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New PhyloCSF Tracks — Novel Regions
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Novel Region Prediction tracks
Relative to specific GENCODE version

Available for:

— hg38: GENCODE 23, 24, 25

hgl19: GENOCODE 19
mm10: GENCODE M9
galGal4: Ensembl v4.82
AgamP4

One track for both strands: green +, red —

Intensity shows rank

Click for position to be copied into CodAlignView (automate?)



New PhyloCSF Tracks — Splice Predictions
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Splice Prediction tracks

* Use to predict ends of novel regions

* One track per strand

* Splice donors: green, Splice Acceptors: red
* Height indicates prediction score



New PhyloCSF Tracks — Example
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PhyloCSF predicts novel coding exon on chicken chr5.
Strong splice predictions on + strand near start and end
In this case, EST evidence confirms prediction
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Extensive identification and analysis of e
conserved small ORFs in animals

Sebastian D. Mackowiak', Henrik Zauber', Chris Bielow ', Denise Thiel’, Kamila Kutz', Lorenzo Calviello',
Guido Mastrobuoni', Nikolaus Rajewsky', Stefan Kempa', Matthias Selbach’ and Benedikt Obermayer”

e Searched for novel conserved ORFs 8-100 AAs

— human, mouse, zebrafish, fly, worm
* Primary tool: PhyloCSF
* Found about 2000, including 831 in human
— lincRNA: 354
— 3’-UTR: 229
— 5’-UTR: 118
— Other: 130
 Confirmed a few using mass spec and riboseq
* Considered stop codon readthrough and pseudogenes
* Analyzed properties of novel peptides




Are these real novel conserved sORFs?

 We focus on the 831 found in human
* Principles apply in other species as well



Mackowiak Pipeline

Search for every ORF 8-100 AAs in every frame in:
— GENCODE v19 coding and noncoding transcripts
— 2 other lincRNA databases

Exclude pseudogenes and overlaps with annotated coding regions
Extract alignments using 46-vertebrates (hg19)
Classify using SVM

— Features:
* PhyloCSF (most informative feature)

* Frame conservation ~ —
* Nucleotide level conservation profiles at start and end ﬂ M

— Training sets:
* Positive: annotated Swiss-Prot sORFs with PhyloCSF >0
* Negative: sORFs in GENCODE noncoding transcripts other than IncRNAs
— Cross-validated performance on training set:
* 1-5% false negative rate
* 0.1-0.5% false positive rate




Examined 20 chosen at random

* 1 looks good (has since been annotated)
* 19 are clearly not conserved coding ORFs

— No alignment beyond apes (4)

— Poorly conserved ORF (10)

* non-conserved start and stop, internal stops, frame shifts

— Antisense (1)
— Pseudogene (1)

— Real coding but ORF extends upstream of ATG (2)

Human_aa M D R v D R E I A K v E Q Q I L K L K K K Q v K v F A *
Human ATG GAT CGT GTA GAT CGA GAA ATT GCA AAA GTA GAA CAG CAG ATC CTT AAA CTG AAA AAG AAA CAA GTA AAA GTC TTT GCC TAA
Chimp ATG GAT CGT GTA GAT CGA GAA ATT GCA AAA GTA GAA CAG CAG ATC CTT AAA CTG AAA AAG AAA CAA GTA AAA GTC TTT GCC TAA

IntronPred <2

TCONS_12_00016218_chr20:25733316-25733399:+

Human aa M § T R P L O H F Y S Q@ R C T R *
Human ATG TCA ACC AGG CCT CTT CAG CAT TTT TAT AGT CAA AGA TGT ACA AGA [RG
Bushbaby ATG GTG GCC CGG CCT cTT CAG cAT TTT AGT TGA TGT aca FE8

Rat ATG TCA AGG ccT CTT AR cat TrT HRE AGE can O F6E TC- ——- ———
Kangaroo_rat ATG TcA [&felg BGA cCT CTT cAG cAT TTT HAGC BEE caa [FEN Ter [ aca [HEE
Guinea Pig ATG TCA CCT CTT CAG CAT TTT flepy AGE caa [Ter) fTN fTele aca
Rabbit ATG TCA ACC AGG CCT CTC cAG caT TrT Hlfl BEH cAa aca Tcr HEH B8 tce

Pika ATG TCA [Efel] AGG [Sil§ CTC CAG GAT TTT TAC AGT TAA AcA TGT ICT ACA TGA

Cow ATG AGG CCT CAT TTT AGT caa [8o TeT

cat ATG TCA A—c RS c. . ... L. L L L,

Megabat [Efe] TCA ACC AGG CCT Gald] CAG CAT TAA AGT CAA [o8 TGT el AGA

Hedgehoq [Eile| pbte) (e [Nk cCT ... ... 07T Tcc acT [CAG [N TcT ek Aca [N
shrewh.. ... o o Lo L L. L. oo [IEe AcT cA- AGA TA- TCT AAA CAG

Rock_hyrax ACC TGA el CTT CAG CAT TTT acT caa [8ea Ter [l Aca

Tenrec ATG [CT ACT CCT TTT CAG CAT TTT [[AG AGT CAA TGA TGT ACH AGA

Armadillo ATG TcA BGH AGG €EE CTC CAG CAT AGT caa [He TeT [l Aca
IntronPred 1>

ENST00000321521_chr5:102544888-102544938:+
11



What went wrong?

