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21 Abstract

22 Seneca Valley virus (SVV) disease is a newly emerging infectious disease of pigs
23 caused by SVV, which seriously endangers the pig industry. This study was set out to
24 identify the essential host factors required for SVV entering porcine cells. Using a
25  CRISPR/Cas9 library containing 93,859 sgRNAs that were designed to target
26  approximately 22,707 porcine genes, we generated mutated porcine cell libraries,
27  which were subjected to SVV challenge for enrichment of cells resistant to SVV
28  infection. These resistant cells were subsequently analyzed to identify genes essential
29 for SVV infection. We demonstrated that ANTXRI1, a type I transmembrane protein
30 encoded by ANTXRI, heparan sulfate (HS), glycosaminoglycans modified by
31  acetylation and sulfation of HS2ST1, and Neu5Gc, a non-human sialic acid catalyzed
32 by CMAH, were the essential host factors for SVV entry into porcine cells. These
33 results will be helpful to elucidate the pathogenesis of SVV and the development of
34  prevention and control measures.

35 Keywords: Seneca Valley virus; CRISPR; host factors; genome-wide screen; viral
36 entry
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38 Introduction

39 Seneca Valley virus (SVV), belongs to the Senecavirus genus in the
40  picornaviridae family, is responsible for a porcine idiopathic vesicular disease. Since
41 2014, SVV has been confirmed to be the causative agent of a newly emerging swine
42 epidemic in the US 234 Brazil >%7# and China *!'°. To date, the global outbreak of
43 SVV in swine has caused a sharp decline in the production of neonatal piglets and
44  significant economic losses. However, no licensed vaccine or antiviral therapy is
45  available yet, highlighting an urgent need for basic research on SVV.

46 Viruses rely on the host to complete their life cycles. Host cell entry factors play
47  undoubtedly key roles determining the viral host range, tissue tropism, and viral
48  pathogenesis. A thorough comprehension of interaction between host factors and
49  virus will be the key to assess the impact of virus and will be helpful for finding better
50  preventive and therapeutic tools. For example, as angiotensin-converting enzyme 2
51 (ACE2) was identified as the specific host receptor of severe acute respiratory
52 syndrome coronavirus (SARS-CoV) !, engineered soluble ACE2 has been used to
53 compete with host receptor and thus prevent SARS-CoV-2 entry 2. In addition, gene
54  editing of host factors has recently been shown to be an effective way defending
55 against viruses in animal husbandry '*. For instance, CD163 serves as an uncoating
56  receptor of porcine reproductive and respiratory syndrome virus (PRRSV). Based on
57  understanding the key domains of CD163 interacting with PRRSV, pigs with precise
58  gene editing of CD163 exhibited a full resistance to the porcine reproductive and

59  respiratory syndrome (PRRS) 41516,
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60 Isolated in the cell culture of human fetal retinoblasts in 2002 7, SVV was
61  initially reported as a nonpathogenic oncolytic virus, as SVV showed high specificity
62  for some human tumor cells rather than normal tissues. The anthrax toxin receptor-1
63  (ANTXRI1) of human origin, alternatively named tumor endothelial marker 8 (TEMS)
64  highly expressing in some cancer tissue as a tumor-specific endothelial marker, was
65  previously identified as a SVV receptor in neuroendocrine cancer '3, It explained the
66  tropism of SVV to human tumor cells. However, the essential host factors for SVV
67  entry are yet to be determined in pigs.

68 CRISPR/Cas9-based loss-function libraries have recently been widely used for
69  characterization of host factors associated with virus infections, such as SARS-CoV-2
70 1%, Rift Valley fever virus (RVFV) 2, and alphaviruses 2'. In this work, a
71 genome-wide CRISPR/Cas9 single-guide RNA library was designed for the pig and
72 subsequently used to screen host factors for SVV susceptibility, and the functional
73 role of the identified genes in mediating SVV infection was investigated to clarify the
74  mechanism underlying infection, which allowed insights into prevention and

75  treatment of the disease.


https://doi.org/10.1101/2022.06.14.496051
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.06.14.496051; this version posted June 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

76 Results

77 A CRISPR/Cas9 mediated genome-wide knockout library was generated using
78  IBRS-2 cells

79 To identify host factors required for SVV infection, we constructed a genome-scale
80  loss-of-function library containing 93,859 CRISPR single-guide RNAs (sgRNAs),
81  targeting 22,707 genes in the swine genome. To guarantee the targeting efficiency and
82  to avoid the effects of off-targeting, we designed approximately five sgRNAs for each
83  gene, and the target sites were mainly chosen in the first exon of the genes to improve
84  the efficiency of the sgRNA. In addition, one non-targeting sgRNAs was included as
85  a negative control. We subsequently integrated an all-in-one expression vector to
86  simultaneously deliver Cas9, a sgRNA, and a puromycin resistance gene into the
87  target cells (Fig. 1a). We measured that the 92,918 designed sgRNA oligonucleotides
88  were successfully cloned into the plasmid library, and the relative abundance
89  difference between the highest 10% sgRNA and the lowest 10% sgRNA was within
90 15 fold (Fig. 1b). The plasmid pools were packaged into lentivirus in HEK293-T cells.
91 1.2x10% IBRS-2 cells, which are permissive to SVV, were transduced with the
92 lentivirus library at 0.2 MOI to ensure that the majority of cells harbored one sgRNA
93  (Fig. 1c). The cells were cultured for 7 days after a puromycin selection was
94  completed to make sure that the protein functions were destroyed. The genomic DNA
95  was isolated and the sgRNA regions were amplified by PCR. Deep sequencing results
96  showed that 85,151 guide RNAs were retained in genome, covering about 91% of the

97  original sequences (Fig. 1d).
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98 A candidate gene list for Seneca Valley virus infection was obtained by
99  CRISPR/Cas9 screen

100 The selected cell pools were challenged with SVV at 1.0 MOI for 24 h, with a clear
101 cytopathic effect (CPE). The DNA was extracted from the surviving cells for PCR
102 amplification and then subjected to next-generation sequencing (NGS) and analysis.
103 A significant reduction in the diversity of sgRNAs in the surviving cells was observed,
104  reflecting that the sgRNAs targeted essential genes (Fig. 2a, Supplementary Fig. 1a,
105 b).

