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ABSTRACT 
The burst of segmental duplications during human and great ape evolution focuses on a set of 
“core” duplicons encoding great-ape-specific gene families. Characterization of these gene 
families is complicated by their high copy number, incomplete sequence, and polymorphic 
nature. We investigate the structure, transcriptional diversity, and protein localization of the 
nuclear pore complex-interacting protein (NPIP) or Morpheus gene family. The corresponding 
core, LCRA, encodes one of the most rapidly evolving genes in the human genome; LCRA has 
expanded to ~20 copies from a single ancestral locus in Old World monkey and is associated with 
most of the recurrent chromosome 16 microdeletions implicated in autism and mental retardation. 
Phylogenetic analysis and cDNA sequencing suggest two distinct subfamilies or subtypes, NPIPA 
and NPIPB. The latter expanded recently within the great apes due to a series of structural 
changes within the canonical gene structure. Among Old World monkey, we observe a testis-
specific pattern of expression that contrasts with the ubiquitous pattern observed among human 
tissues. This change in the expression profile coincides with the structural events that reshaped 
the structure and organization of the gene family. Most of the expressed human copies are 
capable of producing an open reading frame. Immunofluorescence analyses of the morpheus 
genes showed a primary localization to both the nucleus and its periphery. We show that 
morpheus genes may be upregulated upon pI:C treatment and find evidence of human 
autoantibodies produced against the NPIPB protein, raising the possibility that morpheus genes 
may be related to immune- or autoimmune-related function.  
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INTRODUCTION 
Gene duplication events are one of the primary sources for the emergence of novel gene functions 
and are, thus, fundamental to our understanding of evolution (1). The human genome shows a 
complex pattern of interspersed segmental duplication typified by a mosaic pattern of duplicons 
that arose recently from diverse regions of the genome. Approximately 430 blocks of segmental 
duplication are identified in the human genome (2-3). Phylogenetic reconstruction has shown that 
the majority of recent human intrachromosomal segmental duplication blocks have formed 
around a set of seven core or seed duplications (4). Notably, the core duplicons are highly 
transcribed and numerous human-great ape gene families have recently been described that map 
to these regions of the genome. These core sequences are among the most abundant and represent 
focal points upon which more complicated duplication segmental structures organized. Many of 
the genes embedded within these core duplicons show evidence of positive selection, demonstrate 
radical changes in their transcript expression profile compared to species with a single copy, and 
are highly copy number polymorphic (5-7).  

The “morpheus” gene family (e.g., NPIP, NPIPL, etc.) is transcribed (5) from the core 
duplicon, LCR16a (low-copy repeat on chromosome 16) (8). The LCR16a core is ~20 kb in size 
and expanded during human-great ape lineage of evolution. In humans, it is distributed to 
approximately 25 distinct locations across chromosome 16 with only about one-fourth of the 
locations non-orthologous with chimpanzee (5). LCR16a also varies widely from 4-31 copies 
among great apes, which is in stark contrast to Old World monkeys where there are 1-2 copies 
defining the ancestral locus (5,9). Codon-based selection analysis revealed that the morpheus 
gene family is one of the most rapidly evolving gene families during the hominoid evolution with 
some exons showing as much as 10- to 12-fold excess in predicted amino acid replacement 
changes when compared to Old World monkey orthologs. Despite this remarkable change in 
protein structure, the function of this gene family is unknown. In this study, we have analyzed in 
detail the genomic gene/protein structure, mRNA expression, and subcellular localization and 
report that the morpheus gene family contains two distinct subfamilies, NPIPA and B, both of 
which are expressed differentially in human tissues. Interestingly, we find evidence of human 
autoantibodies produced against the NPIPB protein, raising the possibility that morpheus genes 
may be related to immune or autoimmune function.  
 
RESULTS 
I. Gene Structure and Protein Subtypes  

We began by developing canonical gene models based on full-length transcript 
characterization, expressed sequence tag (EST) analysis, and cDNA subcloning/sequencing of 
different LCR16a loci. The analysis reveals two canonical gene structures/subtypes of the 
morpheus or NPIP gene family: Type A, termed NPIPA, represents the NPIP archetype (nuclear 
pore complex-interacting protein) as originally defined by Johnson and colleagues (5) (n = 1053 
bp); while the second, NPIPB subtype, has a longer full-length transcript of 2544 bp (AB209632) 
in length (cloned in this study). The predicted molecular weight of the NPIPA protein is about 40 
kDa, whereas NPIPB (e.g., NPIPL3) is 95 kDa. Although there are numerous alternative splice 
forms, a major difference between the NPIPA and NPIPB subtypes is the presence of exon 5 
among NPIPA members, which is absent in all NPIPB members. In addition, NPIPB members 
show different patterns of alternative splicing leading to a 51 bp extension of exon 4, predicted to 
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create a 17-amino acid extension sequence, as well as additional exons that become incorporated 
into the 5' and 3' ends (Figure 1). In total, the NPIPB1 canonical gene model consists of 11 exons, 
of which 7 are shared with NPIPA members. All gene structures within the human reference 
genome have been renamed based on this classification according to Human Gene Nomenclature 
(HGNC) standards.  

Conceptual translation of the two subtypes predicts very different, albeit related, protein 
structures (Figure 1). The beginning of the NPIPB protein consists of an alternate amino acid start 
sequence “MVKLS” and contains three distinct types of amino acid repeats at the carboxy (C) 
terminal portion of the protein: namely, two copies of PLPPSA (each 5 repetitions), 12 repetitions 
of a MIISRHLPSV(C/S)(G/S)X(R/P)FHP motif, and 8 repetitions of a 
((P/R)(K/E)PKRRR(AA/VG)DVEP) motif. In contrast, the NPIPA copies carry only the 
hexapeptide PLPPSA repeat, which is highly variable in copy number between both NPIPA and 
NPIPB paralogs. In contrast, the NPIPB-specific peptides (MIISRHLPSV(C/S)(G/S)X(R/P)FHP) 
and ((P/R)(K/E)PKRRR(AA/VG)DVEP) appear fixed at 12 and 8 copies, respectively, among all 
NPIPB duplicates (Figure 1). It is interesting to note that a simple frameshift mutation (of 
TGAGCGTCTCTGCGGATTCCG) converts PLPPPSA to a 
MIISRHLPSV(C/S)(G/S)X(R/P)FHP motif, indicating that these two motifs originate from the 
same nucleotide sequence (Figure S1). Phylogenetic reconstruction of the C-terminal repeat 
sequence indicates that the mature NPIPB gene was derived from NPIPA during the process of 
evolution in a stepwise manner by addition of different types of repeat sequences after the split 
from orangutan leading to human lineage. 
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Figure 1. NPIPA and NPIPB gene structure 
The figure shows the gene, transcript and protein structure of NPIPA, short, (A-C) and NPIPB, long, (D-F) 
genes. The NPIPA and NPIPB structure is based on AF132984 and AB209632, respectively. Translation 
start (green) and stop (red flags) codons are indicated with respect to gene structure from the human 
reference genome. Protein structures for the 40 kDa NPIPA (C) and 95 kDa NPIPB (F) proteins are based 
on SMART search database using SMART normal and genomic tools (see Supplementary Table 1 for 
protein domain homology). The NPIPB gene differs from the classical NPIPA gene by the presence of 
additional exons at the N- and C-terminal regions, eight repeat sequences, an alternative start exon at the 5' 
region, and a long 5'UTR. There are, however, RT-PCR clones showing alternative splicing when 
compared to the classical NPIP, which is depicted in green (MFCCL). The repeat sequence composition 
within the 5'UTR (E) is based on RepeatMasker (Figure S3). 

 
 Protein domain analysis (as well as experimental analysis; see below) suggests that the 
carboxy terminus may have a role in the localization and/or association of the morpheus gene 
family members to the cell cytoskeleton. Recent evidence indicates that the PLPP peptide region 
from the Kalirin8 protein, also known as Huntingtin-associated protein-interacting protein 
(HAPIP), is involved in RhoGEF activity by intra and intermolecular interaction with SH3 
domains (10) (Figure S2). Although the predicted protein structure of the morpheus protein is 
quite unique, there is 19%, 27%, 16%, and 21% similarity to the amino (N) terminal region of 
melanoma inhibitory activity family, member 3 (MIA3) from mouse (NM_177389), marmoset 
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(XR_144690.1, XM_002764063), macaque (XM_001100730), and gibbon (XM_003265207), 
respectively. The NPIPB protein has similarity to HALZ, IRF, Hr1, to the N-terminal region of 
Amelogenin, and PLCXc in the C-terminal region. The shorter, NPIPA, 40 kDa protein has a 
significant level of similarity to HSA and IL2 in the N-terminal region (Figure 1 and 
Supplementary Table 1). We also predict potential phosphorylation sites, Sh3 and WW 
interaction sites at the C-terminal portion of the protein (Figure S2).  

Interestingly, our own phylogenetic analysis using the most rapidly evolving portion of 
LCR16a (n = 667 bp, Figure 2) (4) confirms a remarkable structured phylogenetic relationship 
between and within different primate species (Figure 2). Focusing on the most rapidly evolving 
portion of the gene, we find that most great ape species have their own evolutionarily distinct set 
of morpheus genes. The NPIPB subfamily has expanded primarily within the human and 
chimpanzee lineages with specific branches increasing differentially. Human and chimpanzee 
NPIPA show a clear monophyletic origin with evidence of lineage-specific expansions in both 
branches. This dichotomy between NPIPA and NPIPB, however, is not predicted among the 
Asian apes. Only one complete copy of the NPIPB gene (see below) can be detected within the 
Asian apes and it appears to possess an incomplete gene structure; although, we cannot rule out 
technical problems associated with assembly of the reference genome for the Asian apes.  

Comparative analysis of intergenic and intronic sequences indicates some radical, 
potentially functional, changes in the gene structure among different hominoids. We identified, 
for example, an Alu/ERV1 integration corresponding to the promoter region of NPIPB and the 
expansion of SINE/MIR, LINE/L2 repeats corresponding to the 5'UTR (untranslated region) of 
morpheus after the split of the Old World and New World monkey lineages (Figures 2, S3 and 
S4). Further comparative analysis of primate genomes and BAC sequence data suggested that the 
start codon from NPIPB emerged from noncoding DNA repetitive sequence. We find no 
evidence, for example, of an ATG start codon corresponding to the orthologous start position for 
NPIPB in either the genomes or BAC sequence from New World monkeys (Saimiri boliviensis 
(AC234805), Callithrix jacchus (AC202644)), Old World monkey (M. mulatta), or prosimian (M. 
murinus) (AC235773) (Figure S6). Additionally, no splicing acceptor region is detected in 
macaque for exon 2 of the NPIPB gene. Combined, these data suggest that the NPIPB model 
emerged specifically within the ape lineage. We identified and sequenced multiple BACs 
carrying copies of morpheus from gibbon (N. leucogenys) and orangutan (P. pygmaeus). Four 
gibbon BACs (AC187943, AC166855, AC166597 and AC167295) showed evidence of a repeat-
rich 5'UTR and ATG start codon associated with the NPIPB model. Only one BAC (AC145401) 
in orangutan (mapping to ponABe2 chromosome 16 position 429612) contains the NPIPB 5'UTR 
(Figures 2 and S5) but this single NPIPB paralog does not possess a start codon consistent with 
canonical NPIPB model, suggesting that it is not capable of producing a functional NPIPB gene 
product. It is possible that this copy represents the ancestral locus from which African great ape 
copies of NPIP emerged. 
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Figure 2. Evolutionary relationships of morpheus gene family  
A neighbor-joining phylogeny constructed from a multiple sequence alignment of the most rapidly 
expanded portion of the LCR16a core sequence (exon-intron structure of the 737 bp fragment is shown). 
Species names are indicated as: mmu gray mouse lemur (Microcebus murinus), cja marmoset, (Callithrix 
jacchus), rh Rhesus macaque (Macaca mulatta), pha baboon (Papio hamadryas) nle Gibbon (Nomascus 
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leucogenys), ppy Orangutan (Pongo pygmaeus), ggo Gorilla (Gorilla gorilla), ptr Chimpanzee (Pan 
troglodytes), and hs Human (Homo sapiens). Sequences were extracted from reference genome assemblies 
with the exception of chimpanzee. Chimpanzee NPIPB genes are mapped based in the BACs, AC148621 
for 3215-R AC148538, AC148838 for 6334827-Repeat, AC097271 for 10195-Repeat AC190226, 
AC097270 for 4954284, AC097327 for 639517059-Repeat, AC148839 for 11140, AC097332 for 
29600364, AC190226 for 12131329-R, AC097328 for 4155-Repeat, AC097333 for 12125716-Repeat and 
M. murinus NPIPB in AC235773. The number next to the respective branch name indicates the position of 
each core sequence within each species. Bootstrap support (n = 500) is shown only for those branches that 
exceed 85% and genetic distances (number of substitutions per site) were computed using the Jukes-Cantor 
method (20). All positions containing alignment gaps and missing data were eliminated (pairwise deletion 
option). Phylogenetic analyses were conducted in MEGA4 (21).  