False Positive rate 0.1% - 0.5% not low enough
— | estimate >750,000 ORF candidates
— ->750 - 3750 false positives
— No reason to expect any of their 831 positives to be real
— Probably set cutoff using MAE, but should have used weighted MAE
Did not exclude ORFs with low alignment depth
— PhyloCSF score is not meaningful without enough alignment
No pseudogenes in SVM training set.
No antisense regions in SVM training set.
No regions starting at downstream ATGs in SVM training set.
— Some of their sORFs are part of longer novel coding regions
Did not check individual regions for stop codon readthrough
— At least 3 of their sORFs are known readthrough regions

Used PhyloCSF strategy “omega” instead of more accurate “mle”
— Fewer than half of their sORFs have “mle” score >0



Example: pseudogene

Mackowiak ORF
i

Human_aa'MRYLHHHHFPPGCLKFQNCVVDRCFVLKVTDHGYAEPLDT*‘QDPQPWPAPE
ancestor GTG CGG TAT CTG CAC CAT CGA CAT TTC CCT CAT GGC CGC CTC AAG TCC CGA AAC TGT GTG GTG GAT GGA CGC TTT GTG CTG AAG GTC ACT GAC CAC GGT TAT GCA GAG CTC CTG GAT GCT CAG CGG GCT CCC CGC CCC CGG CCA GCC CCA GAR
Human ATG BGG TAT cTG cAc BAG N8 cAT TTC CCT GGC CTC AAG AAC TGT GTG GTG GAG XX\ [Iele TTT TG 888 AAG GTC ACT Gac BAE GGT TAT Gea cac crc GAd ¥ FRE ¥ % ccc ccc &8 cea Gee cea Gaz
Chimp GTG BGE TAT CTG cAc GAG [IN8 caT TTC coT [Hel cac CTC AAG AAC TGT GTG GTG GAG TTT GTG @6 AAG GTC ACT GAC GAT GGT TAT GCA GAG [Jo8] rac cce cce cca cee 868 car
Rhesus ATG BGE TAT cTG cac GAC Tca Iel TTc cor [e ccc e cTc AAG Tcc [E¥) AAC TGT GTG GTG GAG N8 TTT GTG TG AAG GTC ACT GAC GAT GGT TAT GCA GAG [Hed cTc A Yol cac B8 cer cec ¥ ccc cca cee (866 car
Tarsier ATG g TAT GTT [¥Ne CAT CGA CAT TTC cCT GAG GGC CTC ARG TCC CGA AAC TGT GTG GTG GAG el cGe TTT GTG CTC AAG GTC AcT GAC CAC GGC TAC GCA GCA CTC €6 GAA GCT CAG €6G GET cec Tea (ccc T6e Tea Ged cTa Gaz
Mouse_lemur ATG CGG TAT CTG CAC CAT CGA [ep] TTC €6 BAG GGC CGC CTC AAG TCC CGA AAC [IGE GTG GTG GAG B&H cGe TTT GTG [GTE BAR GTC ACT GAC CAC GGT TAT GCA [Hel cTC TG GAE GCT caG ¢GG GeT [BEA €8A ccc cGG cCa G CCa GAR
Bushbaby ATG CGG [BAG CTG CAC cGA TTC CCT CAT GG CGC CTC AAG TCC CGA AAC TGT GBE GG GAC X [FN8 TTT ¢ [6H¢ BAA cTc BEE cac [GAT caT TAT Gea [l CTC CTG GAT GCT CAG GeT cce cce cca [E8 cca car

TreeShrew ATG BGG TAT CTG CAC CAT CGA CAT TTC CCT CAT GGC CGC CTC AAG TCC G8G AAC HGE GFA GTG GAT GGA cGe [l GTG CTG AAG GTC ACT GAC GAT GGG MACE GCA GAG CTC CTG GAG IXel8 cAG (GG T [Hlefe Flelsl CCC CGG CCA GCC CCA GAR

Mouse CGG TAT CTG CAC CAT GGG [¥elg Trc (668 [GAE BEE ccc cTc aac Tcc BEE AAC TGT GTG GTG GAG X CGC TTT GTG [GHE AAG AcT GAT GAT GEE TAT GCA GAG cTG Jeb [er fuetel BGE ccc CCA GCC CCA GAR
Rat I CGG TAT CTG CAC CAT CGA CAT TTC GG cAT BGE cGe cTC AAG Tcc BEE AAC TGT GTG GTG BAG Xl CGC TTT GTG [GHE AAG ACT GAC AT GGT TAT GCA GAG crG [T FEe AGE ccc [F¥E 666 cec cea Gar

