
Genomics & Bioinformatics
Apostasia shenzhenica



• Orchidaceae is the second most species 
rich plant family.

• High economical interest.
• Several CAM species. 
• Plethora of genomic data available.



Why producing an annotated draft genome sequence for Apostasia?



Givnish et al. (2015) Proc. Royal Soc. B

Apostasia is basal 
within Orchidaceae

and presents several 
ancestral features



Zhang et al. (2017) Nature

Apostasia presents a number of characters 
that are plesiomorphic in orchids:
1. Actinomorphic perianth with an 

undifferentiated labellum. 
2. Gynostemium with partially fused 

androecium and gynoecium (Solanum-like 
flower). 

3. Pollen not aggregated into pollinia.
4. Underground roots for terrestrial growth. 



This study aims at shedding light into the genetic 
mechanisms underpinning key innovations:

• Flower development (labellum, gynostegium, pollinia and 
seeds without endosperm).

• Evolution of habitus (especially epiphytism).
• Clarify evolutionary history of Orchidaceae within angiosperms.



How: By producing an annotated draft genome of 
Apostasia and conducting comparative analyses
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DNA extraction
- Leaves,
- Stems,
- Flowers.

Library preparations

Illumina PE
insert sizes: 

- 180bp – 20kb

PacBio
20kb

Genome size
Haploid: 471Mb

Preliminary assembly
ALLPATHS-LG:

- Scaffold N50: 1.196Mb
- Contig N50: 30.1kb

Gap filling
- PBjelly (PacBio)

- BWA + fragScaff (10X Genomics)

Correct assembled errors
Pilon + BWA

10X Genomics
500bp

Final assembly
- 349Mb
- Scaffold N50: 3.029Mb
- Contig N50: 80.1kb 
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MATERIAL & METHODS
GENOME ANNOTATION

1. REPEAT PREDICTION

- 146.65Mb (42.05%)

2. GENE PREDICTION & ANNOTATION

Protein coding genes
- Total: 21,841
- Average gene length: 7103.12 bp

AUGUSTUS GlimmerHMM CEGMA

MAKER

De novo 
prediction

RNA-seq
- Cufflinks

Gene function annotation
- KEGG: 10,283
- SwissProt: 11,578
- TREMBL: 18,277
- InterProScan: 14,693

BLAST

3. NON-CODING RNA PREDICTION

tRNA
- tRNAscan
- Total: 203

rRNA
- Align to seq. 

of Arabidopsis
- Total: 452

miRNA & snRNA
- INFERNAL (Rfam

database)
- Total: 43/93

Genome quality
- BUSCO
- 93.62%Type of 

repeats

First step is to annotate repeats and then mask those for gene 
prediction and annotation
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MATERIAL & METHODS
TRANSCRIPTOME ASSEMBLY Total RNA extraction

- Leaves,
- Stems,
- Flowers.

Purify 
RNA

PCRcDNA
(3µg RNA)

Illumina PE
- 100bp

Remove adapter & filter low quality reads
TRIMMOMATIC

De novo assembly
TRINITY



MATERIAL & METHODS
TRANSCRIPTOME ANNOTATION Predict protein sequences

- TransDecoder
- Pfam database
- 2 RNA-seq datasets

Infer transcripts abundance
- Mapping reads

Identify gene family
- BLASTP on 

TransDecoder output

Annotation of gene 
family 

- Based on set of 
published genomes
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Predict protein sequences
- TransDecoder
- Pfam database
- 2 RNA-seq datasets

Infer transcripts abundance
- Mapping reads

Identify gene family
- BLASTP on 

TransDecoder output

Annotation of 
gene family 
- Based on set of 

published genomes

Emergence of key innovations 
in orchids were unveiled by the 

analysis of transcriptomes 



Annotated genome 
allows inferring 

expansion and 
contraction of 

gene families along 
phylogenetic tree

COMPARATIVE GENOMICS



Annotated genome allows 
inferring duplication 

events (in this case 
whole genome doublings) 

using co-linear comparisons 
of scaffolds 

COMPARATIVE GENOMICS



Annotated genome allows 
inferring whole 

genome doublings 
along phylogenetic tree

COMPARATIVE GENOMICS



Annotated genome allows 
comparing genome 
structures with other 

species

COMPARATIVE GENOMICS

Synteny: conservation of blocks of genes/DNA between two or more sets of chromosomes belonging to different species.



Annotated genome allows 
studying emergence of 

key innovations

COMPARATIVE GENOMICS