 
   
  
II. Transcript Expression Analyses 

Based on these morpheus gene models, we performed comparative RT-PCR from cDNA 
derived from various macaque and human tissue material. Macaque expression is predominantly 
testis (as well as weak thymus expression) in contrast to human, which shows a strong ubiquitous 
pattern of expression (Figure 3). We quantified mRNA expression levels in human tissues by 
real-time quantitative PCR (RT-QPCR) and observed similar levels among the tissues (2- to 7-
fold). Liver and heart showed the lowest, while thymus, testis and brain showed the highest levels 
of expression (Figure 3). We cloned and sequenced a total of 56 RT-PCR products from HeLa 
and A549 cells and, based on unique sequence differences, assigned them to specific copies on 
human chromosome 16 (Figure 4). We find that at least 13 of the 24 family members are 
transcribed revealing a remarkably complex pattern of 5' alternative splice forms (Figures 4 and 
S9). Combined with EST analysis, there is evidence for at least five alternative start exons for this 
gene family. We predict that some of these alternate first exons lead to a premature stop codon 
and nonfunctional transcript. For example, the PKD1-NPIP fusion transcripts are predicted to 
lead to a pseudogene as a result of a splicing frameshift. In total, about 80% of sequenced cDNA 
maintain an open reading frame consistent with the protein models described above while 20% 
(11/56 clones) show evidence of a frameshift. Although it is not always possible to 
unambiguously assign each transcript to a specific locus, there is evidence that some loci are 
producing both functional and nonfunctional transcripts due to alternative splicing (Figure 4). 

Because of the higher levels of expression in the thymus and because immune response 
genes often show signatures of adaptive evolution (11-14), we investigated whether morpheus 
transcripts could be differentially regulated in various immune response pathways. We tested this 
by assessing morpheus total RNA expression levels of HeLa cell lines before and after 
stimulation with immunogenic agents. This included cytokines, such as interferons (α/β and γ), 
TNFα, and PAMPs (e.g., lypopolysaccaride (LPS), a mimic of pathogenic bacteria, and 
polyinosinic-cytidylic acid (pI:C), a mimic of viral RNA). We designed specific primer sets to 
assess three distinct regions of the morpheus gene model in order to span most of the major splice 
forms. Upon transfection of HeLa cells with pI:C (1µg/ml) for 6 hours, we observed a 
reproducible upregulation of morpheus mRNA levels of about sixfold (Figure S10). None of the 
other immunogenic stimulant agents induced higher levels of mRNA (data not shown). 
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Figure 3. Expression analysis 
(A) The location of morpheus gene duplications are depicted in the context of an ideogram for rhesus 
macaque (left) and human (right) based on macaque and human genome reference sequence (rheMac2 and 
GRCh37, respectively). (B) NPIP RT-PCR results from cDNA prepared from total RNA extracted from 
various human tissues are compared to (C) rhesus macaque tissues. RT-PCR was compared to UBE1 
expression as a positive control. (D) Real-time PCR analysis of morpheus gene family. Quantitative PCR 
analysis to show differential expression of morpheus gene family within human tissues is presented. Liver 
is used for normalization, which is the lowest NPIP expressing tissue. UBE1 is used for control. There is no 
significant enrichment of either long, (NPIPB), (95 kDa) or short, (NPIPA), (40 kDa) version of the 
morpheus mRNA copy present in any tissue tested. Morpheus is expressed relatively high level (approx. 
twofold) in testis and thymus both in human and macaque. The primers for real-time PCR were designed 
specifically for exon 6 and 8 NPIP_Exon6F, and NPIP_Exon8R (Supplementary Table 2). To distinguish 
both types of morpheus genes, the specific primer set for each copy is designed based on reference 
assembly.  
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Figure 4. High-resolution mapping of the morpheus gene family on a human chromosome 
Mapping of the individual morpheus gene family members based on comparison of cDNA clone and 
human genome sequence. All genes and pseudogenes are assigned to either NPIPB or NPIPA subfamilies 
based on differences in the gene structure and named according to HGNC standards. Primers were designed 
for exon 1 and the beginning of exon 8 (before the repeat region of morpheus) and a total of 55 RT-PCR 
products were cloned and sequenced. The exon 1 primers were designed to amplify both canonical and 
alternative first exons as detected by 5'RACE and EST analysis (Supplementary Table 2). Transcripts 
corresponding to a likely pseudogene due to an incomplete open reading frame are shown in red. The 
position of each gene is depicted with a horizontal line and the (+/-) sign indicating the orientation of 
transcription (5' to 3') with respect to human chromosome 16. Clones that cannot be assigned to a unique 
genomic location are indicated by multiple arrows.  
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III. Protein Analyses and Subcellular Localization  

 We investigated the subcellular localization of the protein by generating a series of rabbit 
polyclonal antibodies against one peptide that is specifically recognizing NPIPB; 
MP2:CSPEPKRRRVGDVEP, one peptide specific for NPIPA; N5:HGEKERQVSEAEENGK, 
and two peptides recognizing all types of morpheus: MP4:CTKVNRHDKINGKRKT, 
N8:CRMAAVQHRHSSGLPYW, respectively. We show that both N8 and N5 antibodies can 
specifically immunoprecipitate recombinant the GFP-NPIP fusion protein from HeLa cell lysate 
(Figure S11). The specificity of the N8 antibody recognition is also confirmed by 
immunofluorescence analysis of transiently transfected HeLa cells with the GFP-NPIP fusion 
gene construct. Similarly, the specificity of MP4 and MP2 is determined by immunofluorescence 
analysis of overexpressed NPIPB flag-tagged at the N-terminus in HeLa cells (data not shown). 
The endogenous protein analysis using the N8 antibody gives specific band recognition at 95 kDa 
and 43 kDa in human tissue lysate when compared to mouse testis tissues (Bl6) (Figure S12). 
 Analysis of the putative protein domain architecture predicts at least four nuclear 
localization signals (NLS) present in the middle and at C-terminal region of the NPIPB protein 
(Figure S13). This is in contrast to NPIPA where there is no sequence similarity to any known 
NLS. To test the NLS prediction for the NPIPB protein, we successfully cloned partial copies of 
the two NPIPB genes (K1.3 (maps to chr 16:28671295) and K1.4 (maps to chr 16:22432624)), 
which differ only in exon 2 and the C-terminal region (Figures S14 and S15), into a mammalian 
expression vector (pM1-MT Roche) as well as the shared (seven-exon) region between NPIPA 
and NPIPB (c12 construct). 
 Despite multiple attempts, we were unable to clone a full-length copy of NPIP that 
included the entire C-terminal repeat region of the gene model. Transient overexpression of 
NPIPA constructs, whether tagged N-terminally with GFP or flag, were primarily localized to the 
nucleus in HeLa cells (Figure 5). There is a partial localization around the periphery of the 
nucleus but the majority of the signal localizes within the nucleus. In contrast, the K1.3 clone of 
NPIPB localizes exclusively to the nucleus while the K1.4 construct, corresponding to the other 
NPIPB subtype, shows signal primarily in the cytoplasm (Figure 5). Notably, the shared 
NPIPA/NPIPB gene model construct, c12, clearly aggregates around the nuclear periphery 
(Figure S16). The major difference between NPIPB and c12 is the presence of additional 5' and 3' 
exons (Figure 1), which are not present in c12 (Figure S14). c12 also differs from GFP Flag-NPIP 
by lacking the NPIP-specific exon 5 and the repeat sequence at the C-terminal region (Figure 
S14). 

Combined, these findings suggest that the C-terminal portion of NPIPB is required for the 
proper localization of the morpheus protein to the nucleus. Although, no NLS was predicted for 
NPIPA, exon 5 may contain signals for proper localization of the NPIPA protein around the 
nucleus. Additionally, we have observed a proportion of the cells having cytosolic localization 
when the K1-4 construct is overexpressed. The unpredicted subcellular localization of the NPIPB 
type K1-4 construct shows that the presence of exon 2 and the C-terminal repeat sequence may be 
important in this regard, because it is the only place where the two constructs differ (Figures S14 
and S15). It could also be possible that single amino acid substitutions observed within K1-3 and 
K14 may be responsible but this needs to be confirmed by further functional analysis.  
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The immunofluorescence analysis above was also confirmed by western blot analysis 
(Figure 6). We find that the 95 kDa band is detected only in nuclear/cytoskeleton/insoluble 
fraction consistent with the protein domain analysis showing that the N-terminal portion of the 95 
kDa NPIPB protein has a domain structure similar to HALZ and IRF transcription factors. In 
addition, immunohistochemistry analyses using MP2 antibodies show that the endogenous 
NPIPB protein localized primarily within the nucleus in HeLa cells (Figures 5, 6 and S17; see 
below). In a recent screen for B cell lymphoma-associated antigens, Cha and colleagues, 
unknowingly cloned four different constructs corresponding to a specific auto-antibody fraction 
of the isolated IgG purified from both treated and normal individuals (15). Our detailed analysis 
shows that, in fact, clones FL-aa-4-1, FL-aa-4-2, FL-aa-4-3, and FL-aa-4-4 correspond to the C-
terminal repeat region of the NPIPB protein. To confirm these findings, we transiently 
overexpressed the morpheus gene construct K1-3 in HeLa cells and co-stained transfected 
constructs with MP2 and MP4 antibody together with an isolated IgG fraction from a healthy 
donor. We found that the isolated human IgG from a healthy adult donor can specifically 
recognize NPIPB genes K1-3 (Figure S18).  

 
Figure 5. Immunofluorescence analysis of NPIP constructs in HeLa cells 
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I) (A) HeLa cells are transiently transfected using the FuGENE HD transfection reagent (Roche) with GFP-
NPIP for 24h and stained with a 1-100 dilution of N8 antibody (B) and a 1-1000 dilution of anti-tubulin 
antibody. (C) Primary antibody staining is performed overnight at 4°C. Nucleus (A) is visualized by DAPI 
staining. Merged figure (D) shows the co-localization between N8 (B) and tubulin antibody (C) staining. 
The majority of the HeLa cells show specific staining within the nucleus. However, a few cells show 
accumulation of transfected morpheus protein around the nucleus. II) Immunofluorescence analysis of 
Flag-NPIP fusion gene in HeLa cells. HeLa cells are transiently transfected by using the FuGENE HD 
transfection reagent (Roche) with Flag-NPIP for 24h and stained with 1-100 dilution of N8 antibody (B) 
and 1-1000 dilution of anti-tubulin antibody (Sigma) (C). Nucleus (A) is shown by DAPI staining. Merged 
figure (D) shows the co-localization between N8 (B) and tubulin antibody (C) staining. The majority of the 
HeLa cells are showing specific staining within the nucleus. III) Immunofluorescence analysis of morpheus 
B (K1-3) in HeLa cells. HeLa cells are transiently transfected by using the FuGENE HD transfection 
reagent (Roche) with K1-3 for 24h and stained with 1-500 dilution of MP4 antibody (C) and 1-1000 
dilution of anti-beta-actin antibody (Cell Signaling) (B). Nucleus (A) is visualized by DAPI staining. 
Merged figure (D) shows the co-localization between MP4 (C) and beta actin antibody (B) staining. The 
majority of the HeLa cells are showing specific staining within the nucleus. IV) Immunofluorescence 
analysis of NPIPB (K1-4) in HeLa cells. HeLa cells are transiently transfected by using the FuGENE HD 
transfection reagent (Roche) with K1-4 for 24h and stained with 1-500 dilution of MP4 antibody (C) and 1-
1000 dilution of anti-beta-actin antibody (mouse monoclonal, Cell Signaling) (B). Primary antibody 
staining is performed for overnight at 4°C. Nucleus (A) is visualized by DAPI staining. Merged figure (D) 
shows the co-localization between MP4 (C) and beta actin antibody (B) staining. See (Figure S14) for the 
details of the morpheus constructs. 
 

 
Figure 6. Subcellular fractionation of cell lysate treated with pI:C treatment for 24h 
Subcellular fractionation of HeLa cell lysate was separated by SDS-PAGE and blotted on a nitrocellulose 
membrane. A 1 to 500 dilution of N8 antibody is used to detect specific signal on a western blot. Arrows 
indicate the position of bands corresponding to 43 kDa and 95 kDa after pI:C treatment of Neuroblastoma 
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(Neu) and HeLa cells incubated with pI:C, pre-incubated for 6 hours with interferon alpha (INF+ pI:C) and 
Optimum Glutamax media (Invitrogen) before treatment of pI:C for 24h. (A) In the case of HeLa and 
neuroblastoma cells, only the nuclear cytoskeleton fraction was used for the western blot analysis. (B) 
Subcellular fractionation of HeLa and Cos-7 cells. Cos7 cells that do not contain morpheus are used as 
control for pI:C treatment. In Cos7 cells, no morpheus staining is observed around 95 kDa in the fraction of 
Cyt/Nuc/Insoluble (right).  

 
IV. Stable Transfection Analysis 

To characterize functional properties of morpheus proteins in vivo, and toxicity of 
overexpression of morpheus, we generated stable cell lines expressing the recombinant morpheus 
protein in mouse embryonic fibroblast (MEF) cells under the control of a Tet-Off inducible gene 
expression system. In the Tet-Off inducible gene expression system, cells were grown in the 
presence of tetracycline homolog doxycyline, and upon depletion of doxycyline, synthesis of 
recombinant morpheus protein is induced. Immunohistochemistry analyses of MEF cells that are 
stably expressing the morpheus gene (NPIP) under the control of Tet-Off promoter system show 
no or trace amounts of protein accumulation in doxycyline depleted cells for 24 hours unless the 
cells are transfected with pI:C using the Lipofectamine® 2000 transfection system (Invitrogen). 
This suggests that the recombinant morpheus protein might be degraded immediately in mouse 
cells. Upon transfection of NPIP-MEF cells with pI:C (1 µg/ml) for 6 hours, the morpheus protein 
is detected in the periphery of the nucleus and nuclear membrane similar to the results reported by 
Johnson and colleagues (5) (Figure 7). The total ratio for protein accumulation after transfection 
within MEF cell population was approximately 10-15%, potentially linked to transfection 
efficiency. We repeated the experiment using another morpheus-specific antibody (N5) and 
unrelated gene construct (luciferase gene) with similar results under the same conditions (data not 
shown).  
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Figure 7. Immunofluorescence analysis of pI:C transfected stable Tet-Off NPIP-MEF cells 
Immunofluorescence analysis of the morpheus gene in mouse embryonic fibroblast (MEF) cells stably 
expressing NPIP under the control of Tet-Off inducible promoter. NPIP-MEF cells are grown in the 
absence of doxycycline, G418 and hygromycin for 24h before transfection. Six hours after transfection of 
NPIP-MEF cells with pI:C (1 µg/ml), cells were fixed with cold (20°C) MeOH for 5 min. The merged 
figure (A) shows the pI:C transfected Tet-Off inducible NPIP-MEF cells stained with morpheus-specific 
N8 antibody (green). The nucleus is stained with DAPI (blue) (B), polyclonal antibody (N8) against 
morpheus (green) (C); polyclonal antibody against α-tubulin (red) (D) is used as positive control. 
 

