S2 Appendix. Characterisation of features in different sequence patterns

From the collected data, we found obvious enrichment of adenine in VIP genes (Mann—Whitney U
test: P=1.9E-20) (Fig D). The majority of adenine-related nucleobase groups are enriched in coding
sequences (CDS) of VIP genes (Fig D, Fig EA). Alternatively, cytosine tended to be depleted in VIP
genes (Mann—Whitney U test: P=1.3E-10) (Fig D) thus three cytosine-starting nucleobases groups, i.e.,
CpT, CpC and CpG, all showed significant depletion in the CDS of VIP genes (Fig D, Fig EA).
Although thymine was slightly depleted in the CDS of human genes (Fig D), it still made an important
contribution in classifying VIPs and non-VIPs from the perspective of codon usage (Fig EC). Among

the 28 VIP-preferred codons, 20 codons contained at least one thymine.
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Fig D. Enrichment and depletion of nucleotides linked by phosphodiester bonds in the group of
human proteins or VIPs. Abbreviations: HIV-1, human immunodeficiency virus type 1; VIPs, HIV-

1 interacting human proteins; non-VIPs, non-HIV-1 interacting human proteins.

Enrichment of adenine, depletion of cytosine, and differential codon usage preferences of VIP
genes all influenced the distribution of amino acids in the protein sequence [1], which also contributed
to the signal distinguishing VIPs from non-VIPs. As shown in Fig EB, we found acidic or negatively
charged amino acid: aspartic acid (D) and glutamic acid (E), amide amino acid: asparagine (N) and
glutamine (Q) were all significantly enriched in VIPs. Hydrophilicity, polarity, or even the size of
amino acids are presumably good features to identify VIPs (S3 Data). Differences between ‘backward’
and ‘forward’ VIPs were generally not obvious from the perspective of nucleotide compositions, codon

usages, or amino acid compositions. However, differences between ‘bidirectional’ and ‘forward’ VIPs



were notable in 56% of nucleotide composition features, 41% of codon usage features, and 51% of

amino acid composition features.
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Fig E. The difference of (A) nucleobase groups linked with phosphodiester bonds, (B) amino acid
compositions and (C) codon usages in different classes. Detailed data about the heat maps are
provided in S3 Data. Abbreviations: HIV-1, human immunodeficiency virus type 1; VIP, HIV-1

interacting human protein; non-VIPs, non-HIV-1 interacting human protein.

We found that some sequence patterns were highly similar to each other, which might result
from small deletions, insertions or mutations [2]. Therefore, we integrated these sequence patterns and
obtained 206 SLiMs enriched in VIPs and ‘backward’ VIPs. Some top-ranked SLiMs are listed in
Table A. The dash symbol in a SLiM represented a position occupied by no or one random amino
acid. The results showed that there were many specific SLiMs presenting in VIPs, but they were scarce
in non-VIPs. Some elements in the SLiM were conserved and less influenced by random amino acid
changes, which might be related to a contributing signal from their evolutionary history [3]. Alanine
(A) was found at high frequency (74%) in VIP-SLiMs, followed by lysine (K) and glutamic acid (E)
observed in 60% and 55% of VIP-enriched SLiMs. Both K and E were significantly enriched in VIPs
(Fig EB), but aspartic acid (D) and isoleucine (I) seemed to be irrelevant to the conserved region even
if they were highly enriched in VIP sequences (S3 Data). Differences in SLiMs were also observed
between ‘backward’ and ‘forward’ VIPs. Amino acid A and leucine (L) seemed to be important to
‘backward’ VIPs as they were found in 51% and 55% of the enriched SLiMs (S3 Data). Additionally,
we found notable differences in the overall abundance of SLiMs between the compared classes. We
found 54 VIP-enriched SLiMs in the sequence of a VIP, namely plectin (PLEC) but the highest co-

occurrence frequency of these SLiMs only reached 42 within the group of non-VIPs (found in the spen



family transcriptional repressor, SPEN). Around 90% of VIPs contained at least one VIP-enriched
SLiM versus 82% of non-VIPs. The difference of cooccurrence status was also observed in ‘backward’
VIP-enriched SLiMs. The cumulative frequency of ‘backward’ VIP-enriched SLiMs was 97.9% in
‘backward’ VIPs and reduced to 92.5% in ‘forward’ VIPs (Fig F).