Kangaroo_rat ATG CGG TAT CTG GAW CAT CGA CAT TTC GGG GAC GGe €&H cTc AaG [T BEE AAC TGT GTG GTG GAT GGG CGT ITE GTG [€HE AAG GTC ACT GAC CAC GGT [FAG Gea [9) crc 6Fa [B¥E ceT cac cGe cce cce cca 668 cca car
Guinea Pig ATG CGA AC 6 CAT EAC cca [GAC TTc BEE caT Gee cae cTc AAG Tcc BEE AAc TGT BEA GTG GAT [GGE cGC TTT GTG Bl AAG GTC ACT Gac [lF¥e BEE TAT BEH cac cTc cTe [F%) GEE cac X 66T B ccc cca [l cca car
Squirrel ATG CGG TAT CTG GAT GAG [F¥ CAT TTC ccT BAG GGC CGC CTC AAG TCC BBE AAC TGT GTG GTG GAT GGA CGC TTT GTG GG AAG GTC ACT GAC CAC GGT TAT GGG GAG CTC CTG GAT GGG CAG
Pika ATG CGG TAT CTG CAC CAT CGA [GAG TTC CCT CAT GGC CGC CTC AAG TCC RGA AAC TGT GTG GTG GAT (866 66T TTT GTG BTE AAG GTC ACT [GAT GAT GGE TAT GCA GAG CTC CTG GAT GCT GAR [FXd ccT 666 [66A ccc CCA GCC CCA GAR
Alpaca GTG TAT CTG CAC GAG [F¥e] CAT TTC CCT CAT GGC crc AAG 8] TGA AAC TGT GTG GAT GGA [l TTT GTG [GTA AAG acT cac [INd cer ARG [GEE cac cTc crc GAG A cac Ger (666 e ccc [BEA cca cee cea car
Dolphin GTG [fgl§ TAT CTG CAC CAT B8E CAT TTC CCT CAT GG [l CTC AAG TCC TGA AAC TGT GTG GTG [Hel GGa el TTT GTG CTG AAG GTC ACT GAC CAC GGT TAT GCA GAG CTC CTG (GAG [¥el cac [felsl ccT cce cae ccc caa cea Gec B6@ car
Cow GTG CGG TAT [GHA CAC CAT TTC CCT CAT GGC CGC CTC AAG TCC [0 Aac [i6€ e o [ GEE [Ielsl TTT GTG CTG AAG GTC ACT GAC CAC GGT TAT GCA GAG CTC CTG GAT GCT CAG BGE ccT ccc cac ccc [I¥8 cea Gee cca car
Horse GGG [CGG [TAT CTG CAC CAT CGA CAT TTC CCT CAC GGC CGC (TC AAG [TCC CGA AAC CGT G-- GTG GAT GGA CGC TTT GIA CTG AAG GTC ACT GAC AT GoT [FAE 668 cac cTc cTe [F¥E et cac [ e ccc cae S8 cce cca Gar
Cat ATG CGG TAT CTG CAC CAT CGA CAT TTC CCT GAG GGA CGC CTC AAG TCC CGA AAC TGT GTG GTG GAT [B8@ cGC TTT GFH GTE AAG GTC ACT GAC GAT GGT TAT GCA GAG CTC CTG GAG [EhB] CAG CGG GCT CCC CGC CCC CGG CCA GCC CCA GAR
Dog ATG BGE TAT cTG cac cAT BEE cAT TTC ccT GAE GGC CGC CTC AAG TCC CGA AAC TGT GTG GTG GAT GGA CGC TTT [GIH GTG AAG GTC ACT GAC GAT GGT TAT 66 GAR CTC CTG GAT GCT CAG CGG GCT CCC CGC CCC CGG CCA GCC CCA GAR
Megabat GTG CGG TAT CTG CAC CAT [&i¥) CAT TTC CCT CAT GGC CGC CTC AAG TCC CGA AAC TGT GTG GTG GAT GGG CGC TTT GTG GTA AAG GTC BGE Gac BAT GGT TAT GCA GAG cTC TG BAG INeh CAG CGG GCT ccc cGe ccc cGG cca [Bild cea car
Hedgehog ATG GG TAC [FTA cac BAE coa BAE TTc ccT GAE GGC cGe CTC AAG TCC B8E AAC TGT TG (GTA GAC I8 ccc [F¢ GTA cre aac [Nle AcT Gac cac 666 B cTC CTG GAT G6E CAG CGG GCT ccc BEE cce Gee 6ee
Shrew[ehie GGT TAC CTG CAC CAT GGG GAE TTC CCT CAT GGC CGC CTC AAG TCC MGG AAC TGT GTG GTG GAG GG cGC [ITE GTE CTG AAG GTC ACT GAC [7Ne GGC TAC [ee [Elee CTC CTG GAT GCT CAG 66T T ccc cac [Hek CGE fivg cec 666 car
Elephant GTG CGG TAT CTG CAC CAT €8 CAT TTC CCT CAT GGC CGC CTC AAG TCC B8E AAC [Nelé] ATG GTG GAT GGA CGC TTT GTG CTG AAG GTC ACT GAC CAC GGT TAT GG GAG CTC CTG GAT GCT AR cGG GeT ccc s ccc cac cca g cca car
Rock_hyrax GTG [&8 TAT CTG GAT EAG €&H caT TTc ccT BAE BEA cac crc [I¥E FEA EEE Anc TGT GTG GTG GAC GGGE [MN8 TTT GTG CTG AAG GTC ACT GAC CAC GGT [Jel] ATG GAG CTC CTG GAT GCT [ GCT ccc cca Gee cca GaG
IntronPred <7 4> 5> 4> <3 4> 0> 0>

ENST00000525328_chr11:76423734-76423856:-

 Coding appears to continue beyond recent stop codon
* Looks like a unitary pseudogene
* Transcript ENSTO0000525328

— lincRNA in v24
— transcribed pseudogene in v25
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Example: antisense

