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Abstract: Background: Aberrant expression of RON, a MET family receptor tyrosine kinase, has been correlated to
tumor growth and metastasis. Intense research efforts are on to target RON using small molecule tyrosine kinase
inhibitors or specific antibodies. However, progress towards specific targeting of RON is hampered by a lack of un-
derstanding of the nature and number of isoforms of RON expressed by tumors. We hypothesize that formation of
different isoforms via alternative splicing may be fundamental to the tumor promoting functions associated with ab-
errantly expressed RON in cancers. Methods: In this study, we analyzed the transcript sequence variations caused
by alternative splicing in the C-terminal region of RON ¢cDNA by PCR amplification and sequencing of five small cell
lung carcinoma (SCLC) and seven non-small cell lung carcinoma (NSCLC) cell lines. Results: Results revealed the
presence of two alternatively spliced variants, each caused by unique exon(s) deletion: a previously known tran-
script variant lacking exon 19 and a novel one lacking exons 18+19. The two alternatively spliced variants together
with the wild-type transcript were detected in each of the 12 lung cancer cell lines analyzed. Combined loss of exons
18+19 results in an in-frame deletion of 303 nucleotides corresponding to 101 amino acids of the tyrosine kinase
domain. Translation products of transcript variants lacking exons 18 and 19 are expected to dominant negatively
inhibit ligand stimulated RON signaling. Conclusions: The ubiquitous presence of alternatively spliced transcripts
and their translation products may affect quantitative expression analysis, either by immunological or PCR methods,
by interfering with estimation of normal RON, leading to exaggerated values. Besides, RON isoforms with dominant
negative activities may interfere with siRNA based functional analysis of wild-type RON.

Keywords: RON, MST1R, alternative splicing, RON isoforms, receptor tyrosine kinase, macrophage stimulating
protein

Introduction having similar sequence structures, exhibit va-

stly different, and in a few cases even oppos-

Several RTKs and their ligands have been tar-
geted using small molecule inhibitors and/or
antibodies in lung and other cancers with vary-
ing degrees of success [1-3]. RON is a memb-
er of Met family of receptor tyrosine kinases
(RTKs), and overexpression of RON has been
reported to correlate to tumor stage and malig-
nancy in several cancers [4-7]. Currently, thera-
pies targeted towards RON RTK are in various
stages of development [8, 9]. However, target-
ing RON for therapy is complicated due to the
presence of multiple isoforms, which, despite

ing, functions [10, 11].

Various structural features of RON, such as the
presence of large number of exons and variety
of functional motifs, combined with differential
splicing may affect the functionality of the resul-
tant isoforms in a number of ways (Figure 1).
Hitherto identified transcript variants and/or
protein isoforms of RON are listed in Table 1.
Isoform products of differentially spliced tran-
scripts have been found to localize differen-
tly resulting in intracellular, plasma membrane
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Figure 1. Schematic diagram showing exons, structure-function domains and important amino acid residues of
RON coding sequence. A. RON gene with exons shown in red and blue and introns and untranslated regions shown
in green. B. 20 coding exons of RON are shown in proportion to sequence length; C. Region PCR amplified and se-
quenced in the present study (RON coding sequence lying between exons 14 and 20); starting nucleotide numbers
are given for each exon. D. Various domains of RON protein and two juxtaposed tyrosine residues at position 1238
and 1239 respectively (Y-Y) in the kinase domain; carboxy-terminal docking site for multiple substrates with src
homology 2 (SH2) domain contains two phosphorylation sites for tyrosine at amino acid positions 1353 and 1360;
the other important motifs/domains are secretory peptide signal sequence, sema, plexin, semaphorin and integrin
(PSI), 1g-like, plexins, transcription factors (IPT), transmembrane (TM) and tyrosine kinase (TK).