 
DISCUSSION 

The morpheus gene family is one of the most rapidly evolving gene families to have 
emerged during human-great ape evolution (5). In this study, we attempted to systematically 
characterize differences in expression, structure, and subcellular localization for major isoforms 
in order to gain insight into its evolution and potential function. Cloning and sequencing of 
RT-PCR products of the morpheus family showed that at least 13 of 25 copies in the human 
genome are actively transcribed in cultured human cell lines (HeLa and A549 cells). Our gene 
structure analysis suggests that members of the gene family may be operationally divided into 
two distinct subgroups: NPIPA and NPIPB.  

The NPIPA subfamily, as originally reported by (5), is simpler in structure consisting of 
eight exons, including a diagnostic in-frame exon, “exon 5”. Members of the second group, 
NPIPB (or morpheusB), are typically larger (10 exons), are transcribed by an alternate promoter, 
and possess a repeat-rich 5'UTR as well as additional 3' exons, including three distinct repeat 
sequences at the C-terminal portion of the gene. Comparative sequence analyses predict an 
expansion of the NPIPB subtype within great apes after the split from the orangutan lineage. This 
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rapid expansion of the NPIPB gene coincided with the emergence of a start codon (first exon) and 
numerous retrotransposition events within the 5' and 3' ends of the gene (Figures 2 and S5). Since 
no functional NPIPB gene is detected within the New World or Old World monkey genomes, we 
suggest that the NPIPB subtype derived from duplication of NPIPA followed by the accumulation 
of numerous structural and single-basepair variants. In particular, the insertion of an AluY 
element near the C-terminus followed by a frameshift mutation led to the evolution of an entirely 
new amino acid repeat motif, PKRRRxxDVEP, associated specifically with the NPIPB 
subfamily.  
 Transcripts from both morpheus subtypes are expressed widely in all human tissues in 
contrast to other primates (e.g., macaque), which show a much more restricted pattern of 
expression (Figure 3). If the macaque expression profile is considered ancestral, our analysis 
suggests that the morpheus gene family evolved from testis- and thymus-specific mRNA 
expression to a ubiquitous pattern in concert with its expansion in copy number. It is possible that 
the accumulation of common repeats near the 5'UTR and/or the juxtaposition of novel segmental 
duplications facilitated this broader expression profile in the ape lineage as has been observed for 
other gene families (16-17). Despite its broad expression profile in humans, Homan and 
colleagues identified NPIP as one of two gene families highly expressed in the macula of the 
retina (18) where its transcriptome abundance in photoreceptors is second only to that of the 
opsin genes. They suggested the gene family as a potential candidate for age-related macular 
degeneration. 

The NPIPA protein was originally reported to localize to nuclear membranes where it 
potentially interacted with nuclear pore proteins (5). In this study, we generated polyclonal 
antibodies against peptide sequences specific to both NPIPA and B subtypes. Predicted protein 
domain analyses, subcellular localization experiments, and overexpression studies confirm a 
translated product that primarily localizes to the nucleus or its periphery. Interestingly, actively 
transcribed members of the NPIPB subfamily localize predominantly to the nucleus in human 
cells and we show that the C-terminal region of the NPIPB protein is important for this nuclear 
localization. It is possible that these rapid changes in the morpheus protein structure evolved to 
direct subcellular trafficking between the cytosol and the nucleus. 
 Surprisingly, we also find that healthy humans produce an auto-antibody against the C-
terminal of NPIPB proteins (Figure S18), confirming previous findings although the authors did 
not associate the target with NPIP (15). Recognition of self-antigens in human autoimmune 
diseases involves both T and B cell responses and may suggest a role for NPIP genes in immunity 
or autoimmunity. In this light, it is noteworthy that when stably transfected NPIP-MEF cells are 
exposed to pI:C—a known immunostimulant for TLR3—the morpheus protein localizes to a 
vesicular structure and accumulates around the nuclear membrane. In addition, the N-terminal 
region of the long (95 kDa) morpheus protein has significant similarity to a transcription factor 
binding protein HALZ, which is a homeobox-associated protein, and IRF7, which is an interferon 
regulatory protein (Figure 1 and Supplementary Table 1). One possibility may be that the 
morpheus protein is activated by the pI:C-dependent immune response pathway. Upon activation, 
the morpheus protein is modified (phosphorylated or glycosylated) and transported to the nucleus 
where it is predicted to maintain its function. The morpheus protein may first need to be 
stabilized by post-translational modification and later transported to the nucleus with the help of 
other, as of yet unknown, human-specific factors.  
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MATERIAL AND METHODS  
RT-PCR  
cDNA was prepared using the RT-PCR kit (Roche) according to the manufacturer instructions. 
Total RNA used for cDNA preparation was extracted from Rh (macaque) tissues, HeLa and A549 
cells (RNA easy, Qiagen), and the total RNA for hs (human) tissues (Clontech). RT-PCR 
products prepared using the cDNA from the cells were cloned to the pGEM-T-Easy vector. 
Colony PCR was used to identify positive clones. These were selected for mini-prep plasmid 
isolation and sequencing. In total, 96 colonies from A549 and 81 clones from HeLa cells were 
analyzed. UBE1 are used as positive controls. PCR was performed in 20 µl reactions composed 
of 0.8 µl of a 10 µM dilution of the forward primer and reverse primer, 10 µl of Roche 
(11636103001) PCR Master Mix. The following PCR conditions were used: 1 min at 94°C, 
followed by 38 cycles at 94°C for 30 sec, 55°C 30 sec, and 72°C for 30 sec followed by 7 min at 
72°C.  
 
Real-time PCR  
Morpheus splice variants were detected by a quantitative PCR assay using the LightCycler SYBR 
Green System (Roche) with exon 6 and 8 primers (see Supplemental Table 2 for a complete list 
of oligonucleotides used). cDNA was synthesized using mRNA prepared from lymphoblast cell 
lines. The amount of measured transcripts was normalized to the amount of the GAPDH and 
UBE1 transcript. The following real-time PCR conditions (C) were used: 3 min at 95°C, followed 
by 50 cycles at 95°C for 15 sec, 55°C 20 sec, and 72°C for 20 sec. 
 
 
 
Stable cell line preparation 
We generated an inducible Tet-Off cell line stably expressing morpheus C5 (Classical NPIP), C3 
and C4 (mutated versions as control originating from clone names 13). CLuc luciferase was used 
as positive control for transfection and to measure inducibility. Cells are Tet-Off so they are 
growing in the presence of 2 µg doxycycline that is the homolog of tetracycline; G418 (400 
µg/ml) was used to select and maintain the reporter gene carrying cells (for inducibility). 
Hygromycin (50 to 200 µg/ml) is used to select the transfected cells and maintain the cells 
carrying the transfected construct such as morpheus C5 and luciferase CLuc. The MEF cells are 
transfected with the respective constructs and kept under a continuous feeding and selection 
process. Tet-Off MEF cells were purchased from Clontech. 
 
Immunoprecipitation 
Cells are transfected with either GFP or GFP-NPIP constructs. 24 hours after transfections, cells 
are lysed with 1 ml of RIPA buffer; 15 µl of this lysate is separated for western blot analysis. 60 
µl of protein A beads (Amersham) are added to the lysate and incubated for 1 hour at 4°C with 
inversion. The slurry is spun down for 1 min at 4°C. The pre-cleared lysate is incubated with 2.5 
µg of primary NPIP antibodies (N5 and N8) or preimmune N8. The antibody and lysate mixture 
is incubated for 1 hour at 4°C with inversion. 60 µl of 50% protein A beads are added on the 
antibody-lysate mixture and left at 4°C overnight. The tubes are spun down (1 min full speed) and 
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the beads are washed three times with 1 ml lysis solution. After the beads are washed, 5X SDS 
loading buffer is added and boiled for 5 min before the SDS-PAGE analysis. 
 
Subcellular fractionation 
Cells are grown on a 5 cm plate until they are 90% confluent (approx. 1 million cells). 
Cytoplasmic, membrane, nucleus and cytoskeleton (or precipitated proteins) are fractionated with 
Qproteome cell compartment kit (Qiagen) and run on a SDS-PAGE gel and detected by western 
blot. The cells are treated with 100 µg/ml pI:C (mimics viral infection) for 24 hours. Cells are 
scraped into media or PBS and precipitated by centrifugation at 300 g for 5 min at RT. The 
supernatant is discarded and the pellet is subjected to biochemical fractionation. At the end of this 
fractionation, the protein lysate is precipitated with acetone to be able to run them on a SDS 
PAGE gel. Precipitated lysate is stored at -20°C until SDS-PAGE analysis. 
 
Western blot analysis 
Proteins were run on SDS-PAGE gel and transferred to nitrocellulose membrane by 
electroblotting. Ponceau-S (0.1% Ponceau-S (w/v) (Sigma), in 5% acetic acid) staining was used 
to define the location of the proteins on a nitrocellulose membrane. The membrane was blocked 
with 5% milk powder, 0.1% Tween 20, for 15 hours at 4°C. Antiserum/antibody was diluted in 
PBS, 5% milk powder, 0.1 % Tween-20, and protein bands were visualized using the enhanced 
chemiluminescence (ECL) substrate (Millipore).  
 
Immunofluorescence 
Appropriate cell lines grown on 22X22 mm coverslips in 6-well plates were induced, left 
uninduced with interferon γ, or transfected with NPIP constructs. After 24 hours, the medium was 
removed. The cells were washed with 2 ml of PBS and fixed with 2 ml of 
PBS/3%Paraformaldehyde for 20 min at room temperature. Cells were washed three times with 
PBS and washed with 2 ml PBS/0.1% Saponin incubated for 10 min at room temperature. The 
wash buffer was removed and immediately cells were blocked by adding PBS/0.1%Saponin/3% 
BSA and incubated for 1 hour at room temperature in 6-well plates. Coverslips were incubated 
with 100 µl of PBS/0.1 %Saponin/3% BSA, which contains the appropriate antibody dilution on 
Parafilm in a humidified chamber for 1 hour at room temperature or overnight at 4°C. Coverslips 
were put in to the 6-well plates and washed with 3X 5 ml of PBS/0.1% Saponin. Coverslips were 
incubated with 100 µl of PBS/0.1% Saponin/3% BSA, which contains the appropriate secondary 
antibody dilution or DAPI (1:1000) on Parafilm in a humidified chamber for 30 min at room 
temperature in the dark. Coverslips were put into the 6-well plates and washed with 3X 5 ml of 
PBS/0.1% Saponin. Finally, coverslips were put on to the slide with 20 µl of ProLong Gold 
antifade reagent (Molecular Probes). After overnight incubation, cells were observed with a Leica 
(DM4000B) fluorescence microscope equipped with a CCD camera (DFC350FX) using the Leica 
software (LeicaApplicationSuite, 2.1.0 build 4316). 
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SUPPLEMENTARY FIGURES  
 
Figure S1. Frameshift mutation in the repeat region of NPIPA and NPIPB 

Figure S2. Morpheus protein domains and phosphorylation sites 
 
Figure S3. 5'UTR repeat content 
 
Figure S4. Alignment of the 5'UTR including the promoter side 
 
Figure S5. Comparative genomics analysis of prosimian, marmoset, Rhesus macaque, gibbon and 
human 
The figure indicates the different gene structure of NPIP from Mmu (Microcebus murinus, AC235770), Cja 
(Calithrix jacchus, AC202644, AC235517), Rh, (Macaca mulatta, AC148536), (Nomascus leucogeny, 
AC166855) and human (Homo sapiens).  
 
Figure S6. Alignment of 1st exon of NPIPB gene, including the partial 5'UTR 
Sequence that encodes the proper morpheus protein is bolded and colored in green. The green box indicates 
the position of start codon. 
 
Figure S7. Alignment of repeat 3'UTR including the AluY element 
 
Figure S8. Phylogeny of repeat 3'UTR with AluY element 
The evolutionary history was inferred using the neighbor-joining method. The optimal tree with the sum of 
branch length = 0.31266271 is shown. The percentage of replicate trees in which the associated taxa 
clustered together in the bootstrap test (500 replicates) are shown next to the branches (19). The tree is 
drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the 
phylogenetic tree. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing 
alignment gaps and missing data were eliminated only in pairwise sequence comparisons (pairwise deletion 
option). There were a total of 413 positions in the final dataset. Phylogenetic analyses were conducted in 
MEGA4 (21).  
 
Figure S9. Alternative splicing for morpheus gene family 
Splicing structure for the morpheus gene family is illustrated. All possible alternative exon formations are 
shown with the connected lines. Morpheus-PKD1 fused gene always produces a pseudogene formation. It 
is also possible that long version 95 kDa splices into short splice version.  
 
Figure S10. Induction of morpheus gene family by pI:C transfection 
Real-time PCR analysis to show fold induction of morpheus gene family between pI:C induced and 
uninduced HeLa cells. HeLa cells are transfected with 1µg pI:C for 6 hours and harvested by scraping to 
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media followed by ctg. 300 g at RT for 5 min. Real-time PCR is performed on cDNA prepared from the 
total RNA (Qiagen RNeasy kit) of induced and uninduced HeLa cells. UBE1 and GAPDH are used for 
control. Interferon (INF) and toll-like receptor 3 (TLR3) genes are used as positive control. The primers for 
real-time PCR were designed for exon 6 and 8.  
 