106 The top 7 genes that showed the highest screen scores in three independent
107 experiments are shown in Fig. 2b and Table S1: ENSSSCG00000022032 (heparan
108  sulfate 2-O-sulfotransferase 1, HS2STI1), ENSSSCG00000008340 (ANTXR cell
109  adhesion molecule I, ANTXRI), ENSSSCG00000001099 (cytidine
110  monophospho-N-acetylneuraminic acid hydroxylase, CMAH),
111 ENSSSCG00000027031, ENSSSCG00000018405, ENSSSCG00000028377
112 (crystallin zeta like 1, CRYZLI), and ENSSSCGO00000011672 (RAS p21 protein
113 activator 2, RASA2). We further performed Gene Ontology (GO) analysis (Fig. 2¢)
114  and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis (Fig. 2d) on the
115 data. From the KEGG analysis, we found that the glycosaminoglycan synthesis
116  pathway not only showed the most significant enrichment but also contained the most
117  abundant pathway. Of note, the genes from the enriched list highly likely to be

118  involved in viral entry were: ANTXRI, encoding a type I transmembrane protein;
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119  HS2STI, relating to heparan sulfate (HS) modification and CMAH, responsible for
120 catalytic synthesis of sialic acid.

121 Knockout of ANTXRI leads to a significant reduction of Seneca Valley virus
122 permissivity

123 The second most significantly enriched gene in the SVV screen library were found
124 to be the ANTXRI gene, encoding a single-pass cell surface protein consisting of an
125  intracellular region, transmembrane region, and an extracellular region with a von
126  Willebrand Factor A (VWA) domain 2>?324, To validate the function of ANTXR1 in
127 SVV infection in pigs, knockout cells (PK-15 and CRL-2843) were generated using
128  the CRISPR/Cas9 system (Supplementary Fig. 2a, b). The ANTXRI KO cell lines
129  were infected with SVV for 12 h. As expected, viral replication was significantly
130 decreased as shown by qPCR (Fig. 3a, e). A reduction in the protein level was also
131 confirmed by Western blotting (Fig. 3b, f). Cytopathic effects (CPE) were not
132 observed in CRL-2843 after ANTXRI knockout (Supplementary Fig. 3a), and no
133 virus was observed in the knockout (KO) cell lines using immunofluorescence
134 staining (Fig. 3g, Supplementary Fig. 3b), indicating that the cell lines had gained
135  protection against the SVV infection. Moreover, exogenous expression of the
136 ANTXRI restored the susceptibility of gene knockout lines to viral permissivity,
137 suggesting that the antiviral phenotype of cells is indeed caused by the deletion of
138 ANTXRI (Fig. 3c, d).

139  ANTXRI1 is the cellular receptor for Seneca Valley virus
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140 To further analyze the potential role of pig ANTXRI in SVV entry, we examined
141 whether viral entry into the cells was inhibited in the absence of ANTXRI. Incubating
142 with SVV at 4 °C for 1 h or 37 °C for 30 min respectively, ANTXRI KO cell lines
143 displayed a significantly decreased viral attachment and internalization (Fig. 4a, b).
144 Furthermore, ectopic expression of pig ANTXR1 enabled SVV attachment (Fig. 4c¢)
145  and an 11-fold increase in virus infection for 24 h (Fig. 4d) in MDCK, a cell line
146 which normally is not permissive for SVV infection.

147 The pcDNA3.1 vector containing pig ANTXR1 was transfected into HEK293-T
148 cells and SVV was added 24 h later. SVV-ANTXRI1 co-localization was observed
149  after 8 h (Fig. 4e). We also tested the co-localization of endogenous ANTXR1 and
150  SVV in IBRS-2 cells (Fig. 4f). To investigate interactions between ANTXRI1 and
151 SVV structural proteins, HEK293-T cells were transfected using a Myc—ANTXR1
152 expressing vector, with Flag-tagged viral structural proteins VP1, VP2, VP3
153 expressing plasmids, respectively. Analyzed by Western blotting, we found that
154  ANTXRI1 interacts with VP1 and VP2 (Fig. 4g). These results supported the
155  hypothesis that pig ANTXRI1 is the cellular receptor for SVV infection.

156  Heparan sulfate is associated with Seneca Valley virus infection

157 A large number of genes encoding enzymes involved in heparan sulfate (HS)
158  synthesis and modification were enriched (p<<0.01) in the candidate gene list, such as
159  B3GAT3 (ranking number 2211), EXTI (ranking number 37), EXT2 (ranking number
160  2492), NDST2 (ranking number 3559), NDST3 (ranking number 257), HS2STI

161  (ranked at the very top) and HS3ST5 (ranking number 1295). Most strikingly, we
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162  found that the HS synthesis pathway was upregulated in the KEGG analysis in the
163  transcriptome sequences of wild-type cells after SVV infection, including EXTLI,
164  EXTI, HS3STI and HS3ST3B1 (Fig. 5a, Supplementary Fig. 4).

165 Therefore, to investigate whether HS serves as an essential factor for SVV infection,
166 ~ we performed mutations in EXT1, HS2ST1 and HS3ST5 (Supplementary Fig. 5a-c)
167  and then measured the effect on SVV infection. The relative amount of SVV mRNA
168  was around 5-fold lower in EXT1 KO cells compared to wild type PK-15 cells (Fig.
169  5b), while the relative mRNA of SVV was reduced 5-fold to 10-fold in the HS2ST1
170 KO cells (Fig. 5¢), 2-fold to 12-fold in the HS3ST5 KO cells compared to wild type
171 PK-15 cells (Fig. 5d), reflecting that the KO cell lines gained resistance to SVV
172 infection. Western blotting also confirmed the low level of SVV-VP2 protein in KO
173 cells as compared to wild type cells (Fig. Se, f).

174 Soluble heparin sodium, an analogue of heparan sulfate, is usually used as a HS
175  competitive binding reagent. SVV was added to PK-15 cells after treatment with
176 different concentrations of soluble heparin sodium for 1 h, which reduced viral
177 infection substantially at 0.5 mg/mL and higher concentrations (Fig. 5g). Under the
178  same condition, SVV infection was also reduced by soluble heparin sodium in
179  CRL-2843 cells (Fig. 5h).

1830  Heparan sulfate affects virus attachment

181 To determine whether HS could affect SVV binding to the cell surface, the ability
182 of SVV attachment and internalization were further analyzed in HS2ST/ and

183 EXTIKO cell lines. The SVV attachment and internalization were significantly
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184  reduced in the HS2ST1 KO cells compared with the wild type PK-15 cells (Fig. 6a, b).
185  The same results were also observed in the EXT1 KO cells (Fig. 6¢, d). In addition,
186 heparin sodium also very potently reduced the SVV attachment and internalization
187  (Fig. 6e-h). These data further demonstrated that HS serves as an adhesion factor for
188 SVV.

