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ARTADE2 MATHEMATICS
Transcript structure model based on multipletiling arrays

A base sequence of sizg © = (z1,x2,...,zn);2: € {A,T,G,C} has random variables of genome state= (Si1,...,5,);S: €
{0,1,...,25}. We lets = (s1,...,sn) be a random number vector 8% VariableS; takes the value whether the state is the start, end, or
interval of an exon, intron, or outer. Toyoda and ShinozaRDE) defined the transition diagram of these states (FigRyeThen, we defined
amapA: S —{0,1} as

1 if sis exon,
Als) = { 0 otherwise. @
and sety(s) = (A(s1),...,A(sn))’, where' indicates a transpose. Then, we obtained the exon-intrarxig from y as follows:
K = (dij) = 2y(s)y(s)’ — 11, )

wherel isn x 1 vector of sizen whose all elements are

Suppose that there are probesPbs, . .., Pb,, in then interval. Here we limited the probe whose values of more thaege replicates in
at least one condition exceed ">*which is the lowest 1% value of exon expression in the trgmlata (RIKENArabidopshis full length
cDNA (RAFL) mapped on chromosome 1 plus strand). Wedgtbi|(1 < ar < by < n,br—1 < ai) be the right and left end positions of
probePby in then interval. We observed the probe expression in several BRpats under certain conditions. Then, welldie the number
of all experiments angf, = (f¢,..., fi) be a vector of tags for each experiment at prbbBearson’s correlation coefficient; between
expressions values @fb;, and Pb, is given by the following equation:

S (Fi = Fo) (5 = F1)

Vel = p ’ — - — (3
VI, (= 1P S (- F)
wheref is sample mean of . We then obtained a correlation matrix of size< m, R = (yu1), k,l = 1, ..., m. Here we defined a threshold
paramete) and translated the correlation matiixto expanded matriK's (R) = (cij5),4,5 = 1,--- ,n of sizen x n, where
o 2]9(’Ykl)_1 ifakgigbk,algjgblandkz;él, (4)
%= 0 otherwise.
1 ifz>80,
Io(2) = { 0 otherwise. ®)

*to whom correspondence should be addressed
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Let,

NKp = Z Z Lo #0 M dij=1 (6)

i=1 j=i+1

NKo = Z Z 1C¢j7’50ﬂdij:71 (7)

i=1 j=—it1
n n
NCp,Kp = Z Z Le=1ndi;=1 (8)
i=1 j—it1
n n
NCo,Ko = § E 1cij:—1ﬂdij:—17 (9)
i=1 j—it1

and define th@ositional Correlation matrix Score (PCS) betweenC' and K, PCS(C, K) as

eNcp,Kp T Nco Ko
eNKy + NKp

PCS(C,K) = (10)

where coefficient indicates a weight parameter of the exon. WeRe€tS(C, K) to 0 exceptionally, ifnx,, = 0. From the PCS, we define
a Correlation Matrix Score (CMS) as follows:
CMS(s,R,0) =nlog PCS(Cy(R),K(s)) (11)

If sis given, we can calculate the number of exons and intronghensize of the transcript. Lé¥r and N; be the number of exons and
introns, respectively. Then, we Ief andr}, be the lengths of the exgi{= 1, ..., Ng) and intronk(= 1,..., Ny), respectively. Here we
assumed that the exon and intron lengths followdik Gaussian mixture distribution, and their probabilistensity functiongz andp;
are described as follows:

G G
pe(r) =3 gPUE (), pi(r) = glwl (r), (12)
i=1 i=1

wherey” andy! are probabilistic density functions of a normal distribuativith meary.z, and variancer?gi andur, andai, respectively.
Weights of functiong;” andg! satisfy the following:

G G
Doo=1 ) g =1 (13)
i=1 i=1

By using these probabilistic densities, scores of exon atrdn lengths ES and IS are defined as follows:

Npg Ny
ES(s) = Zlogpg(rf), I1S(s) = Zlogpf(rf). (14)
j=1 j=1

The third score Markov Transition Score (MTS) is given bylgability of nucleotides sequence under the assumption okddeprocess
as,
MTS(S, 213) = Z lOg P(SZ = S4, l’i|S¢71 = Si—1, 1'1'71). (15)
i=1
We assumed that the genome structure follows a logistic himaed on the four scores. Then, the conditional occurrpragability of
stateS is given by the following equation:

exp{a MTS(s,x)+ BCMS(s,R,0)+ E1S(s) + ES(s)}

P(S =s|z,R,0) = 7(S) ) (16)

whereZ(S) is the normalized constant. Therefore, the genome strigtisrobtained by the decision rule of
s = arg;nax P(S = s|z,R,0) a7)
= arg;nax {a MTS(s,xz)+BCMS(s,R,0)+E1S(s) + ES(s)}. (18)

The scores of equation (18) is comparable to scores of ARTARosed by Toyoda and Shinozaki (2005). However, the nedeinses
novel score based on the correlation matrix instead of esfa value of tiling array probes whose expressions oeettiteshold and scores
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of exon and intron lengths are changed to Gaussian mixtstghilitions from log-normal distribution. Moreover, cfieients of weight for
each score are set.

A structure is obtained by the maximization of equation (26) a practical measure, we must determine the positioneo$titucture and
its sizen from the genome in advance. We therefore determined a i@t @f the estimation from the correlation matrix of tilimgrays
and estimated a structure with expanding probability sjpgadynamic programming (DP).

We used window siz&/ and an initial threshol@® (Table S6). LetR; be a correlation matrix of probes sizex w which are included in
thet andt + W — 1 positions. Here, we restri¢ctwherew > 10. From R;, we can calculate the following values:

ny = ZI@I (%Z 1 — To(y1)) ) (19)
k=1 =1

ng = w-—nr, (20)

ar = 1—1Ip (% >a- Ie(w))) ; (21)
=1

a = (ai,...,ax), (22)

wheref; is an occupation threshold whether the probe is not exonl€Ta). If the occupation of exomg /w exceeds threshol@lz (Table
S6), we can calculate:

Vi = (vu)=aad, (23)

Yo = (yu)I(Ie(W)) (24)

NEv = Z Logi=1ny1=1, (25)
k=11=k+1
woow

NEall = Z Z 1y, =1, (26)
k=11=k+1

Nw = Lo =0ny, =0, (27)
k=11=k+1
woow

Niall = Loy =o0- (28)
k=11=k+1

Then, an adjacent value betweEnandY: , F'(V;, Y;) is given by the following equation:

NEv Niv
F(V,,Y)) = —% x —~. 29
( ! t) NEall N1all ( )
In the case ofiran = 0, we replaced”(V;,Y;) by
F(Vi,Y;) = —2v (30)
NEall

If max; F(V;,Y:) < 6,, we finish the prediction in this interval. Otherwise we detime the positiort whereF (V;, Y;) is maximal as

= argmax F(V;,Y7). (31)
t

The probel, from where the prediction of a transcript structure startgiven by the following equation:

J
t.= argmax max(j—i); (4,7 | HIG(%tS):l; ts—w+1<i<ts;<j<ts+w-—1]. (32)
tse{z\,m,?-l»w—l} k—i
Consequently, the starting positidhis set to
a; + by
0= {%} , (33)

whereaz, , by are start and end positions of proherespectively and operatft is a floor function.
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From positioni®, we expanded region sizeby DP and estimate structuse The expansion is carried in two directions. One is a diogcti
to 3’ end from:° and another is direction to 5’ end. We differently estimaaeameters for the two expansions (Table S6). Here we note
about the case of the expansion to 3'end. To simplify the toareplaceP (S = s|x, R, §) with P(S = s). Firstly, we considet® is
exon i.e.sp = 4 (Figure S2). Then, we calculated

