Searching for Transcription Start
Sites in Drosophila
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@ Transcription start sites (TSS) annotation goals
@ Promoter architecture in D. melanogaster
@ Challenges with TSS annotations

@ Use RAMPAGE data and blastn searches to define
TSS Position and Search Regions for D. kikkawai

@ TSS annotation protocol for D. willistoni
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@ Transcription start sites (TSS) annotation goals

Goal: identify factors that enable expression of F
Element genes in a heterochromatic environment
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Riddle NC, et al. PLoS Genet.
2012 Sep;8(9):e1002954.

Use comparative genomics to identify factors that
enable gene expression on the expanded F Element
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Modified phylogenetic tree based on
Figure 1ain Chen ZX et al., 2014

D. ananassand D. melanogastérElement
genes showsimilar range of expression levels
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The human insulin promoter contains
multiple transcription factor binding sites
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Transcription factor binding sites

(motifs) are short and degenerate
Motif derived from human CREM ChIP-Seq data
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Futility theorem: difficult to find functional
motif instances in the entire genome

@ Proposed by Wasserman WW and Sandelin A
@ Nat Rev Genet. 2004 Apr;5(4):276-87

@ Most motif instances in the genome are false positives
@ Multiple testing correction reduce power to detect
biologically interesting motifs as the search space increase

« Does it make sense to scan an entire genome with transcription factor motifs using FIMO?

This is probably a bad idea for several reasons, and it may be preferable to focus on shorter regions
such as promoters, enhancers or ChIP-seq peak regions. Also, if you have them, FIMO can make
use additional sources of information, like DNAse hypersensitivity, to help distinguish chance
matches from the biologically significant ones. More information about that is available in the
FIMO d about using position-specific priors.
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TSS of F Element genes show lower
levels of H3K9me3 and HP1a

Active genes
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phyloP conservation scores surrounding
the TSSs ofD. melanogastgenes
-2kb TSS +2kb
phyloP scores for coding regions without introns
% - 1.0
= 8
° § 0.8
S % 06
::0.4
0.2
2 -2.0 TSS TES 2.0Kb
kb TSS *2kb [M#/0)123+- W43)/0)123+ W/0)5 WH/0)6 |

Three strategies for motif finding

@ Multiple genes in a single species
@ Genes with common expression pattern
@ Sequences associated with ChIP-Seq peaks

@ Single gene in multiple species
@ Phylogenetic footprinting

@ Multiple genes in multiple species
@ Compare multiple sequence alignment profiles of
multiple genes (Magma)
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https://jaspar.elixir.no/matrix/MA0609.2/
https://meme-suite.org/meme/doc/fimo-tutorial.html
https://meme-suite.org/meme/doc/fimo-tutorial.html
https://meme-suite.org/meme/doc/fimo-tutorial.html
https://meme-suite.org/meme/doc/fimo-tutorial.html
https://meme-suite.org/meme/doc/fimo-tutorial.html
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Motif finding using multiple genes Motif finding using single gene in
within a single species multiple species
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Computationally tractable to analyze conserved
motifs in multiple eukaryotic genomes
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Based on Figure 1 from Wang T and Stormo GD. PNAS 2005 Nov 29;102(48):17480

15 16

lhuegbu NE, Stormo GD, Buhler J. J Comput Biol. 2012 Feb;19(2):1347.

Species analyzed by GEP students to identi TSS annotation goals for the

conserved motifs on the F Element :
F Element project
1l 45%8 )+ %-

"+ $I&'(+ Species Substitutions per & .

_: 1#2'3/4' D. ficusphila 0.80 @ Identify motifs that enable F Element genes to function
!:#%*%01' . D. eugracilis 0.76 within a heterochromatic environment
i..:;z:g ;_g; D. biarmipes 0.70
1"#4.-$.6%+ D. takahashii 0.65 .
3T, D. elegans 072 % Annotation goals:
IHAEY (+ D. rhopaloa 0.66 @ Define search regionsenriched in regulatory motifs
"#-1)6'&)" D. kikkawai 0.89 = Define precise location of TSS if possible
::#3'337" . D. bipectinata 0.99 & Define search regions where TSS could be found
':iff)“'/u( ' Data from Table 1 of the modENCODE = Document the evidence used to support the TSS annotations

comparative genomics white paper

[l F Element Motif Project
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Strategies for utilizing the
GEP TSS annotations