Figure S11. N5 and N8 antibodies specifically recognize the transfected GFP-NPIP fusion protein 
N5 and N8 antibodies specifically recognize the recombinant GFP-NPIP protein but not the pre-immune 
serum. Recombinant GFP-NPIP fusion protein that is expressed in HeLa cells is detected by N5 (left) and 
N8 (right) antibodies and not pre-immune antibody. Cells are transfected either with GFP-NPIP fusion 
construct or GFP alone and the recombinant GFP-NPIP fusion protein is immunoprecipitated with N5, N8, 
pre-immune serum for N5 and pre-immune serum for N8 (Material and Methods). The SDS-PAGE gel is 
blotted with anti-GFP (monoclonal) antibody. 
 
Figure S12. Western blot data showing human tissues compared to Bl6 mouse tissues  
About 50 mg of each tissue (occipital lobe, medulla, testis, liver, lung, heart, and pituitary) and human 
lymphocyte cell line-Czech lysate (CB23-06) were harvested and homogenized in RIPA buffer by tissue 
homogenizer (Omni International, TH). The amount of the lysate was measured by BCA, Protein Assay Kit 
(Pierce). Each well is loaded with 50 µg of protein lysate. The SDS-PAGE gel was blotted on nitrocellulose 
membrane and stained with the respective antibody (N8) by using Pierce western blot detection kit (West 
Femto, HRP and ECL reagents). 
 
Figure S13. NLS signal for morpheus proteins 
Putative NLS signal for NPIPB protein is predicted by using the web browser “PredictProtein”.  
 
Figure S14. The comparative gene structure for GFP Flag-NPIP, c12, K1-3 and K1-4 constructs on 
NPIPA and NPIPB gene structure  
The figure shows the comparative gene structure of GFP Flag-NPIP and c12 constructs depicted on long 
NPIPB (95 kDa) and short NPIPA (40 kDa) (NPIP) (see Figure 1). The green and red flags indicate the 
position of start and stop codons, respectively. The GFP Flag-NPIP gene is different from the c12 construct 
by having Exon 5 and additional sequence at C-terminal region. NPIPB, K1-3 and K1-4 constructs are only 
different with the long exon2 and C terminal repeat region.  
 
Figure S15. Alignment of c12, NPIP, K1-3 (NPIPB) and K1-4 (NPIPB) 
 
Figure S16. Immunofluorescence analysis of “c12” gene in HeLa cells 
HeLa cells are transiently transfected by using the FuGENE HD transfection reagents (Roche) with c12 for 
24h and stained with 1-100 dilution of N8 antibody (B) and 1-1000 dilution of anti-tubulin antibody (C). 
Primary antibody staining is performed for overnight at 4°C. Nucleus (A) is shown by DAPI staining. 
Merged figure (D) shows the co-localization between N8 (B) and tubulin antibody (C) staining. The 
majority of the HeLa cells are showing specific staining within the nucleus.  
 
Figure S17. Endogenous level of expression of morpheus B protein in HeLa cells 
Immunofluorescence analysis is shown of NPIPB in HeLa cells. HeLa cells are stained with 1-500 dilution 
of MP4 (I-C) and preimmune antibody (II-C), MP2 (III-C) and preimmune antibody (IV-C), and a 1-1000 
dilution of anti-beta-actin antibody (Cell Signaling) (B). The nucleus (A) is visualized by DAPI staining. 
The merged figure (D) shows the co-localization between MP4 (C) and beta actin antibody (B) staining. 
The majority of the HeLa cells show specific staining within the nucleus. 
 
Figure S18. Detection of human IgG for morpheus protein 
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HeLa cells are transiently transfected by using the FuGENE HD transfection reagents (Roche) with K1-3 
for 24h and stained with 1-1000 dilution of proteinA isolated human IgG from healthy individual, 1-500 
dilution of MP4 antibody (C) and 1-1000 dilution of anti-tubulin antibody (sigma) (D). Primary antibody 
staining is performed for overnight at 4°C. Human IgG fraction is detected by using GoatF(ab)2 anti-
human IgG (γ)FITC Conjugate (Invitrogen), Anti-rabbitIgGAlexa 647 Conjugate. Nucleus (A) is shown by 
DAPI staining. Merged figure (E) shows the co-localization between Human IgGMP4 (C), and beta actin 
antibody (B) staining. 

Supplementary Table 1. Morpheus domain search SMART results 

Supplementary Table 2. Primer table for morpheus genes 
 
REFERENCES 
 
1. Ohno, S. (1970) Evolution by gene duplication. Springer-Verlag, Berlin. 
2. Bailey, J.A. and Eichler, E.E. (2006) Primate segmental duplications: crucibles of 

evolution, diversity and disease. Nature reviews, 7, 552-64. 
3. Zhang, L., Lu, H.H., Chung, W.Y., Yang, J. and Li, W.H. (2005) Patterns of segmental 

duplication in the human genome. Molecular biology and evolution, 22, 135-41. 
4. Jiang, Z., Tang, H., Ventura, M., Cardone, M.F., Marques-Bonet, T., She, X., Pevzner, 

P.A. and Eichler, E.E. (2007) Ancestral reconstruction of segmental duplications reveals 
punctuated cores of human genome evolution. Nature genetics, 39, 1361-8. 

5. Johnson, M.E., Viggiano, L., Bailey, J.A., Abdul-Rauf, M., Goodwin, G., Rocchi, M. and 
Eichler, E.E. (2001) Positive selection of a gene family during the emergence of humans 
and African apes. Nature, 413, 514-9. 

6. Han, M.V., Demuth, J.P., McGrath, C.L., Casola, C. and Hahn, M.W. (2009) Adaptive 
evolution of young gene duplicates in mammals. Genome research, 19, 859-67. 

7. Marques-Bonet, T. and Eichler, E.E. (2009) The Evolution of Human Segmental 
Duplications and the Core Duplicon Hypothesis. Cold Spring Harbor symposia on 
quantitative biology. 

8. Loftus, B.J., Kim, U.J., Sneddon, V.P., Kalush, F., Brandon, R., Fuhrmann, J., Mason, T., 
Crosby, M.L., Barnstead, M., Cronin, L. et al. (1999) Genome duplications and other 
features in 12 Mb of DNA sequence from human chromosome 16p and 16q. Genomics, 
60, 295-308. 

9. Johnson, M.E., Cheng, Z., Morrison, V.A., Scherer, S., Ventura, M., Gibbs, R.A., Green, 
E.D. and Eichler, E.E. (2006) Recurrent duplication-driven transposition of DNA during 
hominoid evolution. Proceedings of the National Academy of Sciences of the United 
States of America, 103, 17626-31. 

10. Schiller, M.R., Chakrabarti, K., King, G.F., Schiller, N.I., Eipper, B.A. and Maciejewski, 
M.W. (2006) Regulation of RhoGEF activity by intramolecular and intermolecular SH3 
domain interactions. The Journal of biological chemistry, 281, 18774-86. 

11. Elde, N.C., Child, S.J., Geballe, A.P. and Malik, H.S. (2009) Protein kinase R reveals an 
evolutionary model for defeating viral mimicry. Nature, 457, 485-9. 

12. Boniotto, M., Tossi, A., DelPero, M., Sgubin, S., Antcheva, N., Santon, D., Masters, J. 
and Crovella, S. (2003) Evolution of the beta defensin 2 gene in primates. Genes and 
immunity, 4, 251-7. 

13. Sawyer, S.L., Wu, L.I., Akey, J.M., Emerman, M. and Malik, H.S. (2006) High-
frequency persistence of an impaired allele of the retroviral defense gene TRIM5alpha in 
humans. Curr Biol, 16, 95-100. 

.CC-BY-ND 4.0 International licensea
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 

The copyright holder for this preprint (which was notthis version posted March 12, 2017. ; https://doi.org/10.1101/116087doi: bioRxiv preprint 

https://doi.org/10.1101/116087
http://creativecommons.org/licenses/by-nd/4.0/


22 
 

14. Mondragon-Palomino, M., Meyers, B.C., Michelmore, R.W. and Gaut, B.S. (2002) 
Patterns of positive selection in the complete NBS-LRR gene family of Arabidopsis 
thaliana. Genome Res, 12, 1305-15. 

15. Cha, S.C., Kwak, L.W., Ruffini, P.A., Qin, H., Neelapu, S. and Biragyn, A. (2006) 
Cloning of B cell lymphoma-associated antigens using modified phage-displayed 
expression cDNA library and immunized patient sera. Journal of immunological 
methods, 312, 79-93. 

16. Iskow, R.C., Gokcumen, O., Abyzov, A., Malukiewicz, J., Zhu, Q., Sukumar, A.T., Pai, 
A.A., Mills, R.E., Habegger, L., Cusanovich, D.A. et al. (2012) Regulatory element copy 
number differences shape primate expression profiles. Proceedings of the National 
Academy of Sciences of the United States of America, 109, 12656-61. 

17. Bekpen, C., Tastekin, I., Siswara, P., Akdis, C.A. and Eichler, E.E. (2012) Primate 
segmental duplication creates novel promoters for the LRRC37 gene family within the 
17q21.31 inversion polymorphism region. Genome research, 22, 1050-8. 

18. Hornan, D.M., Peirson, S.N., Hardcastle, A.J., Molday, R.S., Cheetham, M.E. and 
Webster, A.R. (2007) Novel retinal and cone photoreceptor transcripts revealed by 
human macular expression profiling. Investigative ophthalmology & visual science, 48, 
5388-96. 

19. Felsenstein, J. (1985) Confidence limits on phylogenies: An approach using the 
bootstrap. Evolution, 39, 783-791. 

20. Jukes, T.H. (1987) Divergence and directional mutation pressures. Nature, 325, 668. 
21. Tamura, K., Dudley, J., Nei, M. and Kumar, S. (2007) MEGA4: Molecular Evolutionary 

Genetics Analysis (MEGA) software version 4.0. Molecular biology and evolution, 24, 
1596-9. 

.CC-BY-ND 4.0 International licensea
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 

The copyright holder for this preprint (which was notthis version posted March 12, 2017. ; https://doi.org/10.1101/116087doi: bioRxiv preprint 

https://doi.org/10.1101/116087
http://creativecommons.org/licenses/by-nd/4.0/


Figure S1

.
C

C
-B

Y
-N

D
 4.0 International license

a
certified by peer review

) is the author/funder, w
ho has granted bioR

xiv a license to display the preprint in perpetuity. It is m
ade available under 

T
he copyright holder for this preprint (w

hich w
as not

this version posted M
arch 12, 2017. 

; 
https://doi.org/10.1101/116087

doi: 
bioR

xiv preprint 

https://doi.org/10.1101/116087
http://creativecommons.org/licenses/by-nd/4.0/


Figure S2 
 
   
 
 
    1          11         21         31         41         51  
1   MFCCLGYEWL SGGCKTWHSA WVINTLADHR HRGTDFGGSP WLLIITVFLR SYKFAISLCT    60 
 
 
 
61  TYLCVSFLKT IFPSQNGHDG STDVQQRARR SNRRRQEGIK IVLEDIFTLW RQVETKVRAK   120  
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Figure S3 Repeat content of the NPIPB gene including 5’UTR region 
 

gcccagccattcgtgacatgtttatacaaatataactttag 

 

LTR/ERV1 

Caaatatttagcataactatcaaaattacaaatcatattaaatttgtataaatgtatgcaatttttggaacacgcatatcaac

aacatacccataaatataactgagatgagatctaatgtcacctcacttgacagtgccctcccatgcagtatcgccacatttga

caatgcctgcccatttaatctaccaaataaatcgaatcacttaatacctctacaagatgagagatacattctttagactcccc

aagggatgcagctgaaaaaaatcccaaagttagttttaagccaaaaagacttgatttaggattttgacactggagaaacccat

caaagatgtcaagtttgaaaacacttgatcaaaacagaatcacaggtcactattaaaagagtattaatttaaccagagacttc

caaagcaatacagaaacttacatggatataaaaaccctaacccttttaaaggtcagatttgctaagtgatcaaaa 

 

ggggtacttgaattgaatcgacacaggaagagtgtgtacagggttatgagtgtaggcaggtggttactttggtcatatctcca

tttgccacctgattacacatgagaatggcatctttactcaccagaaagccagtattataggaggtgtaggaggcattcttgga

cttgagacaagaacattgttgtgtagaaatttcattgactgtgttaaaattattctccatgggctggagaacacat  

 

SINE/MIR 

Aacatggcctttagaatgagacgggcattgattggatgcaaggtctccacacttactagctgtgtgacattggacagagtgct

tcatcattccgagactcagtttttaaaggaaaaacaactaactaccttgcaagcttgctagcaggtttaagtgtaataatgtg

tgggaatgactgcaccgtgactaacatgcagtgacagcttaattaatgttaacccttatcatt 

 

atcatata 

 

LINE/L2 

Agaatgtgagttacataagagaggagtcctgtcagttcgttctctgctgtgtccccaagaccatgaatcatggctggcatgta

gtaggcatttaataatatatgttcaacaagt 

 