55 = argmax P(S2=k,S1 =s,S0 = %0). (34)
s€{0,...,25}
From the obtained@%, we calculated
5% = argmax P(S3=k,S =s,5 = 35,50 =50). (35)
s€{0,...,25}
3% = argmax P(Sy=k, Ss =55 =5 =353,5 =32,5 = 50). (36)
s€{0,...,25}
Consequentlyj-th values are given by
3¢ = argmax P(Si =k, Sii1 =58 2="5_2=5_1,,5 =552, 5 = %0). (37)
s€{0,...,25}
The structure from the positian's; = (50, 51, . . ., 8;) is given by the back-scanning as
5 = 25,
Sic1 = ~§i
5 o= 52
5 = 4. (38)

We can obtain structurg; by the DP matching. However, we do not know the optimal badaring start point because the expansion is
infinitely continued andP expands its probabilistic space with increasing the airecsize. For the problem, we stopped the expansion if
terminated states are continually estimaledimes (Table S6). The stop pointan be formulated as follows:

argmax 5y =25, for i=j,j—1,...,5—T. + 1. (39)
The optimal back-scanning start point may not corresporyd 8me points may be candidates for optimal back-scannargmstint. Here,

scores used in the logistic model are considered to increéberising structure sizex at ordero(n) if we take experiments of scores.
Therefore, we define a new scafes for comparing structures of different sizes with bias faddo(TableS6) as follows:

AS(s) =aMTS(s,xz)+CMS(s,R,0)+ £1S(s) + ES(s) + B. (40)
Then, an optimal back-scanning start p(ﬁm given by

AS(/S\i).

(41)

1 = argmax
0<i<j ?

We here restrict comparing points{o} where states were consecutive estimatezbtmore thar? times (Table S6)i.es; =851 =--- =
§i7Q+1 = 25.

A direct calculation ofP(S;) is difficult. However, comparind®(S; = k,S;—1 = s,8;_2) andP(S; = k,S;—1 = s',8;_2); 82 =
(Si—2,Si—3,...,50) is simple because we must only calculate a score variatiteiright formula of equation (18). The expansion to 5’end
is also executed by replacing the back-scanning sanith 0.

Optimization and parameter s estimation

The proposed transcript structure model has many unknovempers. We must therefore estimate parameters usingkpeme structures
and optimizing parameters iteratively in the structuredfuton. For parameteW, 0z, 0; andé,, we arbitrary set values. We used 2,813
RIKEN Arabidopshis full length cDNA (RAFL) mapped on chromosome 1 plus strandtfaining data of the method. First, means and
variances of Gaussian mixture distribution of exon andomtiengths were estimated by an expectation-maximizatiivi) (algorithm
(Dempsteret al. (1977)) using under 5000-bp length exons and under 10GHaytH introns. We fix function numbé¥ to 10 in equation
(12).
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The prediction is iteratively optimized by alternatelyigwiting the structure and a correlation threshl#irst, we set the initial threshold
6° = 0.22. Let#* be estimated threshold efth iteration. After the detection of start windaw- ¢ + W — 1 and gettingl; andY; from 67,
the threshold is re-estimated as

0 — med(fykl | Vel = 1 Nyg = 1) Zmed(’ykl | Ve =0 N Yy = 0). (42)

Using re-estimated”, the structures® is predicted by maximizing”(s) and searching the optimal back-scanning start point. Heee,
restrict the size 08* wheres' is exon, intron or intergenic within 100 base distance fromrél and 5’end. Therf® is updated to

med (c;j1 | cij 70 N A(s7) - A(s5) = 1) + med (c;j1 | cij 20 N A(s]) - A(s3) = 0)
2 bl

92+1 _

(43)

wherec;j1 is positional correlationy; atar < i < by anda; < 5 < by, andc;j1 is 0 if v, < 0. The structure and parameter estimation is
continued until
PCS(Cy=+1(R), K(s*™")) < PCS(Cy=(R), K(5%)). (44)

Then, we began to predict a new transcript structure in theme, excluding the already estimated region. Remainethpeters were set so
that the prediction accuracy of 2,813 RAFL gene models isimalx In the parameter estimation, we did not embed factalyais described
in the next section. Table S6 shows estimated parameters.

Use of factor analysisto remove concatenating of different transcripts

The transcript predicted with ARTADE2 may not be consumniateome cases if several transcripts located continuoustilé genome
have highly correlated expression. The positional cati@ia in the region appear to have one transcription. Théleno is overcome
through a factor analysis of the correlation matrix of gliarray probes. LePb, ..., Pb,, be probes within predicted structure #fand
v = (v}, ..., v") be expression value &tth experiment. We assumed that expreesion vajuare modeled as

wherem x g matrix A = (aq;) is called a factor loading matrix. Vectofs, = (f1,. .., fq) andu, = (u1,...,u,) are called a common
factor vector and a unique factor vector, respectively, amdnot correlated with each other. We assume that numbecttrf; is 2. Then
the factor loading matrix is estimated with the factor amily method. If the estimated second factor loadiags= (a12, a2z, . .., ams2)
construct a specific structure apart from the first factodilogs a1, the structure at where second factor-loadings becomésrhay differ
from that of the first principle model.

A was set as the first and second eigenvectors.dofhen, matrixA is reestimated by a maximum likelihood estimation. Finathe
obtained matrix4 is obliquely rotated by a criterion of the Promax method tigtoan orthogonal rotation of the Varimax method. We select
the Promax method because the method can create diffentotsaven if factors correlate mutually. Using estimatedrixn A, we check
the possibility for existence of multiple or spatial stuures.

Let n be the size of predicted interval of ARTADE2 ahd= (l1,...,l) be a vector of center positions of probes. Define subsets
wi,w2 C{1,...,m}as
wi = {i|ai >0}, (46)
we = {i|ai2 >0} 47)
Then, we calculated the sample mean and variance of proliteopesor w; andws as
1
= li, 48
m T ; (48)
1
me = li, 49
T Ea X “
2 1 2
= — li — , 50
o1 #w1 l;:l( ml) ( )
2 1 2
= li — , 51
3 = I Z( m2) (51)

where#w means number of elements of setWe considered the estimateds multiple structures, if it is satisfied that

H#Hw2 > M, (52)

|m1 — T)’L2| > L7 (53)
o2 /#w2

701/#(»1 < 0. (54)




Kawaguchi et al

Therefore, we must divide the estimation region for the ipldtstructures. In the case of1 < meo, the division pointl, is settled as
follows:

11 = argmax <Za]~1 Z aj1>, (55)

i€{l,...,m} =1 j=i+1
ip = min(i|i>i1,a:2 > 0f), (56)
lg = (lil —+ l¢2)/2. (57)

If m2 < ma, the estimation is reversed as:

11 = argmax < Z aj1 —Zaﬂ) ) (58)
j=1

i€{l,...,m} j=it1
i = max(i|i<ii,ai>0f), (59)
lg = (lil —+ l¢2)/2. (60)

Consequently, we restart over the prediction of transenipboth(ls + 1,n) and(1, l4) regions. Parameters of the factor analysis are also
adjusted to maximize prediction accuracies of trainingdat by 2,813 RAFL on chromosome 1 plus strand. Table S#tistparameters
of the factor analysis.

FACTOR ANALYSIS FOR DETECTION OF REGIONS HAVING ALTERNATIVE ISOFORMS

The factor analysis can also be applied to detect regioagedltby selecting of transcription start or terminatioesivhose patterns differ
among different conditions. Predicted transcript strrectg factorized by promax method. Here, we use only probashadre included
in exon regions and for which standard deviation of the esgiom value has over 50.0 for the factor analysis. Set probe i.m to
these probes in order of genome position. Factor numbigestimated by using Minimum Average Partial method (\élat al. (2000)).
However, we restrict the maximum factor number to 5 becan$eless than 0.02% of annotated gene loci (The Arabidopdisiination
Resource (TAIR), ver.9) have more than 6 kinds of altereagiene models.