@ Use TSS annotations to anchor the whole-genome
multiple sequence alignments
@ Multiple sequence alignment is hardP-hard)
@ Example: anchored multiple alignment with DIALIGN

@ Align orthologous promoters to identify conserved
regulatory motifs:

@ Examples: EvoPrinterHD, ProCoffee

@ De novand discriminatory motif discovery

@ Analyze TSS search regions to identifgver-represented motifs
@ Examples: MEME Suite, HOMER
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RNA Polymerase II core promoter
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Basal transcription initiation factors binding sites
enriched in peaked D. melanogasteore promoters
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@ Promoter architecture in D. melanogaster

Peaked versus broad promoters

Peaked promoter Broad promoter
(Single strong TSS) (Multiple weak TSSs)
50-300 bp
TFID ———
m L = =
Unit
. Binding site for a sequence-specific
promoter-binding factor such as Sp1
TFID — [] 10 or Inr-like sequence
TmRNA

Kadonaga JT. Wiley Interdiscip Rev Dev Biol. 2012 Jaifreb;1(1):4651.

22
Core promoter motifs can affect
gene expression levels
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Impact of the Inr motif on transcription
dynamics and polymerase pausing
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9-state chromatin model
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Longer and more focused polymerase pausi
in metazoans
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Three types of core promoters with distinct histone
modifications and nucleosome positions

Adult tissue-specific genes or b ing genes. © Developmental transcription
terminally differentiated factors
cell-specific genes

‘Focused; 'sharp’initiation

Precisely Precisely
positioned positioned
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@ Challenges with TSS annotations

Modified Box 1 figure in Haberle and Stark, 2018
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Challenges with TSS annotations

@ Fewer constraints on untranslated regions (UTRs)
@ UTRs evolve more quickly than coding regions

@ Open reading frames, compatible phases of donor and
acceptor sites do not apply to UTRs

@ Most genes on the expanded F Element have
large introns

@ Low percent identity (~50-70%) between the target
genome and the D. melanogaster UTRs

@ Most ab initio gene finders do not predict UTRs
@ Cannot use RNA-Seq data to precisely define the TSS
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Comparison of RNA-Seq library
preparation methods in detecting TSSs

7 TruSeq
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T
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o 2 w© 0 0 100

Ura H, et al. BMC Genomics. 2022 Apr 13;23(1):303.
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30 biasind low coverage near the TSSsn
Nanopore direct RNA sequencing data
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Parker MT, et al. Elife. 2020 Jan 14;9:e49658.
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50 degraded products in PacBio kS®q data

RNA from same transcript Resulting models

5' cap Poly-A tail
— -
—— ] _— -
5' degraded
products ————— o —
C— - -

Kuo RI, et al. BMC Genomics. 2020 Oct 30;21(1):751.

Transcription Start Site,
Collapse (TSSC) .
Full-Length
Non-Chimeric —
(FLNC) transcripts _— e E—

Exon Cascade
Collapse (ECC)

Kuo RI, et al. BMC Genomics. 2017 Apr 24;18(1):323.
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Techniques for defining the TSS

@ Identify sequences adjacent to the 5’ cap of the mRNA
1. Cap Analysis of Gene Expression (CAGE)

2. RNA Ligase Mediated Rapid Amplification of cDNA
Ends (RLM-RACE)

3. Cap-trapped Expressed Sequence Tags (5’ ESTs)

4. RNA Annotation and Mapping of Promoters for the
Analysis of Gene Expression (RAMPAGE)
@ Available in D. melanogaster, D. anangdSabipectinata
D. kikkawai,and D. takahashii

5. Survey of TRanscription Initiation at Promoter
Elements (STRIPE-seq)
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N-SCAN useshidden Markov models to
predict 50 UTRs

TSS Prediction

Twinscan Promoter—+{ 5'UTR = 80
Ena, 70
60
- O Eponine
s ig ODGSF
H DFirstER
o 30 mNscan
Gome > Ewr 2
N-SCAN 0
Gorne) G 0
Sn sp
@ True positive: prediction
] falls within -500 to +200 bp
‘@ of the annotated TSS

Brown RH, Gross SS, Brent MR. Genome Res. 2005 May;15(5): 742
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Resources for classifying the type of core
promoter in D. melanogaster