Table A. Top 20 enriched SLiMs in VIPs and backward VIPs.
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“expression differences of SLiMs were assessed through the Pearson's Chi-squared tests on different classes; "expression
of amino acids in the sequence segments containing a target SLiM; for VIP-enriched SLiMs, the positive and negative
segment sets were extracted from VIPs and non-VIPs, respectively; for ‘backward’-enriched SLiMs, the positive and
negative segment sets were extracted from ‘backward’ and ‘forward’ VIPs, respectively. Abbreviations: HIV-1, human
immunodeficiency virus type 1; VIP, HIV-1 interacting human protein; non-VIP, non-HIV-1 interacting human protein;

SLiM, protein short linear motif.
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Fig F. Expression of (A) 85 VIP-enriched SLiMs in human proteins and (B) 121 backward VIP-
enriched SLiMs in the forward and backward VIPs. Difference between these expressions are
evaluated with the Mann—Whitney U tests. Abbreviations: HIV-1, human immunodeficiency virus
type 1; VIPs, HIV-1 interacting human proteins; non-VIPs, non-HIV-1 interacting human proteins;

SLiMs, protein short linear motifs.

Intrinsically disordered regions have a broad occurrence in proteins, allowing the same
polypeptide to be involved in different PPIs [4]. Characterised by their biased amino acid composition
and low sequence complexity, intrinsically disordered proteins lack the ability to fold spontaneously
into stable secondary and well-packed tertiary structures. However, they still play an important role in
many biological activities. Based on the result given by the [UPred [5], 92% of VIPs contained at least
one disorder region while 89% of non-VIPs were disordered (Pearson's Chi-squared test: P=5.3E-5).
Distributions of disorder regions were not distinguishable when comparing VIPs with non-VIPs (Fig
G) but were slightly different in VIPs with distinct directionality (Fig H). We found that ‘backward’
VIPs were less likely to form disorder regions close to the beginning or end of their sequences.
Disorder regions were less frequent in the middle of ‘bidirectional” VIP sequences and showed great
depletion at the end of the VIP sequence (Fig HA). The representation of some amino acids, e.g.,
serine (S), threonine (T) (Fig HB), E, and K (Fig HD), were biased by the directionality of HIV-1-
host molecular interactions. We assumed the results of the Espritz [6] might be more useful since they
could link the information of VIP-enriched SLiMs and disorder expression in the ‘backward’ VIPs.

As mentioned in the manuscript, amino acids K and E are important to the pattern of VIP-enriched



SLiMs (S3 Data), and they had a higher chance to be found in disordered regions in the sequence of
‘backward’ VIPs.
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Fig G. Disorder status in different human proteins. (A) and (B) show the results calculated by
IUPred [5] while (C) and (D) show the results calculated by Espritz [6]. Abbreviations: HIV-1, human
immunodeficiency virus type 1; VIPs, HIV-1 interacting human proteins; non-VIPs, non-HIV-1

interacting human proteins.
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Fig H. Disorder status in different VIPs. (A) and (B) show the results calculated by [UPred [5] while
(C) and (D) show the results calculated by Espritz [6]. Abbreviations: HIV-1, human

immunodeficiency virus type 1; VIPs, HIV-1 interacting human proteins.

Briefly, VIPs and non-VIPs showed some significant differences in their sequence patterns
from the nucleobase composition to SLiMs. It gave an acceptable answer to explain the reason why
some human host proteins could interact with multiple HIV-1 proteins. Meanwhile, pro-viral and pro-
host signs of VIPs were also reflected by special sequence patterns and intrinsic disorder status in the

protein sequence.
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