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Phaeodactylum tricornutum genome and evolutionary origin of diatoms
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Extended methods and description of data
Data generation and mining

Phaeodactylum tricornutum genome re-annotation (named as Phatr3) was done on the
Phatr2 genome assembly (ASM15095v2)! using species-specific high throughput
sequencing datasets as follows:

RNA-Seq

Multiple RNAseq libraries (91 libraries in total) were generated under different growth
conditions and are being used for many functional studies?. The growth conditions used
can be broadly divided into two major categories: 1) Nitrogen availability, which
include 30 RNAseq libraries generated using lllumina platform (Bio-project accession
no. PRJINA311568; Bio-sample accession numbers  SAMNO04488978-
SAMNO04489007), and 2) Iron availability, includes 49 libraries of RNA-Seq generated
using SoLiD sequencing technology (SRA: SRP069841) 2. 12 more RNAseq libraries
were generated including the wild type and alternative oxidase (Phatr2_bd1075)
mutants 3, Bio-sample accessions: SAMNO06350641-SAMN06350652. More
information about the culture conditions can be referred from File S2.

Culture and growth conditions (RNAseq libraries)

1) Nitrogen availability: Duplicate 2 L of P. tricornutum cultures, CCAP-1055, were
grown in artificial seawater medium with f/2 nutrients, trace metals and vitamins.
In place of nitrate, 880uM NH4" was added as the sole nitrogen source. Cultures
were stirred and bubbled with air, in diel light (14:10, L:D, 150uE m2s™!) at 18°C.
At mid-exponential phase growth (Fv/Fm > 0.6, ~3 X 10° cells mlI%), cells were
collected by centrifugation (10 min, 700xg, 18°C), washed 3 times in nitrogen-free
(N-free) media, then re-suspended in N-free media in duplicate 2L. After 2 hours,
cultures were spiked with NO3to a final concentration of 150uM. After 90 minutes
in nitrate media, cells were collected by centrifugation, washed three times (see
above) and pellets re-suspended in 20 ml N-free media, combined and then
aliquoted at ~7.5 X 10° cells mI?! into duplicate, 800 ml of standard media
containing different nitrogen sources: a. no nitrogen, b. 300uM NH4", ¢. 300uM
NOgz, d. 300 uM NO2, in 1L Roux culture bottles (Corning). All cultures were



incubated in constant light at 18°C with bubbled air for the duration of the time
course. Culture flasks were racked on an angle enabling the bubbled air to
thoroughly circulate the cells. Samples for RNAseq were collected in duplicate at
6 time points: 1) mid-exponential phase growth on ammonium, 2) 2 hours in N-free
media, 3) 90 minutes after NO3™ addition, 4) 15 minutes, 5) 45 minutes and 6) 18
hours (referred as Tend) after being aliquoted into the 4 N-conditions. The data has
also been used in a following study *.

2) Iron availability: The conditions are well described in 2.

3) Others: The conditions are well described in 3.

Expressed sequence tags (ESTS)

Along with multiple RNAseq libraries existing 13,828 non-redundant P. tricornutum
ESTs 5% done in different growth conditions were also utilized. Other EST data used
includes 93,206 diatom ESTs from dbEST ’.

Construction of a multi-sequence reference dataset

The description of the taxonomic divisions (The divisions are precisely stated in Table
S4 as well).

Diatoms, consisting of two separate pennate sub-categories (raphid and araphid
species), and four centric categories. Dinotoms (i.e. dinoflagellates harbouring
diatom endosymbionts) were included in this category, as previous studies have
indicated that the diatom endosymbiont retains a large gene complement of its
own &,

Non-diatom stramenopiles, consisting of six plastid-bearing (ochrophyte) and
three aplastidic sub-categories. This taxonomic assembly, while it is
paraphyletic with regard to diatoms, was chosen as it enables the distinction of
genes (by comparison to the diatom sequences) that are uniquely shared
between Phaeodactylum and other diatoms from genes that are more broadly
evolutionarily conserved across the stramenopiles.