@ Only a subset of the modENCODE data are available
through FlyBase

@ D. melanogaster GEP UCSC Genome Browser
[Aug. 2014 (BDGP Release 6) assembly]
@ FlyBase gene annotations (release 6.66)
@ CAGE and RAMPAGE datasets
¢ modENCODE TSS (Celniker) annotations
@ DNase I hypersensitive sites (DHS)
@ 9-state and 16-state chromatin models
@ Transcription factor binding site (TFBS) HOT spots
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Promoter architecture in Drosophila

shape  promoter number  promoter
index  widh oftags classes

moti enrichment

@ Classify core promoter based on
the Shape Index (SI)

¢ Determined by the distribution of
CAGE and 50 RLMRACE reads

@ Shape index is a&zontinuum

& Most promoters in D. melanogastq
contain multiple TSS
& Median width = 162 bp

@ ~70% of vertebrate genes have

broad promoters
index length (nt) median
ot
W Peaked
[_] Unclassified
M Broad e Hoskins RA, et al. Genome Res. 2011 Feb;21(2):182-92.
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Promoter classifications based on
promoter width and the Shape Index

«

Peaked

Peaked SI > -1

Broad: SI'! -1

Broad
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Promoter width (nt)
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Calculate S| based on distributions of
ESTs, CAGE, and 50 RACE reads
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1

Hoskins RA, et al. Genome Res. 2011 Feb;21(2):182-92.
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Hoskins RA, et al. Genome Res. 2011 Feb;21(2):182-92.

Genes with peaked promoters show strongg
spatial and tissue specificity

A Genes with peaked promoters B Genes with broad promoters

@ 46% of genes with
broad promoters are
expressed in all
stages of embryonic
development

zrrrzz FEEEEE

Wi @ 19% of genes with

s peaked promoters
. are expressed in all
ie stages
&

g L CG14561 (S1=-4.24) pen (S1=-39)
8 - Hoskins RA, et al. Genome Res.

o
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Changes in the dominant TSS oRad23
across different developmental stages

Aug. 2014 MTidme)

CAGE
Tag
Clusters

Adult
females

Stages of Development

BG3
cells

I
[uy

Proncirshapolndex 2011 Feb;21(2):182-92.
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DNasel Hypersensitive Sites (DHS)
correspond to accessible regions

DNA binding protein
nuclegsome

IREERERE I IARARRRE

Aasland R and Stewart

general DNasel HS HS ¢ general DNasel »  AF. Methods Mol Biol.
sensitivity site  site sensitivity 1999:119:35562.
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g 2 5
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Distance to TSS (kb) Distance to TSS (kb) 512(7515):44952.
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Additional DHS data from different
stages of embryonic development

L = DHS d:
chra lisaoo  [ssomn  hezovo  liotooo  lesoso | & ata

1.
0dENCODE §-state Model for BG3 cells (RS

ase-mn. R EGENEE I produced by the
BDTNP project

Abcdi-RB FlyBase Protein-Coding Genes

Abcdl- RD
Abcdl - RC
Abcdl - RA
Abcdl - RG
Abcdl - RH

BG3 DHS

cted High-Magnitude DHS Positons (Cel Lines) (RS)

= Evidence tracks:
DH‘S Peaks Identified by MA‘CS {Embryos)

‘ @ Detected DHS Positions]
| " (Embryos)

e # DHS Read Density
Transrpion Sat Stes (Cebnker Graue) 5) (Embryos)

Stage 14
TSS (Celniker)

Thomas S, et al. Genome Biol. 2011;12(5):R43.

High turnover of DNase | Hypersensitive
Sites (DHS) between human and mouse
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ATAC-Seq: Assay for Transposase-Accessible
Chromatin with high-throughput SEQuencing

Tn5

closed ({
chromatin &

( amplify
— v: — — and
sequence

open
chromatin

< fragments

Buenrostro JD, et al. Curr Protoc Mol Biol. 2015 Jan 5;109:21.2921.29.9.
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Use changes in PacBio pulse width and interpulse
duration (IPD) to detect DNA methylation

PCA analysis with

°
r mean IPD and pulse width
oy “
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L1 L LRI 111
-
- - E
7 g
oo JO L T <
L1t LT L] i [
— = & 705 710 715 720 725 730 735 740 745