bound and extracellular detection of RON [12, ncers. Understanding and targeting aberrantly
13]. At a functional level, both constitutively expressed RON for tumor treatments requires
active [14] and dominant negative [12] iso- identification of all the isoforms as well as
forms of RON have been identified. RON iso- knowledge of their distribution in cancers. In
forms caused epithelial cell transformation in this study, we applied a sensitive method to
in-vitro, produced invasive phenotypes in vivo screen lung cancer cell lines for novel RON
[15] and promoted tumor progression towards transcripts and detected ubiquitous presence
malignancy [6, 16]. In our previous study, west- of two alternatively spliced transcript variants
ern blotting analysis of several lung cancer cell of RON. The ubiquitous presence of these two
lines indicated the presence of isoforms, wh- transcript variants, potentially coding for domi-
ereas the full length RON protein was not nant negative isoforms, suggest a tumor sup-
detected, implying important tumor promoting pressor role for wild-type RON in lung cancer.
functions for isoforms [17]. A recent study dem-
onstrated the futility of targeting wild type RON Materials and methods
using monoclonal antibodies (mAbs) as they
failed to stop tumor progression [18]. SCLC cell lines (H249, H69, H526, H524 and
H82) and NSCLC cell lines (SKMES, H1703,
Quantification and functional analysis of aber- H1437, H1993, SKLU1, H358 and A549) were
rantly expressed RON using methods lacking obtained from ATCC (Manassas, VA) and were
isoform specificity has led to the general belief cultured in RPMI 1640 medium (Gibco/BRL)
that RON overexpression may be the driver of supplemented with 10% (v/v) fetal bovine se-
various cancers. We believe that isoform spe- rum, L-glutamine and 1% (v/v) penicillin/strep-
cific quantification and functional determina- tomycin at 37°C with 5% CO,. Total RNA from
tion are important prerequisites for underst- the cell lines was isolated using TRIzol reagent
anding the deregulated RON signaling in ca- (Invitrogen, Carlsbad, CA, USA) following manu-
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Table 1. Previously characterized isoforms/transcripts of RON

Isoform Sequence change FrarTle— Affecteq Amino Affected domain(s) Function Cel'lula.r Reference
shift Acids localization
RON 170 Exon 19 deletion Yes 1271-1400 TK, C-terminal docking site Dominant negative Transmembrane [19]
RON 165 Exon 11 deletion No 884-932 IPT-4 Constitutively active Cytoplasmic  [19] [6, 14]
RON 160 Exons 5 & 6 deletion No 574-682 IPT-1 Constitutively active Transmembrane [19] [6] [23]
RON 155 Exons 5, 6 & 11 deletion No 574-682; 884-932 IPT-1, 4 Constitutively active Cytoplasmic [19] [6]
RON 90 Exon 6 deletion Yes 627-1400 TM, TK, C-terminal adapter Antagonist to MSP/RON signaling Secreted [12]
RON 85 Insertion of 49 bases between exons 5and 6  Yes 627-1400 TM, TK, C-terminal adapter Antagonist to MSP/RON signaling Secreted [20]
Additional forms of RON
sf-RON (RON 52) Alternative promoter initiated 1-883 Sema, PSI, IPT-1 Constitutively active Cytoplasmic [21] [27]
RON 110 Product of protease action 1-631 Sema, PSI, IPT-1 Constitutively active Transmembrane [19] [15]
RON transcripts
RON-495 Retention of 69 bases of intron 2 Yes 475-1400 TM, TK, C-terminal adapter Antagonist to MSP/RON signaling? Secreted [28]
RON-541 Del: exons 2, 3; retention of 64 bps of intron 5 Yes  411-516; 627-1400 Sema, PSI, IPT-1-4, TM, TK, C-terminal adapter Antagonist to MSP/RON signaling? Secreted [28]
RON-908 Del: exon 11; retention of 75 bps of intron 11 Yes 884-1400 IPT-1-4, TM, TK, C-terminal adapter Antagonist to MSP/RON signaling? Secreted [28]
RON-647 Retention of 64 bps of intron 5 Yes 627-1400 IPT-1-4, TM, TK, C-terminal adapter Antagonist to MSP/RON signaling? Secreted [28]
20780 Int J Clin Exp Med 2015;8(11):20778-20786
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Figure 2. RON transcripts lacking exons 18 and 19 in cell line A249. A. PCR product sequenced from 5’ end showing
the presence of wild type transcript and an alternatively spliced transcript lacking exons 18+19. B. PCR product se-
quenced from 3’ end showing the presence of two alternatively spliced transcripts having deletions of exons 18+19
and exon 19 together with the native form. In each case, corresponding region of reference RON sequence with

