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Eéurfl%ﬁ cS . S:;hicliaceae if‘ the second most species
plant family.
* High economical interest.
* Several CAM species.
* Plethora of genomic data available.

The genome sequence of the orchid Phalaenopsis equestris
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Orchidaceae, renowned for its spectacular flowers and other reproductive and ecological adaptations, is one of the most diverse
plant families. Here we present the genome sequence of the tropical epiphytic orchid Phalaenopsis equestris, a frequently used
parent species for orchid breeding. P. equestris is the first plant with crassulacean acid metabolism (CAM) for which the genome
has been sequenced. Our assembled genome contains 29,431 predicted protein-coding genes. We find that contigs likely to be
underassembled, owing to heterozygosity, are enriched for genes that might be involved in self-incompatibility pathways. We find
evidence for an orchid-specific paleopolyploidy event that preceded the radiation of most orchid clades, and our results suggest
that gene duplication might have contributed to the evolution of CAM photosynthesis in P. equestris. Finally, we find expanded
and diversified families of MADS-box C/D-class, B-class AP3 and AGL6-class genes, which might contribute to the highly
specialized morphology of orchid flowers.
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Apostasia is basal
within Orchidaceae
and presents several

ancestral features

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



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.
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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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Supplementary Table 1 | Summary of the A. shenzhenica genome sequencing

data derived from the Illumina technology.

Insert size(bp) Read length(bp) Number of reads Total data(Gb) Sequence depth(X)

180 90 168.223.606 15.14 34.97

500 100 275,127,442 27.51 63.54

800 90 98.419.616 8.86 20.46

2000 90 91.713.060 8.25 19.06

5000 90 119.967.670 10.80 24.94
10000 90 46.631.366 420 9.69
20000 125 58.492.233 5.26 12.23

Supplementary Table 3 | Summary of the 10X genomics Linked-Reads

sequencing derived from the Illumina technology.

Species Read length Raw paired Raw bases Filtered paired  Filtered bases
(bp) reads reads

A. shenzhenica 150 369,749,121  110,924,736,300 318,763,894 95,629,168,200




MATERIAL & METHODS
GENOME ASSEMBLY

Supplementary Table 2 | Summary of the 31 generation sequencing derived from

the PacBio RS I1.

Species Number of bases = Number of reads Mean read length (bp)

A. shenzhenica  5,441,238,461 1,352,628 4,023




MATERIAL & METHODS
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Supplementary Figure 17 | K-mer distribution of sequencing reads. According to
the distribution, we estimate that the genome size of A. shenzhenica is approximately

471 Mb. The analysis is based on the Illumina data.




Supplementary Table 4 | Summary of the A. shenzhenica genome assembled by

INlumina, PacBio and 10X genomics technologies.

Scaffold Contig
Length(bp) Number Length(bp) Number

max_len 12,424,053 556.054

N10 10.110.636 4 223,148 112
N20 6,237,011 8 166,933 283
N30 5.003.307 14 130,671 503
N40 3.457.059 22 103.308 780
N50 3,029,156 32, 80.069 1.136
N60 2,413,737 45 63,275 1.590
N70 1.972.814 61 47,252 2.184
N80 1.402.703 82 31.086 3,022
N90 765.391 115 15.048 4.473
Total length 348,734,287 322,901,144

GC_rate 31.2% 33.7%



MATERIAL & METHODS
GENOME ANNOTATION

First step is to annotate repeats and then mask those for gene
prediction and annotation

Supplementary Table 9 | Summary of repeat annotation of A. shenzhenica.

RepBase TEs TE Proteins De novo Combined TEs
Typ e Of Length %in Length % in Length % in Length % in
Genome (bp) Genome Genome Genome
repeats op (bp) (bp)

DNA  3.604280 103 3106810  0.89 18995301 545 22534396 646
LINE 10240458 294 9511200 273 41316780 1185 44203442  12.68
SINE 12,411 0.00 0 0.00 149,789 0.04 161,345 0.05
ITR 10644451 305  15167.007 435  72767.333 2087 76930066  22.06
G 5,732 0.00 0 0.00 0 0.00 5,732 0.00

Unknown ~ 38.684 0.01 0 0.00 20482533 587 20520835  5.88
Total 24555914  7.04  27.699.462  7.94 137241384 3935 146653786  42.05




MATERIAL & METHODS
GENOME ANNOTATION

Supplementary Table 5 | Summary of gene annotation of A. shenzhenica.

