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Abstract

Sea buckthorn (Hippophae rhamnoides L.) is a valuable crop. Its berries are rich in bioactive compounds,
including valuable fatty acids. We sequenced the transcriptomes of various organs/tissues of sea
buckthorn variety Triumf, including roots, wood, bark, buds, leaves, and flowers. We then annotated
the Triumf genome assembly using these data and previously obtained data for seeds and pulp at
four fruit development stages. As a result, we predicted 25,915 gene models and 30,527 transcript
models. Using the annotation, we identified three KAS I, six KAS II, two KAS III, one mtKAS, three
FATA, five FATB, eight SAD, three FAD2, four FAD3, one FAD4, one FAD6, and five FAD7/8 genes.
We also identified genes of these families in the annotated sea buckthorn genome assembly
CNP0001846 (https://db.cngb.org). We analyzed domain and exon-intron structures and constructed
phylogenetic trees for the genes identified in both genomes. The FATB (28610), SAD (18766), FAD2
(12459), FAD2 (21624), and FAD3 (24146) genes contained errors in the CNP0001846 genome
assembly. These errors were absent in the corresponding genes of the Triumf genome assembly. Thus,
using high-quality genome annotation, we obtained correct sequences of sea buckthorn genes of
families involved in fatty acid synthesis.

Keywords: Hippophae rhamnoides; sea buckthorn; transcriptome; genome annotation; KAS; FAT; SAD;
FAD

1. Introduction

Sea buckthorn (Hippophae rhamnoides L.) is a valuable crop tree. Its berries are rich in bioactive
compounds, including valuable unsaturated fatty acids [1-5]. Sea buckthorn fruit pulp contains high
amounts of the rare palmitoleic acid (16:1), and its seeds are rich in linoleic acid (18:2) and linolenic
acid (18:3) [3,6,7]. Studies on the investigation of genes involved in the synthesis of fatty acids in sea
buckthorn fruits identified genes that encode (-ketoacyl-acyl carrier protein synthase (KAS), oleoyl-
acyl carrier protein thioesterase 1 (FATA), palmitoyl-acyl carrier protein thioesterase (FATB),
stearoyl-ACP desaturase (SAD), and fatty acid desaturase (FAD), as well as evaluated their
expression levels [6,8-12]. In our previous study [11], we identified and characterized four KAS II,
eight FAT, nine SAD, and 12 FAD genes in the H. rhamnoides genome CNP0001846
(https://db.cngb.org, accessed on 1 November 2025) [13]. However, there were errors in the following
genes in the CNP0001846 genome: FATB (28610), SAD (18766), FAD2 (12459), FAD2 (21624), FAD3
(24146). This issue is likely associated with mistakes in the genome assembly or annotation. The
present study aimed to create an annotation for a contiguous and accurate genome assembly of the
variety Triumf and obtain the correct sequences of genes involved in fatty acid synthesis.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

For the transcriptomic analysis, plant material was collected from the sea buckthorn variety
Triumf in three biological replicates. The cuttings were collected in the Federal Altai Scientific Center
of Agrobiotechnologies (Barnaul, Russia). They were cut into 13-15 cm pieces and placed in
containers with a Kornevin (IMK) solution (AgroSintez, Russia). After 24 hours, the cuttings were
transferred to containers filled with water. The water was replaced daily, and samples were taken at
necessary intervals as the plants grew. The samples included roots, wood, and bark, buds, leaves,
and flowers. Buds were sampled at four stages of development: dormant bud, beginning of swelling,
swollen/unfolding bud, and fully opened bud. Leaves were collected whole and separated into base,
tip, marginal zone, and central vein parts. The plant material was placed in 1.5-ml tubes, immediately
frozen in liquid nitrogen, and stored in a freezer at -70 °C until RNA extraction. Thirteen samples of
the plant material in two replicates were selected for further transcriptomic studies.