numbering is shown at the top of each panel.

facturer’s instructions. cDNA was generated
from 1 pg of total RNA and oligo dT primer using
Single Strand cDNA Synthesis Kit (Clontech,
Palo Alto, CA, USA). cDNAs were PCR amplified
using RON specific PCR primers covering 755
bps of RON reference mRNA sequence (NM_
000247) using forward primer (located in exon
16), 5-CCCTATATGTGCCACGGTGA-3’, and reve-
rse primer (located in exon 20), 5’-CAAGGCAG-
CTAAGCAGGTCCAG-3'. PCR reactions were car-

20781

ried out using Phusion high fidelity DNA poly-
merase (New England Biolabs, MA) in a final
volume of 20 mL reagent. PCR conditions were:
initial denaturation at 98°C for 30 sec followed
by 30 cycles of i) denaturation at 98°C for 10
sec, ii) annealing at 60°C for 20 sec and iii)
extension at 72°C for 15 sec. PCR products
were treated with EXO-SAP-IT (USB, Cleveland,
OH) to remove excess primers, and sequenced
bi-directionally using the same PCR amplifica-
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Figure 3. Alternatively spliced RON transcripts from four SCLC cell lines showing deletion of exons 18+19 and exon
19. cDNAs from cell lines were PCR amplified and sequenced from 3’ end using reverse primer as described in
methods. Reference sequence and the numbering of base pairs are given at the top.

tion primers. Sequencing was performed by
employing Big Dye Terminator Chemistry (Ap-
plied Biosystems, Weiterstadt, Germany). Se-
quence deletions in the PCR products were
identified manually by aligning sequencing ch-
romatograms with reference RON sequence
using Mutation Surveyor version 3.1 software
(SoftGenetics, State College, PA). The nucleo-
tide positions numbering was done relative to
the first base of the translational initiation co-
don according to the full-length RON coding
sequence (CCDS 2807.1).

Results

Owing to the presence of a large number of
exons and reports of the existence several iso-
forms of RON, we applied a novel and sensitive
method to identify novel splicing variations in
the C-terminal kinase coding region of RON.
cDNAs prepared from lung cancer cell lines
were used to PCR amplify a 755 bp region of
RON, located between exons 16 to 20. Am-

20782

plification of this short region, as compared to
>4200 bp full length RON, was expected to
yield better quality products for sequencing
and detection of all possible splicing variants in
this region of MRNA.

Sequencing of PCR products from cell cline
H249 with the forward primer yielded RON ref-
erence sequence as the predominant transcript
type. The sequencing chromatogram also sho-
wed an additional overlapping sequence start-
ing from nucleotide 3645 (Figure 2A). The over-
lapping sequence ended at nucleotide 3934 of
the reference sequence indicating the deletion
of exons 18+19, corresponding to absence of
303 base pairs in the shortened product (not
shown in the figure). Alignment and analysis of
the sequencing chromatogram obtained us-
ing the reverse sequencing primer indicated
the presence of two alternatively spliced tran-
scripts, in addition to wild type RON transcript,
one lacking exons 18+19 and the other lack-
ing only exon 19 (Figure 2B). The overlapping