Protein coding Average Average Average Average Average
Gene set gene length  CDS length  exon per exon intron
gene number (bp) (bp) gene length (bp) length (bp)

Denove  AUGUSTUS 26,015 8771.89 1128.15 4.68 241.14 2078.02
GlimmerHMM 36.406 8249.20 701.52 3.39 207.17 3163.09

Homolog . thaliana 19.532 5099.79 904.39 4.02 225.25 1391.48
(exonerate) O. sativa 21,804 4905.70 870.30 3.81 228.44 1436.23
P, equestris 28,179 3899.98 775.81 3335 231.88 1331.82

Sibicolss 20,483 4829.59 881.21 3.93 223.95 1345.31

Z mays 20,929 462041 852.71 3179 224.79 1348.81

RNA-seq (Cufflinks) 20,202 9588.04 1144.15 4.77 239.67 1471.21
CEGMA 448 11532.37 1225.80 8.46 144.82 1380.78
MAKER 23,181 7866.12 994.09 4.08 243.45 1915.22

Final set 21,841 7103.12 1099.99 451 244.07 1436.59




MATERIAL & METHODS
GENOME ANNOTATION

A. shenzhenica

Assembly Gene set

Proteins  Percentage Proteins Percentage

Complete
Single-Copy 685 71.65% 575 60.15%
BUSCOs
Complete
Duplicated 210 21.97% 304 31.8%
BUSCOs
Fragmented

20 2.09% 38 3.97%
BUSCOs
Missing

41 4.29% 39 4.08%
BUSCOs
Total BUSCO

956 100% 956 100%

groups searched




MATERIAL & METHODS
GENOME ANNOTATION

Supplementary Table 11 | Gene function annotation of A. shenzhenica.

Number Percent (%)
Total 21,841
Annotated InterPro 14,693 67:27
GO 10,499 48.07
KEGG 10.283 47.08
SwissProt 11.578 53.01
TrEMBL 18,277 83.68
NCBI non-redundant 18.243 83.52

Unannotated 3,449 15.79




Supplementary Table 12 | Summary of ncRNA annotation of A. shenzhenica.

Average length  Total length

Type Number % of genome
(bp) (bp)
miRNA 43 125.56 5.399 0.00155
tRNA 203 74.75 15.174 0.00435
TRNA TRNA 452 162.68 73.530 0.02109
18S 35 771.83 27.014 0.00775
28S 26 192.96 5.017 0.00144
5.88 11 151.73 1,669 0.00048
58S 380 104.82 39.830 0.01142
snRNA  snRNA 93 103.60 9.635 0.00276
CD-box 45 98.42 4,429 0.00127
HACA-box 0 0.00 0 0.00000
splicing 48 108.46 5.206 0.00149

scaRNA 0 0.00 0 0.00000




MATERIAL & METHODS
TRANSCRIPTOME ASSEMBLY

Supplementary Table 13 | Information about the transcriptomes used in this study.

Family Subfamily Species Tissues used in Tissues used in Tissues used in
genome expression WGD and
annotation analysis phylogenetic

analysis

Orchidaceae Apostasioideae  Apostasia shenzhenica Flower bud, leaf, flower bud,
root, seed, stem, pollen, stem, root,
tuber leaf, seed

Apostasia odorata flower bud
Neuwiedia malipoensis flower



MATERIAL & METHODS

TRANSCRIPTOME ANNOTATION

TransDecoder (Find Coding Regions Within
Transcripts)

TransDecoder identifies candidate coding regions within transcript sequences, such as those
generated by de novo RNA-Seq transcript assembly using Trinity, or constructed based on RNA-
Seq alignments to the genome using Tophat and Cufflinks.