We detect specifically expressed regions from the obtained ¢ factor loading matrixA = (a;;) of positional correlations in these
probes. If the estimated factor numigeis larger thar2, we adapt the following algorithm.

Clustering of regionswith high factor loadings

Calculate positional correlatiafy;;) of every probe pairs fror to m.

fori=2,...,q
c=0.
Amax = Min <1, max aki).
k=1,....m
forj=1,....m

n; = 0.2 + {@max — min(1, a]’i)}Q

if argmax aj; =14 () a;; > 0.45
le{1,....q}

c=c+1. Ci={j}. Bi=j. Di=mn;
end if
end forj
t=c
whilet > 1
dmin = 00
for {(j,k) | j <k;jk=1,....¢c}
#CO1#C],
continue

if < 0.4

end if
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DiBj+Dj B}
Di+Dj,
d= ZZEC}' ny | | — Btmp | +Zs€C;; Ns | S — Btmp |
if mod (#C; + #Ck, 2) =1
d — 4d
(#ci+#ci—1) (#oi+#ci+1)
else

Btmp -

4d
T (#oi#ci1) (#Cit#Ci 1) 41
end if
if d < dmin () #C2(d— D?) <1.0 N #C¥(d— DF) < 1.0
dwin = d. Bopt = Bump. Setcombine pair ag, k).

end if
end for(j, k)
if dmin < 1.0
C;? ={l|le C;?UO%}. B;? = Bopt- D% = dmin.
fOI’s:E,...,c—l
Csi = si+1~ Bi = Bi+1~ D, = D2+1~
end fors
c=c—1
end if
t=t1
loop
foryj=1...¢c
if #C; >3
outputC';
end if
end forj
end fors

In the algorithm, operation I — B:mp | means taking absolute value afd” means number of elements in clusteér The clustering
algorithm detects region of high factor loadings (over @vith high density. ValueD of clusterC' is named discreteness.

EXPANSION OF ARTADE2 FOR MRNA-SEQ DATA

In this section, we expand the ARTADE2 method to adapt to mF3¥4 data observed by a Next Generation Sequencer. Utiliigedirays,
MRNA-Seq data is not fixed in position on the genome. Theeefwe defined 10-bases-grids on the genome sequences, antbtheed
MRNA-Seq tags within each grid as a pre-process for applfRGADE2. We used all mMRNA-Seq tags although probes of loweslwere
eliminated in tiling array study. Note that we diminishedspitted a side of a grid if the grid had positions on where nd\AFSeq data
have expressions. For the expansion, wecseas —1 in equation (4) if positiort or 5 does not have tags in all conditions. Parameters of
ARTADE? are slightly changed so that of expansion to 5’'end (Table S6) @s0 from —50.0 and M (Table S7) is35 from 10. We also
reduced, to 0.3 (Section: Transcript structure model based on multipiediarrays, Table S6) to increase the recall of exons of TAJE%e
models by just about same recall of Cufflinks.

COMPARING PREDICTED GENE MODELS WITH “-OMIC” DATA SETS

For assessing novel genes found with ARTADE2, we used dgwuélnéic data sets of “-omic” analyses results. We focusettamscriptome,
degradome, and proteome data. For transcriptome data,eglehigh-throughput sequencing results of MRNA-seq sangpldsmall RNA
samples (NCBI SRA accession numbers: SRX002554, SRX002568:r et al. (2008)). We also used our own cap analysis of gene
expression (CAGE, Kodziust al. (2006)) tags for RNA samples of untreated plants or planbjested to drought conditions or ABA
treatment (GEO accession numbers: GSE9646, GSE15700, 8B3%&2 For degradome data, we used analysis of 5’ end tagsegs!

of uncapped RNAs derived by a method called parallel armlysRNA ends (PARE, Germaat al. (2009)). We used the degradome data
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set with an SRA accession number of SRP000713 (Gerehah (2009)). We mapped small RNA, CAGE, and degradome tagseo th
Arabidopsis thaliana genome sequence with “soap” (&ial. (2009)). We used “tophat” software (Trapnetlal. (2009)) to map RNA-seq
tags to the genome because we sought to obtain coverageatfon for known or novel exon-exon junctions by RNA-secstagye used
soap and tophat software with parameters that permit twe fmsmatches against the genome sequences.

For mass spectrometry outputs for proteomes (mass), wedasadets with EBI PRIDE accessions numbers of 3321-335dréRéaller
et al. (2008)), 8743-8750 (Grobet al. (2009)), 9164-9176 (Reilanet al. (2009)), 9886-9893 (Piquess al. (2009)), and 10068. We also
used sets published at proteomics.ucsd.edu (Castellaha(2008)) for proteome data. We mapped the peptide sequémties annotated
protein sequences with BLAST (Altschetlal. (1997)), and then the results were translated to the lmtatn the genome sequence. We also
searched responsible loci for the peptide sequences witBSBLin “tblastn” mode if a peptide sequence was not mappetidé@mhnotated
proteins. After we described all -omics data by the relaiop with genomic locations, we counted RNA or peptide tagsited within
transcript regions predicted by ARTADE?Z. In the case thahgls RNA or peptide was mapped to multiple (=n) locations, s@unted 1/n
RNA or peptide tags for each locus. The results of countind\RNpeptide tags for each ARTADE?2 transcripts are describsdpplemental
Table S3.

RT-PCR ASSAYS FOR DETECTING NOVEL GENE CANDIDATES

We performed RT-PCR assays to confirm the existence of nered gandidates. We described the IDs of tested gene cagslidajuences
for gene-specific primers, and brief results of the expenisé~ig. 6 in main paper and Table S5). These PCR primers designed using
the Primer 3 program (Rozen and Skaletsky (2000)). We usedl $xhples from “Control” and “Dry 2h” conditions that weregpared in
the same way as the RNA samples used for tiling arrAyabidopsis thaliana (ecotype Columbia) seeds were sterilized and stored for 3
days at 4C. Plants were grown in plastic dishes on MS base medium uodgday conditions (16-hours light/8-hours dark) for 2eke at
22°C. For drought stress treatments, plants were removed fiermedium and left for 2-hours on plastic dishes at@2

Total RNAs from drought stress-treated (Dry 2h) and ung@#&Control) whole plants were isolated and subjected toddmonuclease
I (Invitrogen) treatments to remove genomic DNA. For RT-P@ihg gene-specific primers, @ of total RNAs were used to generate the
first-strand cDNAs with reverse transcriptase (Super$diifReverse Transcriptase, Invitrogen), and RibonuaedgTakara) treatments
were then performed to remove template RNAs. After PCR (Ex, Teakara) with reverse transcripts as DNA templates, agagel
electrophoresis was performed to separate the PCR prodidttsthe PCR assays, electrophoresis and sequencing &HPCR products
were performed. Furthermore, the mapping positions of thdycts were analyzed. We tested the expression of the,lobtmmosome 2,
position 7565124-7565520, as a negative control, whichedoned an intergenic region between AT2G17390 and AT2GQ.ME confirmed
that there were no RT-PCR products from both strands of ¢cisdo

CDNA SEQUENCES OF POSITIVE RESULTS

>OMAT1P011320.F
CNNNNNNNNNNNNAGAGTAACGNGGAGTGNGGCNANGNNTTTNTTNNNTTGINCTTNTTGCTACNNGATGACAGCNCACTACCTTTACANNATTGGGTCCTCC
NTCTTCTTGNTGAGCTTATATGTACATTGTCTAGCCTCCACGCTCTGTAAGTAGTGACCCNNGCNATCCTCNTTGATTTATGNCGTGATTGGGAATCAGABCTC
CATGGAGAGCCGGTATATACTCGTGTTTTCGACNNATTCCNCAATGACTTGACTTCGNACTACNACTATGACAGCTCACTACCTTTACAAGATTCGGGGCTTCA
TCTACCTTTAATGAGCTTATATGTACATTGTCTAGCCTCGACGCTCTGTAACTAGTGACCCAAGCAATCCTCAATGATTTATGGCGTGATTGGGAATCAGAACT
CCATGGAGAGCCGGTATATACTCGTGTTTTCGANNNAATCCACAATGAC