Int J Clin Exp Med 2015;8(11):20778-20786
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sequences start at nucleotide 3947 of the ref-
erence sequence. One of the overlapping se-
quences starts (from 3’ end) with bases corre-
sponding to exons 18 (indicating deletion of
exon 19) and the other overlapping sequence
starts with bases corresponding to exon 17
(indicating deletion of exons 18+19). This con-
firmed the presence of two alternatively spliced
transcripts in the PCR mixture, one involving
deletion of exons 18+19 and the other involv-
ing deletion of exon 19. From these results it
was inferred that the same cell line, A249, con-
tained 3 transcript variants, which includes the
full length RON. The two alternatively spliced
transcripts (Del: exons 18+19 and Del: exon
19) together with the normal transcript of RON
were also found in SCLC cell lines H69, H526,
H524 and H82 (Figure 3) and all the seven

NSCLC cell lines (Supplementary Figure 1) used
in this study.

A search of human EST database for partial
RON transcripts resulting from deletion of ex-
ons 18+19 failed to bring up any positive resu-
It indicating that this is a novel transcript.
Transcript variant lacking exon 19, however, is
represented by EST sequence AW009348.

Loss of 303 bases, from nucleotide 3645 to
3947, caused by deletion of exons 18+19, cor-
responds to loss of 101 amino acids from 12-
16 to 1316 of the reference RON sequence
(Supplementary Figure 2). Amino acids coded
by exons 18 and 19 form part of tyrosine kinase
domain (amino acids 1082 to 1341 of RON)
and deletion of exons 18+19 does not cause
reading-frame shift. This region of the tyrosine
kinase domain has tyrosine residues Y1238
and Y1239 that are phosphorylated (Figure 1)
following binding of RON by its ligand, macro-
phage-stimulating protein (MSP). Exon 19 is
137 bases long and consists of nucleotides
3811 to 3947 of the reference RON transcript
sequence, and deletion of exon 19 leads to a
shift in reading frame causing changes to ami-
no acid sequence after nucleotide 1270 and
the appearance of a termination codon.

Discussion

Since isoforms of RON have diverse, and some-
times even opposing, functions, it is imperati-
ve to identify and characterize the individual
isoforms, both structurally and functionally, for
target validation and therapy. In this study, by
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sequencing the C-terminal region of RON tran-
scripts of SCLC and NSCLC cell lines, we discov-
ered widespread occurrence of two alternative-
ly spliced transcripts, one lacking exons 18+19
and the other lacking only exon 19. The wild
type and the two alternatively spliced transcript
sequences were present in all the 12 cell lines
studied. Of the two, RON transcript variant lack-
ing exons 18+19 is a novel one. Combined
deletion of exons 18+19 results in an in-frame
deletion of 303 bases (or 101 amino acids) of
the catalytic kinase domain of RON and the iso-
form derived from this transcript is expected to
act in a dominant negative fashion by blocking
MSP stimulated RON kinase activity. Ubiquitous
presence of these two transcripts in tumor cells
may interfere with quantitative expression and
functional analysis of normal RON.

RON transcript variant lacking exon 19 and its
isoform product RONA170 have been reported
previously [19]. Exon 19 consists of 137 nucle-
otides and skipping of exon 19 resulted in loss
of 46 amino acids (correspond to exon 19)
together with the appearance of a premature
termination codon due to frame-shift. This sp-
licing change results in the loss of part of the
kinase domain and disappearance of the multi-
functional C terminal docking site. RONA170,
capable of binding MSP as well as dimerizing
with normal RON, was shown to act as a domi-
nant negative receptor by negatively regulating
biochemical and biological activities initiated
by MSP binding to RON [19].

The novel transcript lacking exons 18+19, iden-
tified in this study, can’t be a substrate for non-
sense mediated decay (NMD), since no prema-
ture non-sense codons are generated from
alternative splicing, and hence, is expected to
be translated into a functional protein. Skipping
of exons 18 and 19 results in an in-frame dele-
tion of 303 nucleotides corresponding to a loss
of 101 amino acids in the kinase domain. The
translation product of this novel transcript is
expected to behave in a dominant negative
fashion similar to RONA170.