189  Functional validation of CMAH in SVV infection

190 To validate the function of CMAH in SVV infection, knockout cells (IBRS-2) were
191  generated using the CRISPR/Cas9 system (Supplementary Fig. 6). The CMAH KO
192 cell lines were infected with SVV for 12 h, and the relative amount of mRNA
193 encoding SVV was about 4-fold lower in CMAH KO cells compared to wild type
194  IBRS-2 cells (Fig. 7a). Western blotting results indicated that viral VP2 was
195  decreased significantly (Fig. 7b). Moreover, another CMAH KO cell line (IBRS-2)
196  also had a similar phenotype (Fig. 7¢). As demonstrated in Fig. 7d, ectopic expression
197 of pig CMAH restored the susceptibility of CMAH KO lines, suggesting that SVV
198  infection depends on CMAH.

199  Seneca Valley virus entry depends on CMAH

200 CMAH is the key enzyme to synthesize NeuSAc into Neu5Ge. Previous studies
201  have shown that Neu5Gc is a cell surface receptor for influenza virus. We thus
202  measured viral attachment, viral entry, and internalization to determine how CMAH
203  affects SVV infection. CMAH KO cells showed significantly reduced SVV
204  attachment and internalization (Fig. 7e, f). The ectopic expression of pig CMAH

205 increased SVV attachment (Fig. 7g), whereas the antibody of Neu5Gc reduced SVV
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206  infection significantly (Fig. 7h). These results demonstrated that SVV entry depends

207 on Neu5Gec.
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208  Discussion

209 We applied CRISPR/Cas9 for genome-wide screening in porcine cells in order to
210  elucidate the host factors determining the susceptibility to SVV infection, showing
211 that ANTXRI1, heparan sulfate and Neu5Gc play important roles in SVV entry.

212 ANTXRI1 has been confirmed as a SVV receptor in selected human tumor cells.
213 According to previous structural studies, the R88 site and D156 site of human
214  ANTXRI are critical amino acid residues interacting with SVV 2326, However, the
215  corresponding sites in pig ANTXR1 mutate to other amino acids. Despite the
216  difference, we demonstrated in this study that ANTXRI1 also acts a receptor mediating
217 SVV entry into porcine cells, and it physically interacts with VP1 and VP2 of SVV.
218 As SVV infects pigs but not humans °, this finding suggests that more complicated
219  factors but not a single receptor determine the species tropism of SVV.

220 The conservation of ANTXRI among different species suggests that it may have
221  other unknown important physiological functions. As reported, ANTXR1 may be
222 associated with collagens binding and promotion of ECs migration and misaligned
223 incisors are observed in adult ANTXR! KO mice ?’. Mutations in ANTXRI cause
224  progressive extracellular-matrix accumulation in patients with the GAPO syndrome, a
225  complex phenotype consisting of growth retardation, alopecia, pseudoanodontia and
226  progressive optic atrophy 28. Recently, ANTXRI knockout pigs were produced, and as
227  expected, exhibited resistance to SVV infection, while these pigs also developed
228  GAPO-like symptoms 2°. Based on the above results, more explicit structural

229  investigations on the SVV-ANTXRI1 complex are warranted in order to design
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230  accurate editing sites that destroy the function of virus receptor while maintaining its
231 normal physiological function *°.

232 Heparan sulfate (HS) is a highly sulfated polysaccharide, which is widely
233 distributed on the surface of cell membranes, basement membranes and the
234 extracellular matrix. Its synthesis is catalyzed by a series of synthases and modifying
235  enzymes 3!, Various structures and modifications lead to the complexity and diversity
236  of biological properties of heparan sulfate, including cell adhesion, regulation of cell
237  growth and proliferation, and development processes *>3334, Because of its anionic
238  characteristics and high-density negative charge, heparan sulfate possesses the ability
239  to interact with viruses. Heparan sulfate has been identified as receptor or co-receptor
240  for certain types of viruses, such as SARS-CoV2 ¥, lymphocytic choriomeningitis
241 virus (LCMV) 3¢, and chikungunya virus *’. A series of HS synthetases and sulfation
242  modifying enzymes were shown to be enriched in our experiment, and we
243 demonstrated that heparan sulfate is also a receptor for SVV. By exogenous addition
244  of soluble heparin sodium, competitive binding of heparan sulfate and heparin sodium
245  to SVV was studied. We found that SVV invasion and infection were both impaired.
246  This suggests that low-cost small molecule therapeutic drugs may block the
247  combination of virus and HS, so as to reduce the virus infection in pigs.

248 Sialic acids constitute a 9-carbon monosaccharide family that is important for a
249  wide variety of biological events. The predominant sialic acids in mammals are
250  N-acetylneuraminic acid (Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc), the

251  latter is formed by hydroxylation by CMAH. The CMAH '~ knockout mice model was


https://doi.org/10.1101/2022.06.14.496051
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.06.14.496051; this version posted June 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

252 previously used to investigate the effect of Neu5Gc on influenza virus infection,
253 showing that Neu5Gc acted as a functional receptor . Porcine CMAH KO lessens the
254 severity of the PEDV infection and delays its occurrence *°. A previous study showed
255  that sialic acid played a role in mediating SVV-GFP infectivity, but the mechanism
256 was unclear 4. Our results indicated that SVV entry depended on CMAH, suggesting
257  that the expression of Neu5Gc is conducive to SVV infection. Interestingly, compared
258  with other mammals, human CMAH has been evolutionarily mutated and inactivated,
259  which means that humans cannot produce Neu5Gc #!, and we speculate that this may
260  also be one of the reasons for the different consequences of SVV infection in humans
261  and pigs.

262 In conclusion, ANTXR1, heparan sulfate and Neu5Gc were shown to act as host
263  factors of virus entry by our screen, and SVV disease prevention and treatment could
264  potentially benefit from these results. These findings provide significant clues to
265 design new vaccines, develop effective drugs, and evaluate a genetic breeding

266  strategy.
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267 Materials

268  Cells and viruses

269 IBRS-2, PK-15, MDCK, HEK293-T cells and the derived mutant cell lines were
270  cultured in Dulbecco's Modified Eagle Medium supplemented with 10% fetal bovine
271 serum (FBS), and 50 pg/mL streptomycin. CRL-2843 and the derived mutant cell
272 lines were cultured in Hyclone RPMI-1640 supplemented with 10% FBS and 50
273 ug/mL streptomycin. All cell lines were tested and judged free of mycoplasma
274  contamination and maintained at 37 °C (5% CO).