TransDecoder identifies likely coding sequences based on the following criteria:
e a minimum length open reading frame (ORF) is found in a transcript sequence
¢ alog-likelihood score similar to what is computed by the GenelD software is > 0.

e the above coding score is greatest when the ORF is scored in the 1st reading frame as
compared to scores in the other 2 forward reading frames.

o if a candidate ORF is found fully encapsulated by the coordinates of another candidate ORF,
the longer one is reported. However, a single transcript can report multiple ORFs (allowing
for operons, chimeras, etc).

e a PSSM is built/trained/used to refine the start codon prediction.

e optional the putative peptide has a match to a Pfam domain above the noise cutoff score.

HOME | SEARCH | BROWSE | FTP | HELP P‘ﬂm

_key rd h
Pfam 31.0 (March 2017, 16712 entries) mm

The Pfam database is a large collection of protein families, each represented by multiple sequence
Ii and hidden Markov dels (HMMs). More...

QUICK LINKS YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...
SEQUENCE SEARCH Analyze your protein sequence for Pfam matches
VIEW A PFAM ENTRY View Pfam annotation and alignments
VIEW A CLAN See groups of related entries
VIEW A SEQUENCE Look at the domain organisation of a protein sequence
VIEW A STRUCTURE  Find the domains on a PDB structure
KEYWORD SEARCH Query Pfam by keywords

JUMP TO  [Enterany oriD ['Go]

Enter any type of accession or ID to jump to the page for a Pfam entry or
clan, UniProt sequence, PDB structure, etc.

Or view the help pages for more information
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®
BLAST » blastp suite
Standard Protein BLAST

blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein databases using a pr

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
From
To
A
Or, upload file Choose File no file selected @
Job Title

Enter a descriptive title for your BLAST search &
") Align two or more sequences &

Choose Search Set

Database N protein (nr) (>
Organism o -
Ozgonal Enter organism name or id--completions will be suggested () Exclude £

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &

Exclude " Models (XM/XP) " Uncultured/environmental sample sequences

Optional

Entrez Query YoullfllJ Create custom database
Optional

Enter an Entrez query to limit search &

Program Selection

Algorithm " )Quick BLASTP (Accelerated protein-protein BLAST) [0
© blastp (protein-protein BLAST)

Supplementary Table 13 | Information about the transcriptomes used in this study. TransDecoder BLASTP
Family Subfamily Species Tissues used in Tissues used in Tissues used in  Number of Number of

genome expression WGD and predicted predicted

annotation analysis phylogenetic proteins proteins with

analysis plant homologs

Orchidaceae Apostasioideae  Apostasia shenzhenica Flower bud, leaf, flower bud,

root, seed, stem, pollen, stem, root,

tuber leaf. seed

Apostasia odorata flower bud 23,504 18,030

Neuwiedia malipoensis flower 25,211 23.011



Supplementary Table 14 | Summary of orthologous gene families in 15 sequenced plant

species.
Unclustered Clustered Unique e Common Common Single Av::;:sg f‘
Species Genes ncg::e:re genes Familys fami(}ies families families families Colg)y gpﬂ.
genes genes family
A. comosus 27,024 5,950 21,074 13279 936 3,346 4,120 7,079 439 1.587
A. shenzhenica 21.841 3,573 18268 11,995 562 2,789 4,120 6,121 439 1.523
A. officinalis 27,375 8,220 19.155 12,014 901 3,521 4,120 6,920 439 1.594
A. thaliana 26,637 3,750 22,887 12,719 859 3466 4,120 8,108 439 1.799
A. trichopoda 25,933 7.699 18234 12200 1.044 4206 4,120 5,758 439 1.495
B. distachyon 26,415 3,655 22,760 15,344 421 1,240 4,120 7,748 439 1.483 o0
D. catenatum 29,257 5.339 23918 14.050 1.036 4.183 4,120  6.638 439 1.702
M. acuminata 34,241 8,710 25,531 12,865 538 1,359 4,120 10,792 439 1.985 80
O. sativa 35.402 11,106 24296 16352 958 2473 4,120  7.604 439 1.486 %
P. dactylifera 23,890 6,281 17,609 11,011 444 1431 4,120 7331 439 1.599 g =
P, equestris 29,545 6.420 23,125 13,752 1,197 5,887 4,120 6,112 439 1.682 é o
P. trichocarpa 40,984 7.683 33,301 14471 1362 4,181 4,120 11.440 439 2.301 g
S. bicolor 27,160 3723 23,437 15749 361 984 4,120  7.893 439 1.488 20 4
S. polyrrhiza 18.357 5,095 13262 10.076 264 797 4120 5,672 439 1316
V. vinifera 25,328 6,032 19.296 12,808 643 1.833 4,120 7,113 439 1.507 0~