Several dominant negative isoforms of RON,
either secreted or intracellular, have previously
been reported in cancers. The variant RONA85
was a soluble/secreted protein derived from
a differentially spliced mRNA transcript aris-
ing out of retention of 49 nucleotide intronic
sequence between exons five and six [20].

Int J Clin Exp Med 2015;8(11):20778-20786
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RONA9QO was another secreted RON isoform,
coded by a transcript lacking exon six and
N-terminally truncated as a result [12]. Both
these isoforms were detected in conditioned
media in in vitro cell culture studies and were
shown to be capable of binding both MSP and
RON and block MSP/RON signaling.

RON and a number of other RTKs have also
been reported to be localized in the nucleus in
normal as well as cancer cells [21]. The nuclear
localized isoform of EGFR, which lacked kinase
activity, was reported to be involved in DNA
binding and transactivation functions [22]. RON
was shown to be localized in the nucleus under
hypoxic conditions where it served to upregu-
late the expression of c-Jun by binding its pro-
moter, leading to increased cell proliferation,
survival adaptation, migration and tumorigenic-
ity [22]. Hence, the dominant negative isoforms
of RON, lacking functional kinase domain, may
be localized differently and mediate transcrip-
tional or other functions.

While dominant negative isoforms were shown
to be produced by tumors, cancer cells also
formed constitutively active isoforms which
could act without stimulation by the ligand,
MSP. Three splicing variants of RON, namely
RONA165, RONA160, and RONA155, detected
in two primary colon cancer samples were gen-
erated by deletions in different regions in extra-
cellular domains of the RON beta chain;
RONA165 and RONA155 were intracellular iso-
forms lacking exon 11 and exons 5, 6 and 11,
respectively, which were also constitutively ph-
osphorylated; RONA160 resulted from an in-
frame deletion of 109 amino acids in the RON
B-chain extracellular domain leading to auto-
phosphorylation and increased kinase activity
[23]. Overexpression of RON A160 isoform
caused abnormal accumulation of [B-catenin
leading to tumorigenic phenotypes [24]. We
speculate that accelerated cellular proliferation
and migration by constitutively active forms
and suppression of MSP dependent RON acti-
vation through dominant negative forms may
be just some of the pro-tumor functions of
aberrantly expressed isoforms of RON.

Based on results of studies performed using
reagents that lacked isoform specificity, re-
duced survival and increased apoptosis were
attributed to overexpression of wild type RON
[25, 26], even though constitutively activated
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isoforms of RON have also been shown to
accelerate cell proliferation in various cancers
[14, 19]. In a recent study, three high-affinity
monoclonal antibodies against human RON
were found to efficiently block ligand (MSP)
binding and RON dimerization, but none of the
antibodies inhibited tumor growth when tested
in epithelial tumor xenografts in nude mice
prompting the authors to suggest that proper-
ties other than blocking MSP ligand binding
may be essential for anti-RON mAbs to exert
antitumor effects in vivo [18]. Due to the domi-
nant negative role of some of the RON isoforms
produced by cancer cells, we hypothesize that
inhibiting normal RON or MSP for therapeutic
purposes may not neutralize the tumor promot-
ing role of aberrantly expressed RON.