Time (5) Projection onto PCT

FlusbergBA et al., Nat Methods. 2010 Jun:7(6):465. tosine @5-methylcytosine
ydroxymethylcytosine

ccsmethpipeline

[Methyiatoncating " " SNvphasing ) Mothylation phasing H

! PacBio CCS. CCS reads e !

r ) () <>}

| |
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| 'S ot | Nat Commun. 2023
o ancme | Jul 8;14(1):4054

Vierstra J et al. Science. 2014 Nov 21;346(6212):1007-12.
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ATAC -Seqdata for D. ananassae
and 10 other Drosophila species
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Jacobs J et al. Nat Genet. 2018 Jul;50(7):1011-1020.
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Use Nb-adenine methyltransferase (m6A-MTase) with
PacBio sequencing to identify accessible regions

Cleavage-based assays
Accessible DNA

Dasel
)g %MN:sanns %
Isolte cleaved

Define accessible regions
chraL: 15,305,5001
DNasel Hypersensitive Site (DHS)

———
DNasel-seq ‘
AdTase-sed oo, (*

Untreated-PacBio read

i
sequencing .

.

Hia5 m6A-MTase (Fiber-seq)

lshmrrezd Hia5-treated PacBio read [

Accessible DNA . N "
Cogiaiity Nucleosome occupancies of chromatin fibers

e [P @

] L1 mi L1 ms -
s8R woomneow s weom
lPa(Bmsequen(mg ! n 1

&m6A identification A A A A
I ML ] i 1 MTase-Protected Methylate-accessible
K I ) : Sites (MPSs)  DNA sequences (MADs)
ion ses  m6A marked bases

Stergachis et al., Science. 2020 Jun 26;368(6498):1449-1454.
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Outline (4)

@ Use RAMPAGE data and blastn searches to define
TSS Position and Search Regions for D. kikkawai

49

Evidence tracks for characterizing the
promoters inD. melanogaster

@ FlyBase gene annotations (release 6.66)

@ Updated Transcriptome Tracks:
@ RAMPAGE data (two biological replicates)
@ TSRchitect Combined RAMPAGE TSS (Replicate 1 | 2)
@ Strand-specific RNA-Seq data
« Combined modENCODE RNA -Seq (Development)

@ Expression and Regulation:
@ Combined modENCODE CAGE TSS
@ MACS2 DHS

51

Define Transcription Start Regions (TSRs)
using the TSRchitect Bioconductor package

Peaked S| >-1
Broad: SI'! -1
Item: tsr_broad_2839 | modENCODE RNA- :’«
e Il ) shitect Comt ranscription Start
Position: chrd:308084-308167 ot PANPAGE Pooks i
Band: 10283 o5 TP Conbi FAPAGE Road Duely (P S
Genomic Size: 84 aeAGE @)

Strand: +
View DNA for this feature (dmé/D. melanogaster)

Count of TSSs 2
Count of tags 18070
Maximum tag count 022

fraction for all TSS
positions in the TSR

Width of TSR 84

TSR torque; measure of  -9.01
TSR balance

r
%.[.*p. index (SI) value of |-1.73 Broad

1
Modified shape index  |0.20
(MSI) value of TSR

RAVPAGE (Pus)

TSS Position: 308,097

o . SRehi
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D, kikkawai TSS annotation workflow

1. Note the gene structure of the D. melanogaster ortholog

@ Characterize the promoter based on FlyBase annotations,
modENCODE CAGE data, and TSRchitect analysis of the
RAMPAGE data

2. Compare the initial exon of the D. melanogaster
ortholog against the D, kikkawai scaffold with blastn

@ Use more sensitive cross-species search parameters

3. Use the D. kikkawai RAMPAGE data to define the
TSS positions and search regions
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Use strand-specific RAMPAGE and RNA-Seq data
to locate/characterize D. melanogastgromoters

UCSC Genome ?mw(:Tr = r]x melanogaster AuY, 2014 (BDGP Release 6 + ISO1 MT/dmé6)
move | <<< <<|<|>|>>

55> z00min 15x] 3 10x  base  zoom out | 15x] 3 10x  100x]
[ multi-region | chr4:306,570-314,500| 7,931 bp. | chromor

)
e S e e e

e T
107,581 308.000] 309,500] 310,000] 310 500] 311,000| 311,500/ 312000] ara000]

b
=80>2%947--,323+ % Rz
v N Rad23-RB.

