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ARTICLE INFO ABSTRACT
Article history: Monotropa hypopitys (pinesap) is a non-photosynthetic obligately mycoheterotrophic plant of the family
Received 16 November 2016 Ericaceae. It obtains the carbon and other nutrients from the roots of surrounding autotrophic trees through
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- ; the associated mycorrhizal fungi. In order to understand the evolutionary changes in the plant genome associated
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with transition to a heterotrophic lifestyle, we performed de novo transcriptomic analysis of M. hypopitys using
next-generation sequencing. We obtained the RNA-Seq data from flowers, flower bracts and roots with haustoria

K ds: . . . . . . . .
Pzggigc plant using [llumina HiSeq2500 platform. The raw data obtained in this study can be available in NCBI SRA database
Monotropa hypopitys with accession number of SRP069226. A total of 10.3 GB raw sequence data were obtained, corresponding to
Transcriptome 103,357,809 raw reads. A total of 103,025,683 reads were filtered after removing low-quality reads and trimming
RNA-Seq the adapter sequences. The Trinity program was used to de novo assemble 98,349 unigens with an N50 of
1342 bp. Using the TransDecoder program, we predicted 43,505 putative proteins. 38,416 unigenes were anno-
tated in the Swiss-Prot protein sequence database using BLASTX. The obtained transcriptomic data will be useful
for further studies of the evolution of plant genomes upon transition to a non-photosynthetic lifestyle and the
loss of photosynthesis-related functions.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Specifications 2. Introduction
Organism/cell Monotropa hypopitys/flowers, flower bracts, and roots Monotropa hypppztys (pmesap) Isa non.—photo_synthetlc Obllgate.ly
Jine tissue mycoheterotrophic plant of the family Ericaceae, subfamily
Sex N/A Monotropoideae [1]. It obtains the carbon and other nutrients from the
Sequencer or lllumina HiSeq2500 roots of surrounding autotrophic trees through the associated mycor-
array type rhizal fungi [2]. The above-ground part of M. hypopitys plant is up to
Data format Raw data: FASTQ file .- o .
) . . 35 cm tall unbranched adventitious raceme-like inflorescence with sev-
Experimental De novo transcriptome assembly of Monotropa hypopitys A A
factors eral flowers on the top and scale-like flower bracts which cover most of
Experimental Flowers and leaves (flower bracts) of two individual the inflorescence. Short roots are invested by a net of sheathing mycor-
features Monotropa hypopitys plants and two pooled samples of roots rhizas forming haustorium-like structures used to attach the fungal
with haustoria were harvested for total RNA extraction, partner
sequencing, de novo transcriptome assembly and annotation T e .
Consent N/A Transition to a heterotrophic lifestyle and the loss of photosynthesis
Sample source Sample was collected in Kaluga region, Russia is expected to relax the selective pressure on photosynthetic machinery
location which becomes unnecessary. The most evident consequence is a reduc-

tion in the size and gene content of the chloroplast genome, which cor-
relates with the loss of genes related to photosynthesis [3-5]. Recently
we sequenced the chloroplast genome of M. hypopitys and found that
it is highly reduced in size and lacks genes encoding NADH dehydroge-
nase, photosynthesis-related proteins, the plastid-encoded RNA poly-
merase and some other functions [6,7]. Transition to heterotrophy is
expected to be associated also with the changes in the nuclear genome
"+ Corresponding author. of a parasitic plant since it encodes a number of functions related to au-

E-mail addresses: nravin@biengi.ac.ru, nravin@mail.ru (N.V. Ravin). totrophic lifestyle. However, these changes are poorly known and

1. Direct link to deposited data

https://www.ncbi.nlm.nih.gov/sra/SRP069226.
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limited to few studies of transcriptomes of parasitic plants (e.g. [8-10]).
In this study we carried out sequencing and de novo assembly of tran-
scriptome for M. hypopitys.