1 Mackowiak ORF

HumanﬁaaPDLTSLYWPAVAP'MACWMLRMLPPGPTSREVPVSRMA*QPPSQATTTPSMF
ancestor CCT- GGC CTC ACC TGG CCA TAC TGG CCC TGT GTG GCT CCA ATG ACC TTC TGG ATG TTG AGG ATG TCG CTG CTG GGC CCA ACC AGC AGG GAG GTG CCT GTG TCC AGG ATG GCC TGA CAG CCA CCA TCA CAG GCC ACC ACC ACA CCA TCG ACG GT
Human ccT- [B%§ cTC ACC TAC TGG cCC GTG GCT CCA ATG TGG ATG TTG AGG ATG C GGe [BE8 ACC AGC AGG GAG GTG [BEE GTG TCC AGG ATG GCC TGA CAG cca [B8@ Tca caG ee Acc acc BEE 666 FEa aTc At
Rhesus CCT- GGC CTC AcC e TAC TGG [GCH [ GTG GCT CCA ATG % GG ATG TTG AGG [Xele [iCA cTG GGe (868 acc ace ace [¥¥E aTG BEE GTG TCC AGG ATG GCC TGA CAG cca B8 Tca caG ec Acc acc BEE cca TCG ATG GT
Mouse_lemur (Yool ccc GFH acc [ 666 el TGe ccc GTG GCT CCA ATG TGG ATG [EI) AGG ATG CTG CTG GGC CCA ACC AGC ATG GAG GBIl GGG GTG TCC AGG ATG GCC TGA CAG [eg
Bushbaby [lo
Mouse CCT ACC TGG B9 TG 66m mee F e cea aTc BeT fes Tea TTG AGG ATG BET Gce 6ee
Rat cc- [S8 68 Acc Tee 766 ccc [H88 [ e cca AT Tca 9 r76 AGG ATG SR cec 66 B8 acc ace [ 616 ceT 6o Tec BER I GEA [ cac cca B8H Tea BB cec acc acc
Kangaroo_rat CCT- GGC CTC ACC TGG CCA TAC TGG CCC TGT Gl GCT CCA ATG TTC TGG ATG BT6 AGG ATG BT TG cTG GEA cca [Hds BET ace GAG- ccr [@¥%8 rcc ace [M cec caG (668 cca TcA
. Guinea_PigGCTS GEA CTE ACE TGE CCA TEE FEE CCT 6T 6T GE¢ 6CA ATE Gea F6d 66 —16 Trc [Hee aTc HEE FE cTc - cca [XeH ace AGG 6aG B ceT 6T BRI acc ATc GEA B cac 88 cca [ cac cec BEH acc aca cca [Sis BEH o1
IVI a C koW I a k O R F Squirrel ccT- [N CTC ACC TGG CCA TAC TGG GEG cce § rce [T TG Ace ATG TcG 8 erG Tcc [BGA ATG Gec
Rabbit CTGE Gac B8 acc [l cca Tac [

Sy ATG GT

caG cca 66T Tea GAR cec acc BEH N coa i

AGG GrG cct ¢Te Tcc BeA [N

Pika ccca cac XS acc [l AG GCC ACC AcC o --- eI
Dolphin [feiM GGC CTC ACC CCA TAC TGG TGT GTG GeT 686 AT Ul8 TG ATG @8 AGG ATG iEH CTG CTG GGe 688 ACC AGC ATG GAG GTG 688 GTG TCC AGG ATG GCC TGA CAG CCA CCA TCA CAG GCC ACC ACC ACA CCA [Hld ATG GT

[666 c1c acc TAC TGG B8 TGT GTG GCT CCA ATG % TGG ATG TTG AGG ATG TCG CTG CTG GGC B8E ACC AGC GAG GTG (666 GTG TCC AGG ATG GCC TGA CAG CCA 888 TCA CcAG cee BEA Acc Ach (666 |
Horse GET= G-- CTC ACC TGG CCA TAC TGA cCC TGT GTG [Xei cca [¥lg acc TGG ATG (66 AGG ATG CTG CTG GGC CCA ACC AGC GrG [ GTG TCC ATG GCC TGA CAG TAA [Shl8 TCA CAG GCC ACC ATG ATG ccA [Ha

Cat CCT- GGC CTC ACC TGG CCA TAC GTG GCT CCA ATG [008 G008l TGG ATG TTG AGG ATG TCG CTG GFA GGC CCA ACC AGC ATG GAG GTG CCT GTG TCC AGG ATG GCC ]

Dog B6AH Gec cTc acc cca |8 T TGT GTG GCT CCA ATG TGG ATG TTG AGG ATG TCG CTG [ii§ GGC cca acc acc B GAG GTG CCT GTG TCC AGG ATG GCC TGA CAG CCA CCA TCA CAG GCC ACC ACC ACA cca [iie ACA GF
Microbat 66 16E CT¢ Ac- ATE ECA -Ac T6- TTC TTT GTG ~cc €66 ATE —cc [P Toc ATc BHE Ace ATG G 676 G- 668 Acc acc ATc ~AC BTG CTT 676 Tec AGA ATE —cc Tea CAG 66e 66 1A CAG ~cc acc acc A-G [66@ TAG Acd c1
Megabat ccT- G8A cTc acc CCA TAC TGG GrG GEA 666 aTc TGG ATG TTG AGG ATG [GA CTG CTG GGC CCA ACC AGC ATG GAB GTG CCT GTG TCC AGG ATG GCC TGA CAG CCA CCA TCA CAG GCC ACC ACC ACA 666 [iGA AcG GT
Hedgehog [S0H e (666 acc [TV BGH cac A ccT GTG TCC AGG ATG [GOM BIeld CAG CCA CCA TCA GCC ACC ACC ACA CC;
Elephant CCT- GGC BTl ACC TGG CCA TAC TGG CCC GTG GCT CCA ATG ACC TTC TGG ATG I8l AGG ATG TCG GGe cea [l AGC AGG GAG GTG CCT GTG TCC AGG ATG GCC TGA [GAR 666 cca Tca BAR 66H acc [¥¥8 aca CCA-- &1
Rock_hyrax [ [l cTC ACC TGG ccA TAA [ CCC TGT GTG GCT CCA ATG ACC TTC TGG ATG TTG AGG IS Gae cca [N FRTe FiTE GaG GTG BE8 GTG TCC AGG ATG GCC TGA CAG CCA CCA TCA CAG Gec HGG BeH e cca fi6A ATc 61