Atttggcagtcttggagggcagaaaaggaggtggggaagatttttaaataacattttttaaaaagtcacattgtcctacaata

ccgatttttcttgcatatttaggaaattgagggtttttttctaaaacatgcggacatatgggaaataggatgcaacatttgca

ctaatgtttcagacacagttagaggtttccaagagattttgcgctggggaggctgcttgctacaagctcccaaagctctggga

ggacatagtattcattcctccctcagcagaagcggtgaggcaagaagctctggggagcacccagcgttggacttttagcatag

tgtgtcaggtcttcatagtttgggcccagggcacagagaagtcacagctctccggcatcctgtgacctttaccctctttgcca

agggaaaatgtggcccaccaaagcaagaaacttgagggcatgggtcaccccagccctggcatctgcccagagcccgagaagga

aggaacaatgatcctccagctacctcacggggctggcacaggtgaccactgccctggcatcacccagctgtgtccggcagcct

gaaccccatctgtggggatgcgaggaggaaaatacaaaagtccttaggtgaacactgagaaggcagatgcagcagaaacctcc

aggccagaactacccagtcttggacctatggtggagatagagcatagctggcgatcatgtgtacttacactctaaggtcacct

ggttgcactatggcctcatctgtggctctgaaaatgaagatttggaaggagatcatca 

 

SINE/MIR 

cagctaatgtttaacaagcccctcctgtgtgccaaatcattcacccctcaccacaaccgaatgagctaaggattctcattata

tatagtttatggagagggaagtgcagacataaagaggtgaattatcttacccagatcacacagctgataagtggtggaggcag

aatagaatctaaacagtgtggctccggagccc  

 

AC 

 
LINE/L2 

atgcattgattcgacaagtgtttattgagcacctgccgcggacaaggccttgtgtg 

 

attaaatagggttataattagtaatataaaaatgagaaatcactaatgctttttagacttaacattttgtttttttgtaggtt

tcaggcacagaactgtatatccaataatagtgaaatggatcccactaattatgacagaaatgatgatacatttaaatgacttg

gat  

 

SINE/MIR 

gttttataggtatgatctcgtgaaatcttgagagaaactgaatgacgaatgaaactattgttcctgtttcacacagaagaaaa

ctgaggttaaaaggggtaaagtaattttgcatggcatgaagtagaaattcaaagtacaggaatttgaacttggttctgtcctt

ttctgaagcccttg  

 

accactatagactcaaacatcaccttgtttttccactcattcaacacttttttttttaaattatctaataggttggcactcat

catgagcccctgttctcattctgcaa 
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Start Codon 

ATGgtgaagctctctattgtcctgaccccacagttcctgtcccatgaccagggccagctcaccaaggagctgcagcagcatgt

aaagtcagtgacatgcccatgcgagtacctgaggaaggttatcaatactctggctgaccatcatcatcgtgggactgactttg

gtggaagtccttggttacatgtcattattgcgtttccgacaagttataaagttgtcattaccctctggatagtttacctttgg

gtgtctctcctgaagactatcttctggtctcgaaatggacatgatggatccacggatgtacagcagagagcctggaggtccaa

ccgccgtagacaggaagggctgaggtccatttgtatgcacacaaagaaaagagtttcttcctttcgaggaaataaaattggcc

tgaaagacgtcattactctacggagacatgtggaaacaaaagttagagctaaaatccgtaagaggaaggtgacaacgaaaatc

aaccatcatgacaaaatcaatggaaagaggaagaccgccagaaaacagaaaatgtttcaacgtgcgcaagagttgcggcggcg

agcagaggactaccacaaatgcaaaatccccccttctgcaagaaaggctctttgcaactgggtcagaatggcggcagcggagc

atcgtcattcttcaggattgccctactggccctacctcacagctgaaactttaaaaaacaggatgggccaccagccacctcct

ccaactcaacaacattctataactgataactccctgagcctcaagacacctcccgagtgtctgctcactccccttccaccctc

agcggatgataatctcaagacacctcccgagtgtgtgctcactccccttccaccctcagcggatgataatctcaagacacctc

ccgagtgtctactcactccccttccaccctcagctctaccctcagctccaccctcagcggatgataatctcaagacacgtgcc

gagtgtctgctccatccccttccaccctcagcggatgataatctcaagacaccttccgagcgtcagctcactccccttccacc

ctcagctccaccctcagcagatgataatatcaagacacctgccttccaccctcagcggatgatctcaagacaccttccgagcg

tcagctcactccccttccaccctcagctccaccctcagcagatgataatatcaagatacctgctgagcgtctgcggattccgc

ttccaccatcagccgatgataatctcaagacaccttccgagcgtcagctcactccccttccaccctcagctccaccctcagca

gatgataatatcaagacacctgccgagcgtctgcgggggccgcttccaccctgagcggatgataatctcaagacaccttccga

gcgtcagctcactccccttccaccctcagctccaccctcagcagatgataatatcaagacacctgccgagcgtctgcgggggc

cgcttccaccctcagcggatgataatctcaagacaccttccgagcgtcagctcactccccttccaccctcagctccaccctca

gcagatgataatatcaagacacctgccgagcgtctgcgggggccgcttccaccctcagcggatgataatctcaagacaccttc

cgagcgtcagctcactccccttccaccctcagctccaccctcagcagatgataatatcaagacacctgccgagcgtctgcggg

ggccgcttccaccctcagcggatgataatctcaagacaccttccgagcgtcagctcactccctttccaccctcagctccaccc

tcagcagatgataatatcaagacacctgccgagcgtctgcggggagcgtctgcgggggccgcttccaccctcagcggatgata

atctcaagacaccttccgagcgtcagctcactccccttccaccctcagctccaccctcagcagatgataatatcaagacacct

gccgagcgtctgcgggggccgcttccaccctcagcggatgataatctcaagacaccttccgagcgtcagctcactccccttcc

accctcagctccaccctcagcagatgataatatcaagacacctgccgagcgtctgcgggggccgcttccaccctcagccgatg

ataatctcaagacacc 

 

SINE/AluY 

tcccttagctactcaggaggctgaggcagaaaaaccacgcaaacccaagaggcagagggcggctgagatggaaccac 

 

ctcccgaacccaagaggcggagggtcggtgacgtggaaccgtcacgcaaacccaagaggcggagggccgctgacgtggaacca

tcatcacccgaacccaagaggcggagggtcggtgatgtggaaccgtcacgcaaacccaagaggcggagggccgctgacgtgga

accatcatcacccgaacccaagaggcggagggtcggtgacgtggaaccgtcacgcaaacccaagaggcggagggccgctgacg

tggaaccatcattacccgaacccaagaggcggaggttgagcTGA 

Stop Codon 
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Figure S4 Alignment of 5’UTR region of (NPIPB) from human and gibbon (N. leucogenys) (Nle)  
Transcription start site (+1) indicated as red box.Coding sequence is highlighted with green bold color.  
 

Nle_25908      1 ACATCAGGACCACCAGACTTTTACAAATTTCATATAATCTTCAGAAATAATTAATAAC--TTTTTTTTTTTTTACATAGATTCTGCCTCT 

Nle_915741     1 ACATCAGGACCACCAGACTTTTACAAATTTCATATAATCTTCAGAAATAGTTAATAACCTTTTTTTTTTTTTTACATAGATTCTGCCTCT 

NPIPB_5'utr    1 ACATCAGGACCACCAGACTTTTATAAATTTCATATAATCTTCAGAAATAATTAATAAC------TTTTTTTTTAGATAGATTCTACCTCT 

 

Nle_25908     89 GTCGCCCAGGCGGGAGTGCAGTGGCATGATCTCGGCTCACTGCAACCTCCGCCTCCTGGGTTCAAGCAATTCTCCTTTCTCAGCCTCCCA 

Nle_915741    91 GTCGCCCAGGCGGGAGTGCAGTGGCATGATCTCGGCTCACTGCAACCTCCGCCTCCTGGGTTCAAGCAATTCTCCTTTCTCAGCCTCCCA 

NPIPB_5'utr   85 GTTGCCCAGGTGGGAGTGCAGTGGCATGATCTCGACTCACTGCATCCTCCGCCTCCTGTGTTCAAGCAATTTTCCTGTCTCAGCCTCCCG 

 

Nle_25908    179 AGTAGCTGAGACTACAGGCATGTGCCACCAGGCATGGCTAATTTTTGTATTTTTAGTGGAGACAGGGTTTCACCCTATTAGTCAGGCTGG 

Nle_915741   181 AGTAGCTGAGACTACAGGCATGTGCCACCAGGCATGGCTAATTTTTGTATTGTTAGTGGAGACAGGGTTTCACCCTATTAGTCAGGCTGG 

NPIPB_5'utr  175 AGTAGCTGAGACTACAGGCATGTGCCACCAGGCATGGCGAATTTTTGTATTTTTAGTGGAGACAGGGTTTCACCCTATTAGTCAGGCTGG 

 

 

Nle_25908    269 TCTCGAACTCCCGACCTCAGGTGATCCACCTGCCTTTTTCTCCCAAAGTGCTGGGATTACAGGCATGAGTGATGGTGCCCAGCCATTCAT 

Nle_915741   271 TCTTGAACTCCTGACCTCAGGTGATCCACCTGCCTTTTTCTCCCAAAGTGCTGGGATTACAGGCATGAGTGATGGTGCCCAGCCATTCAT 

NPIPB_5'utr  265 TCTCGAACTCCCAACCTCAGGTGATCCACCTGCCTTTGTCTCCGAAAGTGCTGGGATTACAGGCATGAGTGACGGTGCCCAGCCATTCAT 

 

Nle_25908    359 AACATGTTTATGCAAATATAACTTTAGCAAATATTTAGCATAACTATCAAAATTACAAATCATAACAT--TAAATTTGGATAAATGTATG 

Nle_915741   361 AACATGTTTATGCAAATATAACTT-ATCAAATATTTAGCATGACTATCAAAATTACAAATCATAACAT--TAAATTTGTATAAATGTATG 

NPIPB_5'utr  355 AACATGTTTATACAAATATAACTTTAACAAATATTTAGTATAACTATCAAAATTACAAATCATAACATATTAAATTTGTATAAATGTATG 

 

Nle_25908    447 TAATTTTTGGAACATGTATATCAACAACACACCCATAAATATAACTGAGATGAGATCTAATATCACCTCACTTGACAATGCCCTCCCATG 

Nle_915741   448 TAACTTTTGGAACATGTATATCAACAACACACCCATAAATATAACTGAG-----ATCTAATATCACCTCACTTGACAATGCCCTCCCATG 

NPIPB_5'utr  445 TAATTTTTGGAACATGTATATCAACAACATACCCATAAATATAACTGAGATGAGATCTAATGTCACCTCACTTGACAGTGCCCTCCCATG 

 

Nle_25908    537 CAGTATCACCACATTTGACAATGCCCACCCATATAATTTACCAAATAAATC-----ACTTAATACCTCTACAAGATGAGAGATACATTCT 

Nle_915741   533 CAGTATCACCATATTTGAAAATGCCCGCCCATATAATCTACCAAATAAATC-----ACTTAATACCTCTACAAGATGAGAGATACATTCT 

NPIPB_5'utr  535 CAGTATCACCACATTTGACAATGCCCGCCCATATAATCTACCAAATAAATCGAATCACTTAATATCTCTACAAGATGAGAGATGCATTCT 

 

Nle_25908    622 TTAGACTCCCCAAGGGATCCAACTGAAAAATCCCAAAGTTAATTTTAAGCCAAAAAGACTTGACTTAGGATTTTGACACTGGAGAAACCC 

Nle_915741   618 TTAGACTCCCCAAGGGATCCAGCTGAAAAATCCCAAAGTTAATTTTAAGCCAAAAAGACTTGACTTAGGATTTTGACACTGGAGAAACCC 

NPIPB_5'utr  625 TCAGACTCCCGAAGGGACGCAGTGGAAAAATCCCAAAGTTAATTTTAAGCCAAAAAGACCTGATTTAGGATTTTGACACTGGAGAAACCC 

 

Nle_25908    712 ATCAAAGATGTCAAGTTTGAAAACACTTGATCAAAACAGAATCACAGGTCACTATTAAAAGAATATTCACGCCGGGCATGGTGGCTCACG 

Nle_915741   708 ATCAAAGATGTCAAGTTTGAAAACACTTGATCAAAACAGAATCACAGGTCACTATTAAAAGAATATTCACGCCGGGCATGGTGGCTCACG 

NPIPB_5'utr  715 ATCAAAGATGTCAAGTTTGAAAACACTTGATCAAAACAGAATCACAGGTCACTATTAAAA------------------------------ 

 

Nle_25908    802 CCTGTAATCCCAGCACTTTGGGAGGCCACGGCAGGCGGATCAAGAGGTTGGGAGATTGAGACCATCCTGGCTAACACAGTGAAACCCCGT 

Nle_915741   798 CCTGTAATCCCAGCACTTTGGGAGGCCACAGCAAGCGGATCAAGAGGTCGGGAGATCGAGACCATCCTGGCTAACACAGTGAAACCCCGT 

NPIPB_5'utr  775 ------------------------------------------------------------------------------------------ 

 

Nle_25908    892 CTCTACTAAAAATACAAAAAAATAGCCAGATGTGGTGGCGGGCTCCTGTAGTCCCACCTACTCGAGAGGCTGAGGCAGGAGAATGGCGTG 

Nle_915741   888 CTCTACTAAAAATACAAAAAAATAGCCGGGTGTGGTGGCGGGCGCCTGTAGTCCCACCTACTCGAGAGGCTGAGGCAGGAGAATGGCATG 

NPIPB_5'utr  775 ------------------------------------------------------------------------------------------ 

 

Nle_25908    982 AACCCAGGAGGAGGAGCTTGCAGTGAACCGAGATCACACCACTGCAGTCCGGCCTGGGCAAAAGAGTGAGACTCCGTCTCAAAAAAAAAA 

Nle_915741   978 AACCCGGGGGGCAGAGCTTGCAGTGAGCCGAGATCGCACCACTGCAGTCCGGCCTGGGCAAAAGAGTGAGACTCCATCTCAAAAAAAAAA 

NPIPB_5'utr  775 --------------------------------------------------------------AGGGTG---------------------- 