>OMAT1P011320.R
CNNNTNNANNGNGCNCTCCATGGNGNCTCTGATTCCCAATCACGCCATAARCATTGAGGATTGCTTGGGTCACTAGCTTACAGAGCGTCGAGGCTAGACARGT
ACATATAAGCTCATTAAAGGTAGATGAGAGCCCCGAATCTTGTAAAGGTAGTGAGCTGTCATAGTTGTAGTACGAAGTCCAAGTGAAAGATACATGGCTCCAATC
CTCGTTTACTCTACTCCACAGAGACTCCATAAAATNNAACTGATTGGAATTCGTTTAAAGCTAAAATGCCGACTCACAACACAAACAAAAAGGAATAAAATA ATG
CTTCAGATTATAACCATGAAAAGAAAACAGCCAGAACCATTGTACTTTTGGGTGAACCACTCGGATCAGATTCCAAATCGCTGTTATAGAGAAAGAGATCCAAA
CTGACCGTTTACTCTACTCCACAGAGACTCCATAAAATCGAAACTGATTGA

>OMAT1P012900.F
NNNNNNNTTGGTTTCTTCNTGTTTAGTTTTTGTTTTCCTTCCTCTCTGACBATCTGAACCTTTTTTTTTTCNNCGGTTTCNGATCTAAAATTTCNGATCTAATCTA
CAATTTCTAAATTTTTCGTCTTTGGATTTTGCTGCTTGTTTTTGTCCCTTTATGNGCAGCACCAGTTCGGGCCGTTCGAACCTCGGNAGAGGCGAGTTCTCACC
GCCTTCAGAAGTAGATTTCTCTCCTTTGAAGATCTCNATCTCCTTTCTTCTCTTATGACCATCATCATTTGGGTCGCGGGGTGTTNGTTNGTTCACCGCAGBNGTG
GNAAAGAGAGNCCTGGTTTTGTTGGTTTTGTTTTCCTTAGTGTGAATCTGTTGTTTTTATGGTGATTTAGACTTTGTAATTTTNATTTTTNATTTTTNNAGTTTGNA
TTCNGAGAAGATTGGTNCANANGCGNGNATTTGNATGTTTGAGTTTATTTATCTTTAATTTTTCTTAANTAGANTTTTNGTTTCTAGGAGTCTACATGTACTCGCC
GGCTNATGNNNGGGGANAAGGGTT

>OMAT1P012900.R
NNNNNNNNNNGNAGNNTCCTANAAACAAAATCTAATTAAGAAAAATTAAAG AGGAAATAAACTCAAACATACAAATACACGCATCTGAACCAATCTTCTCGGA
ATCCAAACTCAAAAAATCAAAAATAAAATTACAAAGTCTAAATCACCATAA AAACAAACAGATTCACACTAAGGAAAACAAAACCAACAAAACCAGGACTCT CT
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TTACCACAAACGGCGGTGAACAAACAAACACCCCGCGACCCAAATGATGATGGTCATAAGAAGAAGAAAGGAGATCGAGATCTTCAAAGGAGAGAAATCTACT
TCTGAAGGCGGTGAAAGAACTCGCCTCTGCCGAGGTTCGAACGGCCAGAATGGTGCTGCACATAAAAGGGACAAAAACAAGCAGCAAAATCCAAAGACGAA A
AATTTAGAAATTGTAGATTTAGATCTGAAATTTTAGATCTGAAACCGTTGG AAAAAAAAANGGTTCNNATCTGTCAGAGAGGAAGGAAAACAAAANCTAAAC AT
GAAGAAACCAAGAAATTTCGGTTCTGNNNAAAAAAAAAGCC

>OMAT3P106080.F
NNNNNTNNNNNCTTNNNNNGNCTTATAAGNTTCACATTATACATTCTTCATCATTGCCGGGGTTNNNGAGGCTTCANTGGCAAAAAAAAAACCANNNNGNNGG
ATCGNNTTANAACTGCTTNNATCTGCAGNCGGACGCGTNNGNCGNTGGTNANNNANNNNNNNGTCTGGGGGTGGNATTCNGGTCGNGGATANNGTCGAAGT
GAATTGATAAACGATGATGCTATCAAACATGATTANTACTCTCTCGGANGTTTTTTTTTTTTCTTTCTTTCTTGGGGGGGGTGTGTCGAGACGCCTNNNTGMAA
AAAAAAACACACCCGCGNAGTGTCTTACACAAATATATATAAANGGGCCTCCACTATGCGNATCTNTGTATCGANTTGGCGTGTTCTTGACNNTGACACTCCAA
GCGTAGATCCAGANCNNGAGTGNNATCTCGATATTGCTATCGACCNAGATANNCCGGAGNAANNGGCCGAGACCGGGGCGGCGGTGCAA

>OMAT3P106080.R
CGNNNNNNNNTTTTTTTTTNNNNNNNNGTTTTTTTNANACCCTAGATGATGAGNATNGGTGNNGCNTGNCTTTTTGTTGTNNNAAATTTGGGTTTTTTTTTACCCT
TGTNNGNTTTTNNNAACNCTCTTATGTCATTTTNNNGCCCCTGTGNTAGTNICNTTNTNACCTCTTCCTCNCATGCTGTTATNACTCANTCATCCCTTGTAGSCTCC
ATTGATGCACCCATGTTAGTATTACGCAANNCNAAAGAAAAATTTTTTTTT CCCGCGNTTGAAAAAAAGTGTGTTTTTTTTTTTTTNANNCACCCAAAAAGTGTGA
TATATTTGCCCCCCCGTTTTTATANNACAAAAANCTTCCACTCTGNTTATGCAGGNTTNNGNANGGGAATGGCTCAGCTGTGGCCCTATNCATTCNCGTGGMGA
TATGCAAGCTACTTGTCAAGCAATGNACCCCTGTNNNATAANGCA

>OMAT3P108090.F
NNNNNNNNGNANCCCCNNTATCAAAACGATGTCGTTTCCATTACTTAAGAAAGATTGAAAATTCAGAAACCAGACTTCGTCCATAGATTATTTACAGAGATC AAA
AAGATTTAAGCGTGATCAAGATTGTCTAGATGATTTATTCAAATGAAAATA AGAGAGAAAAAAGAGAGAGATTATTAGGGTTTCCAGGAAATGTTTGTATAG AG
GATGATGATAAAATCGGAGCAACATCTTCTGCTCTTAATGTTTTTCTTCATITGTGTCTTTTTTTCGATTAATTTTATTTTTATTTTTGTGTTCTATTTGAGITCCTAA
TTTCGTAGTGAAAACTCGACCACATTTTTCTCTTTTGNNNNNNNGTTTGAT

>0OMAT3P108090.R

GNNNNTCGANTTTTCACTACGAAATTAGGAACTCAAATAGAACACAAAAAT AAAAATAAAATTAATCGAAAAAAAGACACAAATGAAGAAAAACATTAAGAG C

AGAAGATGTTGCTCCGATTTTATCATCATCCTCTATACAAACATTTCCTGGAAACCCTAATAATCTCTCTCTTTTTTCTCTCTTATTTTCATTTGAATAAAT CATCTA
GACAATCTTGATCACGCTTAAATCTTTTTGATCTCTGTAAATAATCTATGGACGAAGTCTGGTTTCTGAATTTTCAATCTTTCTTAAGTAATGGAAACGACATCGTT
TTTGATATTTGGGGGTTTACCTCTGAAAGAATCAATAGAAGGNGGGTGGT&G