Tenrec (Y0l GGC CTC ACC TGG CCA TAC TGG ccC [ifel GA GCT CCA ATG ACC TTC TGG 7rc B8 ate Tcc o M8 cac B8E Acc ace acG Gac GTG B8R GTG TCC AGG ATG [BEE TGA CAG cCA cca 8 CAG GCC ACC ACC ACA--- G1
Armadillo CCT- GGC CTC ACC TGG 666 TAA [¥H ccc T6T 616 GeT 666 ATG Acc TGG ATG TTG AGG ATG TCG CTG CTG GGC GEG [8 AGC ATG GAG GTG BEE GTG TCC AGG ATG GCC TGA CAG (666 666 MEE cac Gee acc acc HEE e e ace 61
IntronPred 7> 1> 2> <4 2> 1>

ENST00000457402_chr1:111032091-111032165:-

Human_aa I L 8 T F G S vV IIDGVJVVaACODTGT G CG QA ATITLTDTTGTSTLTILV G PG G VNTITULDNTIG QG QATITGA AT A
ancestor C ATC CTG TTT ACC CTC TGC AGT GTC ACC GTC GAT GGT GTG GTG GTG GCC TGT GAT GGT GGC TGT CAG GCC ATC CTG GAC ACA GGC ACC TCC CTG CTG GTT GGG CCC AGC AGC GAC ATC CTC AAC ATC CAG AAG GTC ATT GGA GCC ACA CAC
Human C ATC 06 [00) ACC M acr cTC GTG GTG GTG GCC TGT [GAB GGT GGC TGT CAG GCC ATC CTG GAC BEE GGC ACC TCC CTG TG BIE coc (CoT [He [Hee [XXe ATC CTC AAC ATC CAG [OXe [Hed ATT Gea ccc HeH S
Rhesus C [8 cTc [ BEE crc [@8 acT GTC acc AT 66 GTG GTG GTG GCC TGT [BAE GGT GGC TGT CAG GCC ATC CTG Gac B cee cT6 cTc BHE cc (688 [ B cac TC AAC ATC CAG [Xe [S8l ATT GGA e BEH|
Mouse_lemur C ATC CTG [&h acc cTc Tec acT Fols acc GTc GTG GCC TGT TGT CAG GCC ATC CTG GAC BEG BGH ACC TCC ATG CTG GTT GGG ccC Acc [Xee [Ue arc 6 [Xee atc cac [Xele M8 AT Gea cec aca RN

Bushbaby werliedliilace e accleackled aan|caTfeilepeleRehvel clel ] TGA GGT GGC TGT CAG GCC ATC CTG GAC ACA 88 Acc TcC cTG e[S ec (6o X Fe cac atc ATC CAG AAG [H88 ATT Gea cec BET [
Mouse CTT CTA TTT AAT TTT CTA -GG 1 GAC ATC CT AG GTC ATT GGA-

c
Rat /¢ CTT CT6 77T CAT CoT CCa -cc [N Aca FTTe [V % BN -- CTG GAC Aca Gec BEH [ crc cre [ e - A cac aTc cTC -- cac ATT Gca GET S cac
Kangaroo_rat |G
wesleda i oLl aer e BEd cre [ ceT GTG-GTGGCC TGT-GGC-GCCATC-ACAGGCTCC CTG-

Antisense cuines s

- ccc ace [¥¥8 cac atc AAC A-- [GCG CAT GEC ATT GGG GCC AcA caz

| CTC CT6 GTT Acd 6T CTA -6G [N acc [XT [868 616 616 GTG Gee TGT GAT GeT GGc B8 cac cec BEE cTe cac BEE cee BEE Tcc cTe cTe GeG (66T X N8 cac aTc crc [¥¥8 atc cac [FXE [Eed BFE cea cee acafd
Rabbit G crG
pika C crc [ENd acc crc Tec I8 erc e 66 GAC 666 B8 e cre cec [ied V¥ B ccc &8 cac cec ATc cTe cac BEE cee BEH rcc BHE cre orT cee coc [BX8 BEE cac atc I ATc cac S [ ATt (666 ccc REE BN
Dolphin ¢ arc GEA TrT MY cTc Toc acT Gre Acc FETS [l GGT GTG GTG GTG GCC TGT GAT GGT GGC TGT CAG GCC ATC CTG GAC BBE ec Acc Tcc ATG cT6 B GG ccc acc BEH cac atc B aac ATc caG ATG [H88 AEE GGA GCC ACA CAC
Cow C CTC TGC AGT GTC ACC & ceT e @FH cTc cec e [I¥E GGT GGC TGT CAG Gee ATC CT6 GAC BEE cec Acc Tec [B¥ cre BEE GGG CCC AGE AGC GAC ATC CTC AAC ATC CAG [N [Sdl8 ATT GGA GCC ACA CAC
Horse| = [ cac HEE F¥XE acc CTG GTT GGG CCC AGC AGC arc crc [X8 ATC CAG ATG GTC Gca [88 Aca cac

GTG GTG GTG GCC - GAT GGT GGC - CAG GCC ATC CTG GAC ACA GGC ACC TCC ATG CTG GTT GGG -AGC AGC GAC ATC CTC AAC ATC CAG

T ATT GGA Gec BEE cac
T CTG TTT cre Tec --- el ] GGT GTG GTG GTG GCC TGT GAT GGT GGC TGT CAG GCC ATC CTG GAC ACA GGC ACC [BGH ATG CTG GTT GGG CCC AGC GAC ATC CTC AAC ATC CAG ATT GGA GCC ACA CAG