275 SVV strain isolated in National Foot and Mouth Diseases Reference Laboratory,
276 Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences
277  was used for screening and validation studies. These SVV strains were propagated in
278  IBRS-2 cells, and viral titers were determined using a doubling dilution assay; the
279  titers were denoted as the 50% cell culture infective dose (TCIDso)/mL, as determined
280 using the Reed-Muench method. The titrated viruses were preserved at —80 °C
281  (TCIDso=7.89).

282 To examine the susceptibilities of cells to SVV, the cells were plated 1 to 2 days
283  prior to inoculation, and then challenged with SVV at the indicated MOI (using the
284  basic medium for dilution) at 37 °C for appropriate time. The viral infection state was
285  evaluated for subsequent analysis.

286  Screen library construction

287 A pooled library encompassing 93,859 different sgRNAs targeting 22,707 pig

288  genes was designed by the Wu laboratory, China Agricultural University, reference
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289  genome Sscrofal(.2 from https://www.ensembl.org. The sgRNAs was packaged
290  using a lentivirus library by GenScript, NanJing, China. 1.2x10% IBRS-2 cells were
291  transduced with lentiviruses at a multiplicity of infection (MOI = 0.2). After 2 ng/mL
292 puromycin selection for 3 days, cells were challenged with SVV (MOI = 1) for 24 h.
293 The experiments were performed in three independent experiments. Genomic DNA
294  was extracted from the uninfected cells or the surviving cells. Using Specific primers
295  located on both sides of the sgRNA frame, sgRNA sequences were amplified two
296  rounds, and subjected to next generation sequencing. A lentivirus carried a non-sense
297  sgRNA was transduced into 1x107 as a control cell library. All the used sgRNA
298  amplified primers in this study are listed in Table S2.

299  Establishment of single gene mutant cell

300 The three plasmids were transfected into cell (jetPRIME, polyplus) in combination
301  to manufacture a single gene mutant cell line - a plasmid expressing Cas9 protein
302 regulated by 4 ng/mL doxmycin with PB transposon, a plasmid connecting sgRNA
303  targeting gene with PB transposon and puromycin screen marker, and a vector
304  expressing transposase. Genomic DNA was extracted from samples using the DNeasy
305 Blood & Tissue Kit (Qiagen) and positive cells were picked. All the used sgRNA
306  sequence and gene targeting site amplified primers in this study are listed in Table S3
307  and Table S4.

308  Overexpression experiments

309 The cDNA of ANTXRI was amplified from PK-15 cells, The cDNA of CMAH was

310 amplified from pig kidney issues and cloned into pcDNA3.1(+)-Myc vector
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311 (Invitrogen, Carlsbad, CA, USA) to yield the C-terminal Myc-tagged expression
312 construct. All the used cDNA amplified primers in this study are listed in Table SS.
313 Western blotting

314 Cells were lysed using an immunoprecipitation (IP) lysis buffer containing protease
315 inhibitors (Biotechnology, China). The protein concentrations of the extracts were
316  measured with a BCA assay (Beyotime, P0012). Equal amounts of protein from each
317 sample were analyzed by 10% sodium dodecyl sulfate-polyacrylamide gel
318  electrophoresis (SDS-PAGE) and transferred onto polyvinylidene difluoride (PVDF)
319 membranes, which were blocked with 5% skimmed milk and 0.5% Tween-20 in
320  Tris-buffered saline (TBST) at room temperature for one hour and incubated with
321  primary antibodies at 4 °C. The Myc-tagged proteins were probed with a mouse
322 anti-Myc tag monoclonal IgG antibody (1:1000 dilution, CST). The anti-VP2
323 polyclonal antibody was prepared in our laboratory. Subsequently, the membranes
324  were incubated with a goat anti-rabbit IgG secondary antibody (1:10,000 dilution,
325  Beyotime) or a goat anti-mouse IgG secondary antibody (1:10,000 dilution, Beyotime)
326  for one hour at room temperature, followed by washes in TBST. Proteins were
327  visualized with chemiluminescence and normalized by B-tubulin or B-actin.

328  Indirect immunofluorescence assay

329 To detect SVV infection in mutant cells, an indirect immunofluorescence assay
330  (IFA) was performed. Cells were cultured in 12-well plates and challenged by SVV
331 (MOI = 1). At 8 hpi (hours post infection), the cells were fixed with 4%

332 paraformaldehyde for 30 min and then permeabilized with 0.25% Triton X-100 at
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333 room temperature for 5 min. After three times washes with phosphate-buffered saline
334 (PBS), the cells were blocked with 5% bovine serum albumin in PBS for 30 min.
335  Thereafter, the cells were incubated with an anti-VP2 primary antibody overnight at
336 4 °C. The fluorochrome-conjugated secondary antibody was added in the dark for 6 h
337  at 4 °C. After that, the cells were stained with 4'6'-diamidino-2-phenylindole (DAPI)
338  for 10 min to reveal the nuclei. The fluorescence was visualized using a EVOS M5001
339  imaging System (Invitrogen).

340  RNA extraction and quantitative real-time PCR (qRT-PCR)

341 Total RNA was extracted with TRIzol (Magen) according to the manufacturer's
342 instructions. G490 5 X All-In-One RT MasterMix (abm) was used for reverse
343 transcription according to the manufacturer's protocol (Promega). The qRT-PCR
344  analysis was performed in 96-well plates using the BIO-RAD CFX96 detection
345  system. The relative expression level of these genes was calculated using the 2-44¢
346  method, and GAPDH (glyceraldehyde-3-phosphate dehydrogenase) mRNA was
347  used as the endogenous control. qRT-PCR was performed on each sample in triplicate.
348  All the used qPCR primers in this study are listed in Table S6.

349  Coimmunoprecipitations

350 HEK293-T cells grown in 100 mm plates were transiently co-transfected with 8 pg
351  of Myc-ANTXRI and 8 pg of Flag-SV V-structure-protein plasmid. The transfectants
352 were harvested 24 h after transfection and subjected to immunoprecipitation assay.
353 The cells were lysed in NP-40 lysis buffer (1% NP-40, 50 mM Tris (pH 8.0), 5 mM

354  EDTA, 150 mM NaCl, 2 mg/mL leupeptin, 2 mg/mL aprotinin, 1 mM phenylmethane
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355  sulfonyl fluoride) 30 min, 400 pL lysate incubated with anti-Myc antibody or 400 puL
356  with control IgG antibodies, and 40 pL protein G agarose beads, then placed on a
357  rotating wheel overnight at 4 °C. The agarose beads were pelleted and washed three
358  times in NP-40 lysis buffer. Antibody—antigen complexes bound to the beads were
359  eluted in SDS-PAGE sample buffer by boiling, resolved by SDS-PAGE, and analyzed
360 by Western blotting analysis with the appropriate antibodies.