Prior to RNA extraction, the samples were ground into a fine powder using disposable
homogenization pestles (Helicon, Russia) attached to the DeWALT DCD701D2 cordless drill
(DeWALT, USA) in 1.5-ml tubes placed in liquid nitrogen to prevent thawing. RNA extraction was
performed based on a modified CTAB buffer protocol [14]. Total RNA was then purified using the
CleanRNA Standard Kit (Evrogen, Russia) according to the manufacturer’s protocol with an addition
of a DNase I (Magen, China) treatment step. The quality and concentration of RNA samples were
assessed using the horizontal agarose gel electrophoresis and Qubit 4.0 fluorometer (Thermo Fisher
Scientific, USA). Only undegraded RNA samples with a concentration of at least 25 ng/uL were used
for further analysis.

We prepared cDNA libraries for sequencing the transcriptomes of various organs/tissues of the
variety Triumf on the [llumina platform. For each sample, we used 500 ng of total RNA. The following
kits were used to prepare the samples: MagicPure mRNA Kit (TransGen, China), TransNGS Fast
RNA-Seq Library Prep Kit for Illumina (TransGen), and MagicPure Size Selection DNA Beads
(TransGen). The kits were used according to the manufacturer’s protocols.

We used the Qsepl-Plus capillary electrophoresis system (BiOptic, Taiwan) and horizontal
electrophoresis in a 2% agarose gel to assess the quality of the resulting cDNA libraries. We
determined the concentration of the libraries using the Qubit 4.0 fluorometer (Thermo Fisher
Scientific). Then we mixed the libraries equimolarly and sequenced them on NextSeq 2000 (Illumina,
USA) with 100+100 bp reads.

We annotated the genome of the sea buckthorn variety Triumf with masked repeats using
BRAKER3 v3.0.8 [15], applying Triumf’s transcriptomic data obtained in this study and in the
previous study [12], as well as the Viridiplantae OrthoDB [16] protein database.

We used the tool developed by us to identify and analyze sea buckthorn genes of the KAS, FATA,
SAD, and FAD families, which are associated with fatty acid synthesis. Representative protein
sequences of Arabidopsis thaliana for the target gene families were downloaded from the Arabidopsis
Information Resource (TAIR, https://www.arabidopsis.org/, accessed on 1 November 2025). These A.
thaliana protein sequences were aligned against the translated transcripts of the sea buckthorn
genome assemblies of the variety Triumf and Chinese variety under ID CNP0001846 (CNGB,
https://db.cngb.org, accessed on 1 November 2025) using local BLASTP v2.17.0. This resulted in a list
of candidate proteins, which were then manually assessed and filtered based on relative alignment
scores. In general, proteins with identity of less than 30% to the corresponding A. thaliana sequences
were excluded. Candidate proteins and reference A. thaliana sequences were used as queries in
HMMER 3.0 (http://hmmer.org/, accessed on 1 November 2025) against the Pfam database of
conserved domains [17]. Candidate sequences lacking the relevant conserved domains were
manually filtered out. Domain structure of the analyzed sequences was then re-assessed using the
NCBI batch CD-search against the default NCBI conserved domain database [18]. In addition, the
exon-intron structures of the candidate genes were assessed and compared with the corresponding
A. thaliana gene models. Both domain and exon-intron structures were visualized using the ggplot2
v.4.0.1 R package. The protein sequences were aligned using MAFFT v7.525, and phylogenetic trees
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were constructed from the resulting multiple alignment using RapidN]J 2.3.2 with the Neighbor
Joining method and 1000 bootstrap replicates. Phylogenetic trees were visualized using the ggtree R
package [19] and iTOL v7.3 [20].

