however, disruptive mutations were un-
derrepresented, indicative of impaired fitness: some genes 
(e.g., STAT5B) appeared essential in one cell type (fig. S1C), 
whereas others in both (such as RPL13A) (Fig. 1, A and B, 
and tables S1 to S3). 

 

2,054 genes in KBM7 cells 
(table S1 and figs. S2 and S3) and 
2,181 genes in HAP1 (table S2 
and figs. S2 and S3) appeared to 
be needed for viability or opti-
mal fitness under the experi-
mental growth conditions 
(referred to as ‘essential’ alt-
hough the approach does not 
distinguish between the two). 
The 1,734 genes identified in 
both cell lines were designated 
as ‘core essentialome’ (table S3). 
Importantly in KBM7 cells, genes 
on chromosome 8 (present in 
two copies) tolerated disruptive 
mutations, underscoring the 
specificity of the approach (fig. 
S1D). Furthermore nearly all 
subunits of the proteasome were 
identified as essential (fig. S4). 
In general, essential genes are 
overrepresented in categories 
such as translation or transcrip-
tion but not signaling (Fig. 1C 
and figs. S5 and S6). 

Many genes required for fit-
ness in yeast were also essential 
in human cells. Exceptions were 
largely explained by paralogs in 
the human genome or by yeast-
specific requirements (fig. S7A 
and table S4) (1). We estimated 
the evolutionary age of essential 
genes and found that 77% 

emerged in pre-metazoans (‘old’ essential genes) (fig. S7B). 
Essential genes had fewer paralogs and higher protein 
abundance and contained fewer single nucleotide polymor-
phisms (SNPs) predicted to impair function (Fig. 1D). Pro-
teins encoded by essential genes displayed more protein-
protein interactions (fig. S8, A to D) and these occurred 
more frequently with other essential proteins (49.8%) (fig. 
S9A) and within the same functional category (fig. S5B). 
Remarkably, the products of new essential genes are more 
often connected with old rather than other new essential 
gene products, suggesting that they largely function within 
ancient molecular machineries (fig. S9, B and C). 

To identify proteins interacting with products of 18 un-
characterized essential genes we used tandem affinity puri-
fication coupled to mass spectrometry (fig. S10). Interactors 
were frequently essential proteins (52.4%, P < 2.5E-36, hy-
pergeometric test) involved in processes like splicing, trans-
lation, and trafficking (fig. S11 and table S5). The small 
transmembrane protein TMEM258 associated with compo-
nents of the conserved oligosacharyltransferase (OST) com-
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plex (Fig. 2A and fig. S12A) essential for protein N-
glycosylation (8). TMEM258 localized to the endoplasmic 
reticulum (fig. S12B) and depletion (fig. S12, C and D) im-
paired OST catalytic activity as monitored by hypoglycosyla-
tion of prosaposin (Fig. 2B) (9). This also rationalizes the 
observed clustering of TMEM258 with OST complex subu-
nits in a recent genetic screen (10). Thus, TMEM258 consti-
tutes a subunit of the human OST complex and although 
homology searches (fig. S12E) do not identify a yeast 
ortholog, TMEM258 may relate to the similarly sized yeast 
transmembrane protein OST5 (11). 