Microbat C cra IS c-- (6FC 60 BAG GT¢ ACG 616 TAC 668 ~76 crc T G-¢ [FET GAG 66 E6E 6 AT 6-c ATT 676 GAG AGK AGE AGE T—¢ TG cc [BHE 66~ ~cc AGE A-c [B¥8 arc crc [X atc ¥ Aac G-c ATC GG 6-c ACH BAC
Megabat /€| ATC BTG TCT c-- cTc TGC BEE GTC Acc BT GAC GGT GTG GTG GTG GCC TGT GAT GGT GGC TGT CAG GCC ATC CTG GAC ACA GGC BGH TCC ATG CTG GTT GGG CCC AGC B GAC ATC CTC AAC ATC CAG [Nd [qe8l ATC 6T ccc Aca [N
Hedgehog| = GAT GGT GTG GTG GTG GH TGT GAT GGT Gac 68 6AH Gec atc cTe Gac aca B6M acc [i6H 68 cTc BHE cce 66T BET AGC GAC ATC CTC AAC ATC CAG GTC ATT GGA Gee BEE cac
Elephant| C | ATC TGG cTT -cc [i Tac ---- GAT GGT GTG-- TGT GAT [G8G GET TGT CAG GCC ATC CTG GAC ACA GGC ACC TCC CTG CTG [&ell GGG (GCE [XXe [¥Ne GAC ATC BTf AAC ATC CAG AAG GTC ATT GGA GCC BCG [dee
Rock_hyrax 161 66 F56 FEH ~cc [ Tcc HEE I acc [R3 car GTG GCC TGT GAT GGT GGC TGT CAG GCC ATC CTG GAC BEE GGC ACC TCC GGG (GCA X8 AGH GAH I8 cTC AAC ATC CAG AAG GTC ATT GGA GCC ACA CAG
c
c

Tenrec C ATC TGA TTT -cC --c [@¢ AGd crc BET GGT GTG GTG GTG GCC GG GAT GGT GGC TGT [BAR GCe ATC CTG GAC BET GGC ACC TCC CTG CTG GIE GGG GCH [He Acc GAc BT crc BAT ATc cAG AAG GTC ATT A BEH Aca [N
Armadillo| € BGG GEE GEE ~cc cTe TGC AGT GTC Acc GG GTG GTG GTG Gec [i6d BAE BEE e TGT CAG Gee ATC CTG GAC BEE GGC ACC TCC ATG CTG [Hel8 GGG CCC AGC AGC GAC ATC CTC AAC ATC CAG crc BBE cea Gee aca cac
IntronPred <1 3> <3 3> 3>

ENST00000457402_chr1:111032091-111032165:-

* Mackowiak proposed ORF:
— many in-frame stops
— poorly conserved start and stop.
e Antisense region is longer and has better score

e Antisense region is now annotated as unitary pseudogene CYMP
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Example: upstream extension

Mackowiak ORF
il

HumanﬁaaVYFVSL*PLKKALR'MMGAPNLISDNLDCGLSYSVISYLKKLSQQVVLV!(TNKQKSFALRSAFPYSLV"
Human GTG TAT TTT GTT TCC TTA [l CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Chimp GTG TAT TTT GTT TCC TTA - CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA

Gorilla GTG TAT TTT GTT TcC TTA [HB CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Orangutan GTG TAT TTT GTT TCC TTA [l CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Rhesus GTG TAT TTT GTT TcC TTA il CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Baboon GTG TAT TTT GTT TcC TTA il CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Marmoset GTG TAT TTT GTT TCC TTA [l CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Tarsier GTG TAT TTT GTT TCC TTA - CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Mouse_lemur GTG TAT TTT GTT TCC TTA B8l CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA ARA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC ARA CAA ARA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Bushbaby GTG TAT TTT GTT Tcc TTA [l CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
TreeShrew GTG TAT TTT GTT TcC TTA [l CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA ARA CTC AGC CAA CAG GTA GTA TTG GTA AAA [el| AAC ARA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Mouse GTG TAT TTT GTT TcC TTA [l CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA U8 AAC Ara [] AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
GuineaﬁPig GTG TAT TTT GTT TCC TTA - CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT - GTG TAA
Rabbit GTG TAT TTT GTT TcC TTA [l CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Alpaca GTG TAT TTT GTT TCC TTA BB CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC ARA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Dolphin GTG TAT TTT GTT Tcc TTA il CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GEA TAA
Cow GTG TAT TTT GTT TCC TTA BBl CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA

Horse GTG TAT TTT GTT TcC TTA [l CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA

Cat ses ses GTT TCC TTA - CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA

Dog GTG TAT TTT GTT TcC TTA [Hl CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT (N8 TCT TTA GTG TAA
Megabat GTG TAT TTT GTT TCC TTA [l CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT GE8 GTG TAA
Shrew GTG TAT TTT GTT Tcc T7A [flll CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GG AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GEf TAA
Elephant GTG TAT TTT GTT Tcc TTA [l CCA TTA AAG ARA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA ~AA BAC [TCC TTT GCC CTC AcA AGT GCA T cot TaAT T Ml BHE raa
Tenrec GTG TAT TTT GTT TCC TTA - CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC ARA CAB TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT GTG TAA
Sloth GTG TAT TTT GTT TcC TTA [l CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG GTA AAA ACA AAC AAA CAA AAA TCC TTT GCC CTC AGA AGT GCA TTT CCT TAT TCT TTA GTG TAA
Wallaby GTG TAT TTT GTT HeH Tra B8 cca TTa aaG aaa cea GHE [¥¥E aTG ATG Gea GeT [GEE [0 [0 ara [N [ an EEue %) Bfele GGa CTT AGT TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTT GTA AAT GTA AAC cT- -Aa AAR GAC FTT GTT CTT AAA ArT GTa TTT —TT TAT TCA CTA ATT TCA
Opossum[Sele ftel TTT GTT Tcc TTa [lB cCA TTA AAG AAA Gea BTG RGA FUNE ATG GGA GCT CCA AAT ara Tca [B¥ aar Tra BRI RE Gea cTT AGT TAC AT BHE ATC GG TAC CTT AAA ARA CTC AGC CAA CAG GTA GTA TTT GIC AAT GIC AAT GA- -AA AAA Gec il B8 CrT ACA AGT GCc TTT CTT TAT Tea TCA AC GAA