ACOM ASHE AOFF ATHA ATRI BDIS DCAT MACU OSAT PDAC PEQU PTRI SBIC SPOL WIN

Unique families = families present only in one species | core-multi B core-singlecopy @ unique | others | unclustered



Emergence of key innovations
in orchids were unveiled by the
analysis of transcriptomes

Table 1 | MADS-box genes in the A. shenzhenica, P. equestris, D. catenatum, P. trichocarpa, A. thaliana and O. sativa genomes

Category A. shenzhenica P. equestris D. catenatum P. trichocarpa* A.thaliana® 0. sativa®

Functional Pseudo Functional Pseudo Functional Pseudo Functional Pseudo Functional Pseudo Functional Pseudo

Type Il (Total) 27 4 29 1 35 11 64 3 47 5 48 1
MIKC® 25 3 28 1 32 9 55 2 43 4 47 1
MIKC® 2 1 1 0 3 2 2 0 2 0 1 0
Ms 0 0 0 0 0 0 7 1 4 1 0 0
Type | (Total) 9 0 22 8 28 1 41 9 62 36 32 6
Ma 5 0 10 6 15 1 23 4 20 23 15 2
M3 0 0 0 0 0 0 12 5 17 5 ot 1
M-y 4 0 12 2 13 0 6 0 21 8 8 3
Total 36 4 51 9 63 12 105 12 107 41 80 7

*Genes with stop codon in MADS-box domain were categorized as pseudogenes??.
tNine MADS-box genes belonging to the M subgroup were identified=°.



+575/-1,591 Amborella
trichopoda

COMPARATIVE GENOMICS

polyrhiza

+557/-1,384 Phalaenopsis
equestris

+207/-550

Annotated genome wose [ Lomem omam

+4/-435

| e — | +522/-1,661 Apostasia

allows inferring P ——

(11,156) +1,204/-2,248 Asparagus
officinalis

[ ]
expansion an
bicolor
+906/-689
+629/-652 Brachypodium

+44/-123
contraction of s |
+178/-578 o
+16/-131 +607/-858 Oryza
: , sativa
oRe® +2/-6
+1,145/-1,247 Ananas
ene ramiiies along | '
+213/-206
+3,913/-1,013 Musa
h I t. t acuminata
ogenetic tree —r |
p y g n I r +95/-6 +1,400/-3,314 Phoenix
dactylifera
+824/-1,908 Vitis
vinifera
+491/-605
— +4,980/-262 Populus
trichocarpa
Gene families +470/-145 - 1 1
Expansion/Contraction Ll Arap/dopsls
thaliana
@fi \%Q' \é; \é\;@;{ig&«g ,\\'k'\é’ \Qd & NS 0 Million years ago



COMPARATIVE GENOMICS

Annotated genome allows
inferring duplication

events (in this case

whole genome doublings)
using co-linear comparisons
of scaffolds
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COMPARATIVE GENOMICS

Number of gene families &)

Annotated genome allows
inferring whole

genome doublings
along phylogenetic tree

Number of anchor pairs Dendrobium catenatum

Phalaenopsis equestris
Hemipilia forrestii
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COMPARATIVE GENOMICS

An 1] OtatEd ge nome a I IOWS : I scaffold_154 ;Cm 1 }/ 0 scaffold_72 , scaffold_60
comparing genome

Structu res with other A. trichopoda scf86Hll—|—I—l—EH—l-I:I-I—EI—D—|-H}EHIE
species

Synteny: conservation of blocks of genes/DNA between two or more sets of chromosomes belonging to different species.
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Annotated genome allows
studying emergence of

key innovations
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