Whereas most genes appear nonessential, their function 
may be buffered by other genes such that only simultaneous 
disruption is lethal (12–15). The frequency of such synthetic 
lethal interactions between human genes is debated and 
challenging to address experimentally (16, 17). We studied 
the small guanosine triphosphatases (GTPases) RAB1A and 
RAB1B, by creating individual knockout lines and assessing 
the genes needed for fitness in these backgrounds (Fig. 3A 
and fig. S13A). Whereas neither RAB1A nor RAB1B were es-
sential in wild-type cells, RAB1A became indispensable in 
RAB1B knockout cells and vice versa (Fig. 3A and fig S13B). 
To explore the breadth of synthetic lethality we probed the 
secretory pathway using three independent knockout cell 
lines (fig. S14) for RAB1A, RAB1B, GOSR1 (a subunit of the 
Golgi SNAP receptor), (18) and TMEM165 (a Golgi-resident 
Ca2+/H+ antiporter whose deficiency impairs glycosylation) 
(19) (Fig. 3B, figs. S15 and S16, and table S6). Most of their 
genetic interactions impinged on the secretory pathway 
(Fig. 3B and table S7) and many were found synthetic lethal 
with PTAR1. Synthetic lethality screens in PTAR1 deficient 
cells confirmed these genetic interactions and additionally 
identified the uncharacterized gene C10orf76 (Fig. 3B and 
fig. S17A). Validation using C10orf76 as query gene con-
firmed synthetic lethality with PTAR1, and (reciprocally) 
identified TSSC1, which was recently reported to interact 
with the Golgi associated retrograde protein complex 
(GARP) (Fig. 3B) (20). The human genes we studied display 
on average ~20 synthetic lethal interactions, a number 
comparable to that in yeast (12), although this varies be-
tween genes, with PTAR1 (causing a fitness defect when de-
leted alone) having close to 60 interactions (fig. S17B). This 
illustrates that synthetic lethal interactions can be identified 
and validated using reciprocal haploid screens and that, 
similar to yeast, interactions frequently occur between genes 
whose products act in related processes (fig. S17B) (13, 16). 
However, we acknowledge a caveat that this approach can-
not readily distinguish between synthetic lethal or synthetic 
‘sick’ interactions. 

The impaired growth of PTAR1-deficient cells (table S2) 
was suppressed by loss of the Golgi factor GOLGA5 (21) (Fig. 
4A and fig. S18). PTAR1-deficient cells had an abnormally 
dilated Golgi morphology (fig. S19A) which was partially 
corrected by co-deletion of GOLGA5 (Fig. 4B and fig. S19B). 
Functionally, PTAR1-deficiency impaired glycosylation (fig. 

S19C) (7), possibly due to dysregulation of RAB proteins 
(22). Indeed PTAR1-deficient cells showed attenuated 
geranylgeranylation of RAB1A and RAB1B (fig. S19D). Par-
tial correction of the Golgi morphology in cells lacking both 
PTAR1 and GOLGA5 could relate to the effect of GOLGA5, 
itself a RAB effector, on Golgi fragmentation (21, 23). Thus, 
the interaction map reveals PTAR1 and GOLGA5 as opposing 
handles tuning Golgi morphology and homeostasis. 

Genetic analysis suggested a link between the unstudied 
gene C10orf76 and PI4KB which were both synthetic lethal 
with PTAR1 (Fig. 3B). A host factor screen using cox-
sackievirus A10 also identified C10orf76 as well as PI4KB 
(fig. S20, A and B) and a proteomics survey (24) suggested 
association between C10orf76 and PI4KB. We confirmed this 
interaction in immunoprecipitation experiments with cells 
expressing FLAG-tagged C10orf76 (Fig. 4C). PI4KB regulates 
abundance of phosphatidylinositol 4-phosphate [PI(4)P] 
(25) and has a role in genome replication of various RNA 
viruses including coxsackieviruses (26). Infection studies 
confirmed that C10orf76 knockout cells were particularly 
resistant to coxsackievirus A10 (fig. S20C). Although virus 
entry occurred normally, replication of viral RNA was de-
creased in C10orf76 knockout cells (Fig. 4D and fig. S20D). 
Enteroviruses hijack PI4KB activity to construct ‘replication 
factories’ which were abundant in wild-type cells but rare in 
C10orf76-deficient cells (fig. S20E). Amounts of PI(4)P were 
decreased in these cells and Golgi retention of PI4KB after 
chemical inhibition (27) was largely dependent on C10orf76, 
which also localized to this compartment under these condi-
tions (fig. S21, A and B). Thus, C10orf76 is a PI4KB-
associated factor hijacked by specific picornaviruses for rep-
lication. 

