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Abstract Tea is a popular and natural non-alcoholic bever-
age, and is produced from fresh leaves of Camellia sinensis.
Tea leaves contain many bioactive compounds that have sig-
nificant health benefits. We constructed a high quality bacte-
rial artificial chromosome (BAC) library by using the fresh
petals of C. sinensis “Shuchazao” for genome sequencing
and improvement of genomic assembly. BAC library is still
a significant tool for studies of functional genomes and pres-
ervation of precious genetic resources. The BAC library con-
tains 161,280 clones with an average insert size of 113 kb,
which represents approximately 6.2-fold coverage of haploid
genome equivalents of C. sinensis. We characterized 20 com-
plete BAC clones and 738 BAC end sequences (BESs) rang-
ing from 105 to 917 bp. In addition, we predicted cis-
regulatory elements of LAR (leucoanthocyanidin reductase),
TCS (caffeine synthase), and 7S (theanine synthetase)

Yuling Tai and Hao Wang contributed equally to this work.

Communicated by W.-W. Guo

Electronic supplementary material The online version of this article
(doi:10.1007/s11295-017-1173-5) contains supplementary material,
which is available to authorized users.

< Xijaochun Wan
xcwan @ahau.edu.cn

P4 Jun Sun
sunjun@ahau.edu.cn

State Key Laboratory of Tea Plant Biology and Utilization, Anhui
Agricultural University, Hefei, China

School of Life Science, Anhui Agricultural University, Hefei, China

College of Life Sciences and Technology, Huazhong Agricultural
University, Wuhan, China

College of Horticulture, Anhui Agricultural University, Hefei, China

involved in tea characteristic metabolite synthesis and identi-
fied a larger number of light-responsive cis-acting elements in
these three genes. Meanwhile, we analyzed alternative splic-
ing of these three genes. Furthermore, 12 pairs of SSR primers
were successfully amplified in tea plant DNA. The tea BAC
library was a critical resource to accomplish de novo whole-
genome sequencing, accelerate gene discovery and enhance
molecular breeding of C. sinensis.

Keywords Teaplant - BAC library - BAC end sequencing -
SSR - Alternative splicing

Introduction

Tea is one of the most popular beverages consumed world-
wide, and it is produced from the leaves of the plant Camellia
sinensis (L.) O. Kuntze, which belongs to the family
Theaceae. The leaf of C. sinensis is a unique organ usually
used because it contains beneficial compounds. To date, near-
ly 4000 bioactive compounds (Mahmood et al. 2010), such as
polyphenols (e.g., catechins), caffeine, and theanine (Liang
et al. 2001; Mamati et al. 2006), have been identified in tea
leaves. Tea has significant health benefits, such as autoxida-
tion and anticancer activity (Sasazuki et al. 2012; Yen and
Chen 1995) and it decreases high blood pressure (Hodgson
et al. 2013), helps in preventing cardiovascular diseases
(Hollman et al. 1999), and contributes to weight reduction
(Auvichayapat et al. 2008).

Rapid progress in gene identification and isolation from
C. sinensis has been made via RNA-Seq. For example, several
studies have focused on the transcriptome of different tissues
of C. sinensis (Shi et al. 2011a; Wu et al. 2013) and tran-
scriptome profiles of C. sinensis during cold acclimation
(Wang et al. 2013b). However, compared to many other crops
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Fig. 1 Camellia sinensis flowers
used for library construction

and model plant species, C. sinensis has a large
(Taniguchi 2006; Wu et al. 2014) and high heterozygosity
genome (Ma et al. 2010). Xia et al. (2017) reported the
genome of tea tree (cultivar Yunkang 10) and offered
valuable information to further research of tea tree.
However, more publically available molecular resources
are required for functional genomic research, genetic stud-
ies and breeding programs of C. sinensis.