Platypus GTG TAT TTT GTT TCC TTA - CCA TTA AAG AAA GCA CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG AAA === === === === === =CC TTT GCC CTT AGA AGT GCA TTT TCT T-T TCT TCA GTA AAA
Chicken GTG TAT TTT 7cc 72 [l cca TTA AAG AAA BEB CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG AAA === ———-o- -—— - Lcc [T7T GCA ATT AGA AGT GG TTG ~-- -AT TAT ITA GIT T-G
Zebra_finch GIG TAT TTT rcc Tra B8 cca TTA AAG AAA B8 CTA AGG ATG ATG GGA GCT CCA AAT CTG ATA TCA GAT AAT TTA GAT TGT GGA CTT AGT TAC AGT GTT ATC TCT TAC CTT AAA AAA CTC AGC CAA CAG GTA GTA TTG ATG AAA —=- ——— ——— ——— ___ _cc [i%7 GCA ATH AGA AGT GEE TTG ——- -AT TAT 174 6FF 1-¢

-cr [T 6 Tad

Frog .7 BT 67T BT - B8 cca B8 anc ara cea cra BEH ATG ATG Goa BEH coa aaT G aTa HCH [FXE aaT HEHE GAE T G6H cT AcT BAR AcT o R HCA

Tetraodon GF TC . l.ac % (676 ¥ BAE 666 6%6 acc BT atc oa BEE cca BAE crc GaT RAG aTG %8

Fuqu-GTT FEe rca (I8 668 T ARA ARG 666 6T A [F (58 aar At [GAG oT
(6CE mal Al

Stickleback ATT TTC Tcc TcA X Gcce
{6 Aac BAE BEE cTa Acc ATG ATG Gea BEE 666 BAE

Medaka
2ac BAE BEE cTa AGG ATG ATG GGA

-CTTAAA-CTCAGC-CAGGTAGT. L1

zebrafish[Bg TG, l+.u leus AAA cTC AGC [BBB cac 6T, o u Lu . o L e L L L L

anr G50 BT0 arT
LampreyrcuA—TwGM--AAGAAA---MGATG----CTGATA- --TAC--ATCTAC------CAGGT-

IntronPred 9>| ' <6 <3 5> 8>

]
Actual exon

ENST00000493637_chrX:134704382-134704543:+

* Coding signature extends upstream of Mackowiak ATG, and stops at predicted splice

e Splice sites supported by EST

* Novel exon of DDX26B

* Strong synonymous constraint in reptiles, birds, and mammals

* Synonymous constraint lost in marsupials (and in some softshell turtles but not others)

*  We would not have found this one:
— PhyloCSF regions were based on placental mammals

— Synonymous constraint in placental mammals -> low PhyloCSF

— Consider for future: PhyloCSF regions using full vertebrate alignments T



Example: Known stop codon readthrough

Readthrough motif Mackowiak ORF

- . : )