Non-stramenopile SAR clade members, consisting of six alveolate and two
rhizarian sub-categories. Plastid-bearing chlorarachniophytes were separated
from other (aplastidic) rhizarians due to the extensive plastid-associated gene
transfer that has occurred in this group °° Fucoxanthin-containing
dinoflagellates were similarly separated from other dinoflagellate groups due to
the additional gene transfers that have occurred in this group following the
replacement of the original peridinin-containing plastid . This taxonomic
assembly was chosen as it enables the distinction of genes (by comparison to



the stramenopile sequences) that are uniquely shared between Phaeodactylum
and other stramenopiles from genes that are more broadly evolutionarily
conserved across the SAR clade.

e CCTH members, consisting of three cryptomonad and three haptophyte sub-
categories. This group was used, despite ongoing controversy over its
taxonomic significance %, due to the evidence for extensive gene sharing
between different members 3.

e Green eukaryotic groups, consisting of streptophytes, chlorophytes and
glaucophytes. Glaucophytes were included in this group, as recent
phylogenomic studies place them as more closely related to the green group
than red algae >4, The chlorophytes were divided into a much greater number
of sub-categories (nine) than streptophytes (treated as a single sub-category) to
investigate the assertion from previous studies for a gene transfer event between
prasinophyte algae and diatoms °.

e Red algae, divided into five sub-categories.

e Amorphea, divided into two excavate sub-categories and two unikont sub-
categories. This group was used, despite ongoing uncertainty over whether it is
monophyletic or paraphyletic to all other eukaryotes 17 due to the limited
gene transfers previously proposed to have occurred between these groups and
P. tricornutum ®. As per the situation for chlorarachniophytes and rhizaria,
plastid-bearing euglenids were separated from all other excavates, due to the
extensive plastid-associated gene transfer associated with this group *8.

e Prokaryotes, divided into twenty-six categories. Bacteria and archaea were
combined due to evidence for extensive gene transfer between these two groups
1920 despite the distant evolutionary relationships between their nucleoid
genomes.

e Viruses, as a single sub-category.

Assessment of the conservation and complex evolutionary origin of P. tricornutum
genome

In this analysis we designed a compound protocol, based on primary and secondary
BLAST top hit identity, using libraries modified to remove different combinations of
sequences to trace the evolutionary history of different lineages. This pipeline allows
the preliminary assessment of the magnitude, relative composition, and timing different
types of gene transfers into the ancestors of Phaeodactylum. Specific gene transfer
events within this dataset may require case-by-case verification using single-gene trees;
however, we note a broad concordance in the evolutionary histories predicted by this
analysis, and a previously published phylogenetic study of 770 plastid-targeted proteins
conserved across the diatom lineage 2 (Fig. S9; File S3, Table S11).

Validation of “modified gene models” using RT-PCR



Total cellular RNA was extracted from approximately 30 ml late-log phase P.
tricornutum, grown as described above, by phase extraction with Trizol (Thermo,
France), followed by treatment using RNAse-free DNAse (Qiagen, France) and
cleanup using an RNeasy column (Qiagen) as previously described 2:. RNA was
verified to be free of residual DNA contamination by PCR using previously generated
universal 18S rDNA primers %2, cDNA was synthesized from 100 ng RNA-free DNA
using a Maxima First cDNA synthesis kit (Thermo), and PCR was performed using the
cDNA template and primers designed against the 5' and 3' ends of genes of interest
using DreamTaq DNA polymerase (Thermo), per the manufacturers' instructions.
Products were separated by electrophoresis on a 1%-agarose TAE gel containing 0.2
pg/ml ethidium bromide at 100V for 30 minutes, and visualized with a UV
transilluminator. Representative products from each reaction were purified using PCR
cleanup spin columns (Macherey-Nagel, France), and confirmed by Sanger sequencing
(GATC, France) using both the forward and reverse PCR primers.

Homology detection

Functional annotation was performed by CLADE 2.7 and DAMA 3.1 algorithms,
where CLADE scanned the entire Phatr3 genome (all the six possible frame translations
without any type of trim) looking for conserved regions. Next, DAMA filtered and
selected the 8235 most statistically significant protein architectures (domain
arrangements). For the other 3998 genes, 3857 where annotated by CLADE best model
approach. It is worth note that the best model predictions are less statistically significant
then DAMA predictions 22°,
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