361  Blocking experiments with heparin sodium and an anti-NeuSGc antibody

362 SVV was added (MOI = 1) to PK-15 cells after treatment with soluble heparin
363 sodium (Yuanye) at 0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1 mg/mL, and 2 mg/mL
364  with PK-15 cells for 1 h, respectively.

365 An anti-Neu5Gce antibody (BioLegend) was preincubated at 1:200 dilution with
366  IBRS-2 cells for 1h, after which SVV was added (MOI = 1). After 1h, media was
367 replaced by DMEM. At 12 hpi, SVV mRNAs was determined using a qPCR assay.
368  Statistical analysis

369 GraphPad Prism software (GraphPad, San Diego, CA) was used to analyze the data.
370  Unpaired two-tailed t test were performed where applicable to determine statistical
371  significance, and the results are presented as the mean = SEM (*p <0.05, **p <0.01,

372 and ***p <0.001).
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496 FUGURE LEGENDS

497  Fig 1. Construction of porcine genome-wide mutant cell library.

498  a Schematic diagram of plasmids library construction. Oligo array synthesized
499  sgRNAs were cloned into the plasmids, then packaged to lentivirus in HEK293-T
500  cells.

501 b Quality detection of plasmid library. The abscissa represents each oligo and the
502  ordinate represents read counts after normalization. The specific sequencing values
503  are presented in the table on the right.

504 ¢ Schematic diagram of cell mutation library construction. Lentiviral pools were
505  transduced into cells, positive cell clones were selected by puromycin.

506 d Distribution of mutant genes on genome. The abscissa represents each

507  chromosome and the ordinate represents read counts.
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508

509  Fig 2. SVV resistance related genes were obtained by screening.

510 a Schematic diagram of SVV-resistant cell library construction. Cell mutation
511  library were challenged with SVV (MOI = 1) for 24 h. Genomic DNA was extracted
512 from the surviving cells. The sgRNA sequences were amplified and subjected to next
513  generation sequencing.

514 b Ranking of candidate genes. The top seven hits are shown as different colors. The
515  abscissa represents log fold change and the ordinate represents log Robust Rank
516  Aggreg (RRA).

517 ¢ Gene Ontology (GO) analysis for the enriched gene targets. The histogram
518  shows the names of the top 30 GO terms and the corresponding number of genes.
519  According to the GO classification, the Classes are divided into: BP (biological
520  process,), MF (molecular function) and CC (cellular component).

521 d Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis for the enriched
522 gene targets. The scatter plot is a graphical representation of the KEGG enrichment
523 analysis. KEGG enrichment was measured by Rich Factor, g-value, and the number of
524  genes enriched on this pathway. In this study, the 30 pathways with the most

525  significant enrichment were selected and displayed in this figure.
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526

527  Fig 3. Knockout of ANTXRI significantly reduced SVV infection.

528  a Quantitative analysis of SVV RNA in ANTXRI-knockout and wild type PK-15
529  cells. Wild type PK-15 cells and ANTXRI KO cells were cultured in 12 well plates,
530  and infected with SVV (MOI = 1). At 12 hpi (hours post infection), SVV mRNAs was
531  determined with qPCR assay.

532 b Western blotting detection of SVV-VP2 in ANTXRI-knockout and wild PK-15
533 type cells. Wild type PK-15 cells and ANTXRI KO cells were cultured in six well
534  plates, and infected with SVV (MOI = 1). At 12 hpi, the cells were collected for
535 Western blotting.

536 ¢ d Quantitative analysis of SVV RNA in ANTXRI-knockout cells after
537  transfection. The ANTXRI KO cells were transfected with 3 pg
538  Myc—ANTXRI1-expressing plasmid. At 48 hpt (hours post transfection), SVV was
539 added (MOI = 1) for 12 h. The same amount of empty vector was used in the
540 transfection process. SVV mRNAs were determined with qPCR assay.

541 e Quantitative analysis of SVV RNA in ANTXRI-knockout and wild type
542 CRL-2843 cells. Wild type CRL-2843 cells and ANTXR! KO cells were cultured in
543 12 well plates, and infected with SVV (MOI = 1). At 12 hpi, SVV mRNAs was
544  determined with qPCR assay.

545  f Western blotting detection of SVV-VP2 in ANTXRI-knockout and wild type
546  CRL-2843 cells. Wild type CRL-2843 cells and ANTXR! KO cells were cultured in

547  six well plates, and infected with SVV (MOI = 1). At 12 hpi, the cells were collected
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548  for Western blotting.

549 g Indirect immunofluorescence assay of SVV-VP2 in ANTXRI-knockout and
550  wild type CRL-2843 cells. Wild type CRL-2843 cells and ANTXRI KO cells were
551  cultured in 24 well plates, and infected with SVV (MOI = 1). At 8 hpi, VP2 protein
552 expression (green) was detected by indirect immunofluorescence assay. Cell nuclei
553  were stained with a NucBlue Live ReadyProbe (blue). Scale bars: 300 um.

554  Data are means + SD of triplicate samples. *P < 0.05, **P < 0.01, ***P < 0.001

555  (two-tailed Student's t-test)
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556

557  Fig 4. ANTXR1 affects the SVV enter cells by interacting with VP1 and VP2.

558 a Quantitative analysis of SVV RNA in ANTXRI-knockout and wild type PK-15
559  cells during the process of SVV attachment. Wild type PK-15 cells and ANTXR]
560 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 4 °C
561  for 1 h. SVV mRNAs was determined with qPCR assay.

562 b Quantitative analysis of SVV RNA in ANTXRI-knockout and wild type PK-15
563  cells during the process of SVV internalization.Wild type PK-15 cells and ANTXR]
564 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 37 °C
565  for 30 min. SVV mRNAs was determined with qPCR assay.

566 ¢ Quantitative analysis of SVV RNA in MDCK cells during the process of SVV
567  attachment. MDCK cells were transfected with 3 pg Myc—ANTXRI-expressing
568  plasmid. At 48 hpt, SVV was added (MOI = 10) at 4 °C for 1 h. SVV mRNAs was
569  determined with qPCR assay.

570  d Quantitative analysis of SVV RNA in MDCK cells. MDCK cells were transfected
571 with 3 ng Myc—ANTXR 1-expressing plasmid. At 48 hpt, SVV was added (MOI = 10)
572 for 24 h. SVV mRNAs was determined with qPCR assay.