Conclusions

Alternative splicing involving skipping of exons
is common in lung cancer. Due to the large
sequence similarity among transcript variants
and isoforms, conventional methods used for
quantifying wild type RON in tumors by immu-
nohistochemical or RT-PCR methods, which
lack isoform/transcript variant specificity, may
not give true estimates. Further, siRNA studies
performed without due consideration for each
of the differently spliced transcripts may lead
to incorrect functional correlations. Hence, we
urge due consideration for the presence of
transcript variants lacking one or more exons
and the dominant negative functions of their
translation products in future target validation
studies.
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Splicing variants of RON
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Supplementary Figure 1. RON transcript lacking exons 18+19 in seven NSCLC cell lines. Short region of RON cDNA
was amplified and sequenced using the forward primer as given in methods. In the sequencing chromatograms of
each of the cell lines, overlapping sequence starts from nucleotide 3645 of RON reference sequence. The overlap-
ping sequence corresponds to exon 20, indicating skipping of exons 18 and 19.
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atggagctcctcccgeccgectgectcagtecttectgttgetgetyg
T T R T S P 1, 2B (5 S R TR T, ST T Ty
ctgttgcctgeccaagcccgecggegggcgaggactggcagtgeceg
TR T 7 G R A T 7\ S G R T R W C) R G
cgcaccccctacgcggectectegecgactttgacgtgaagtacgtg
R T P Y A A S R D F D V K Y V
gtgcccagcttcteccgecggaggectggtacaggeccatggtgacce
D S I S 2 G o s B () R A M
tacgagggcgacagaaatgagagtgctgtgtttgtagccatacge
Yy E G D RN E S AV F V A I R
aatcgcctgcatgtgecttgggectgacctgaagtctgtecagage
N RL HV L G P DU L K S V Q S
ctggccacgggccctgctggagaccctggctgccagacgtgtgca
TR AT G AR P A 7\ (5 D E G A RO S TR G A 7y
gcctgtggcccaggaccccacggeccctcccggtgacacagacaca
noe & B g B OEH & B B & D T D I
aaggtgctggtgctggatcccgecgectgectgegetggtcagttgt
K v L vL.L D P AL P ATILV S C
ggctccagcctgcagggeccgetgettecctgecatgacctagagecce
G S s L G R C F L H DL E P
caagggacagccgtgcatctggcagecgccagecctgectecttectca
Q G T A V H L AAUPA AT CTUL F s
gcccaccataaccggcccgatgactgccccgactgtgtggecage
A H H N S RECPDEDEEC PR E VAL S
ccattgggcacccgtgtaactgtggttgagcaaggccaggectcce
T (O T R T VA N OGS O SS
tatttctacgtggcatcctcactggacgcagccgtggctggcage
Y F ¥ v A S S L D A AV A G s
ttcagcccacgctcagtgtctatcaggcgtctcaaggctgacgcee
F S P R S VvV 5 I R R L K A D A
tcgggattcgecaccgggetttgtggegttgtcagtgetgeccaag
S G e e R G O A T e Vi T P K
catcttgtctcctacagtattgaatacgtgcacagcttccacacg
H T S S b RV N S I e T
ggagccttcgtatacttcctgactgtacageccggeccagegtgaca
G 2 N T O R A S IV T
gatgatcctagtgccctgcacacacgcctggcacggcttagecgec
D Db P S AL HTRULAURTIL S A
actgagccagagttgggtgactatcgggagctggtcctecgactge
AT i O T, (s B TH Y 1 S Sy S/ 1 R 1) A (€
agatttgctccaaaacgcaggcgccggggggecccagaaggecgga
R F A P K R R R R G A P E G G
cagccctaccctgtgctgcaggtggecccactccgetceccagtgggt
Q P ¥ P VL 9 V A H S A P V G
gcccaacttgccactgagctgagcatcgccgagggeccaggaagta
A Q L A TEUL S I A E G Q E V
ctatttggggtctttgtgactggcaaggatggtggtcctggecgtg
i C VI A R F R 1) S (S S & A/
ggccccaactctgtcgtctgtgecttccccattgacctgetggac
G N S e O A e P DT S T )
acactaattgatgagggtgtggagcgctgttgtgaatccccagte
L T T S R e R e O N SR E N
catccaggcctcecggecgaggcctcgacttecttccagtecgeccagt
HE O G T R R R G LN S FEN O SR S
ttttgccccaaccecgectggectggaagccctcageecccaacacce
E ¢ P NP P 6 LK E A L S P N T
agctgccgccacttccctctgectggtcagtagcagettectcacgt
S R L PRI LV AS I S S RS B
gtggacctattcaatgggctgttgggaccagtacaggtcactgca
v D L F N G L L G P V Q V T A
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Splicing variants of RON

