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The genome of the cucumber, Cucumis sativus L.

Sanwen Huang!>!%, Ruiqiang Li*»%19, Zhonghua Zhang!1%, Li Li*»!%, Xingfang Gu®>!°, Wei Fan®19,
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Li et al. BMC Genomics 2011, 12:540
http://www.biomedcentral.com/1471-2164/12/540
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RNA-Seq improves annotation of protein-coding
genes in the cucumber genome

Zhen Li'", Zhonghua Zhang?', Pengcheng Yan', Sanwen Huang? Zhangjun Fei® and Kui Lin'

William J Lucas®!?, Xiaowu Wang!, Bingyan Xie!, Peixiang Ni?, Yuanyuan Ren?, Hongmei Zhu?, Jun Li?, Kui Lin’,
Weiwei Jin%, Zhangjun Fei’, Guangcun Li8, Jack Staub®, Andrzej Kilian'?, Edwin A G van der Vossen'!, Yang Wu’,
Jie Guo®, Jun Hel, Zhiqi Jial, Yi Ren!, Geng Tian?, Yao Lu?, Jue Ruan®!2, Wubin Qian?, Mingwei Wang?,

Quanfei Huang?, Bo Li?, Zhaoling Xuan?, Jianjun Cao?, Asan?, Zhigang Wu?, Juanbin Zhang?, Qingle Cai?,

Abstract

Background: As more and more genomes are sequenced, genome annotation becomes increasingly important in
bridging the gap between sequence and biology. Gene prediction, which is at the center of genome annotation,

Yingi Bai?, Bowen Zhao!?, Yonghua Han®, Ying Li!, Xuefeng Li!, Shenhao Wang!, Qiuxiang Shil, Shigiang Liu!,
Won Kyong Cho!4, Jae-Yean Kim'4, Yong Xu!3, Katarzyna Heller-Uszynska'?, Han Miao!, Zhouchao Cheng!,
Shengping Zhang!, Jian Wu!, Yuhong Yang!, Houxiang Kang!, Man Li!, Huiqing Liang?, Xiaoli Ren?,

Zhongbin Shi%, Ming Wen?, Min Jian?, Hailong Yang?, Guojie Zhang?!2, Zhentao Yang?, Rui Chen?, Shifang Liu?,
Jianwen Li?, Lijia Ma?!2 Hui Liu?, Yan Zhou?, Jing Zhao?, Xiaodong Fangz, Guoqing Li% Lin Fangz,

Yingrui Li>!2, Dongyuan Liu?, Hongkun Zheng??, Yong Zhang?, Nan Qin?, Zhuo Li?, Guohua Yang?,

Shuang Yang?, Lars Bolund?!6, Karsten Kristiansen'”, Hancheng Zheng®'8, Shaochuan Li>!8, Xiuqing Zhang?,
Huanming Yang?, Jian Wang?, Rifei Sun!, Baoxi Zhang!, Shuzhi Jiang!, Jun Wang?!7, Yongchen Du! & Songgang Li?

Cucumber is an economically important crop as well as a
model system for sex determination studies and plant vascular
biology. Here we report the draft genome sequence of Cucumis
sativus var. sativus L., assembled using a novel combination of
traditional Sanger and next-generation Illumina GA sequencing
technologies to obtain 72.2-fold genome coverage. The absence
of recent whole-genome duplication, along with the presence
of few tandem duplications, explains the small number of
genes in the cucumber. Our study establishes that five of the
cucumber’s seven chromosomes arose from fus

ancestral chromosomes after divergence from

The sequenced cucumber genome affords insigh

such as its sex expression, disease resistance, bio

cucurbitacin and ‘fresh green’ odor. We also ident

clusters related to phloem function. The cucumber genome
provides a valuable resource for developing elite cultivars

and for studying the evolution and function of the plant
vascular system.