573 e Observation of the co-localization of porcine ANTXR1 and SVV in HEK-293T
574  cells by laser confocal experiment. HEK293-T cells were transfected with 3 pg
575  Myc—ANTXRI1-expressing plasmid, then SVV was added 24 h later (MOI = 1) for 9 h.
576  Images were obtained by confocal microscopy using a 100% objective. Scale bars: 50

577 um.
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578  f Observation of the co-localization of ANTXRI1 and SVV in IBRS-2 cells by laser
579  confocal experiment. IBRS-2 cells were infected with SVV (MOI = 1) for 9 h.
580  Images were obtained by confocal microscopy using a 100x objective. Scale bars: 50
581  pm and 25 pm.

582 g Coimmunoprecipitation. HEK293-T cells were cultured in 10-cm dishes and
583  transfected with 8§ pg Myc—ANTXRI1, 8 pg viral structural protein with a Flag tag
584  expressing plasmid. The cells were collected for co-immunoprecipitated 24 h later.

585 Data are means + SD of triplicate samples. *P < 0.05, **P < 0.01, ***P < 0.001

586  (two-tailed Student's t-test)
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587

588  Fig 5. HS is the essential for SVV republication.

589 a Heparan sulfate (HS)/heparin biosynthetic pathways. Enriched genes were
590  significantly enriched in this screen are indicated in pink. Significantly upregulated
591  genes after SVV infection in transcriptome analysis of wild-type PK-15 cells are
592 indicated in yellow background.

593 b Quantitative analysis of SVV RNA in HS2S871-knockout and wild type cells.
594  Wild type PK-15 cells and HS2ST1 KO cells were cultured in 12 well plates, and
595  infected with SVV (MOI = 1). At 12 hpi, SVV mRNAs was determined with qPCR
596  assay.

597 ¢ Quantitative analysis of SVV RNA in EX7T1-knockout and wild type cells. Wild
598  type PK-15 cells and EXTI KO cells were cultured in 12 well plates, and infected
599  with SVV (MOI = 1). At 12 hpi, SVV mRNAs was determined with qPCR assay.

600 d Quantitative analysis of SVV RNA in HS35T5-knockout and wild type cells.
601  Wild type PK-15 cells and HS3ST5 KO cells were cultured in 12 well plates, and
602 infected with SVV (MOI = 1). At 12 hpi, SVV mRNAs was determined with qPCR
603  assay.

604 e Western blotting detection of SVV-VP2 in HS2STI-knockout and wild type
605  cells. Wild type PK-15 cells and HS2ST1 KO cells were cultured in six well plates,
606  and infected with SVV (MOI = 1). At 12 hpi, the cells were collected for Western
607  blotting.

608  f Western blotting detection of SVV-VP2 in EX7T1-knockout and wild type cells.
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609  Wild type PK-15 cells and EXT1 KO cells were cultured in six well plates, and
610  infected with SVV (MOI = 1). At 12 hpi, the cells were collected for Western blotting.
611 g Quantitative analysis of SVV RNA in PK-15 cells with different concentrations
612  of heparin sodium treatment. PK-15 cells were incubated with soluble heparin
613  sodium for 30 min, then infected with SVV for 12 h. SVV mRNAs was determined
614  with qPCR assay.

615 h Quantitative analysis of SVV RNA in CRL-2843 cells with different
616  concentrations of heparin sodium treatment. CRL-2843 cells were incubated with
617  soluble heparin sodium for 30 min, then infected with SVV for 12 h. SVV mRNAs
618  was determined with qPCR assay.

619  Data are means + SD of triplicate samples. *P < 0.05, **P < 0.01, ***P < 0.001

620  (two-tailed Student’s t-test)
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621  Fig 6. HS help to SVV attachment.

622  a Quantitative analysis of SVV RNA in HS2STI-knockout and wild type PK-15
623  cells during the process of SVV attachment. Wild type PK-15 cells and HS2ST1
624 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 4 °C
625  for 1 h. SVV mRNAs was determined with qPCR assay.

626 b Quantitative analysis of SVV RNA in HS2STI-knockout and wild type PK-15
627  cells during the process of SVV internalization. Wild type PK-15 cells and HS2ST
628 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 37 °C
629  for 30 min. SVV mRNAs was determined with qPCR assay.

630 ¢ Quantitative analysis of SVV RNA in EXT1-knockout and wild type PK-15 cells
631  during the process of SVV attachment. Wild type PK-15 cells and EXT1 KO cells
632  were cultured in 12 well plates, and infected with SVV (MOI = 10) at 4 °C for 1 h.
633  SVV mRNAs was determined with qPCR assay.

634 d Quantitative analysis of SVV RNA in EXTI-knockout and wild type PK-15
635  cells during the process of SVV internalization. Wild type PK-15 cells and EXT/
636 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 37 °C
637  for 30 min. SVV mRNAs was determined with qPCR assay.

638 e Quantitative analysis of SVV RNA in PK-15 cells with different concentrations
639  of heparin sodium treatment during the process of SVV attachment. PK-15 cells
640  were incubated with soluble heparin sodium for 30 min, then infected with SVV at

641 4 °C for 1 h. SVV mRNAs was determined with qPCR assay.


https://doi.org/10.1101/2022.06.14.496051
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.06.14.496051; this version posted June 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

642  f Quantitative analysis of SVV RNA in PK-15 cells with different concentrations
643  of heparin sodium treatment during the process of SVV internalization. PK-15
644  cells were incubated with soluble heparin sodium for 30 min, then infected with SVV
645  at 37 °C for 30 min. SVV mRNAs was determined with qPCR assay.

646 g Quantitative analysis of SVV RNA in CRL-2843 cells with different
647  concentrations of heparin sodium treatment during the process of SVV
648  attachment. CRL-2843 cells were incubated with soluble heparin sodium for 30 min,
649  then infected with SVV at 4 °C for 1h. SVV mRNAs was determined with qPCR
650  assay.

651  h Quantitative analysis of SVV RNA in CRL-2843 cells with different
652  concentrations of heparin sodium treatment during the process of SVV
653  internalization. CRL-2843 cells were incubated with soluble heparin sodium for 30
654  min, then infected with SVV at 37 °C for 30 min. SVV mRNAs was determined with
655  qPCR assay.

656  Data are means + SD of triplicate samples. *P < 0.05, **P < 0.01, ***P < 0.001

657  (two-tailed Student’s t-test)
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658  Fig 7. Seneca Valley virus entry depends on CMAH

659 a Quantitative analysis of SVV RNA in CMAH-KO1 and wild type cells. Wild
660  type IBRS-2 cells and CMAH KOI cells were cultured in 12 well plates, and infected
661  with SVV (MOI =1). At 12 hpt, SVV mRNAs was determined with qPCR assay.