Human aa S E T V P R P A L% v oL p'M VP Vs P g s P S TPINTTETLTQUV T A L
Human TCT GAG ACG GTA CCG CGG CCC GCA TGA CTA GGC GTG GAC CTG CCC ATG GTG CCT GTC AGC CCG CAG AGC CCA TCT ACG CCC AAC ACA GAG CTC ACA CAG GTC ACT GCT cTc [iRg
Rhesus TCT GAG ACG GTA CCG CGG CCC GBE TGA CTA GGC GTG GAC CTG [G6T ATG GTG [BEE GTC AGC CCG CAG AGC CCA TCT ACG cCC AAC BEE GaG cTc aca BB crc acT cer crc Flg
Mouse lemur 6@ GAG BEH GTA cCG cGG BEE GCA TGA CTA GGC GTG GAC CTG CCC ATG CCT GTC AGC [GCA caG Acc 88@ FEE acc ccc aac BEE cac cTc BEE cac cTc acT Gee crc FRE
Bushbaby TCT GAG BGH GH¢ GEA ccc 86T Gca TGA CTA GGC GTG GAC CTG CCC ATG GTG CCT GTC AGC CCG CAG AGC CCA TCT BGA cCC AAC ACA GAG cTc BEE cac [@FT acT BEE crc FRE
TreeShrew sss ves oo L L L. . leTe 6T6 cc- BT Ace cce caG ace (666 TEd BEA ccc aac BEE cac crc BEE caG GTC ACT GeT crc HRg
Mouse TCT GAG BRCA GTA- cGG - GCA TGA CTA GGC GTG GAC CTG CCC ATG GTG CCT GTC AGH [GCA cAG Acc cca TcT BEA ccc aac BEE cac cTc aca cac 6T acT et crc [lE
Rat TCT GAG BCGA cTA BGA cGG [GGA GCA TGA CTA GGC GTG GAC CTG GET ATG GTG CCT GTC AGC [GCA CAG AGC CCA TCT BGA ccc aac - GAG CTC ACA CAG GTC ACT GCT CTC [HRG
Kangaroo_rat [fCH GAG BEE cTa €6 cec [6ER ea Tea cTacee .. Lo Ll Lol L, | 1 1
Guinea Pig GAG BEA cTa [€6H cGG CCC GCA TGA CTA GGC GTG GAC Gl CCC ATG GTG CCT GTC AGC [GGA CAG AGC CCA TCT - - AAC ACA GAG CTC ACA GBR GTC ACT GCT --
Squirrel TCT GAG BGA BHE cCG CGG CCC GCA TGA CTA GGC GTG GAC CTG CCC ATG GTG [GEE GTC AGC [EGA cAG AGe cca 8 AcG ccc aac BEE cac crc BEE cac GTC AcT cer GT6 HRE
Pika [dlefe| [N AGA 6TE [GCA ccc 66T cca TGA CTA GGC GTG GAC CTG ccc ATG [dee 6ea FNld AGT 666 cac acc cca [FEE BEA ccc AAC ACA GAG CTC ACA CAG GTC ACT GCT CTC MR
Dolphin TCT GAG ATG GHG GCA cGG 666 GCA TGA CTA GGC GTG GAC CTG CCC ATG GTG CCT GTC AGC CCG CAG AGC ccA [iG6 BEA 6EA aac BEE cac crc BEE cac erc BEE ceT crc [FRE
Horse TCT GAG BGA GTE ccG cGG [E6H GCA TGA CTA GGC GTG GAC CTG CCC ATG CCT GTC AGC CCG CAG AGC (GG HCA BEA ccc aac BEE cac crc [BEE cac 6T acT GEE crc [FlE
cat TCT GAG BGA GTA BEA CGG CCC GCA TGA CTA GGC GTG GAC CTG CCC ATG GTG CCT GTC AGC [GCA CAG AGC GG e ACA ccc aac BEE cac crc BEE cac cre act cer cre FlE
Dog TCT GAG ACG GG CCG CGG CCC GCA TGA CTA GGC GTG GAC CTG CCC ATG GTG [6GE GTC AGC CCG CAG AGC GGG EA AcG ccc AAc BEE cac crc [BEE cac cre BEE cer cre [FlE
Microbat [6H GAG AcG BHE ccc BEE 66T GCca TGA CTA GGC GTG GAC CTG CCC ATG GTG [BEE GTC AGC CCG CAG AGC 6Ca EA AGA ccc aac BEE cac cTc BEE cac cTc acT cer crc FEE
Megabat [f€E GaG BEE BFE ccG CGG CCC GCA TGA CTA GGC GTG GAC CTG [GEH ATG CCT GTC AGC CCG CAG AGC 666 [BEA AcG ccc aac BEE cac crc [BEE cac GTe acT GEE crc [FlE
Hedgehog [TCC [7Xe [Helel GTG GEE BGE ccc 8@ TGA CTA GGC GTG GAC CTG (GOT Bl [efelel CCT GTC AGC CCG CAG AGC --- ccc aac BEE cac cTc aca cac cTc GG GEA crc FRE
Shrew-ACG--CCCTCCTGACGCCCCCCGGAC——GCCTCCAGGGCCCCCCGGCCCGCAGAA L L1 1L 1 1
Elephant [IA cac BGA GFE cce cee 88T cea TGA CTA GG GTG GAC CTG ccc [Bilg GTG cCT GTc BGH CCG CAG AGC (666 [FEE AcG ccc AAC - GAG CTC - CAG GTC - cer crc FE@
Rock_hyrax [fCA cac [8ie 686 cce cce (66T GEE TGA CTA GGC GTG GAC CTG ccc [ ccT GTC AGC [6GA caG AGC BE@ TCT ACG CCC AAC ACA GAG CTC ACA CAG GTC BEG er crc [ilg
IntronPred <7 5> <1 3> 4> 3> <3

ENST00000349451_chr20:62730171-62730239:+

 Mackowiak ORF in known readthrough region of OPRL1
 Readthrough motif TGA-CTAG is perfectly conserved
 ATG is not perfectly conserved
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How many are true novel sORFs?

Looks at alignments for 152 most promising

— 25 real sORFs
e 20 in lincRNAs
* 5in5-UTRs
* 0in3’-UTRs
— 18 maybes
Unlikely to be very many in remaining 679

Conclusion: a few dozen novel sORFs
— Some additional novel coding regions, that are not sORFs

Havana group looked at many lincRNAs, with similar
conclusion

— They had found most of the novel sORFs independently



Next steps

This needs to be corrected:
— Contradicts GENCODE count of protein-coding genes
— We should make PhyloCSF issues explicit

Several paragraphs in protein-coding genes paper.
Pubmed comment

Contact the editor

Contact authors.

Does anyone know these authors at Max Delbruck
Center for Molecular Medicine in Berlin?

— Sebastian Mackowiak
— Benedikt Obermayer
— Nikolaus Rajewesky



Summary

* New PhyloCSF browser tracks
— Novel coding predictions
— Splice predictions

e 100s of novel conserved short ORFs?
An analysis of Mackowiak-2015.

* A proposal for discussion:
Ranking IncRNAs by coding potential



Discussion with John Rinn

Controversy about whether lincRNAs are coding continues
— Some are claiming a large fraction are coding

GENCODE is perceived as oblivious to the controversy

He suggests:

— Determine best PhyloCSF-based metric for scoring coding potential of
lincRNAs (mouse and human)

— GENCODE annotations will include rank for every GENCODE lincRNA

— Publish a letter about this

— Provide a tool for others to score their own lincRNA transcripts

— Researchers interested in novel coding regions will look at top of list

— Researchers interested in non-coding regions will look at bottom of list

Thoughts?