BAC libraries are important resources for the construc-
tion of genetic and physical maps (Luo and Wing 2003),
gene identification, map-based cloning, comparative geno-
mics analysis of eukaryotic genomes, and marker

Fig.2 Analysis of the insert sizes A

development (Shizuya et al. 1992). To date, hundreds of
BAC libraries and physical maps have been constructed
for model plants (Initiative 2000) and important fungi
(Wang et al. 2013c), animals (Song et al. 2011), and crop
plants such as rice (Ammiraju et al. 2006; Wang et al.
1995; Li 2005), wheat (Cenci et al. 2003; Janda et al.
2006; Nilmalgoda et al. 2003), maize (O’Sullivan et al.
2001; Tomkins et al. 2002; Wang et al. 2013a; Yim et al.
2002), soybean (Wu et al. 2004), tomato (Frary and
Hamilton 2001), barley (Schulte et al. 2011), sorghum
(Woo et al. 1994), and pearl millet (Allouis et al. 2001).
These BAC libraries have been used for the development
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Table 1 Characterization of 20

BACs BAC Raw reads Succeed reads Raw reads Total BAC Coverage GC%
name number number average length
length

Csi205B03 1536 1459 796 121161 9.59 3891%
Csi205D12 1536 1504 884 110408 11.87 37.78%
Csi092H17 1536 1511 737 110950 10.04 36.32%
Csi044B12 1536 1361 740 83976 11.99 44.34%
Csi020015 1536 1109 716 135319 5.87 34.57%
Csil06D7 1536 1475 784 112754 10.27 40.90%
Csi271P8 1152 1117 761 82780 10.27 33.82%
Csi037A20 2697 2398 707 131644 12.47 38.62%
Csi037L05 1938 1757 727 120359 9.26 37.66%
Csi037001 1947 1786 693 116692 9.96 34.66%
Csi037008 1843 1679 716 144,930 8.20 39.33%
Csi047018 1928 1753 709 102542 11.55 37.99%
Csi274K14 2045 1786 699 125247 9.46 40.85%
Csi205A01 1404 1175 805 108791 8.28 40.02%
Csi205E16 1920 1801 806 112344 12.92 37.87%
Csi205H20 1980 1765 7717 122164 10.49 39.44%
Csi205k12 1755 1556 778 109985 10.60 39.04%
Csi205k18 1520 1459 841 116287 10.55 3834
Csi205121 2304 2135 823 115055 15.27 39.34%
Csi205E18 1920 1782 761 70165 19.33 34.84%

of physical maps (Chen et al. 2002; Wei et al. 2009),
BAC-to-BAC genome sequencing (Schnable et al. 2009;
Wei et al. 2009), positional cloning of genes of agronomic
importance, comparative analysis of genome structures
(Ammiraju et al. 2008; Chen et al. 1997; Lin et al.
2012; Lu et al. 2009; Messing and Llaca 1998; Pan
et al. 2014; Wang and Dooner 2012), and genome assem-
blies of whole-genome shotgun sequences (Yu et al.
2005). BAC end sequences (BESs) are genomic resources
that enhance the value of BAC libraries by providing par-
tial sequence information that can be used to understand
genome content and architecture and develop genetic
markers (David et al. 2008). BESs embedded in a

Fig. 3 BES length distribution;

physical map can be used as anchors in genome compar-
isons to detect sequence assembly errors in the same
source genome and large structural changes in phyloge-
netically close genomes (Zhu et al. 1997).

BAC libraries for C. sinensis will facilitate in DNA-
marker analysis and functional gene cloning of this
economically important species. Lin et al. (2011) con-
structed a BAC library for the cultivar “Chin-shin
oolong.” In this study, we constructed a high quality
BAC library for C. sinensis “Shuchazao” using fresh
petals. Three complete BAC clones and ends of 384
BAC clones selected randomly from the BAC library
were sequenced and analyzed. Understanding the

BAC BES length distribution
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Table 2 Repeat types within

