ed

(and where to find them)




e what telomeres, telomerases and TRs are

e how we can predict TR genes in silico

e — ) — -
e how we can verified our results in vitro/in vivo Central European Institute of Technology
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Chromosome

* nucleoprotein complexes
at the ends of chromosomes

* length: 300 bp in yeasts,
5 - 15 kb in humans

* short tandem sequence

telomere
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Telomeres solve end-replication problem
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Telomeres solve end-replication problem and prevent the loss of genes.
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0O Telomere sequence Q

CTCCOTTATGEE

Allium cepa

TTACCE Arabidopsis thaliana

Homo sapiens 9

9

Asparaqus officinalis Fagopyrum esculentum

Changes in telomere sequences correspond to plant phylogeny.



..\\/'5 Telomerase RNA subunit (TR)




What could have caused change in telomere sequence?



What could have caused change in telomere sequence?
* change in telomerase RNA subunit



What could have caused change in telomere sequence?
* change in telomerase RNA subunit
* diffent RNA took over the telomerase RNA subunit function
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main purpose: understand evolutionary changes of telomeres and TRs in plants
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main purpose: understand evolutionary changes of telomeres and TRs in plants
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identification of TRs in silico
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main purpose: understand evolutionary changes of telomeres and TRs in plants

Y

E=0 —

identification of TRs in silico in vitro/in vivo validation
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Characterization of TRs is complicated:

USE TATA G-rich Template Conserved region C-rich Termlnator
box 5‘end 3‘end
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Characterization of TRs is complicated:
* extreme divergence in size, nucleotide sequence, and pathways of biogenesis
among organisms

Sl s s JI Gitbide
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USE TATA G-rich Template Conserved region C-rich Terminator
box 5‘end 3‘end
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Characterization of TRs is complicated:

* extreme divergence in size, nucleotide sequence, and pathways of biogenesis
among organisms

* conservation only at the level of secondary structure
[
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USE TATA G-rich Template Conserved region C-rich Terminator
box 5‘end 3‘end
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Characterization of TRs is complicated:

* extreme divergence in size, nucleotide sequence, and pathways of biogenesis
among organisms

* conservation only at the level of secondary structure
[

Sl e owee MU0 GBS ol Ol o an

. A XXLRAd : 3‘

USE TATA G-rich Template Conserved region C-rich Terminator
box 5‘end 3‘end

The only predictable TR domain is the template region.



M Sequence of TR template domain 9_/15'

permutation of the telomere sequence elongated by at least one nucleotide:

TTAGGE

Asparaqus officinalis




RNA-seq library preparation and sequencing
transcriptome de novo assembly
filtering for TR candidates

identification of TR orthologs

ld_entification of TR in silico

[ Allium (6 species)

(CTCGGTTATGGG, 12 nt)

) c

RNA seq
(rRNA depleted total RNA)

De novo assembly O

(TRINITY)

Filtering TR-like transcripts ()

(with minimal template region - 13 nt)
GAGCCCATAACCG
AGCCCATAACCGA
GCCCATAACCGAG

Search for TR orhologs (
(Comparative blastn within
Allium TR-like transcripts)

TR candidates C
(shared across Allium datasets)

NS

Search for Allium TR orthologs
in related Asparagales (TTAGGG)

(blastn)

: Experimental validation :

e -

@ Evaluation

Repeated (template, conserved
blast search , regions, promoter,
g length, TSS, TTS)
|
1A
iy 4

| |
v

) New TR orthologs

Searched databases

Our data (RNAseq)

Tulbaghia, Scilla (TTAGGG) (Asparagales)
Cestrum (TTTTTTAGGG) (Solanaceae)
Publicly available databases (DNA, RNA)
GenBank (NCBI)

OneKP (CNGB)
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RNA-seq library preparation and sequencing

Cell lysate/ cDNA synthesis Adaptor Transcript
total RNA & fragmentation ligation depletion

AnyDeplete

cell culture * o _

\U —_— — T )cnoca'l_daptor > Qb > D i
- i imer G adCenipgnn

- — IIT111 LR - unwanted transcript
removal
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transcriptome de novo assembly




Idgntification of TR in silico

transcriptome de novo assembly
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Inchworm assembles the read data set into linear contigs.
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transcriptome de novo assembly

Chrysalis clusters contigs into components, assign reads to components and
split overlapping transcripts.

e g i e o T - — —— — - w— -—
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transcriptome de novo assembly

Butterfly enumerate transcript isoforms using reads.

—-Pf“c;.@_




370 Identification of TR in silico Q /" ¢

filtering for TR candidates

transcripts assembled by Trinity

CCCTAAC — —

CCTAACC ~ -

%,2 % / B BLST
AACCCTA T

ACCCTAA g




O Identification of TR in silico Q

identification of TR orthologs

transcript datasets from different species

o~
~
~ — BLAST — — _—  —
— ' ~——— —
—
~—~—
"




Identification-of TR in silico Q)¢

Results

* TR gene in plants is highly conserved in contrary to the very divergent TR
genes found in animals or yeast

| |
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box 5°‘end 3‘end



|ldentification of TR in silico

Results

TR gene in plants is highly conserved in contrary to the very divergent TR
genes found in animals or yeast

Al s e SO GRBAE labt (e ol v

5‘———_—_—_—_—_—_—3‘
USE TATA G-rich Template Conserved region C-rich Terminator
box 5‘end 3‘end

plants with unusual telomere repeats have TR orthologs with the
corresponding template region sequences




O Identification of TR in silico Q

Results

* TR gene in plants is highly conserved in contrary to the very divergent TR
genes found in animals or yeast

] M me s ‘,\,H(((\M( (10 P 17

5‘—_———_—_—__—_—3‘
USE TATA G-rich Template Conserved region C-rich Terminator
box 5‘end 3‘end

* plants with unusual telomere repeats have TR orthologs with the
corresponding template region sequences

* identification of new TR gene in Arabidopsis thaliana W
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Nicotiana
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TRAP assay



M in vitro/in vivo validation w

tr-2
L. SALK_076745 SALK_076745C
Nicotiana TR T T
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TRF analysis
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TRAP assay



in vitro/in vivo validation

tr-2
Nicoti SALK_076745 SALK_076745C
icotiana -+ -
s i s & B MCo0 42 3 5 6 7 c1c2c3cdchchcT c8 cIcld
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TRF analysis
CAMV x CAMV x fr-2 (SALK_076745) tr-1 (EKU19)
T3AG2-PR ATTAG3-PR
TRAP assay Ch2: NC_003071.7
(12,618,981 - 12,619,395) USE TATA Template — Terminator
box gAITR_R
Telomerase RMNA (262nt)

knockout mutations
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Using this bioinformatical approach, we can predict telomere
sequence in virtually any land plant species.
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