 

Nle_25908   1072 AAAAAAAAAGAATATTCATTTAACCAGAGACTTCCAAAGCAGTACAGAAAGTTACATGGATATAAAAACCTTAACCCTTTTAAAGGTCAG 

Nle_915741  1068 AAAAAA---GAATATTCATTTAACCAGAGACTTCCAAAGCAATACAGAAAGTTACATGGATATAAAAACCTTAACCCTTTTAAAGCTCAG 

NPIPB_5'utr  781 --------------TTCATTTAACCAGAGACTTCCAAAGCAATACAGAAACTTACATGGATATAAAAACCTTAACCCTTTTAAAGGTCAG 

 

Nle_25908   1162 TTTTGCTAAGTAATCAAAAGGGGTACTTGAATTGAATCAGACACAGGAAAAGTGTGTGCAGGGTTA--------------------CTTT 

Nle_915741  1155 TTTTGCTAAGTAATCAAAAGGGGTACTTGAATTGAATCAGACACAGGAAAAGTGTGTGCTGGGTTA--------------------CTTT 

NPIPB_5'utr  857 ATTTGCTAAGTGATCAAAAGGGGTACTTGAATTGAATC-GACACAGGAAGAGTGTGTACAGGGTTATGAGTGTAGGCAAAGGGTTACTTT 

 

Nle_25908   1232 GGTCATATCTCCATTTGCCACCTGATTACACATGAGAATGGCATCTTTACTCACCAGAAAGCCAGCATTATAGGAGGTATAGGAGCCATT 

Nle_915741  1225 GGTCATATTTCCATTTGCCACCTGATTACACATGAGAATGGCATCTTTACTCACCAGAAAGCCAGTATTATAGGAGGTGTAGGAGGCATT 

NPIPB_5'utr  946 GGTCATATCTCCATTTGCCACCTGATTACACATGAGAATGGCATCTTTACTCACCAGAAAGCCAGTATTAT-------------GGCTTT 

 

Nle_25908   1322 CTTGGACTTGAGACAAGAACGTTGTTGTGTAGAAATTTCACTGACTGTGTTAAAGTTCTTCTCCATGGGCTGGAGAACACATAACGGGGC 

Nle_915741  1315 CTTGGACTTGAGACAAGAACATTGTTGTGTAGAAATTTCACTGACTGTGTTAAAATTCTTCTCCATGGGCTGGAGAACACATAACGGGGC 

NPIPB_5'utr 1023 CTTGGACTTGAGACAAGAACATTGTTGTGTAGAAATTTCATTGACTGTGTTAAAATTATTCTCCATGGGCTGGAGAACACATAACGTGGT 

 

Nle_25908   1412 CTTTAGAATGAGATGGGCATTGATTGGATGCAAGGTCTCCACACTTACTAGCTGTGTGACATTGGACAAAGTGCTTCATCATTCTGAGAC 

Nle_915741  1405 CTTTAGAATGAGATGGGCATTGATTGGATGCAAGGTCTCCACACTTACTAGCTGTGTGACATTGGACAAAGTGCTTCATCATTCTGAGAC 

NPIPB_5'utr 1113 GTTTAGAATGAGACGGGCATTGATTGGATGCAAGGTCTCCACACTTACTAGCTGTGTGACATTGGACAAAGTGCTTCATCATTCTGAGAC 

 

Nle_25908   1502 TCAGTTTTTAAAGGAAAAACAACTAACTGCCTTGCAAGCTTGCTAGCAGGTTTAAGTGTAATAATGTGTGGGAATGACTGCATCGTGACT 

Nle_915741  1495 TCAGTTTTTAAAGGAAACACAACTAACTACCTTGCAAGCTTCCTAGCAGGTTTAAGTGTAATAATGTGTGGGAATGACTGCACCGTGACT 

NPIPB_5'utr 1203 TCAGTTTTTAAAGGAAAAACAACTAACTACCTTGCAAGCTTGCTAGCAGGTTTAAGTGTAATAATGTGTGGGAATGACTGCACCGTGACT 

 

Nle_25908   1592 AACATGTAGTGACAGCTTAATTAATGTTAACCCTTATCATTATCGTATAAGAATGTGAGTTACATAAGAGAGGAACCCCGTCAGTTTGTT 

Nle_915741  1585 AACATGTAGTGACAGCTTAATTAATGTTAACCCTTATCATTATCGTATAAGAATGTGAGTTACATAAGAGAGGAACCCCGTCAGTTTGTT 

NPIPB_5'utr 1293 AACACGTAGTGACAGCTTAATTAATGTTAACCCTTATCATTATCATATAAGAATGTGAGTTACATAAGAGAGGAATCCTGTCAGTTCGTT 

 

Nle_25908   1682 CTCTGCTATATCCCCAAGACCGTGAATCATGGCTGGCACATAGTAGGCATTTAATAATATTTGTTCAACAAGAATTTGGCAGTCTTGGAG 

Nle_915741  1675 CTCTGCTGTATCCCCAAGACCATGAATCATGGCTGGCACGTAGTAGGCATTTAATAATATTTGTTCAACAAGAATTTGGCAGTCTTGGAG 

NPIPB_5'utr 1383 CTCTGCTGTGTCCCCAAGACCATGAATCATGGCTGGCACGTAGTAGGCATTTAATAATATTTGTTCAACAAGTATTTGGCAGTCTTGGAG 

 

Nle_25908   1772 GGCAGAAA-GGAGGTGGGGAAGATTTTTAAATAACATTTTTTAAAAAGTCACGTTGTCCTACAGTACCAGTTTTTCTTGCATATTTAGGA 

Nle_915741  1765 GGCAGAAA-GGAGGTGGGGAAGATTTTTAAATAACATTTTTTAAAAAGTCACGTTGTCCTACAATACCAGTTTTTCTTGCATATTTAGGA 

NPIPB_5'utr 1473 GGCAGAAAAGGAGGTGGGGAAGATGTTTAAATAACATTTTTTAAAAAGTCACATTGTCCTACAATACCAATTTTTCTTGCATATTTAGGA 

 

Nle_25908   1861 AATTGAGGGTTTTTTCCTAAAACGTGTGGGCATATGGGAAATAGGATGCAACATTTGCACTAATGTTTCAGACACAGTTAGAGGTTTCCA 

Nle_915741  1854 AATTGAGGGTTTTTTCCTAAAACGTGCGAGCATATGGGAAATAGGATGCAACATTTGCACTAATGTTTCAGACACAGTTAGAGGCTTCCA 

NPIPB_5'utr 1563 AATTGAGGGTTTTTTCCTAAAACATGCGGACATATGGGAAATAGGATGCAACATTTGCACTAATGTTTCCGACACAGTTAGAGGTTTCCA 

 

 

+1 
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Nle_25908   1951 AGAGATTTTGTGCTGTGGAGGCTGCTTGCTACAAGCTCCGAAAGCTCTGGGAGGACATAGTATTCATACCTCCCTCAGCAGAAGCGGTGA 

Nle_915741  1944 AGAGATTTTGTGCTGGGGAGGCTGCTTGCTACAAGCTCCCAAAGCTCTGGGAGGACATAGTATTCATACCTCCCTCAGCAGAAACGGTGA 

NPIPB_5'utr 1653 AGAGATTTTGCGCTGGGGAGGCTGCTTGCTACAAGCTCCCAAAGCTCTGGGAGGACATAGTATTCATTCCTCCCTCAGCAGAAGTGGTGA 

 

 

Nle_25908   2041 GGCAAGAAGCTCTGGG-AGCACCCCAGCCTTGGACTTTTAGCATAGTGTGTTAGGTCTTCATAGTTTGGGCCCAGGGCACAGAGAAGTCA 

Nle_915741  2034 GGCAAGAAGCTCTGGG-AGCACCCCAGCCTTGGACTTTTAGCATAGTGTGTTAGGTCTTCATAGTTTGGGCCCAGGGCACAGAGAAGTCA 

NPIPB_5'utr 1743 GGCAAGAAGCTCTGGGGAGCACCC-AGCCTTGGACTTTTAGCATAGTGTGTCAGGTCTTCATAGTTTGGGCCCAGGGCACAGAGAAGTCA 

 

Nle_25908   2130 CAGCTCTCTGGCATCCT--------------CTTTGCCAAGGGAAAATGTGACCCTCCAAAGCAAGAAACTTGAGGGCATGGGTCATCCC 

Nle_915741  2123 CAGCTCTCTGGCATCCT--------------CTTTGCCAAGGGAAAATGTGACCCTCCAAAGCAAGAAACTTGAGGGCATGGGTCATCCC 

NPIPB_5'utr 1832 CAGCTCTCCGGCATCCTGTGACCTTTACCCTCTTTGCCAAGGGAAAATGTGGCCCTCCAAAGCAAGAAACTTGAGGGCATGGGTCACCCC 

 

Nle_25908   2206 AGCCCTGGCATCTGCCCAGAGCCGGAGAAGGAAGGAACAACGATCCTCCAGCTACCTCACAGGGCTGGCACAGGTGGCCACTGCCCTGGG 

Nle_915741  2199 AGCCGTGGCATCTGCCCAGAGCCGGAGAAGGAAGGAACAATGATCCTCCAGCTACCTCACAGGGCTGGCACAGGTGGCCACTGCCCTGGG 

NPIPB_5'utr 1922 AGCCCTGGCATCTGCCCAGAGCCTGAGAAGGAAGGAGCAATGATCCTCCAGCTACCTCACAGGGCTGGCACAGGTGGCCACTGCCCTGGC 

 

Nle_25908   2296 ATCACCCAGCTGTGTCCGGCAGCCTGAACCCCATCTGCGGGGATGTGAGGAGGAAAATACAAAAGTCTTTAGGTGAGCACTGAGAAGGCA 

Nle_915741  2289 ATCACCCAGCTGTGTCCGGCAGCCTGAACCCCATCTGCGGGGATGTGAGGAGGAAAATACAAAAGTCTTTAGGTGAGCACTGAGAAGGCA 

NPIPB_5'utr 2012 ATCACCCAGCTGTGTTCGGCAGCCTGAACCCCTTCTGTGGGGATGTGAGGAGGAAAATACAAAAGTCCTTAGGTGAACACTGAGAAGGCA 

 

Nle_25908   2386 GATGCAGCAGAAACCTCCAGGCCGTAACTACCCAGTCTTGGACCTATGGTGGAGACAGAGCATAGCTGGCGATCGTGTGTACTTATACTC 

Nle_915741  2379 GATGCAGCAGAAACCTCCAGGCCGTAACTACCCAGGCTTGGACCTATGGTGGAGACAGAGCATAGCTGGCGATCGTGTGTACTTATACTC 

NPIPB_5'utr 2102 GATGCAGCAGAAGCCTCCAGGCCAGAACTACCCAGTCTTGGACCTATGGTGGAGATAGAGCATAGCTGGCGATCATGTGTACTTACACTC 

 

Nle_25908   2476 TAGGGTCACCAGGCTGCACTATGGCCTCATCTGTGGCTCTGAAAATGAAGATTTGGAAGGAGATCATCACAGCTAATGTTTAACAAGCCC 

Nle_915741  2469 TAGGGTCACCAGGCTGCACTATGGCCTCATCTGTGGCTCTGAAAATGAAGATTTGGAAGGAGATCATCACAGCTAATGTTAAA-AAGCCC 

NPIPB_5'utr 2192 TAAGGTCACCTGGTTGCACTATGGCCTCATCTGTGGCTCTGAAAATGAAGATTTGGAAGGAGATCATCACAGCTAATGTT-AACAAGCCC 

 

Nle_25908   2566 CTCCTATGTGCCAAATCATTCACCCCTCGCAACAACCGAAAGAGCTAAGGATTCTCATTATATATAGTTTATGGAGAAGGAAGTGCAGAC 

Nle_915741  2558 CTCCTGTGTGCCAAATCATTCACCCCTCGCAACAACCGAATGAGCTAAGGATTCTCATTATATATGGTTTATGGAGAAGGACGTGCAGAC 

NPIPB_5'utr 2281 CTCCTGTGTGCCAAATCATTCACCCCTCACCACAACCGAATGAGCTAAGGATTCTCGTTATATATAGTTTATGGAGAGGGAAGTGCAGAC 

 

Nle_25908   2656 ATAAAGAGGTGAATTATCTTACCCAGGTCACACAGCTAATAAGTGGTGGAGGCAGAATAGAATCTAAACAGTGTGGCTCCGGAGCCCACA 

Nle_915741  2648 ATAAAGAGGTGAATTATCTTACCCAGGTCACACAGCTAATAAGTGGTGGAGGCAGAATAGAATCTAAACAGTGTGGCTCCGGAGCCCACA 

NPIPB_5'utr 2371 ATAAAGAGGTGAATTATCTTACCCAGATCACACAGCTGATAAGTGGTGGAGGCAGAATAGAATCTAAACAGTGTGGCTCCGGAGCCCACA 

 

Nle_25908   2746 TGCATTGATTTGACAAGTGTTTATTGAGCACCTGCCATGGACAAGGCCTTGTGTGATTAAATAGGGTTATAATTAATAATATAAAAATGA 

Nle_915741  2738 TGCATTGATTTGACAAGTGTTTATTGAGCACCTGCCATGGACAAGGCCTTGTGTGATTAAATAGG---ATAACC---------------- 

NPIPB_5'utr 2461 TGCATTGATTCGACAAGTGTTTATTGAGCACCTGCCGCGGACAAGGCCTTGTGTGATTAAACAGGGTTATAATTAGTAATGTAAAAATGA 

 