C. sinensis BAC sequences Number of elements  Length occupied ~ Percentage of sequence
identified using Repeatmasker

Retroelements 266 279,641 bp 12.40%
SINEs 2 177 bp 0.01%
Penelope 0 0bp 0.00%
LINEs 18 10,754 bp 0.48%
CRE/SLACS 0 0bp 0.00%
L2/CR1/Rex 0 0bp 0.00%
R1/LOA/Jockey 0 0bp 0.00%
R2/R4/NeSL 0 0bp 0.00%
RTE/Bov-B 7 5169 bp 0.23%
L1/CIN4 11 5585 bp 0.25%
LTR elements 246 268,710 bp 11.91%
BEL/Pao 0 0bp 0.00%
Tyl/Copia 60 91,224 bp 4.04%
Gypsy/DIRS] 175 166,436 bp 7.38%
Retroviral 0 0bp 0.00%
DNA transposons 69 19,462 bp 0.86%
hobo-Activator 14 6478 bp 0.29%
Tcl-IS630-Pogo 0 0bp 0.00%
En-Spm 0 bp 0.00%
MuDR-IS905 0bp 0.00%
PiggyBac 0bp 0.00%
Tourist/Harbinger 13 2872 bp 0.13%
Other (mirage, P-element, Transib) 0 0 bp 0.00%
Rolling-circles 0bp 0.00%
Unclassified 294 bp 0.24%
Total interspersed repeats 299,397 bp 13.28%
Small RNA 2 141 bp 0.01%
Satellites 49 bp 0.00%
Simple repeats 15 2735 bp 0.12%
Low complexity 4 841 bp 0.04%

characteristics of the BAC library will facilitate in using
it in functional genomic research of C. sinensis. The
BAC library and BESs are valuable resources for assem-
bly optimization of genome for C. sinensis.

Materials and methods
Plant materials

For construction of the BAC library, C. sinensis
“Shuchazao” plants were grown at the De Chang fabrica-
tion base in Anhui, China. Fresh petals (Fig. 1) were col-
lected from the tea plants and immediately frozen by sub-
mersion in liquid nitrogen, followed by short-term storage
at —80 °C.

@ Springer

Library construction

The nuclear DNA was extracted by s described by Luo (Luo
and Wing 2003). Firstly, grind about 50 g of petals in liquid
nitrogen with a mortar and a pestle, and polyvinylpyrrolidone
(PVP40) was used for removal of phenolic compounds in the
milling petal to reduce DNA degradation. Secondly, transfer
the ground tissue into NIBM (NIB with 0.1% f3-
mercaptoethanol) for 15 min with frequent and gentle shaking.
The precipitation was resuspended with NIBM after centrifu-
gation at 2400 g for 15 min. Finally, the nuclear DNA was
imbed with 1% low melting temperature agarose. Then, we
conducted partial digestion tests by using different amounts of
the restriction enzyme Hind 111 per reaction to determine op-
timal conditions. We observed that 1 U/uL per reaction and
incubation at 37 °C for 15 min generated fragments with most
being between 100 and 300 kb, and digested 8 plugs (high
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Table 3 Repeat types within

C. sinensis BAC end sequences Number of elements ~ Length occupied ~ Percentage of sequence
identified using Repeatmasker

Retroelements 148 51,712 bp 10.56%
SINEs 1 72 bp 0.01%
Penelope 0 0 bp 0.00%
LINEs 18 5242 bp 1.07%
CRE/SLACS 0 0 bp 0.00%
L2/CR1/Rex 0 0bp 0.00%
R1/LOA/Jockey 0 0bp 0.00%
R2/R4/NeSL 0 0 bp 0.00%
RTE/Bov-B 4 1361 bp 0.28%
L1/CIN4 14 3881 bp 0.79%
LTR elements: 129 46,398 bp 9.47%
BEL/Pao 0 0 bp 0.00%
Tyl/Copia 46 18,200 bp 3.72%
Gypsy/DIRS] 81 27,742 bp 5.66%
Retroviral 0 0 bp 0.00%
DNA transposons 13 1251 bp 0.26%
hobo-Activator 3 196 bp 0.04%
Tc1-1S630-Pogo 1 13 bp 0.00%
En-Spm 0 0 bp 0.00%
MuDR-IS905 0 0 bp 0.00%
PiggyBac 0 0 bp 0.00%
Tourist/Harbinger 3 324 bp 0.07%
Other (Mirage, P-element, Transib) 0 0 bp 0.00%
Rolling-circles 0 0 bp 0.00%
Unclassified 2 1173 bp 0.24%
Total interspersed repeats 54,136 bp 11.05%
Small RNA 1 72 bp 0.01%
Satellites 0 0 bp 0.00%
Simple repeats 227 9617 bp 1.96%
Low complexity 39 1971 bp 0.40%

molecular weight (HMW) DNA buried in low melting-point
agarose) in this condition. After twice the size of selections,
DNA fragments from 100 to 300 kb in size were eluted from
the gel slices via electroelution and ligated into the
pIndigoBAC536-s vector (Shi et al. 2011b). The ligated
DNA was transformed into Escherichia coli strain DH10B
(Invitrogen, USA) via electroporation.