>0OMAT3P109670.F
NNNNTCTCNNTGTTGTTAGCTCTTCTTCTTTCTACACCTATAACCACAAATGTTTTAGGGATAAGCTCTTCTTTTTCCCCTCAATCTCTTCTTGGTCTGATITTTATT
GTGTGCTCACTAAGCTCTTCCTATCACCAAACTCACGGCTAGATTCACTTATTTCTTATGGTTGGCAAATTACAAGCTTCATCGGACGAAAAGATTGGTCATCATT
GTCGCCGTCGCGGGTTCGTTGTCACCGTCGGCGTCCCGTCTGTCACCGTIGETGGCTCTTTGTCGCCGTTAACCCTTGTCAAAAACCCTAAAATTTTAATGGGTT
GAGCCTTGTGAATTCGGGTTGGGCCTTGTAAATTTTATAATTGGGTTTGTAATTTGTTAATGTATTTTGATGGNNNNAAANGTTTGGGCANTTGTCAAAAACCCT
AAAATTTTAATGGGTTGAGCCTTGTGAATTCGGGTTGGGCCTTGTAAATTTTATAATTGGGTTTGTAAATTTGTTAATGTATTTTGATGGTGTATAAAGTTT GG

>0OMAT3P109670.R

TTNNNAANTTTACAACCCAANTTATAAAATTTACAAGGCCCAACCCGAATT CACAAGGCTCAACCCATTAAAATTTTAGGGTTTTTGACAAGGGTTAACGGGGAC
AAAGAGCCACGGCGACGGTGACAGACGGGACGCCGACGGTGACAACGAACTGCGACGGCGACAATGATGACCAATCTTTTCGTCCGATGAAGCTTGTAATTG
CCAACCATAAGAAAATAAGTGAATCTAGCCGTGAGTTTGGTGATAGGAAGAGCTTAGTGAGCACACAATAAAAAATCAGACCAAGAAGAGATTGAGGGGAAA A
AGAAGAGCTTATCCCTAAAACATTTGTGGTTATAGGTGTAGAAAGAAGAAGAGCTAACAACAATTGATGAAGAAAAAAGAAAATCANNNNTNAAGGTTGGAG A
NNAGAGATTGAGGGGAAAAAAGAAGAGCTTATCCCTAAAACATTTGTGGTTATAGGTGTAGAAAGAAGAAGAGCTAACAACAATTGATGAAGAAAAAAGAAA A
TCAGGGATTAGGTTGGAGA

>0OMAT4P003550.F
NGNNNNNNNGGGNTTGATTACTTGCAACTAGACTAGAGTATCGTACCTTAAGAACATATCAAGCTTCATTTACAGCCATTGGATCAGGTGTATTCAATCTTGCGC
ACTCAAACACCAAGACATTCCATATCTCGACCCCAAAGCCTTCAATGCACTCCAACAAAGAGATTCCTTTAAATCAATGAAGAACACGTCCTTTAGGAGCTTCTA
CATGGACCAGAGGCTTCTCTCACATGGAAATATCAAGAAGATTTCGAGATATAAGGAGTCAATCATATTTCCTTATTCGGCCAAGATTCAAGCAATTAAGCCTAA
CGGCTATAATATCTTGTGCATCTTNAATTTTGTGCACAAGATATTATAGCCGTNAGGTATAATTTGGATCTTGGNCGAATAAGAAATNNGNTTGANCCTTAANNNC
TGNAAACTNNTGNAATTTCCNNGGAAAAAANCCCCGGNNNNGNNNNACCCONNNNNGGGGGTTNTTTTTTANTTNAANAGAANCNNTTTNNGGGGGNNNNNAA
NTTTNGGNNAAAAAAAAAAANTNNNNNTTGTNNNCCCCAAAAAAAAANCCC CCCCCNGGGGGGAAAANNNNNNTTTTTTTTNNGNGNAAANCCNNNNTTTNNN
GGNAAAAANNCNCCCCCCCCNNNGGGGGGGNNAAAAAA

>0OMAT4P003550.R

GNNNNNNNGNCGTTAGNNTTNNTGCTTGAATCTTGGCCGAATAAGGAAATAIGATTGACTCCTTATATCTCGAAATCTTCTTGATATTTCCATGTGAGAGAAGCCT
CTGGTCCATGTAGAAGCTCCTAAAGGACGTGTTCTTCATTGATTTAAAGGATCTCTTTGTTGGAGTGCATTGAAGGCTTTGGGGTCGAGATATGGAATGTTTGG
TGTTTGAGTGCGCAAGATTGAATACACCTGATCCAATGGCTGTAAATGAAGCTTGATATGTTCTTAAGGTACGATACTCTAGTCTAGTTTGCAAGTAATCAAACCC
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GTCAGCTTCCAGATAANNNAAAGTGTAGGAANNGGTTTAANTGCTGAGNTCTTGCGGAAAAGGGGGAAAAAAAGGAAACCNNTTTANCCCNAANCTCTCNGAN
CTCTCNCNTTTTAAAAGGAAACACGCCTCTGGTCCAAAAAAACCNCAAAACACGTTTTCTTAGGGGATATAAAGAATCCCTCTGTGGGGGCTTTAANCTTTTGG
GAAAAAAAAAATAANCCATTTTTTTCCCCCACACAACAAAACCAAGCNGAA NGGTCCCGAAAAAGAGTTTTTTTGNGGGGAGAAAACACCCCTTTTCGAAAGSA
AAAAACAGAGCAAGGGGGGGGGGGGGGGNAAAAAAA

>OMAT4P101380.F
NNNNNNNNNNNNNTNNNGNNCTGNGNNTTTCTTTTAGCTTTTGGCCAGATGTTTTTGGTTCAAATTATGCTTTCTTTGTCTCGATTTCCTTATTTTCGGTCGATT
AGACTCTTTTGCAATTCTATTTGAGTACTGGAATCGTAATTCCTTGAATCCCAGGCGTTTAAAGAGCTCGATTTGTGTTCCAAGTTTATCAATTTCAATTTTTAAGA
ACAAATTGGAGTTAGGGGTTAAGGTTTTTTTTTNGTGACTTTGGATTGAATITATGCAATTGTGGCTATTTCTTTAACCGATCTATGGAATCGAGTTTGTTECTCTTC
GTTTATAGGGGTTGCTGAAAGCTCNTCCCAATTTAAATGA

>OMAT4P101380.R
CGNNNNNNNNNNNNNNNNGNANNNNNACTCGATTCCATANGNATCGGTTAAAGAAATAGCCACAATTGCATAAATTCAATCCAAAGTCACAAAAAAAAAACC T
TAACCCCTAACTCCAATTTGTTCTTAAAAATTGAAATTGATAAACTTGGAA CACAAATCGAGCTCTTTAAACGCCTGGGATTCAAGGAATTACGATTCCAGTACTC
AAATAGAATTGCAAAAGAGTCTAATCAGACCGAAAATAAGGAAATCGAGAC AAAGAAAGCATAATTTTGAACCAAAAACAATCTGGCCAAAAGCTAAAAGAA A
CACCAGAGCTATATGGGGAATTTCTAGAACTTAGCNNNNCCCCCCCGCTA

>OMAT4P111870.F
NNNTNNNNTATTTCANGGTGGTGGCATGGAATCTTCAGCTGATGGAATCCGCGAATTATGTGGAAGAAGCTCTTGGTGTTGATTTGATTAAGCCCGACCGRGG
AGCAGAGGTGGATCGTGGATCAGCCGGCAACGTCAGTTTCAACATCTCTTRTCTCACGTTGGACACGTGTTGGCAACGTGGCACTTTTTTTGTCTTAGCCIATC
TTTAGAATTGGGTGGGTTAAGCTGTGCTTTAAATTTTAATCAAAGTNNNNAATGGTGAGGG