3. Experimental design, materials and methods
3.1. Plant materials

Several Monotropa hypopitys plants, including the underground
parts with a piece of soil, were collected in the forest in Kaluga region,
Russia and quickly transported to the laboratory for isolation of nucleic
acids.

3.2. RNA isolation, library preparation, and sequencing

Fresh flowers and leaves (often considered as flower bracts) of two
individual Monotropa hypopitys plants and two samples of pooled
roots with haustoria were used for RNA isolation. Roots were carefully
rinsed in water to eliminate attached soil immediately before RNA ex-
traction. Total RNA was isolated from ~300 mg tissue for each six sam-
ples using the RNeasy Plant Mini kit (Qiagen, Valencia, CA).

mRNA library preparation was performed using a NEBNext® mRNA
Library Prep Reagent Set for [llumina® according to the manufacturer's
instructions (New England BioLabs Inc., [pswich, MA, USA). The libraries
were sequenced by MyGene Co. (Moscow, Russia) using the HiSeq 2500
platform. About 17 million of 100-bp single end reads were generated
for each sample.

3.3. De novo transcriptome assembly, identification of protein coding re-
gions, and annotation

We obtained a total of 10.3 GB raw sequence data, corresponding to
103,357,809 raw reads (18.5 min for flowers of plant 1.7 mln for leaves
of plant 1, 14.3 min for flowers of plant 2, 17.7 mln for leaves of plant 2,
16.1 min for root sample 1, and 18.9 min for root sample 2). A total of
103,025,683 high quality reads were filtered after removing of adapter
sequences and quality trimming with Cutadapt [11] and Sickle
(https://github.com/najoshi/sickle), respectively.

The information on the transcriptome sequencing and assembly is
summarised in Table 1.

De novo assembly of transcriptome with clean reads from the com-
bined six RNA-seq datasets was carried out using Trinity 2.1.1 with de-
fault parameters [12]. The assembly generated 98,349 unigens ranging
in length from 201 to 12,993 bp, with an N50 of 1342 bp. Coding regions
prediction in the assembled transcripts was performed by the
TransDecoder program (http://transdecoder.github.io) implemented
in the Trinity software. As a result, we predicted a total of 43,505 pro-
teins. Trinotate (https://trinotate.github.io/) was used to assign hits
from TrEMBL and Swiss-Prot databases (http://www.uniprot.org/
uniprot/), and to assign GO terms and pfam domains. 37,974 unigenes
were annotated in the TrTEMBL protein database using predicted protein
sequences and 38,416 unigenes were annotated in the Swiss-Prot data-
base using BLASTX.

The relative levels of transcription of protein-coding genes in each of
four tissue samples were calculated by mapping of cleaned reads on the

Table 1
Summary of the sequencing and de novo assembly.

Index Monotropa hypopitys
No of assembled reads 103,025,683
Number of unigenes 98,349

N50 length of unigene (bp) 1342

Average unigene length (bp) 780

Predicted proteins 43,505

Unigens annotated in TrEMBL 37,974

Unigens annotated in Swiss-Prot 38,416

assembled transcripts employing Trinity scripts, RSEM [13] and Bowtie
2 program [14]. Cross sample normalization of transcription levels was
done using Trinity scripts (TMM method). The data on the relative ex-
pression of annotated genes are available in Supplementary File 1.

822 of the assigned proteins were probably derived from root-asso-
ciated fungi since (i) they have best BLASTP hits in fungal proteomes,
(ii) the corresponding transcripts were expressed only in root samples
but not in flowers and leaves, and (iii) nucleotide sequences of these
genes were not found in the genome sequences derived from the
above-ground parts of M. hypopitys plants (to be published elsewhere).

In conclusion, we have sequenced and de novo assembled the tran-
scriptome of the non-photosynthetic parasitic plant M. hypopitys. The
obtained transcriptome data will be useful for further studies of the evo-
lution of plant genomes upon transition to a non-photosynthetic life-
style and the loss of photosynthesis-related functions.
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