Nle_25908   2836 CAAGTCACTAATGCTTTTTAAACTTAACATTTTCTTTTTTTGTAGGTTTCAGGCACAGAACTGTATATCCAATAATAGTGAAATGGATCC 

Nle_915741  2809 CAAGTCACTAATGCTTTTTAGACTTAACATTTTCTTTTTTTGTAGGTTTCAGGCACAGAACTGTATATCCAATAATAGTGAAATGGATCC 

NPIPB_5'utr 2551 GAAATCACTAATGCTTTTTAGACTTAACATTTTCTTTTTTTGTAGGTTTCAGGCACAGAACTGTATATCCAATAATAGTGAAATGGATCC 

 

Nle_25908   2926 CACTAATTATGACAGAAATGATGATACATTTAAATGACTTGGATGTTTTATAGGTATGATCTCGTGAAACCTTGAGAGA----------- 

Nle_915741  2899 CACTAATTATGACAGAAATGATGATACATTTAAATGACTTGGATGTTTTATAGGTATGATCTCGTGAAACCTTGAGAGA----------- 

NPIPB_5'utr 2641 CACTAATTATGACCGAAATGATGATACATTTAAATGACTTGGATGTTTTATAGGTATGATCTCGTGAAACCTTGAGAGAAACTGAATGAC 

 

Nle_25908   3005 ---------------AACTGAATGACGAATGAAACAAACTGAGGTTAAA-----TAAA-----------AGGGGTAAAGTAATTTTGCAT 

Nle_915741  2978 ---------------TCCTGTTTCACACA-GAAGAAAACTGAGGTTAAAAGGGGTAAAGTAATTTTGCAAGGGGTAAAGTAATTTTGCAT 

NPIPB_5'utr 2731 GAATGAAACTATTGTTCCTGTTTCACACA-GAAGAAAACTGAGGTTAAA--------------------AGGGGTAAAGTAATTTTGCAT 

 

Nle_25908   3064 GGCATGAAGTAGAAATTCAAAGTATGGGAATTTGAACTTGGTTCTGTCCTTTTCTGAAGCCCCCATGCTCTTGACCACTATAGACTCAAA 

Nle_915741  3052 GGCATGAAGTAGAAATTCAAAGTACGGGAATTTGAACTTGGTTCTGTCCTTTTCTGAAGCCCCCATGCTCTTGACCACTATAGACTCAAA 

NPIPB_5'utr 2800 GGCATGAAGTAGAAATTCAAAGTACAGGAATTTGAACTTGGTTCTGTCCTTTTCTGAAGCCC--------TTGACCACTATAGACTCAAA 

 

Nle_25908   3154 CATCACCTTGTTTTTCCACTCATTCAACAAACTTTTTTTTTTAATTGTCTAATAGGTTGGCACTCATCATGAGCCCCTGTTCTCATTCTG 

Nle_915741  3142 CATCACCTTGTTTTTCCACTCATTCAACAAACTTTTTTGTTTAATTGTCTAATAGGTTGGCACTCATCATGAGCCCCTGTTCTCGTTCTG 

NPIPB_5'utr 2882 CATCACCTTGTTTTTCCACTCATTCAACACTTTTTTTTTTAAAATTGTCTAATAGGTTGGCACTCATCATGAGCCCCTGTTCTCATTCTG 

 

Nle_25908   3244 CAGATGGTGCAGCTCTCTATTGTCCTGACCCCACCGTTCCTGTCCCATGACCAGGACCAGCTCACCAAGGAGCTGTAGCAGCACGTAAAG 

Nle_915741  3232 CAGATGGGGAAGCTCTCTATTGTCCTGACCCCACAGTTC---------------------------AAGGAGCTGCAGCAGCACGTAAAG 

NPIPB_5'utr 2972 CAAATGGTGAAGCTCTCTATTGTCCTGACCCCACGGTTCCTGTCCCATGACCAGGGCCAGCTCACCAAGGAGCTGCAGCAGCACGTAAAG 

 

Nle_25908   3334 TCAGTGACATGCCCATGCGAGTACCTGAGGAAGGTGAGTGAGTGCAGACAGATGGGGCCTG---CCCTTGTGCAGTTCCCGGGTGTCAGC 

Nle_915741  3295 TCAGTGACATGCCCATGCAAGTACCTGAGGAAGGTAAGTGAGTGCAGACAGATGGGGCCTG---CCCTTGTGCAGTTCCCGGGTCTCAGC 

NPIPB_5'utr 3062 TCAGTGACATGCCCATGCGAGTACCTGAGGAAGGTGAGTGAGTGCAGACAGATGGGGCCTGGTGCCCTTGAGCAGTTCCCGGGTCTCAGC 

 

Nle_25908   3421 TGCCACACATCTCATAGTGGGTGATGCTGGGGGAAGCTTACACAGTCACAGTACTGGCTTCTTCCTCTCTTTCCTTCCATACAAGTGGCT 

Nle_915741  3382 TGCCACACATCTCATAGTGGGTGATGCTGGGGGAAGCTTACACAGTCACAGTACTGGCTTCTTCCTCTCTTTCCTTCCATACAAGTGGCT 

NPIPB_5'utr 3152 TGCCACACATCTCATAGCGGGTGATGCTGGGGGAAGCTTACGCAGTCTCAGTACTGGCTTCTTCCTCTTTTTCTTTCCATACAAGTGGCT 

 

Nle_25908   3511 TAGGGATGAGGTAGAGTAGTTGACTTATTTGGATGAAAACCACTATCTTCTGTCAGAAACTCAAAAGGAATCATTGCTGGCACGGTAACC 

Nle_915741  3472 TAGGGATGAGGTAGAGTAGTTGACTTATTTGGATGAAAACCACTATCTTCTGTCAGAAACTCAAAAGGAATCATTGCTGGCACGGTAACC 

NPIPB_5'utr 3242 TAGGGATGGGGTAGAGTAGTTGACTTATTTGGATGAAAACCACTATCTTCTGTCAGAAACTCAAAAGGAATCATTGCTGGCATGGTAACC 

 

Nle_25908   3601 TAAAGAAAAA 

Nle_915741  3562 TAAAGAAAAA 

NPIPB_5'utr 3332 TAAAGAAAAA 
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Figure S6. Alignment of 1st Exon of NPIPB gene including the partial 5’UTR side. Sequence that encodes the proper 

morpheus protein is bolded and colored in green. Green Box indicates the position of start codon. 
 

 

Hs     1 ACTTTTTT----TTTTAAATTATCTAATAGGTTGGCACTCATCATGAGCCCC---TGTTC 

Ptr    1 ACTTTTTT----TTT-AAATTATCTAATAGGTTGGCACTCATCATGAGCCCC---TGTTC 

Ggo    1 ACTTTTTT----TTA-AAATTATCTAATAGGTTGGCACTCATCATGAGCCCC---TGTTC 

Ppy    1 ACTTTTTT----TTT-AAATTATCTAATAGGTTGGCACTCATCATGAGCCCC---TGTTC 

Nle    1 ACTTTTTT----TTTTAATTT-TCTAATAGGTTGGCACTCATCATGAGCCCC---TGTTC 

Rh     1 ACTTTTTA---------AGCTATGTAATAGGTTGATGCTCACTGTAAGCCTT---TGCCC 

Cja    1 ACTTTTTAAAAATTT--AATTATCTAATAGATTGGCCCTCACCATGAGCTTC---TGTTC 

Mmu    1 ACTGTTTA---------AACTATATCATAGGTTGTCACTCACCGAGAGCCTCCTCTGCTC 

 

 

Hs    54 TCATTCTGCAAATGGTGAAGCTCTCTATTGTCCTGACCCC--ACAGTTCCTGTCCCATGA 

Ptr   53 TCATTCTGCAAATGGTGAAGCTCTCTATTGTCCTGACCCC--ACAGTTCCTGTCCCATGA 

Ggo   53 TCATTCTGCAAATGGTGAAGCTCTCTATTGTCCTGACCCC--ACAGTTCCTGTCCCATGA 

Ppy   53 TCATTCTGCAGGTGGTGAAGCTCTCTATTGTCCTGACCCC--ACAGTTCCTGTCCCATGA 

Nle   53 TCATTCTGCAGATGGTGAAGCTCTCTATTGTCCTGACCCC--ACAGTTCCTGTCCCATGA 

Rh    49 TCGTTCTGCAGGTGGTAAAGGTGTTTATTGTCCTGACACC--ACAGTTTCTGTCCCGTGA 

Cja   56 CCATTCTGCAGGTGGTGAAGCCCTTTATTGTCCTGACCCC--ACAGTTTCTGTCCCTTGA 

Mmu   52 CCGTTCTGTAGGAAGTGAAGGCATTTATTGTCCTGACCCCCTGCAGTTCCTGTCCCATTA 

 

 

Hs   112 CCAGGGCCAGCTCACCAAGGAGCTGCAGCAGCATGTAAAGTC---AGT--GACATGCC-C 

Ptr  111 CCAGGGCCAGCTCACCAAGGAGCTGCAGCAGCACGTAAAGTC---AGT--GACATGCC-C 

Ggo  111 CCAGGGCCAGCTCACCAAGGAGCTGCAGCAGCACGTAAAGTC---AGT--GACATGCC-C 

Ppy  111 CCAGGGCCAGCTCACCAAGGAGCTGCAGCAGCACGTAAAGTC---AGT--GACATGCC-C 

Nle  111 CCAGGACCAGCTCACCAAGGAGCTGTAGCAGCACGTAAAGTC---AGT--GACATGCC-C 

Rh   107 TAAGGACCAGCTGACCAAGGAGTTGCAGCAACATGTAAAGTC---AGT--GACA-GTCTC 

Cja  114 CCAGGGCCAGCTCACCAAGGAGCTGCAGCAGCCCGTAAAGTC---AGT--GCCATCCCTC 

Mmu  112 TCCAACCCAGCTCACCAAGTTGCTGCAGCAGCATGCGAAGTCCGAAGTCCAAGACGCCCC 

 

 

Hs   166 ATGCGAGTACCTGAGGAAGGT 

Ptr  165 ATGCGAGTACCTGAGGAAGGT 

Ggo  165 ATGCGAGTACCTGAGGAAGGT 

Ppy  165 ATGCCAGTACCTGAGGAAGGT 

Nle  165 ATGCGAGTACCTGAGGAAGGT 

Rh   161 ATGCAAGTCCCCAAGGAAGGT 

Cja  169 ATGCAAGTACCTGAGGAAGGT 

Mmu  172 ATACAAGTACCTGGGGAAGGT 
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Figure S7. Alignment of 3'UTR repeat region including the AluY element 
 (Only the intact regions are included) 
 
hs_21846403     1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACGCAAACCCAAGAGGCAGAGGGCGGCTGAGATGGAA----------------------- 
hs_22547342     1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACGCAAACCCAAGAGGCAGAGGGCGGCTGAGATGGAA----------------------- 
hs_21413969     1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACGCAAACCCAAGAGGCAGAGGGCGGCTGAGATGGAA----------------------- 
hs_29495374     1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACGCAAACCCAAGAGGCAGAGGGCGGCTGAGATGGAA----------------------- 
hs_29393044     1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACGCAAACCCAAGAGGCAGAGGGCGGCTGAGATGGAA----------------------- 
hs_30234714     1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACGCAAACCCAAGAGGCAGAGGGCGGCTGAGATGGAA----------------------- 
ptr_1603        1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACCCAAACCCAACAG-TCAAGGGCCGCTGATGTGGAAACA-------------------- 
ptr_21947507    1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACCCAAACCCAAGAGGCCAAGGGCCGCTGATGTGGAAACA-------------------- 
ptr_825         1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACCCAAACCCAAGAGGCCGAGGGCCGCTGATGTGGAAACA-------------------- 
ptr_12119151    1 AGCTACTCAGGAGGCTGAGGCAGAAAAACCACCCAAACCCAAGAGGCCGAGGGCCGCTGACGTGGAACCA-------------------- 
ggo_30237968    1 -------CAGGAGGCTGAGGCTGAAAAACCGCCCAAACCCGAGAGACAGAGGGCCGCTGACGTGGAACCACCACCGAAACCCGAGAGGCG 
ggo_23130472    1 -------CAGGAGGCTGAGGCTGAAAAACCGCCCAAACCCGAGAGACAGAGGGCCGCTGACGTGGAACCACCACCGAAACCCGAGAGGCG 
ggo_22001732    1 ------------------------------------------------------------------------------------------ 
 
 
hs_21846403    68 -------------------CCACCTCCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCGTCA---CGCAAACCCAAGAGGCGGAG 
hs_22547342    68 -------------------CCACCTCCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCGTCA---CGCAAACCCAAGAGGCGGAG 
hs_21413969    68 -------------------CCACCTCCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCGTCA---CGCAAACCCAAGAGGCGGAG 
hs_29495374    68 -------------------CCACCTCCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCGTCA---CGCAAACCCAAGAGGCGGAG 
hs_29393044    68 -------------------CCACCTCCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCGTCA---CGCAAACCCAAGAGGCGGAG 
hs_30234714    68 -------------------CCACCTCCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCGTCA---CGCAAACCCAAGAGGCGGAG 
ptr_1603       70 -------------------TCATCACCGGAACCCTTGAGGCGGAGGGTCGGTGACGTGGAACCATCATCACGCAAACCCAAGAGGCAGAG 
ptr_21947507   71 -------------------TCATCACCGGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCATCATCACGCAAACCCAAGAGGCAGAG 
ptr_825        71 -------------------TCATCACCGGAACCCAAGAGGCGGAGGGTCGGTGACGTGGAACCATCATCACGCAAACCCAAGAGGCAGAG 
ptr_12119151   71 -------------------TCATCACCGGAACCCAAGAGGCGGAGGTTCGGTGACGTGGAACCATCATCACGCAAACCCAAGAGGCAGAG 
ggo_30237968   84 GAGGGCCGCTGACGTGCAACCATCACGGAAACCCGAGAGGCGGAGCGCCGCTGACGCGGAACCGCCT---CGCAAACGCAAGAGGCGGAG 
ggo_23130472   84 GAGGGCCGCTGACGTGCAACCATCACGGAAACCCGAGAGGCGGAGCGCCGCTGACGCGGAACCGCCT---CGCAAACGCAAGAGGCGGAG 
ggo_22001732    1 ----------------------------AAACCCGAGAGGCAGAGCGCCGCTGACGCGGAACCGCCT---CGCAAACGCAAGAGGCGGAG 
 