ttgtatgtgacacgccttgacaacgtcacagtggcacacatgggce
) 1= G [ ) B T T\ AT T B M &
acaatggatgggcgtatcctgcaggtggagctggtcaggtcacta
r M Db 6 R I L 9 V E L V R 5 L
aactacttgctgtatgtgtccaacttctcactgggtgacagtggg
N Y L L ¥ V S N F S L G D S G
cagcccgtgcagcgggatgtcagtcgtcttggggaccacctactce
R BV O R VA S R T GO R T
tttgcctctggggaccaggttttccaggtacctatccgaggecct
N A S G T O e e O N P TN R RGN E
ggctgccgccacttcctgacctgtgggegttgecctaagggecatgg
G R H O [ N G R e I N R AW
catttcatgggctgtggctggtgtgggaacatgtgcggeccagcag
H F M G €C G W C G NMZGCG Q0 0
aaggagtgtcctggctcctggcaacaggaccactgcccacctaag
I m © B @ &8 W o G I B © R
cttactgagtteccacccccacagtggacctectaaggggcagtaca
TR R T HE PR H S T G PR )5 B R G S T:
aggctgaccctgtgtggctccaacttctaccttcacccttctggt
R L T LN GRS N Y L HE PRSI G
ctggtgcctgagggaacccatcaggtcactgtgggccaaagtcce
EESVER PR ESNG TS HEN O RSV TES A GRS RS S P
tgccggccactgcccaaggacagctcaaaactcagaccagtgcce
CERE NPT I E R KD S T S KT R S ER VAR B
cggaaagactttgtagaggagtttgagtgtgaactggagcccttg
RS KT P R 7 G R L R T S T B A Ty
ggcacccaggcagtggggcctaccaacgtcagecctcaccgtgact
G T Q A VvV 6 P T N V S L T V T
aacatgccaccgggcaagcacttccgggtagacggcacctcecgtg
NS MNP P G FR ET R A R VAR T B T S T
ctgagaggcttctctttcatggagccagtgctgatagcagtgcaa
L R G F S FMEUP VL I A V Q
ccccectectttggecccacgggcaggaggcacctgtctcactcttgaa
B I G B A GG R C T i
ggccagagtctgtctgtaggcaccagccgggectgtgectggtcaat
G ) S T S N G T S R A TV N
gggactgagtgtctgctagcacgggtcagtgaggggcagctttta
G T E C L L A RV S E G Q L L
tgtgccacaccccctggggccacggtggccagtgteccececttage
c AT PP G ATV A S V P L S
ctgcaggtggggggtgcccaggtacctggttecctggaccttceccag
L 9 VvV G G A Q VP G S W T F Q
tacagagaagaccctgtcgtgctaagcatcagccccaactgtgge
AR EE NS VAR VAR LRSS SEREES NS C N G
tacatcaactcccacatcaccatctgtggccagcatctaacttca
Y ARTER N G H TS = S T (R (5 O RS H ST BT S
gcatggcacttagtgctgtcattccatgacgggcttagggcagtyg
A W HUL VL S F HD G L R A V
gaaagcaggtgtgagaggcagcttccagagcagcagctgtgeccge
FEES AN RN CERNE RO TR PO EEN OO S [N R
cttcctgaatatgtggtccgagacccccagggatgggtggecaggyg
L P E ¥ V V R D P @ G W V A G
aatctgagtgcccgaggggatggagectgctggctttacactgect
IN TS 7\ B E S (G (S B 7V S 7\ S (G T T A P
ggctttcgcttectacccccaccececatccacccagtgeccaaccta
GRS EER T PP PR H N E R PRS2SR N T
gttccactgaagcctgaggagcatgccattaagtttgagtatatt
vV P L K P E E HA I K F E Y T
gggctgggcgctgtggctgactgtgtgggtatcaacgtgaccgtyg
G L G AV A DCVGTINUVTV
ggtggtgagagctgccagcacgagttccggggggacatggttgte
G G E S ¢ Q HEUVFRGDMV YV
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Splicing variants of RON