3. Results and Discussion

We performed sequencing of 26 cDNA libraries obtained from various organs/tissues of the sea
buckthorn variety Triumf using the Illumina platform. On average, we generated 2.6 million reads
for each sample. These data along with the previously obtained data for Triumf’s seeds and pulp at
four fruit development stages (NCBI SRA, BioProject PRINA1163394) were used to annotate the
Triumf genome assembly. Structural annotation predicted 25,915 gene models and 30,527 transcript
models.

Using the in-house developed tool, we identified genes of the KAS, FAT, SAD, and FAD families
in the annotated genome assemblies of the variety Triumf and Chinese variety under ID CNP0001846
(CNGB). We have previously used the latter genome assembly to identify genes of the studied
families [11]. In the present study, the following genes of the examined families were identified in the
two sea buckthorn genome assemblies: three KAS I genes (Triumf), six KAS II genes (Triumf) and
four KAS II genes (CNP0001846); two KAS III genes (both genomes); one mtKAS gene (both genomes);
three FATA genes (Triumf) and two FATA genes (CNP0001846); five FATB genes (Triumf) and six
FATB genes (CNP0001846); eight SAD genes (Triumf) and nine SAD genes (CNP0001846); three FAD?2
genes (both genomes); four FAD3 genes (Triumf) and five FAD3 genes (CNP0001846); one FAD4 gene
(both genomes); one FAD6 gene (both genomes); and five FAD7/8 genes (Triumf) and three FAD7/8
genes (CNP0001846). Figures 1-4 show a comparison of exon-intron structures of the identified genes
of the KAS, FAT, SAD, and FAD families. Figures 5-8 present a phylogenetic analysis of the identified
genes of the KAS, FAT, SAD, and FAD families.
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Figure 1. Visualization of exon-intron structures of the identified genes of KAS family. Hiprhalgenexxx — genes
in the sea buckthorn genome assembly CNP0001846 (CNGB); Hippophae.genexxx — genes in the sea buckthorn

variety Triumf genome assembly; ATxxx — genes of Arabidopsis thaliana in TAIR.
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Figure 2. Visualization of exon-intron structures of the identified genes of FAT family. Hiprhalgenexxx — genes
in the sea buckthorn genome assembly CNP0001846 (CNGB); Hippophae.genexxx — genes in the sea buckthorn

variety Triumf genome assembly; ATxxx — genes of Arabidopsis thaliana in TAIR.
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Figure 3. Visualization of exon-intron structures of the identified genes of SAD family. Hiprhalgenexxx — genes
in the sea buckthorn genome assembly CNP0001846 (CNGB); Hippophae.genexxx — genes in the sea buckthorn

variety Triumf genome assembly; ATxxx — genes of Arabidopsis thaliana in TAIR.
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Figure 4. Visualization of exon-intron structures of the identified genes of FAD family. Hiprhalgenexxx — genes

in the sea buckthorn genome assembly CNP0001846 (CNGB); Hippophae.genexxx — genes in the sea buckthorn

variety Triumf genome assembly; ATxxx — genes of Arabidopsis thaliana in TAIR.
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Figure 5. Phylogenetic analysis of amino acid sequences of KAS genes. Hiprhalgenexxx — genes in the sea

buckthorn genome assembly CNP0001846 (CNGB); Hippophae.genexxx — genes in the sea buckthorn variety

Triumf genome assembly; ATxxx — genes of Arabidopsis thaliana in TAIR.
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Annotating the Triumf genome assembly enabled us to identify and characterize the KAS, FAT,
SAD, and FAD gene families in sea buckthorn. We also obtained correct gene sequences
corresponding to FATB (28610), SAD (18766), FAD2 (12459), FAD2 (21624), and FAD3 (24146) genes
in the sea buckthorn genome assembly CNP0001846, which contained errors [11]. This is an important
step in investigating the molecular mechanisms of fatty acid synthesis in sea buckthorn fruits and
creating varieties with improved oil composition. Furthermore, the obtained genome annotation is a
valuable tool for genetic studies of sea buckthorn, including the identification and analysis of other
significant gene families.
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