The botanical family Cucurbitaceae, commonly known as cucur-
bits and gourds, includes several economically important culti
plants, such as cucumber (C. sativus L.), melon (&

melon (Citrullus lanatus (Thunb.)

pumpkin (Cucurbita spp.). Agric

distance signaling events®>
Despite the agricultural and biological importance of cucurbits,
knowledge of their genetics and genome is currently very limited. We
have therefore sequenced and assembled the genome of the domestic
cucumber, C. sativus var. sativus L.
All previous plant genome sequences have been derived using
traditional Sanger technology*®. The recent development of
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of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing, China. 2BGI-Shenzhen, Shenzhen, China. 3Department of Biochemistry and
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between our predicted protein-coding gene

usually integrates various resources to compute consensus gene structures. However, many newly sequenced
genomes have limited resources for gene predictions. In an effort to create high-quality gene models of the
cucumber genome (Cucumis sativus var. sativus), based on the EVidenceModeler gene prediction pipeline, we
incorporated the massively parallel complementary DNA sequencing (RNA-Seq) reads of 10 cucumber tissues into
EVidenceModeler. We applied the new pipeline to the reass

s, are available at http://cmb.bnu.edu.cn/Cucumis_sativus_v20/.

led cucumber genome and included a comparison
ed set.
RNA-Seq reads from 10 tissues, has 23, 248 identified
n in 2009, approximately 8, 700 genes reveal
assembled cucumber genome. All the related

Background

As new sequencing technologies develop, thousands of
eukaryotic genomes across all kingdoms of life will be
sequenced during the next decade [1,2], and this trend
will spark an improvement in our knowledge of evolu-
tionary biology and functional genomics. Genome anno-
tation is a stepping stone to bridge the gap between
genomic sequences and the biology of organisms [3]. It
can be stated that the quality of genome annotations
represents the value of genome sequences.

Gene prediction, within the process of genome annota-
tion, is a complex endeavor. In eukaryotic species, it is
usually carried out by integrating multiple sources of evi-
dence [4], such as complementary DNA (cDNA), proteins
in closely related species, and de novo predictions [5].
Representing the integral sequences of messenger RNAs

* Correspondence: linkui@bnu.edu.cn

1 Contributed equally

'College of Life Sciences, Beijing Normal University, 19 Xinjiekouwai Street,
Beijing, 100875, China

Full list of author information is available at the end of the article

( ) BiolMed Central

(mRNAs), full-length cDNAs (FL-cDNAs) are recognized
as the gold-standards for discovering and annotating gene
structures in eukaryotic genomes [5,6]. Additionally, even
incomplete cDNAs, i.e. expressed sequence tags (ESTs),
provide more accurate evidence than other sources.
Nevertheless, until recently, the sequencing of cDNA was
a laborious and capital-intensive task.

Thanks to the massively parallel cDNA sequencing
(RNA-Seq) technologies [7], scientists can obtain cDNA
fragments from transcriptomes with reasonably complete
coverage in a reduced time scale and at a lower cost [8].
With its informative content, RNA-Seq is expected to
revolutionize the prediction of genes [9]. RNA-Seq has
been used to improve the genome annotations, including:
(i) correcting predicted gene structures [10]; (ii) detecting
new alternative splicing isoforms [11]; and (iii) discover-
ing new genes and new transcripts [12,13]. However,
most of these applications focused on species with well-
annotated genomes, such as human, mouse, yeast, Arabi-
dopsis thaliana, and rice. Among these studies, Trapnell,
Williams and Pertea et al. and Guttman, Garver and

© 2011 Li et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/oy/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Table 1. Summary of Cucumber SVs and Their Functional Impact

Deletions Insertions Duplications Inversions Total

No. 19,168 7,337 205 78 26,788

Size (bp) 6,501,467 679,902 4,212,813 325,747 11,751,414
Number of SVs overlapping with protein coding genes?

Full CDS overlap 112 (130)° 0 (0) 134 (509) 1 261 (666)
Partial CDS overlap 619 (622) 226 (217) 117 (149) 1 979 (1,010)
UTR overlap® 266 (262) 90 (90) 7 (7) 364 (360)
Intron overlap® 2,409 (1,979 863 (775) 3 (3) 3,277 (2,760)
Total 3,379 (2,952) 1,175 (1,076) 171 (668)

%An SV can fall into multiple categories.
®Values in parentheses indicate the number of genes overlapping with SVs.
“Only genes with CDS not overlapping with SVs are counted.

1511540 120 b7 53 1R B B30 o 250 3E
EEXIEI9930E MBS ZEEAE L, EELSWEF (SV)
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