>0OMAT4P111870.R
NTTTANNCNCNGNNTTNNCCACCCAATTCTAAAGATAAGGCTAAGACAAAAAAAGTGCCACGTTGCCAACACGTGTCCAACGTGAGATGAAGAGATGTTGAAC
TGACGTTGCCGGCTGATCCACGATCCACCTCTGCTCCGTCGGTCGGGCTARCAAATCAACACCAAGAGCTTCTTCCACATAATTCGCCGGATTCCATCAGCTGA
AGATTCCATGCCACCACCTTGAAATAAATTCAGAGATCTCTCAATNNNNNCTTCAAAGGAAA

>OMAT5P004400.F
NNNTTTGNNNTCTTTGTATAGTTTTCATTTTTGAAGGTCACAGAAAGCTCATTTTGATCTTTTGCAATGCTGATTCCTTCTACCTTAATATCCATTTCCAGTTTTAA
ATACTTGACCAGCCTCCACATTCACATGTACAGCAGAGTAATTTCTGCAATCTCATCAGCTAGCATCGCAGGCAATATAATGTTTTTAAATTTCTGTAAATATAAT
TTTCTCTCAGTGTCCTTTCCACGTTGTTNNNNNNNNGAATC

>OMAT5P004400.R

NNNNNGNNNTGNNAGNAATTATATTTACNGAAATTTAAAAACATTATATTG CCTGCGATGCTAGCTGATGAGATTGCAGAAATTACTCTGCTGTACATGTGATG
TGGAGGCTGGTCAAGTATTTAAAAACTGGAAATGGATATTAAGGTAGAAGGAATCAGCATTGCAAAAGATCAAAATGAGCTTTCTGTGACCTTTCAAAAATT GA
AAACTATACAAAGATTGTCAAAACTAATAGTGACTGTNNNNTGGNNAGAAN TT

>OMAT5P005810.F
GGNGCACCTTGGCCCTTGNCTGAGAANCAGCTTTTTCTCATATTCAGTTTICTAAATTTGTTGTTTTAAAAAAAAAAATTGGTTTGTTTTTTTGGCTGTNC TATGA
TGATTATATTGCTTTAACCNCCCTGAAAAGATGGGCTTGAGAATGTGATGNGGTNCTNCTTGATTTAANCCAAAGAAAGAGTTCNTGAGCTATATGTATTGCTTGA
TGACNCTTTGATCTAAAATACTTGAAGGGGATTTGTTTCCCTTTGNGTTTAGATCAAGGAAGAGATCAGNGTAGAGCNCTTGTNCGANATTTTTCTTAGTTTAAA
TCTTGAAGAACATTATCATTTTCNCAAGCACNCAATGGNGGAATCATAAA

>OMAT5P005810.R

NATGTTCTTCAGATTTAAACTAAGAAAAATATCGAACAAGAGCTCTACACT GATCTCTTCCTTGATCTAAAACACAAAGGGAAACAAATCCCCTTCAAGTATTTTA
GATCAAAGTGTCATCAAGCAATACATATAGCTCAAGAACTCTTTCTTTGGATTAAATCAAGAAGAACCACATCACATTCTCAAGCCCATCTTTTCAGTGTGGITAA
AGCAATATAATCATCATAGAACAGCCAAAAAAACAAACCAATTTTTTTTTT TAAAACAACAAATTTAGAAAAACTGAATATGAGAAAAAGCTGCTTCTCAGA CAA
GGGCCANGGTTGTCCNCATGNGTGAGCTTGAAAAAACGNGAANAA

>OMAT5P008250.F
NNNNNNNTCATCGNNTNNNGNNNTNNNNTCCTTAGCCACGTCCTTTTCCAGTCCATATTCTATTGTTTGATCATCTGTCACAGGTTGAAGTCTCTCTTTTGTTTT
GAGTGTTTTTATCATGTTCATAAATTCATGGTATCAATCAAGAATCTCACGGTCACATTCTCAAGCAGAGAAGCTAAACATTGGTTGATTAAACCATAGAGTGACG
CTCTTATTTCATTACATGGTAGGGGCTTCTATCTGATGATGTTCATAGTGATCTTCTTTTAATTTTGTTTGGTTTTGACGAAATACATAATAAGTGTCTCCCAAGAT
GTTTGTGAGTGTTTTTTTTTCTTATCCTTTAGTCCAAATTTTTCATAACTTAAGATCCATCGAATTTTGATCTTGAATATGTATGGTTTTGAGTGAGATGTTTACCAT
CGAATACTCTTTTATTCCTAGATTCATGGATTGTAGGTTTATATATTTACAAGCGTCGACTCTTTTATGTCANGGTTTACATGATATTCTGGAAAACAATTATGTTT
GTACGTTTTCTATTCATTCTCNNNNTTNNCCCAGGTAA

>OMAT5P008250.R
CNNNNNNTTGNTTCNTGANNNGGTTCCNGAATATCATGTAAACCTTGACATAAAAGAGTCGACGCTTGTAAATATATAAACCTACAATCCATGAATCTAGGA ATA
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AAAGAGTATTCGATGGTAAACATCTCACTCAAAACCATACATATTCAAGAT CAAAATTCGATGGATCTTAAGTTATGAAAAATTTGGACTAAAGGATAAGAA AA
AAAAACACTCACAAACATCTTGGGAGACACTTATTATGTATTTCGTCAAAA CCAAACAAAATTAAAAGAAGAATCACTATGAACATCATCAGATAGAAGCCC CT
ACCATGTAATGAAATAAGAGCGTCACTCTATGGTTTAATCAACCAATGTTTAGCTTCTCTGCTTGAGAATGTGACCGTGAGATTCTTGATTGATACCATGAATTA
TGAACATGATAAAAACACTCAAAACAAAAAGAGAGACTTCAACCTGTGACA GATGATCAAACAATAGAATATGGACATGGAAAAGGACGTGGCTAAGGACGAT
ATAGCCTGAGAGATGACGATTAGAGTTCCACTGNNCNNNAAANCTGGA

>OMAT5P009330.F
AGNNNNNNNCTTCNNNNNNNGGNNNTGACTGGTTTTTATCTTTTTTCCAGTATCGGATTATTATCGATTGCTTTACTTCTTTTCCATGTTTTCTTTCAATAATTTCT
AAAAATCTGAGTTGGTAATTAGTTTTAAGTGCTAGCTATTTAAAATTAATG TCTCTGGCTTTTGGTTTTAGAAACCTCGATTTGCAAGAAATCGTTCAAACNATTA
CATCTGGGTTTGAAAGATTGAAGGATAATCCGATGCTTATTAGGATTCTCTTAAGCCGTCTATTTCTTTGGGAGCTCCATCCATATCTATTCTGGTGGTAANAAG
GATTATTC

>OMAT5P009330.R
GNNNNNNNNNNNGNAGCTCCCAAAGNNNTAGACGGCTTAAGAGAATCCTAATAAGCATCGGATTATCCTTCANTCTTTNNAACCCAGATGTAATCGTTTGAACG
ATTTCTTGCAAATCGAGGTTTCTAAAACCAAAAGCCAGAGACATTAATTTT AAATAGCTAGCACTTAAAACTAATTACCAACTCAGATTTTTAGAAATTATT GAAA
GAAAACATGGAAAAGAAGTAAAGCAATCGATAATAATCCGATTGACTGGAA AAAAGATAAAAACCAGTCAACACCACTTATGGAAGCTGGATTTGCTCGACATA
AACCGGTTATCTCCACTATTGAAGCTGAAANNNNNNGGGCAAGAGANNNNNYNNNNNNGCNNNNNNNNNNNNCNNNNANAGTCNGCTAAGGAATAANNNNNN
NNNA