662 b Western blotting detection of SVV-VP2 in CMAH-KOI1 and wild type cells.
663  Wild type IBRS-2 cells and CMAH KO cells were cultured in six well plates, and
664  infected with SVV (MOI = 1). At 12 hpt, the cells were collected for western blotting.

665 ¢ Quantitative analysis of SVV RNA in CMAH-KO2 and wild type cells. Wild
666  type IBRS-2 cells and CMAH KO2 cells were cultured in 12 well plates, and infected
667  with SVV (MOI =1). At 12 hpt, SVV mRNAs was determined with qPCR assay.

668  d Quantitative analysis of SVV RNA in CMAH-knockout cells after transfection.
669  The CMAH KO cells were transfected with 2 ng Myc—-CMAH-expressing plasmid. At
670 24 hpt, SVV was added (MOI = 1) for 24 h. The same amount of empty vector was
671  used in the transfection process. SVV mRNAs were determined with qPCR assay.

672 e Anti-Neu5Ge Antibody blocking assay. Anti-Neu5Gc antibody were preincubated
673  at 1:200 dilution with IBRS-2 cells for 1h, then SVV was added (MOI = 1). After 1h,
674  media was replaced by DMEM. At 12 hpi, SVV mRNAs was determined with qPCR
675  assay.

676  f Quantitative analysis of SVV RNA in CMAH-knockout and wild type IBRS-2
677  cells during the process of SVV attachment. Wild type IBRS-2 cells and CMAH
678 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 4 °C

679  for 1h. SVV mRNAs was determined with qPCR assay.
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680 g Quantitative analysis of SVV RNA in CMAH-knockout and wild type IBRS-2
681  cells during the process of SVV internalization. Wild type IBRS-2 cells and CMAH
682 KO cells were cultured in 12 well plates, and infected with SVV (MOI = 10) at 37 °C
683  for 30 min. SVV mRNAs was determined with qPCR assay.

684  h Quantitative analysis of SVV RNA in CMAH-knockout cells after transfection
685  during the process of SVV attachment. The CMAH KO cells were transfected with
686 2 ug Myc—-CMAH-expressing plasmid. At 48 hpt, SVV was added (MOI = 10) at 4 °C

687  for 1h. SVV mRNAs were determined with qPCR assay.
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688  Data are means + SD of triplicate samples. *P < 0.05, **P < 0.01, ***P < 0.001

689  (two-tailed Student's t-test)
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690  Supplementary materials

691  Supplement figure 1. Detailed library sequencing information.

692 a Enriched genes obtained from three parallel screen libraries. The target genes
693  were represented by red dots. The abscissa represented genes and the ordinate
694  represented the Z score corresponding to the gene.

695 b Venn diagrams showed the repeatability of sgRNA enrichment in three parallel
696  screen libraries. The circles represented the sgRNAs number obtained by deep

697  sequencing.
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698

699  Supplement figure 2. The genomic sequence alternations in ANTXRI-KO
700  monoclonal cells.

701  a The genomic sequence alternations in ANTXRI-KO PK15 monoclonal cells.
702  ANTXRI-KO1, ANTXRI-KO2 and ANTXRI-KO3 monoclonal PK-15 cells were
703 generated by the CRISPR/Cas9 based approach. The sgRNA targeting sites were
704  indicated in green letters and PAM site was indicated in blue letters. The alternations
705  of bases highlighted in red.

706 b The genomic sequence alternations in ANTXRI-KO CRL-2843 monoclonal
707  cells. ANTXRI1-KO4, ANTXR1-KO5 monoclonal cells, and ANTXR1-KO6 CRL-2843
708  monoclonal cells generated by the CRISPR/Cas9 based approach. The sgRNA
709  targeting sites were indicated in green letters and PAM site was indicated in blue

710  letters. The alternations of bases highlighted in red.
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711

712 Supplement figure 3. Knockout of ANTXRI1 reduced SVV infection.

713 a CPE of ANTXRI-knockout and wild type cells visualized by microscope. Wild
714 type CRL-2843 cells and ANTXRI KO cells were cultured in 12 well plates, and
715 infected with SVV (MOI = 1). At 12 hpi, significant cytopathic effect (CPE) was
716  observed in wild type CRL-2843 rather than in ANTXRI KO cells. Scale bars: 1,000
717 um.

718 b Indirect immunofluorescence assay. Wild type PK-15 cells and ANTXRI KO cells
719 were cultured in 24 well plates, and infected with SVV (MOI = 1). At 8 hpi, VP2
720  protein expression (green) was detected by indirect immunofluorescence assay. Cell

721 nuclei were stained with a NucBlue Live Ready Probe (blue). Scale bars: 300 um.
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Supplement figure 4. KEGG analysis of RNA-seq results.

Wild type PK-15 cells were cultured in six well plates and infected with SVV (MOI =
1). At 12 hpi, the RNA of cells were collected for RNA-seq. Compared to
non-infected PK-15 cells, top 30 enrichment pathways in PK-15 cells infected with

SVV (MOI = 1) were displayed.
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727

728  Supplement figure 5. The genomic sequence alternations in HS2S7TI1, EXTI,
729  HS3S8TS5 knockout monoclonal cells.

730  a The genomic sequence alternations in HS2S71-KO PK15 monoclonal cells.
731  Both monoclonal cells were generated by the CRISPR/Cas9 based approach. The
732 sgRNA targeting sites were indicated in green letters and PAM site was indicated in
733 blue letters. The alternations of bases highlighted in red.

734 b The genomic sequence alternations in EXT1-KO PK15 monoclonal cell.
735 Monoclonal cell was generated by the CRISPR/Cas9 based approach. The sgRNA
736  targeting sites were indicated in green letters and PAM site was indicated in blue
737  letters. The alternations of bases highlighted in red.

738 ¢ The genomic sequence alternations in HS3STS5-KO PK15 monoclonal cells.
739  Both monoclonal cells were generated by the CRISPR/Cas9 based approach. The
740  sgRNA targeting sites were indicated in green letters and PAM site was indicated in

741  blue letters. The alternations of bases highlighted in red.
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Supplement figure 6. The genomic sequence alternations in CMAH-KO
monoclonal cells.