A
fitea]
Ziee
Tean

' e

Combined modENGODE: S

&@'23" n——
&A? BB'C%;D8.*<

&A? BB'CY%;E+-*<
&?ED?F#%D'2G* ] It "
TSReet omiind FAMPAGE Fad Dy (s St
&2ED?F#%6H'-*+39%;D8.*< i

TSRehitect Combined RAMPAGE Read Density (Minus Strand)

&PEDFHOH-++30%;E+-*< il

[ o012 > < 8.9:1;
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Determine the gene structure in
D. melanogaster

FlyBase: JBrowse

D. melanogaster r6.66 ~ File View Help o share
200,000 400,000 600,000 800,000 1,000,000 1,200,000
Q QA «- [omsemese o o
308,750 310,000

Genespan  1iad23

Gene Record Finder: Transcript Details

Export All Uniay easa il Export Al

Exon usage map:

Rad23-RC

Rad23-RA
Rad23-RB
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https://bioconductor.org/packages/3.15/bioc/html/TSRchitect.html

Identify the initial exon in
D. kikkawai using NCBI blastn

@ Retrieve the sequences of the initial exons of the
D. melanogaster gene from the Transcript Details tab
of the Gene Record Finder

@ Use placement of the flanking exons to reduce the
size of the search region in D. kikkawai if possible

@ Increase sensitivity of nucleotide searches
# Change Program Selectionto blastn
@ Change Word size to 7
@ Change Match/Mismatch Scores to +1, -1
@ Change Gap Coststo Existence: 2, Extension: 1
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Perform blastn search of Rad23:1
against the D. kikkawai contig

Align Sequences Nucleotide BLAST

B o | vesn | s | s

Enter Query Sequence

gils), or FAST: © cloxr
Rad231
o e e
TesorsTecnTaracasTorcoToRtoacaTcaTTTTIaTomacan || | 1M4(')$0/6+6$&3™* X.C&U*"96,<
AATTAAGTTTTGGTTT TATTACANTTAAA
r, upload file e o

Job Title Rad23:1
Enter a descriptive tie for your BLAST search @
{2 Align two or more sequences @

YH)H%&%D(&+(*2ID&2(KH|C&>H
=#QZ(I%&+#Q?*CK(

Entar Subject Sequence

I #5.55$<$.#/0HKNNNNNNF8

Ent 5i6s), or FASTA i Subjectsubrange @ o
‘ : —— MP:Mo:
ol MPSNNN
(2]

O upoad lle Browse...| DkikPurged1_igo0000049.fa

Program Solo:nnn
Optimize for O Highly similar sequences (meqamasn
()
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Optimize alignment parameters based on
expected levels of conservation

TABLE 1. PAM Substitution Scores Based
on the Uniform Mutation Model

Bt [Peon] oo | mowen | e Joroma| & Derive alignment scores
using information theory

served| (Bits) | Score | match [tion Per|
(Bits) | Score | Posi-

T YO BT VTN WY MXTH @ Relative entropy of target and
TV M M T background frequencies
| I 90 86_1 300 62 ]
1 86 79 46 | 0.73 E .
|20 | 824 | 1.72 09 | 082 | 1.05 | % -
i T Y T TR ) © MaFch +2, Mlsnzat(':h 3 '
l__i 7o e Tz [T [ o] optimized for 90% identity
40 69. .46 -1.27 .15 2
45 66.. .40 -1.15 22 4
ST 1 @ Match +1, Mismatch -1
60 58. .23 - 7 .37 . . . .
65 | ses | ve 52 optimized for 75% identity
70 54.! ;12 H 28
75 526 | 1.07 62 | 0.25
80 50. | 1.02 .68 22

States DJet al Methods. 1991 3:6670.
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Changealgorithm parameters to perform a
more sensitive crosspeciesdlastnsearch

Note: differ from ¥ marked with ¢ sign

— Algorithm parameters

General Parameters

Max target 100 v |
sequences =

number o aligned
Short queries Automatically adjust parameters for short input sequences @
Expect threshold [ 005 I3}

b acal \.2"&+H](,&H

Maxmatchesina [ )
query range.