>OMAT5P108720.F
CAACGTTTCGGAAGAGAGGCGTACAAGGAACCATGTGCGTATTCACATGAALCGGCCTTTCCTTCAGCCGGATCAGAATCACACGTTGACGCAACTCAATTRTA
ACTCGTAAGCAGTCTATAGAAGATATATTCCCTTCCGTTTGGTCCCCTTCBCCAACTCCATCAGTGCTTCTCAATTTTAGCATTCTTCTTCTTCTTTTGTGGTTGT
CTCTGTTTTCGGTTAAATGTTCCGATTTTTTTGTTATGATATGGTTTNAAG TTGCAAAA

>OMAT5P108720.R

TCGGACATTTAACCGAAAACAGAGACAACCCACAAAAGAAGAAGAAGAATG CTAAAATTGAGAAGCACTGATGGAGTTGGTCGAAGGGGACCAAACGGAAGE
AATATATCTTCTATAGACTGCTTACGAGTTATGAATTGAGTTGCGTCAACGIGTGATTCTGATCCGGCTGAAGGAAAGGCCGCTTCATGTGAATACGCACAGGTT
CCTTGTACGCCTCTCTTTCCGAAACGTTGGCTGCAACTTCGATGGAATTGATTTGA

>0OMAT5P111020.F
GGATGATCGTCGAACTCANGATTTTTGGCTACTTTCGGCCTTGAGAANAGAGGGNTACCGCCCAGCNGNATTGGGTTGCTTTTTCAGGATNCGATTTCGTEATG
TGCCTAGGTCGGAGACAACTANCTTTCCGGGAGATCTGTTGTGGGTTGGNIATCGNANGNATGNNNTTNATGATNAAAACCGGTCTCTTTCGCTGAAGATTCCC
GATCTTCGTTGGTGACCACGAAACGGTAGCTCTTGAGCCCGCCGGATTTABNTCCCGGTCCTCTGANANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNGA

>0OMAT5P111020.R
GGGCTAGAGCTCCGTTTCGTGGTCNCCANGCGAANCATNGGGAATCTCCM™MGNANGNGACCGGTTTTCATCTTNNAANCCATCCCTCCGATGCACCAACCRCA
NNAGTATCTCCCGGANAGCTAGTTGCTCNGACTAGGCNCATCGACGAAATGGATCCTGAAAAAGCAACCCANTCCACTGGGCGGNAACCCTTCTCTTNCAACC
GAAAGTAGCCAAAAAACCTGAGTTTCGACGATTCAATCCGGCTCGATGGATGNTAAATTGAGGCANCGTTCTNCTCTTAGNNNATCTNANATNCANTTCTGANT
CGTNCNGGTCGGCAAATGATACGGTATANGCTNANNTTCCTNGGGGAAAGBGAGACGNCTCCGGNTCTNNGGCTCCGNCTCTNTGTCCTGCTGANANTCAZG
CGANATNTNTNGCTNCNNCCNTCNNNGGANNGTTCGCTNGATCAGCAGCCNCCNTCCAGNGNNGCTGNGNTCNCNTACTGATNNNTNNTNNCNTGCNNAGKN
TTCNNCGGATCNNTT
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FIGURE LEGENDS

Figure S1

Calculation procedure of Positional Correlation matrio@c(PCS)| E x E | represents the number of exon position - exon position pairs
| E x E > 6 |indicates the number of exon position - exon position paitk eorrelations greater thah Symbol! is negative operator. The
coverage region used in the calculation includes intemyegions within 100 base distance from 5’ and 3’ ends. Pairthe same probes
are not counted. Coefficientis previously learned by training data. (Table S6).

Figure S2

Gene state model of ARTADE1 and ARTADE2. We assumed thatesemgs of genome were translated under the assumption oMark
chains.

Figure S3

A graph for prediction performance of transcription stdrtpfime) and termination (3 prime) sites (TSS/TTS) estiorai The gap is
calculated as distance on the genomic positions from TSSfoint of reference gene model to the point of the prediceet:gnodel. The
distance is calculated according to transcriptional diioec We compared the TSS/TTS on 14,239 reference gene matiath had overlaps
with predicted gene models within both of ARTADE1 and ARTADEeSUIts.

Figure4

A box plot of relative importance (RI) of each score (equaiib8)). Scores are calculated as differences betweengpeddind null models.
The score of null model calculated under assumption thairbaicted region has no transcript structure (All stateébéregion are estimated
to 0 or 25 in Figure S1). Sum of relative importance of scooegéch models are standardized to 1. Correlation MatrixeSgMS) occupies
entire of Rl in almost case. Therefore, ARTADE2 predictais@ipt structure to fit positional correlations. Rl of MT&htls to high if the
number of probes existing in the predicted region is few.

Figure S5

Histogram of maximal expression values for 33,239 TAIRZespntative gene models. At the first, we calculate genesezjum values for
each gene for each condition, which are defined with mediesaf tiling array probes located with in the exon regiofthe gene. Then,
maximal expression value is determined as a maximum valwngrall conditions. Value 0= log(1)) means that the gene has no probes
in the exon region. A histogram of TAIR9 genes contains tvabriiutions. One seems to be a distribution of not expregeads (left peak)
and another is a distribution of genes which is expresseelaat bne condition (right peak). Based on this distribytwa set a threshold;
maximal expression values ¢”for defining expressed genes. A set of these expressed genesea on assessing performance of transcript
reconstruction with ARTADE2 and other methods.

Figure S6

Precision and recall plots in comparison between predigeate models and all TAIR9 gene models including genes whiaj not be
expressed under any conditions. ARTADE?2 had best pre@sioall methods. However, AUGUSTUS had a high recall rateoimjgarison
with whole references, because ARTADE2 has no predictimgepdor not expressed genes. See I5ign main paper for the precision and
recall plot with expressed TAIR9 genes.

Figure S7

Precision and Recall curves of exons for NGS-ARTADE2 andlibis models which overlap with highly expressed (ovof Fig. 7 in main
paper) gene models of TAIR9 gene models with the current mRB# data set. The curves are transited according to PC8adéuy for
NGS-ARTADE2 and decreasing of tag-coverage over gene radale(Cufflinks). The precision and recall is calculatedimgge nucleotide
resolution. We allowed that a single reference gene modhisred by multiple predicted gene models. With this rlie,tivo curves are
almost the same. However ARTADE?2 showed better performtvase Cufflinks for reconstructing full-length transcripgdown withFig. 7
anc Fig. 8 in main paper.

Figure S8

An example that single gene model in an initial ARTADE2 po#idin is split into two transcripts by factor analysis. Weurid several
genomic regions which generated transcripts with highhexpression and close genomic locations. In such situgtiBRTADE2 may
wrongly merge these transcripts into one model. To solvephoblem, all predicted transcripts are tested and spiit faictor analysis. If
factors are considerably different on left and right sidesasated by a certain point, the model is split and ARTADE#isormed again to
re-predict the gene model in each separated region.
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Figure S9

An example for detecting alternatively spliced regionsrfran ARTADE2 model; OMAT1P009860 were not annotated in tferemce. The
cluster created in second factor corresponds to diffeeebhegveen known gene structures and predicted one. Scdatiagkhows that both
factors are expressed in most organs and conditions imgutiwer and stem. However in detail, we can find that expoessi the second
factor is low in dry-seeds and imbibed-seeds.