 
hs_21846403   136 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGATGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_22547342   136 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGATGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_21413969   136 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGATGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_29495374   136 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGATGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_29393044   136 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGATGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_30234714   136 GGCCGCTGACGTGGAACCATCATCACCCAAACCCAAGAGGCGGAGGGTCGGTGATGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
ptr_1603      141 GGCCGGTGACGTGGACCCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ptr_21947507  142 GGCCGGTGACGTGGACCCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ptr_825       142 GGCCGGTGACGTGGACCCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ptr_12119151  142 GGCCGATGACGTGGACCCATCATCACGCAAACCCAAGAGGCAGAGGGCCGATGACGTGGACCCATCATCATCCAAAGCCAAGAGGCGGAG 
ggo_30237968  171 GGCAGCAGACATTGAACTATCATCACCCGAACCCAAGAGGCGGAGGATCGGTGACGTGGA---ACGGCCACGCAAACCCAAGAGGCCGAG 
ggo_23130472  171 GGCAGCAGACATTGAACTATCATCACCCGAACCCAAGAGGCGGAGGATCGGTGACGTGGA---ACGGCCACGCAAACCCAAGAGGCCGAG 
ggo_22001732   60 GGCAGCGGACATTGAACTATCATCACCCGAACCCAAGAGGCGGAGGATCGGTGACGTGGA---ACGGCCACGCAAACCCAAGAGGCCGAG 
 
 
hs_21846403   223 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_22547342   223 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_21413969   223 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_29495374   223 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
hs_29393044   223 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGG-------------------------------------------- 
hs_30234714   223 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACCGTCACGCAAACCCAAGAGGCGGAG 
ptr_1603      231 GGCCGATGACGTGGAACCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ptr_21947507  232 GGCCGATGACGTGGAACCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ptr_825       232 GGCCGATGACGTGGACCCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ptr_12119151  232 GGCCGATGACGTGGACCCATCATCACGCAAACCCAAGAGGCGGAGGGCCGATGACGTGGACCCATCATCATCCAAACCCAAGAGGCGGAG 
ggo_30237968  258 GGCCGCCGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACTGCCACGCAAACGCAAGAGGCCGCA 
ggo_23130472  258 GGCCGCCGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACTGCCACGCAAACGCAAGAGGCCGCA 
ggo_22001732  147 GGCCGCCGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGGTCGGTGACGTGGA---ACTGCCACGCAAACGCAAGAGGCCGCA 
 
 
hs_21846403   310 GGCCGCTGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGAGCTGA- 
hs_22547342   310 GGCCGCTGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGAGCTGA- 
hs_21413969   310 GGCCGCTGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGAGCTGA- 
hs_29495374   310 GGCCGCTGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGAGCTGA- 
hs_29393044       -------------------------------------------------------- 
hs_30234714   310 GGCCGCTGACGTGGAACCATCATCACCCGAACCCAAGAGGCGGAGGTTGAGCTGA- 
ptr_1603      321 GGCTGATGACGTGGAACCATCATCACGCAAACCCAAGAGGCGGAGGTTGAG----- 
ptr_21947507  322 GGCTGATGACGTGGAACCATCATCACGCAAACCCAAGAGGCGGAGGTTGAG----- 
ptr_825       322 GGCTGATGACGTGGAACCATCATCACGCAAACCCAAGAGGCGGAGGTTGAGTTAGC 
ptr_12119151  322 GGCCGATGACGTGGAACCATCATCACGCAAACCCAAGAGGCGGAGGTTGAG----- 
ggo_30237968  345 GGCCGCCGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGA------ 
ggo_23130472  345 GGCCGCCGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGA------ 
ggo_22001732  234 GGCCGCCGACGTGGAACCATCATTACCCGAACCCAAGAGGCGGAGGTTGA------ 
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Figure S15. Alignment of c12, NPIP, K1-3 (NPIPB) and K1-4 (NPIPB) 
 
 
K1-3 NPIPB      1 MVKLSIVLTPQFLSHDQSQFTKELQQHVKSVTCPCEYLRKVINSLAVYRHRETDFGVGVR 
K1-4 NPIPB      1 MVKLSIVLTPQFLSHDQGQLTKELQQHVKSVTCPCEYLRKVINTLADHHHRGTDFGG--- 
c12             1 ---MFCCLGYEWLSGG----------------CKTWHSAWVINTLADHHHRGTDFGG--- 
NPIPA           1 ---MFCCLGYEWLSGG----------------CKTWHSAWVINTLADHRHRGTDFGG--- 
 
 
K1-3 NPIPB     61 DHPGQHGKTPSPQKLDNLIIIIIGFLRRYTFNILFCTSCLCVSFLKTIFWSRNGHDGSMD 
K1-4 NPIPB     58 ----------SP-----WLHVIIAFPTSYKVVITLWIVYLWVSLLKTIFWSRNGHDGSTD 
c12            39 ----------SP-----WLHVIIAFPTSYKVVITLWIVYLWVSLLKTIFWSRNGHDGSTD 
NPIPA          39 ----------SP-----WLLIITVFLRSYKFAISLCTTYLCVSFLKTIFPSQNGHDGSTD 
 
 
K1-3 NPIPB    121 VQQRAWRSNRSRQKGLRSICMHTKKRVSSFRGNKIGLKDVITLRRHVETKVRAKIRKRKV 
K1-4 NPIPB    103 VQQRAWRSNRRRQEGLRSICMHTKKRVSSFRGNKIVLKDVITLRRHVETKVRAKIRKRKV 
c12            84 VQQRAWRSNRRRQEGLRSICMHTKKRVSSFRGNKIVLKDVITLRRHVETKVRAKIRKRKV 
NPIPA          84 VQQRARRSNRRRQE-----------------GIKIVLEDIFTLWRQVETKVRAKIRKMKV 
 
 
K1-3 NPIPB    181 TTKINRHDKINGKRKTARKQK------------------------------------MFQ 
K1-4 NPIPB    163 TTKINHHDKINGKRKTARKQK------------------------------------MFQ 
c12           144 TTKINHHDKINGKRKSARKQK------------------------------------MFQ 
NPIPA         127 TTKVNRHDKINGKRKTAKEHLRKLSMKEREHGEKERQVSEAEENGKLDMKEIHTYMEMFQ 
 
 
K1-3 NPIPB    205 RAQELRRRAEDYHKCKIPPSARKPLCNWVRMVAAEHRHSSGLPYWLYLTAETLKNRMGRQ 
K1-4 NPIPB    187 RAQELRRRAEDYHKCKIPPSARKALCNWVRMAAAEHRHSSGLPYWPYLTAETLKNRMGHQ 
c12           168 RAQELRRRAEDYHKCKIPPSARKALCNWVRMAAAEHRHSSGLPYWPYLTAETLKNRMGHQ 
NPIPA         187 RAQALRRRAEDYYRCKITPSARKPLCNRVRMAAVEHRHSSGLPYWPYLTAETLKNRMGHQ 
 
 
K1-3 NPIPB    265 PPPPTQQHSITDNSLSLKTPPECLLTPLP----PSVDDNIKECPLAPLPPSPLPPSVDDN 
K1-4 NPIPB    247 PPPPTQQHSITDNSLSLKTPPECLLTPLP----PSADDNLKTPPECVLTP--LPPSADDN 
c12           228 PPPPTQQHSITDNSLSLKTPPECLLTPLP----PSADDNLKKL----------------- 
NPIPA         247 PPPPTQQHSIIDNSLSLKTPSECLLTPLPPSALPSADDNLKTPAECLLYP--LPPSADDN 
 
 
K1-3 NPIPB    321 LKECLFVLLPPSPLPPSVDDNLKECLFVLLPPSPLPPSVDDNLKTPP--LATQEAEVEKP 
K1-4 NPIPB    301 LKTPPECVLTP--LPPSADDNLKTPPECLLTP--LPPSADDNLKTPPECLLTPLPPSALP 
c12               ------------------------------------------------------------ 
NPIPA         305 LKTPPECLLTP--LPPSA-----------------PPSADDNLKTPP------ECVCSLP 
 
 
K1-3 NPIPB    379 PKPK------RWRVDEVEQ-----SPEPKRRRLS-- 
K1-4 NPIPB    357 SAPPSADDNLKTRAECLLHPLPPSLPEPKRRRLS-- 
c12               ------------------------------------ 
NPIPA         340 -------------------------FHPQRMIISRN 
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Figure S18

Dapi HIgG-FITC Rabbit IgG-A647 Tubulin Merged
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Supplementary Table 1 Morpheus Domain SMART results  
Domains for 
NPIPB 

    

Name Domain information Begin End E-value 
HALZ Homeobox associated 

leucine zipper 
29 77 7.29e+02 

IRF Interferon regulatory 
factor 

68 159 2.49e+03 

Hr1 Rho effector or protein 
kinase C-related kinase 
homology region 1 
homologues 

138 205 8.05e+02 

IENR2 Intron-encoded nuclease 
repeat 2 

145 161 2.19e+03 

Ubox Modified RING finger 
domain 

443 496 1.79e+03 

Amelogenin cell adhesion proteins, 
play a role in the 
biomineralisation of 
teeth. 

517 669 2.41e+04 

PLCXc Phospholipase C, 
catalytic domain (part); 
domain X 

547 644 1.83e+03 

Ad_cyc_gAlp Adenylate cyclase G-
alpha binding domain 

700 733 1.36e+05 

Domains for the 
NPIPA 

    

IL2 IL2 family 52 229 2.12e+03 
HSA domain in helicases and 

associated with SANT 
domains 

86 152 1.60e+03 

BRLZ Basic region leucine 
zipper 

81 139 3.19e+02 

Hr1 Rho effector or protein 
kinase C-related kinase 
homology region 1 
homologues 

97 163 1.52e+03 

CRA CT11-RanBPM 138 240 8.40e+06 
Zf-AD Zinc finger associated 

domain 
173 195 6.85e+04 

DM6 Cysteine-rich domain 
currently specific to 
Drosophila. 

183 306 3.03e+03 

Amelogenin cell adhesion proteins, 
play a role in the 
biomineralisation of 
teeth. 

222 336 2.41e+04 
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Supplementary Table 2  Morpheus PCR assays  
PCR was performed in 20 µl reactions composed of 0.8 µl of a 10 µM dilution of the forward primer and reverse primer, 10 µl of Roche (11636103001) PCR Master Mix. 
The following PCR conditions were used (A): 1 min at 94oC, followed by 38 cycles at 94oC for 30 sec, 55oC 30 sec, and 72oC for 30 sec followed by 7 min at 72oC. The 
following real-time PCR conditions (B) were used: 3 min at 95oC, followed by 50 cycles at 95oC for 15 sec, 55oC 20 sec, and 72oC for 20 sec. (V) indicates that due to 
splicing respective clones were variable. 

 

 

  

Primer1 Sequence Primer2 Sequence2  Length PCR 
Conditions 

RT-PCR       
AF132984(MFCCL) TGTTTTGTTGCTTAGGATATGAATGGC Exon8-R  TTGTTGAGTTGGAGGAGGTGGCTGGTG 830 (V) A 
BU165782 (PKD1) CTACCTGGCCATCCTCTTTCTCTT Exon8-R  TTGTTGAGTTGGAGGAGGTGGCTGGTG 930 (V) A 
CR990996 (MPMRV) ATGCCCATGCGAGTACCTGAGGAAGT Exon8-R  TTGTTGAGTTGGAGGAGGTGGCTGGTG 664 (V) A 
CK005223 (MILRV) ATGATTCTAAGAGTGACCTTGAGGAAC Exon8-R  TTGTTGAGTTGGAGGAGGTGGCTGGTG 865 (V) A 
DC388938 (MVKLS) ATGGTGAAGCTCTCTATTGTCCTGAC Exon8-R  TTGTTGAGTTGGAGGAGGTGGCTGGTG 759 (V) A 
      
UBE1-F GAAGATCATCCCAGCCATTG UBE1-R TTGAGGGTCATCTCCTCACC 255 A 
Real-Time PCR      
NPIP_Exon1_F TGTTTTGTTGCTTAGGATATGAATGG NPIP_Exon3_R ATGTCCATTTTGAGACGGGAAGATA  B 
NPIP_Exon6_F GGGCAGAGGACTACTACAGATGCAA NPIP_Exon8_R TAGAATGTTGTTGAGTTGGAGGAGGT  B 
NPIP_Exon2_F ACTCTGGCTGACCATCATCATCGT NPIP_Exon4_R TCGTTGTCACCTTCCTCTTACGGA  B 
TLR3-F TCACTTGCTCATTCTCCCTT TLR3-R GACCTCTCCATTCCTGGC 157 B 
IFN-Β(61) F GATTCATCTAGCACTGGCTGG IFN-Β(61) R CTTCAGGTAATGCAGAATCC 186 B 
GAPDH-F ATGACAACTTTGGTATCGTGGAAGG GAPDH-R GAAATGAGCTTGACAAAGTGGTCGT 442 B 
UBE1-F GAAGATCATCCCAGCCATTG UBE1-R TTGAGGGTCATCTCCTCACC 255 B 
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