tgcccecectgceccccatcectgecagettggecaggatggtgececca
CRNENNTESERNPANS BNL A ORGSO RSD AN G ATS B
ttgcaggtctgcgtagatggtgaatgtcatatecctgggtagagtg
L Qg vCC VD GECUHTITU LTSGRV
gtgcggccagggeccagatggggtcccacagagcacgectecttggt
/RO G T G A VA DA 6/ S T TV )
atcctgctgcctttgectgectgecttgtggectgcactggecgactgea
I L L P L L L L V A A L A T A
ctggtcttcagctactggtggcggaggaagcagctagttecttect
L VvV F S Y W W R R K Q L Vv L P
cccaacctgaatgacctggecateccectggaccagactgectggagece
P N L. N D L A S L D@ T A G A
acacccctgcctattctgtactecgggctctgactacagaagtgge
(P T I ST VA S C ST VAR E I ST G
cttgcactccctgccattgatggtctggattccaccacttgtgte
L AL p A I DGULD S T T C V
catggagcatccttctccgatagtgaagatgaatcctgtgtgcca
HEG A S RS DS ENDESS N E VR
ctgctgcggaaagagtccatccagectaagggacctggactctgeg
1 i L ) i e R 1) S (T T ST 2
ctcttggctgaggtcaaggatgtgctgattccccatgagegggtg
L L. A EV KDV L I P HE R V
gtcacccacagtgaccgagtcattggcaaaggccactttggagtt
VAN TANEES S END AR BNV NN G N KO G R F GV
gtctaccacggagaatacatagaccaggcccagaatcgaatccaa
vV Y H G E Y I D Q A Q N R I Q
tgtgccatcaagtcactaagtcgcatcacagagatgcagcaggtg
T S T T T L M I YT
gaggccttcctgcgagaggggctgctcatgegtggcctgaaccac
E A F L RE G L L MR G L N H
ccgaatgtgctggctctcattggtatcatgttgccacctgaggge
P N VL A L I G I ML P P E G
ctgccccatgtgctgctgeccctatatgtgccacggtgacctgcecte
R PENHESVERT A LSRR M EE H NG T O Ty

cagttcatccgctcacctcagcggaaccccaccgtgaaggacctce
RN FESTENREES I PRGOS RESN SN PE T VKO T T
atcagctttggcctgcaggtageccgecggecatggagtacctggea
T S N G T R G M i Y I A
gagcagaagtttgtgcacagggacctggctgcgcggaactgcatl
E Q K F V H R D L A A R N C M

ctgctgtgggaactgctgacacggggtgccccaccataccgeccac
L L W E L L T R G A P P Y R H
attgacccttttgaccttacccacttcctggcccagggteggege
I D P F DLTUHU FTULA QS GTRR
ctgccccagecctgagtattgecctgattcectctgtaccaagtgatg
N e ORISR Y O V M
cagcaatgctgggaggcagacccagcagtgcgacccaccttcaga
Q 9 C w E A D P A V R P T F R
gtactagtgggggaggtggagcagatagtgtctgcactgcttggg
vV L. v.6 E V E Q I VvV S A L L G
gaccattatgtgcagctgccagcaacctacatgaacttgggeccce
b H Y VvV o L P A T Y M N L G P
agcacctcgcatgagatgaatgtgcgtccagaacagccgecagtte
s T S H EM NV R P E QO P O F



Splicing variants of RON

4141 tcacccatgccagggaatgtacgccggccccggccactctcagag
S PM P G NV RRPUR P L S E
4186 cctcctcggcccacttga 4203
e O ER T

Supplementary Figure 2. Complete RON coding reference sequence with ex-
ons 18 and 19 highlighted in green and yellow, respectively.