e ‘/i G*06JD&"&GH+)*%IDE=IPEES |
oweme [ emermonent v 0l BYEEL 4%+ &,82(:25CIS./82(*&(SE  §
s ] V7 1(58<& [8J)FS(XHUEGLHS%(> |

+[) Low complexity regions @

Species-specific repeats for:|_Homo sapiens (Human) vl]e

Mask Mask for lookup tale oly @
Mask lower case letters @
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Extrapolate TSS position based oblastn
alignment of the initial transcribed exon

$-#)+.-90*12- -B#8&A5-. 101"234$.*+567$89:$;<.,,,,,,~*$/>5?@;7

tig00000049
Sequence ID: Query_2750435 Length: 2623733 Number of Matches: 1

HOER Yo, "one 346667 o sasas o
<9

Epect dentite | |
tas 4 bits(58) Be21  134/196(68%) 20/195(100/) Proeminus | GHCH+&+%

Query 12 GTGCGGTCACACTG-ATGAC \GCGATATTGGGAACTAACTTTCGA 70

Sacasz éuywzxuu&muuaAA(M..T,&g,.,.wu&unmcx sasa02

Sbjct

V/Z(E/“é‘?,:'iﬁ:/% C Query 71 L0 ATGTATATTTAATT, TTTGGTTTTGTCTG 122
M_I:’_"Mé O<<‘:S’( ‘&’ Sbjct 546801 =%r2%8.." Atk Hokcoanmamat b atcoact  sasras

bl Ziim iciiiiiii it i e

Query TGCCCCGGAAAARACG 197

Sbjct 546682 HarldaksdME sa667

I"H$YoH&

% Assume the length of the initial exon is conserved
between D. melanogastend D. kikkawai
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Evidence forD. kikkawaiTSS annotations
(in order of general importance)

1. Experimental data
« RAMPAGE
@ RNA-Seq

2. Conservation
@ Sequence similarity to initial exon in D. melanogaster
@ Sequence similarity to other Drosophilapecies (ROAST)

3. Promoter predictions
@ RefSeq Genes, N-SCAN PASA-EST, Augustus

4. Core promoter motifs
@ Inr, TATA box, etc.

60

10



Evidence tracks for TSS annotations availab
in the D. kikkawaiGenome Browser

@ RAMPAGE data from adult females and embryos

@ RNA-Seq data from adult females, adult males, and
mixed embryos
& Combined splice junction predictions

@ TSS predictions from RefSeq Genes, N-SCAN PASA-
EST, and Augustus

@ BLAT alignments against the RefSeq transcripts from
41 Drosophila species
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Overview of theD. kikkawaiRAMPAGE
evidence tracks

move (<< <<l </>|>> | 151 3] 108 100¢

miti-regon| | 1G00000049:546,600-546,95(

100000049 000000049 i 00000 i
Scan 00 o]
000049 sies) semol  sas7sol
&S CIF-* ) BLAT Aignmer
HJ%1'8%D),3+-% ;
ABK?A%D?$?B$7 1000000890141 NaES e
“ Combined CSHL RAMPAGE
= Combined| || ... TGRS | |
Q 001437 . Combped RAMPAGE Fe
Z Adult Females | | o sesc
= E— clumumcsm RAMPAGE Trans
2| Mixed Bmbryos | (st 1 et 7
3007
| AditFemais| [ e
3
%
S| Aducvaes .
) ANA Seq fom Miod Entry
5 Mixed Embryos| | et —

| 1 HS%& (Vo) "+ #O6SH+ &, #- I $6% O1+-.+]
SQ) T 2060)  H#B)+ 10 B6(45) 1
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TSRchitect analysis results for the
D. kikkawai RAMPAGE datasets

© RAMPAGE data produced by the Gingeras Lab at
Cold Spring Harbor Laboratory (CSHL)
= Embryos and sexed flies from th&llison Lab at Rutgers University

[ - | Expression and Regulation

™ Combined CSHL ™ CSHL RAMPAGE TSS Read
RAMPAGE TSS Density

RAMPAGI
[full v |hide v

[dense | #* Configure RAMPAGE Peaks J= 1)QHC("&; (*R+
|dense | #* Configure Adult Females RAMPAGE Peaks

[l # Configure Adult Females RAMPAGE (Plus) } 1"#$%&' ()*$(+
[l #* Configure Adult Females RAMPAGE (Minus)

