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Availability of plant genome sequences
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Functional annotation approaches

Three general methods:
HMMs - Hidden Phylogenetic
approaches
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A phylogenetic approach:
Considering the evolutionary perspective
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A phylogenetic approach:
Considering the evolutionary perspective
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A phylogenetic approach:
Considering the evolutionary perspective
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A phylogenetic approach:
Considering the evolutionary perspective
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A phylogenetic approach:
Considering the evolutionary perspective

Paralogs:
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A phylogenetic approach:
Considering the evolutionary perspective

Paralogs:

gene
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gene
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Subfunctionalization
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A phylogenetic approach:
Considering the evolutionary perspective
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A phylogenetic approach:

Functional annotation transfer between orthologs
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A phylogenetic approach:
Functional annotation transfer between orthologs

B. napus - geneX
A. thaliana - geneZ
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-
How can we automate this?

e Aim: Functionally annotate geneA, geneX and geneY in Vitis vinifera

e Candidate identification via bona fide sequences as ,baits’

— Bait collection

e Transfer knowledge through orthologs of well characterized sequences

— Reference sequences
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How can we automate this?

Bait collection

— Described in literature

— Broad phylogenetic coverage
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How can we automate this?

Annotation steps 0 Idi;ﬂ?i?ggfeld — BLAST search
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How can we automate this?

4 0\
: Identification of
Annotation steps @ candidates
\\
4 )
@ Global
alignment
\\ J

1L

TS 2

.}g ¢ Technische

g%f Universitat
%> Braunschweig

% |
"’Vsct\“

Corinna Thoben | Automatic approaches for cross-species knowledge transfer based on orthology | @PuckerLab | 17

O
&
<
)

L)

.




How can we automate this?

: Identification of
Annotation steps @ candidates
&

Global

4 )
@ alignment
J

|
Global Alignment

Local Alignment
Issa et al., 2018: 10.1007/978-3-319-74690-6_11
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How can we automate this?

Annotation steps
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Global
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Phylogenetic tree
construction
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How can we automate this?
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o
Automatic knowledge transfer

[ KIPEs ] Knowledge-based ldentification of Pathway Enzymes

[ MYB_annotator ] |dentification and annotation of MYB transcription factors

[ bHLH_annOtatOf] Identification and annotation of bHLH transcription factors
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KIPEs: Knowledge-based Identification of Pathway Enzymes

Transcriptome assembly Input dataset focess
. . . . ey i ] Intermediate datasets
e Annotation of the flavonoid biosynthesis ' translation E———
Set of subject sequences S = oS e
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R = reference sequence
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. . . Inspection of
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Matmx relevant residues S: MCTGANYT

.

Final sequence selection

!

Phylogenetic trees

Pucker et al., 2020: 10.3390/plants9091103
Rempel et al., 2023: 10.1101/2022.06.30.498365
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KIPEs: Knowledge-based Identification of Pathway Enzymes

Transcriptome assembly
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Set of subject sequences
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KIPEs: Knowledge-based Identification of Pathway Enzymes
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Transcriptome assembly npy ['M]
l ey i Intermediate datasets
translation .
- B = bait sequence
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Transcriptome assembly

.

6-frame in silico
translation

Set of subject sequences
(CDS/peptide)

.

KIPEs: Knowledge-based Identification of Pathway Enzymes

| Input datasetl |Qrocessl

Intermediate datasets

B = bait sequence
S = subject sequence
R = reference sequence

| BLASTP l
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Local alignments
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Final phylogenetic tree
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N
KIPEs: Knowledge-based Identification of Pathway Enzymes

L . . | Transcriptome assembly | Linput dataset | (process)
e Identification of flavonoid pathway enzymes 1 [(ofame maicy | | Imemediat datsc
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Global alignment _
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e Systematic comparisons of flavonoid biosynthesis

across species |

Phylogenetic trees
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Phylogenetic distinct outgroup

— BLAST: false positives

— similar non-homologs vs.
homolog family members

e Functionally annotated reference sequences
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MYB_annotator

e Identification and functional annotation of MYB

transcription factor family

e Family-specific characteristics: MYB repeat check

e Identification of candidates with lost domain

— Loss of function
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bHLH_annotator
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bHLH_annotator

e bHLH transcription factor gene family

e Family-specific characteristics:
— Subfamily motifs

— Prediction of DNA binding group

e Generalized concept: Annotation of other
(transcription factor) gene families
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Automatic knowledge transfer based on orthology

[ KIPEs ] => Adaption for own research purposes

Bait collection

[ MYB_annotator ] Reference sequences

Additional analysis

[ bHLH_annotator] = Evaluation of findings

1L,

B &,
5%& 3% Technische
< 14 z
%

Universitit
Braunschweig

L D >
%5 e
i

Onscs

Corinna Thoben | Automatic approaches for cross-species knowledge transfer based on orthology | @PuckerLab | 44



R ————————————
Outlook: Integration of synteny analysis
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Application: Anthocyanin biosynthesis in Digitalis purpurea

phenylalanine
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Application: Identification of MYBs and bHLHs in Vitis vinifera
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Availability

[ BiolnfToolServer ]

[ GitHub ]

https://github.com/bpucker/KIPEs
https://github.com/bpucker/MYB_annotator
https://github.com/bpucker/bHLH_annotator
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