This study identifies approximately 2,000 genes required 
for optimal fitness of cultured haploid human cells. Despite 
technical limitations, the identification of gene essentiality 
shows high concordance with the gene-trap and CRISPR 
data reported in the accompanying manuscript of Wang et 
al. (supplementary text and fig. S22). This suggests that the 
increase in total number of genes in humans as compared to 
that in yeast yielded a system of higher complexity rather 
than more robustness through added redundancy. Nones-
sential human genes appear to frequently engage in synthet-
ic lethal interactions. Our studies start to reveal an 
interconnected module of genetic interactions affecting the 
secretory pathway and link it to uncharacterized genes. The 
experimental strategy is applicable to various cellular pro-
cesses and may help unravel the genetic network encoding a 
human cell. 
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Fig. 1. Identification of genes required for fitness in KBM7 and HAP1 cells through insertional 
mutagenesis. (A) Unique gene-trap insertions were mapped in KBM7 and HAP1 cells, and their orientation 
relative to the affected genes was counted. Per gene the percentage of sense orientation gene-trap insertions 
(Y-axis) and the total number of insertions in a particular gene (X-axis) are plotted. (B) Gene-trap insertions 
identified in the sense (S, yellow) or antisense orientation (AS, blue) in a non-essential gene (BBC3), a gene 
essential only in KBM7 cells (STAT5B), and a gene essential in both cell lines (RPL13A). (C) KEGG pathway 
enrichment analysis of essential genes shared between or unique to KBM7 or HAP1 cells. (D) Properties of ‘new’ 
and ‘old’ essential genes compared to the human genome. Averages for the sets are displayed, except for 
protein abundance where median emPAI values are shown. 
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Fig. 2. The essential gene TMEM258 
encodes a component of the OST complex. 
(A) High-confidence protein-protein 
interactions associated with TMEM258. Green 
proteins indicate members of the 
oligosaccharyltransferase (OST) complex. 
Dashed lines indicate the OST complex 
subnetwork. (B) Effects of depletion of 
TMEM258 with siRNAs on the glycosylation of 
endogenous prosaposin. Cells were pulsed 
with 35S-methionine/cysteine, lysed and 
subjected to immunoprecipitation using anti-
prosaposin antibodies. Precipitated proteins 
were detected by phosphorimaging and 
hypoglycosylated prosaposin species are 
indicated. Tunicamycin treatment and 
depletion of the established OST subunit 
DDOST served as positive controls. 

/ sciencemag.org/content/early/recent / 15 October 2015 / Page 7 / 10.1126/science.aac7557 
 

http://www.sciencemag.org/content/early/recent


 
 
  

Fig. 3. Synthetic lethality network generated based on mutations. (A) Essentiality of RAB1A and RAB1B in 
wild-type HAP1 cells and cells deficient for RAB1A or RAB1B. (B) Genetic interaction network indicating 
synthetic lethal/sick interactions that were identified by scoring genes for fitness reduction in three nuclease-
generated knockout clones per genotype. This revealed an interconnected network with many genes that 
could be functionally assigned to the secretory pathway (labeled in green). Reciprocal interactions, scored in 
either query genotype, are indicated by red edges. Edge thickness reflects the effect size of the interaction 
(compared to wild-type cells). 
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Fig. 4. Roles of PTAR1 and 
C10orf76 in Golgi homeostasis 
and virus replication. (A) A bias for 
sense-orientation integrations in 
GOLGA5 observed in PTAR1-
deficient HAP1 cells but not wild-
type cells. (B) Electron micrographs 
of the Golgi apparatus (orange 
highlight) in the indicated 
genotypes. (C) Interaction of Flag-
tagged C10orf76 with PI4KB in 
HAP1 cells detected by 
immunoprecipitation using anti-
Flag antibodies. (D) Coxsackievirus 
A10 amplification in wild-type and 
C10orf76-deficient cells measured 
by single molecule fluorescent in 
situ hybridization (smFISH) to 
localize individual viral genomes 
(red). Intracellular viral RNA was 
first detected after 30 min. 
Increased RNA signal after 300 min 
indicates RNA replication. 
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