[dense | # Configure Embryos RAMPAGE Peaks
ful /Configure Embryos RAMPAGE (Plus)

GHX("&/)Q?E.+
Jfun # Configure Embryos RAMPAGE (Minus)

62

Define TSS position and search regions
based onD. kikkawaiRAMPAGE data

ucsc . kikkawai Dec. 2020 ( ged
move <ec] <e| < -

jon | 1900000049:546,790-546,310 121 bp.

foooooo0s 000019 T

ET

Sea Dt
g

sso | TSS Search Region

1600000490141

RAMPAGE Pasks,
~Adul Females RAMPAGE Peks.
001437
(At Fomales RAMPAGE (Minus)
asent_

Strand:
View DNA for this feature (DkikPurged1/D. kikkawai)
Embryos RAMPAGE Poaks
002002 _

Embryos RAMPAGE (Minus)

Count of TSSs. 18
Count of tags 5662
Maximum tag count 025
fraction for all TSS
positions in the TSR
Width of TSR 67
o

TSR torque; measure of | 17.48
TSR balance

o [Sheeindex(Shvaiuect |-1 3s| Broad

Modified shape index  |0.19
I (MS) value of TSR

TSS Position: 546,844
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TSS annotation summary folRad23

@ Rad23 promoter shape in D. melanogaster
@ Shape: Broad; SI: -1.73

@ Rad23 promoter in D, kikkawai
@ Shape: Broad; SI: -1.36
@ TSS Position estimated from blastrsearch: 546,863
@ TSS Position estimated from RAMPAGE read density:

@« Adult Females:546,844
© Mixed Embryos: 546,844

@ TSS Search Region from Combined RAMPAGE peak:
546,797546,863
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TSS annotation summary

@ Most D. melanogaster promoters have multiple TSSs
@ Use the Shape Index to characterize the promoter shape

@ Use multiple lines of evidence to infer the TSS
Positions and TSS Search Regions in D, kikkawai
@ blastrsearch against initial exon from D. melanogaster
@« Use more sensitive crosspecies search parameters
@ RAMPAGE
@ RNA-Seq coverage
@ TSS predictions from gene predictors (e.g., RefSeq Genes)
@ Whole genome multiple sequence alignments (ROAST)

« D. melanogastedrosophilaConservation (36 Species)
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Outline (5)

@ TSS annotation protocol for D. willistoni

Protocol for defining TSS Search Regions if
D. willistoni

1. Characterize the promoter in the D. melanogastertholog
@ Number of unique TSSs
@ Promoter shape based on TSRchitect analysis of RAMPAGE data|

2. Define an initial TSS Search Regionin D. willistoni
@ Region from start codon to the next gene

3. Reduce the size of the TSS Search Regiobased on
empirical and computational evidence:
@ blastralignment of initial exon from D. melanogaster
@ |llumina RNA -Seq read coverage
@ UTR predictions from gene predictors
@ ATAC -Seq peaks from IDR and MACS2
@ 1so-Seq SQANTI3 filtered transcripts
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The blastrsearch against the D. willistoniscaffold
might only detect similarity to coding region of
the initial exon

$-#)+.-90*12- -B#&A45-. 101"234$.*+567$89:$

L= .
ABC,D.ED:.-'=F,, GF.,,.$/>57?@;7
Drosophila williston isolate 14030-0811.24 3R, UCLdwil_1.1, wholl shotgun sequence
Sequence I0: NC_061086.1 Length: 33854152 Number of Matches: 1
Range 1: 2048771 to 2048839 Genpank
Sare et o Stand -
66.8 bits(45) Bets  57/69(83%) 0/69(0%) Plus/Plus $H+& % ?*C|

#(2E&+%*2%,4<98

X7 SN )"_ 'Eﬁ mﬂIii‘ékumlEKilau&aamﬁﬁﬂiﬁiﬁﬁﬁi s
Query 189

3 +H%H.C, GAAAAMACG 197
9NPbb<@9" sojet 20am831 SAGAMAL 2oasez0
H$B("%$#'&
71
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Evidence forD. willistoniTSS annotations
(in order of general importance)

1. Experimental data
@ RNA-Seq

2. Conservation

@ Sequence similarity to initial exon in D. melanogaster
3. Promoter predictions

@ RefSeq Genes, GeMoMa, N-SCAN PASA-EST, Augustus
4. Core promoter motifs

@ Inr, TATA box, etc.