Figure 10

The black curve shows the transition of fraction of factaalgisis result regions having overlaps with known altekrasiplicing or alternative
TSS/TTS according to decreasing of discreteness. The red shows cumulative frequency distribution for the diteness values.
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TABLES

Table S2. Tag counts and normalization for the study of Next Genenaflequencer.

Table S1. Data specifications.

# of experiments

Tiling arrays mRNA-Seq

4 4

ABA 10h 3 -

ABA 2h 3 -

Cold 10h 3 -

Cold 2h 3 -

Stress treatments Dry 10h 3 5
Dry 2h 3 2

NaCl 10h 3 -

NaCl 2h 3 -

Dry seed 3 2

Flower 3 2
Imbibed seed 3 -

. Leaf 3 2

Organ conditions: Root 3 5

Silique early 3

Siligue middle 3 -

Silique late 3 -

Stem 3 -

55 16

GEO accession numbers: GSE9646, GSE15700, GSE26074ledettiRNA
sample preparation were described previously (Matsali. (2008); Okamoto
etal. (2010)).

Sample name

Experiment ID  # of Mapped Reads

Total nucletiddultiplier for normalization

Control
Control
Control
Control
Dry 10h
Dry 10h
Dry 2h
Dry 2h
Dry seed
Dry seed
Flower
Flower
Leaf
Leaf
Root
Root

NRERNRPNRE GNP NREDRWN R

5,154,978
6,189,453
32,799,384
34,683,809
11,040,574
29,890,234
7,212,499
33,844,091
6,821,706
15,952,876
6,578,896
29,186,579
8,033,855
28,140,034
6,663,504
25,354,391

257,748,900
309,472,650
1,639,969,200
1,734,190,450
552,028,700
1,494,511,700
360,624,950
1,692,204,550
341,085,300
797,643,800
328,944,800
1,459,328,950
401,692,750
1,407,001,700
333,175,200
1,267,719,550

3.88
3.23
0.61
0.58
1.81
0.67
2.77
0.59
2.93
1.25
3.04
0.69
2.49
0.71
3.00
0.79
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Table S3. Prediction table of ARTADE1.2.2.2.

Method Number of 5end 3'end Structure
match genes prediction prediction match rate
Control 8,298 84.98% 83.26% 79.44%
ABA10h 8,822 85.14% 84.12% 80.04%
ABA 2h 8,504 85.67% 83.60% 79.78%
Cold 10h 8,277 85.57% 83.87% 79.72%
Cold 2h 9,300 85.17% 83.33% 79.62%
Dry 10h 8,190 85.85% 82.37% 79.55%
Dry 2h 8,914 85.35% 83.21% 79.62%
Nacl 10h 8,463 84.44% 82.57% 79.27%
Nacl 2h 9,002 85.30% 82.67% 79.53%
Dry seed 6,369 85.13% 84.02% 79.44%
Flower 9,975 84.47% 84.15% 79.58%
Imbibed seed 7,948 85.12% 84.20% 80.10%
Leaf 8,820 85.59% 83.99% 79.68%
Root 10,007 85.34% 84.70% 79.88%
Silique early 8,955 84.92% 84.19% 79.56%
Silique middle 8,631 84.86% 84.32% 79.26%
Silique late 7,179 84.64% 83.45% 78.67%
Stem 9,596 84.66% 84.33% 79.63%
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Table $4. Verification table.

Support combination Known Novel

RNA-seq, PARE, small RNA, mass, CAGE 2,789 5

RNA-seq, PARE, small RNA, mass 351 2
RNA-seq, PARE, small RNA, CAGE 402 52
RNA-seq, PARE, small RNA 121 29
RNA-seq, PARE, mass, CAGE 7,677 4
RNA-seq, PARE, mass 1,338 10
RNA-seq, PARE, CAGE 1,347 83
RNA-seq, PARE 489 58
RNA-seq, small RNA, mass, CAGE 0 1
RNA-seq, small RNA, mass 0 1
RNA-seq, small RNA, CAGE 0 2
RNA-seq, small RNA 1 3
RNA-seq, mass, CAGE 8 0
RNA-seq, mass 12 0
RNA-seq, CAGE 7 11
RNA-seq 11 17
PARE, small RNA, mass, CAGE 48 3
PARE, small RNA, mass 62 4
PARE, small RNA, CAGE 22 22
PARE, small RNA 46 54
PARE, mass, CAGE 307 16
PARE, mass 334 18
PARE, CAGE 189 149
PARE 252 348
small RNA, mass, CAGE 8 0
small RNA, mass 8 1
small RNA, CAGE 5 12
small RNA 10 40
mass, CAGE 47 5
mass 78 18
CAGE 41 121
No evidence 92 400
Sum 16,102 1,489
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Table S5. RT-PCR confirmation table for novel gene candidates.

Chromosome Direction

Position (Exons)

D F primer R primer Result
OMAT1P004260 AéTGGATTCTGGACl;CliuéTGGT ACAA4G1T4GO?;C¥BC;-T2?:(/)&3A2TTGG Negative
OMAT1P011320 CCAlATCAGTTCGATT'IF')'IIl'JASTGGAG CATTG'T’éeéi#?'i{é#gg:iiACA Positive
OMAT1P012900 AGTlGACTTTTTCAGCEICu(S:AGAAC TCAAAéZZ%FE)fgClISA-AiZ:glgiAGC Positive
OMAT1P022650 TGTéAATACTGAGGGCP_TIUASTTTTTCT ATCAiii?TlggATzcsggéféchA Negative
OMAT3P106080 GCéTAATACTMCAngéSTGCAT GEXLT%E)Té%?éiifééﬁzcl,&%gozl Positive
OMAT3P108090 C?CCACCACCACC“(A:?'IEJ(SZTAT GATCAAi?:?AlCaAS,iAg'?'g%:Z\AGAGA Positive
OMAT3P109670 CTéCAACCTAATCC(l\ZA'II'rC];uASTTTTC 12522050112/;/3?1253#2\205?&7&éi\zASGlsgéosm"e
OMAT4P003550 TC(?TACACTTGCCTT,:':'USTGGAA GTGCAgAsiﬁ?B\?Fi;-\Z%Z?ggACAA Positive
OMAT4P101380 AG?AGCGGTGGGCT'\QQ;UCSTAAGT CATTTA2:217'(8:869A-T265C052?55§TTTCA Positive
OMAT4P111870 TTCC‘}I'TTGAAGACTAG“:I'I[]'IL'JEBAGAGA TCCCT?&?:ZCA}’-\%I'lT:Fiifﬁg'ZF#TGA Positive
OMAT5P004400 AAT?,I'TCTCCCAAGCTAPCI?ASGTCAC ‘fGl:é]f'I?TbﬁinggiiingngM164 Positive
OMAT5P005810 ATT?ZACGTTTTTCAA(EIC[Z{?CACTC ATGATTSCAgi?Z%FAigfé?éCTTG Positive
OMAT5P008250 CCAS(;ATTCAGAACAAg'IIEJGSGAACT TTACCngc-;ZéS/:\iZT_TgZTZéiZAATG Positive
OMATSP009330 C'I?CTTGCCCGGTATF(‘ZIfI'TCAG CGAATii#%??‘E(?‘??'?’i?}EACCA Positive
OMAT5P108720 CAAEI’ACAATCATACGZL\%I'?TGCAG TTTGCii%(SZ:iA:é(?gﬁf\TCA Positive
OMATSP111020 GgCTCAATTTAGc,L':ATIQéSATCG mél?;%gggggfgm Positive

Table S6. Estimated parameters for ARTADE2.

a B 13 B Q T
Expansionto3'end 1.9 020 125 00 30 1000

Expansionto 5’end 3.7 0.29 1.25

-50.0 80 1400

e w

6o 6 6r 6,

36 500 022 06 0.85 0.7
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Table S7. Parameters for
the factor analysis.
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Gap distribution (5 prime)
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Precision
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