Insert sizing

To evaluate the average insert size of the BAC library, we
randomly selected 430 BAC clones from 384-well plates
and isolated plasmid DNAs by using the alkaline lysis method
(Sanmiguel and Bennetzen 1998). The DNAs were digested
with [-Scel, and separated by pulsed-field gel electrophoresis

Table 4 SSR counts for BACs

Motif Counts Average_length Counts/mbp GC content Files/SSR
Mononucleotide 16 18.56 45.27 0 0.19
Dinucleotide 36 21.14 101.86 0.24 0.08
Trinucleotide 13 28.85 36.78 0.15 0.23
Tetranucleotide 17 17.88 48.1 0.06 0.18
Pentanucleotide 23 17.74 65.08 0.26 0.13
Hexanucleotide 8 21.13 22.63 0.36 0.38

@ Springer
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Table 5 SSR counts for BES

Motif Counts Average length Counts/mbp GC content Files/SSR
Mononucleotide 26 18.31 53.07 0.03 27.5
Dinucleotide 49 21.08 100.02 0.28 14.59
Trinucleotide 16 18.44 32.66 0.28 44.69
Tetranucleotide 24 18.96 48.99 0.1 29.79
Pentanucleotide 20 17 40.82 0.18 35.75
Hexanucleotide 7 23.43 14.29 0.33 102.14

(PFGE) on 1% agarose gels (Luo and Wing 2003). The insert
size of each clone was estimated using the midrange PFG
marker (New England BioLabs, USA) as the molecular
weight standard.

Shotgun library construction and sequencing of BAC
clones

BAC clones were cultured in Luria broth medium contain-
ing 12.5 pg/mL chloramphenicol for 16 h,and then cen-
trifuged to harvest the pellets. The QIAGEN large con-
struct kit (QIAGEN Lot.12462,Hilden, Germany) was
used to obtain high quality, genomic DNA-free BAC plas-
mids. The plasmid DNA was sheared to 3—5 kb fragments
by using ultrasonic waves. Klenow fragments and T4
DNA polymerase were used for blunt-end repair. After

Csi047018

Csi205E16

Fig. 4 The SSR patterns resulted from amplification with 14 pairs of
SSR primers. 1 C.sinensis var. assamica cv. Zijuan. 2 C.sinensis cv.
Anji-baicha,3 C.sinensis cv. Anhui 1,4 C.sinensis cv. Longjing-
changye,5 C.sinensis cv. Zhonghuang 1,6 C.sinensis cv. Zhenong 113,
7 C.sinensis cv. Hongyan 12,8 C.sinensis cv. Zhenong 117,9 C.sinensis

@ Springer

adding nucleotide A to 3’-end, DNA was ligated to the T-easy
vector (Promega,Fitchburg, Wisconsin, USA). The DH5x com-
petent cell (YEASTERN, ECOS Cat. No. FYE610-10VL,
Taipei, Taiwan) was used for transformation. The transformed
clones were maintained in 384-well plates for storage and
sequencing.

Plasmids were extracted using AxyPrep Easy-96
(AXYGEN, AP-E96-P-24G, Corning, New York, USA)
and dissolved in 30 puL of ddH,O for Sanger sequencing.
The sequencing reaction was performed according to the
protocol of the Applied Biosystems, ABI BigDye termi-
nator v 3.1 and v 1.1 cycle sequencing kits (Waltham,
Massachusetts, USA). The following primers were used:
T7 (5'-TAATACGACTCACTATAGGG-3') and SP6 (5'-
ATTTAGGTGACACTATAG-3'). Sequence data were col-
lected using ABI 3730.