5. Other experimental data
@ PacBio Iso-Seq, ATAC-Seq

68

Define initial TSS Search Region foRad23

4= (NC_061086:2,046,567-2,048,773) =

UCSC Gonoml Brow“r on D wllllstonl Feb. 2022 (UCI_dwil_1.’ |lDwIIleS.q2)
15x| 3x | 10x | base zoom out 1.5x

multi-region NC_061086:2,046, @:«—2 048,912 2,750 bp. | chromosome range, or search terms, see examples %
I DwiRefSeq2

L T aar TR R
NG00 2008500| 2047,000| 2,047,500] 2048,000] 2048,500|
NCBI RefSeq Genes
XM_002072601 _ XM_002072602 )
Spain Aljgnment of D. melanogaster Protens H
Rnf11-PA ¢ Rac23-PCIY
H ‘GeMoMa Gene Predictons with RNA-Seq H
Fer0089123_Ro < FB0089121_RO
| : oponpiyiotem —4
B N-SCAN PASA-EST Gene Predictions H
moseannszmme_ NC_061086.000.1 il )|
NC_061086.079.1 :
TBLASTN Mapping of D. melanogaster CDS H
Rnfi12_11050.0 [ Radz3:1_2002_ o
a1 11058.0 ._
n ANA-Seq for Female Whole Body
Female Whole ewv I‘
Py s
RNA-Seq for Male Whole Bod
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Examine available evidence to reduce the size of
the TSS Search Region for Rad23

T r
2omoon|  204500]

U(L=(1&B(C(+
BWE)($&;2.%(H
B(G.G*
0@L0&}= @V
HHKHH Yt o

ML @
=F$HI(&CHCIV%H.
0*$(&\D.$E&T."E
G*$(&\D.$(&T."E
A+@(
=H)F$(&U(F(*%+
U(FC%GHR(? |

BHWSH+ [+T7'*-.4+$)4-".

/'$+0122 0+89:;>9?>: A',-#-'.0+89:;<9>;B /'$H"#$% 0+89:;;
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Define the OwideO TSS Search Region

UCSC Genome Browser on D. willstoni Feb. 2022 (UCI_dwil_1.1/DwilRefSeq2)

e I
U(L:(I&B(C(+ e 1 204000 ! 20 N 20000
3W&)($&;?.%(HC+

B(G.G*
0@1!0&;=! @V
K+ Yot s orcss s

MLoel |,

=F$HI(&CHCI%H.C+ i S
0*$(@DSETE | -
G*$(&\D.$(&T."E 1
A+@(
=H)FSEU(F(Yot oo roms .
U(FC%GH+R(?L_somsie

C)/#+)*4)+'/+DEF+G@E8)J+
&)%K0+89::=97B; |

oo N

Noososs | zomao]
&ISCWF-*
HJ%1'8%D),3'+
FEE2
ABK2A%D?$7B/$7
2.(*3

Define the OnarrowO TSS Search Region

UCSC Genome Browser on D. willstoni Feb. 2022 (UCI_dwil_1.1DwilRefSeq2)
mov i << Lo i e n b zoom o e o

Narrow TSS Search Region

20uace]
oaso| 20w 20wl 2omen| 2

| 20700

Dwiret
20750

?7?K B'C

$@8+/'%0.-13+,
='128'%L0,8'%>,M9
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TSS annotation summary for D. willistoni Rad23

@ Rad23 promoter shape in D. melanogaster
& Number of distinct TSS based on FlyBase annotation: 1
@ Promoter shape: Broad; SI: -1.73

@ Rad23 promoter in D, willistoni
@ TSS Position estimated from blastrsearch: 2,048,643

@ Defined TSS Search Regions based on ATAC-Seq peaks
and the start of coding region for Rad23
& Wide TSS Search Region2,047,534-2,048,773
& Narrow TSS Search Region2,048,420-2,048,773
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Questions?
—
H.)$M)*+1()5).#, Conterved Euments
AWML, ac LA [[NDE) BN .o M A L
ABLA oo il ., T
‘ PhyloP scores: [l Under negative selection [l Fastevolving ‘
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