Both monoclonal cells were generated by the CRISPR/Cas9 based approach. The
sgRNA targeting sites were indicated in green letters and PAM site was indicated in

blue letters. The alternations of bases highlighted in red.
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747 Table S1. The top 7 candidate genes of screen.

gene fold change  count p FDR  RRA Score down  RRA Score up
ENSSSCG00000022032  2.522983847 12 0 0 1 6.20E-17
ENSSSCG00000008340  1.788847208 12 0 0 1 3.01E-13
ENSSSCG00000001099  0.692689757 12 0.000871118 1 0.022525243 1.21E-10
ENSSSCG00000027031  1.539766705 12 0 0 1 5.19E-10
ENSSSCG00000018405  3.423888639 3 0 0 1 7.52E-09
ENSSSCG00000028377  2.141026331 6 0 0 1 1.23E-08
ENSSSCG00000011672  3.475272876 3 0 0 1 1.65E-08

748  The rank of enriched genes was calculated according to Robust Rank Aggreg (RRA)

749  Score up. FDR, false discovery rate.
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Table S2. The sgRNA amplified primers used in this study.

Primers (5'-3")

xcl801-CRScloneDefeq-f
xcl802-CRScloneDefeq-r
xcl803-CRScloneDefeq-f
xcl804-CRScloneDefeq-r
xcl805-CRScloneDefeq-f
xcl806-CRScloneDefeq-r
xcl807-CRScloneDefeq-f
xcl808-CRScloneDefeq-r
xcl817-CRScloneDefeq-f
xcl818-CRScloneDefeq-r
xcl819-CRScloneDefeq-f
xcl820-CRScloneDefeq-r
xcl827-CRScloneDefeq-f
xcl828-CRScloneDefeq-r
xcl829-CRScloneDefeq-f
xcl830-CRScloneDefeq-r
xcl831-CRScloneDefeq-f
xcl832-CRScloneDefeq-r

xcl833-CRScloneDefeq-f

gtttctatcagagcgaggcg TGAAAGTATTTCGATTTCTTGG
gtttctatcagagcgaggcgGTTGATAACGGACTAGCCTTATT
gtttctatcactatggtgecTGAAAGTATTTCGATTTCTTGG
gtttctatcactatggtgecGTTGATAACGGACTAGCCTTATT
gtttctatcaatgecagttt TGAAAGTATTTCGATTTCTTGG
gtttctatcaatgecagtttGTTGATAACGGACTAGCCTTATT
gtttctatcagcgeccgacaTGAAAGTATTTCGATTTCTTGG
gtttctatcagcgecccgacaGTTGATAACGGACTAGCCTTATT
gtttctatcatgatccgtagTGAAAGTATTTCGATTTCTTGG
gtttctatcatgatccgtagGTTGATAACGGACTAGCCTTATT
gtttctatcaaaggtegccct TGAAAGTATTTCGATTTCTTGG
gtttctatcaaaggtgccctGTTGATAACGGACTAGCCTTATT
gtttctatcaggggttgcat TGAAAGTATTTCGATTTCTTGG
gtttctatcaggggttgcat GTTGATAACGGACTAGCCTTATT
gtttctatcatttgaccgcgTGAAAGTATTTCGATTTCTTGG
gtttctatcatttgaccgcgGTTGATAACGGACTAGCCTTATT
gtttctatcacgtgagtctaTGAAAGTATTTCGATTTCTTGG
gtttctatcacgtgagtctaGTTGATAACGGACTAGCCTTATT

gtttctatcagggtgaaagc TGAAAGTATTTCGATTTCTTGG
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xcl834-CRScloneDefeq-r gtttctatcagggtgaaagcGTTGATAACGGACTAGCCTTATT

751  Primers were designed on the backbone flanking the sgRNA sequence. Lowercase

752 letters were barcode sequences.
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753 Table S3. The sgRNA sequence used in this study.
Target gene sgRNA sequence (5'-3")
ANTXRI-sgRNA-1 CTATTACTTTGTGGAACAGT
HS2ST1-sgRNA-1 GATCGAGCAGCGACACACCA
EXTI1-sgRNA-1 ACTTTCTGTCTGGTTCCTCG
HS3S8T5-sgRNA-1 TGTCCCATCGAAGGCCGGTT
HS3S8T5-sgRNA-2 CCGGTTCGGAGCCCATGGTC
CMAH-sgRNA-1 TAAGAATAAGAGCCGCCTGA
CMAH-sgRNA-2 TCGAAATAAGAGCACTGGCA

754  The sgRNA targeting sites were all on the exons of the genome followed by PAM

755  sequence.
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Table S4. The gene targeting site amplified primers used in this study.

Target gene

Primers (5'-3")

HS3ST5-YZ-1F

HS3S8T5-YZ-1R

HS2STI1-YZ-1F

HS2STI-YZ-1R

CMAH-YZ-1F

CMAH-YZ-1R

ANTXRI-YZ-1F

ANTXRI-YZ-1R

EXTI-YZ-1F

EXTI-YZ-1R

GCAGGGCGCAGTTGTTTTAT

TACCACTCAATGCCCTTGGC

GGACTGTCCGTCCTTTCGTT

CTGTGCTATAGGGCAGGCTC

AGGGAGGGCTTTCAAACGTA

ATGTGCTGGGGGAAATAGCA

GTCTCATGAGGTCTAAGCACCC

TGGTCTTATAACCAAACGGGGG

GTTCTAGGCAGTTTCACGCAGG

CAACACTGCAGAATCTCGTGGG

Primers were designed around 250 bp flanking the sgRNA sequence.
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758 Table S5. The cDNA amplified primers used in this study.

Target gene Primers (5'-3")

ANTXRI1-Xho I-f TTGCTCGAGATGGCCACCGTGGAGCAGAAA
ANTXR1-BamH I-r  TCGGGATCCGACAGAAGGCCTAGGAGGAGGTCGG
CMAH-Not I-f ATAAGAATGCGGCCGCGCCACCATGAGCAGCATCGAACAAAC

CMAH-Kpn I-r CGGGGTACCCCCAGAGCACATTAGGAAGG

759  The amplified ANXTRItranscript was ENSSSCT00000075243.1 and CMAH was

760  ENSSSCT00000001195.4.
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761 Table S6. The qPCR primers used in this study.
Target gene Primers (5'-3")
SVV-qPCR-F AGAATTTGGAAGCCATGCTCT
SVV-qPCR-R GAGCCAACATAGARACAGATTGC
GAPDH-qPCR-F GCATCCTGGGCTACACTGAG
GAPDH-gPCR-R AAAGTGGTCGTTGAGGGCAA

762 SVV qPCR primers were designed to position on the 3D protein.
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