Csi271P8-1

Csi205J21

Csi205E18

Csi047018

Csi205A01-3

Csi271P8-2

cv. Yingshuang,10 C.sinensis cv. Fuzao 2,11 C.sinensis cv. Fuding-
dabaicha,12 C.sinensis cv. Longjing 43,13 C.sinensis cv. Shuchazao,14
C.sinensis var. assamica cv. Yinghong 9,15 C.sinensis cv. Tie-guanyin,16
C.sinensis var. assamica cv. Yunkang 10
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>LAR 1500nt

+ TTTTTTTTCC ATAACCAACA ATAAGAAGAT AATAATAATT TTTGANMEMEMATTAAGTAC AAAAAATTAA
~ AAAAAAAAGG TATTGGTTGT TATTCTTCTA TTATTATTAA AAACTTAATT ATAATTCATG TTTTTTAATT

+ ATAAATTATT ACAAAAGTAT TTCACTTAAA ATTTTACAAT TAACTTTGAG GAAAATTAAA ACGAAAGTAT
— TATTTAATAA TGTTTTCATA AAGTGAATTT TAAAATGTTA ATTGAAACTC CTTTTAATTT TGCTTTCATA

+

TGCGTGTAAC TAGTGTATTA TGGGCAATGT AAAAAAATCA TATATTTAAG TGTTAAAATA AATTATATAA

— ACGCACATTG ATCACATAAT ACCCGTTACA TTTTTTTAGT ATATAAATTC ACAATTTTAT TTAATATATT

+

TGGTAAGATA AATCAAATTT TTACAAAATT TGAGTAAAAA TTTCATGTAA TAGTGATATE! ACGETATTGT

- aclllll»T TTAGTTTAAA AATGTTTTAA ACTCATTTTT AAAGTACATT ATCACTATAG TGCAATAACA

+

+

+

+

TGACATATGA TATTACCAAT CAATAGTAAA GCAACATATG GAAGGGTGAA CTCCACATGC AAATATAACT
— ACTGTATACT ATAATGGTTA GTTATCATTT CGTTGTATAC CTTCCCACTT GAGGTGTACG TTTATATTGA

AATACTCTAG TAATTTTTAC ATATATATAG TGAGATMBMMBTATTTGCA TATCAATACT AATGGATATT
TTATGAGATC ATTAAAAATG TATATATATC ACTCTAATTA ATATAAACGT ATAGTTATGA TTACCTATAA

ACTTTTATAT TGAGATTTTT TTCATAAAAT TTTCATACAT AAAAATATAA TTTGTTGTAG TTACTTCATT
— TGAAAATATA ACTCTAAAAA AAGTATTTTA AAAGTATGTA TTTTTATATT AAACAACATC AATGAAGTAA

. ATCT-motif:part of a conserved DNA module involved in light responsiveness

. Box 4:part of a conserved DNA module involved in light responsiveness
Box-W1:fungal elicitor responsive element

. CAAT-box:common cis-acting element in promoter and enhancer regions

CCAAT-box:MYBHv1 binding site

TTTAATAAAA CAGTCACTAT TGTTTTCATA AATTTAAAAA TGCCCTTGAT ATTATATTCT AAATATTATT

CGTCA-motif:cis-acting regulatory element involved in the MeJA-responsiveness

— AAATTATTTT GTCAGTGATA ACAAAAGTAT TTAAATTTTT ACGGGAACTA TAATATAAGA TTTATAATAA

+

I+

+ EEEEESTAAC TTCGGAAGTG GATTGATTTT TTAACTTTTT GAC!

TTTGTTCAAA ATTTTATTTA TATACATATG TAAAAATAAA TAAATAAATA AATACCAGGG GGCCACATGA
— AAACAAGTTT TAAAATAAAT ATATGTATAC ATTTTTATTT ATTTATTTAT TTATGGTCCC CCGGTGTACT

CCCCTGETEAICCETGTGEET CEGECACTAG TTGCAACCGA GTACTCTTTG AATCATATTC CATTATATTT
GGGGACCAGT GGCACACCGA GEBBEBBGATC AACGTTGGCT CATGAGAAAC TTAGTATAAG GTAATATAAA

TTTA ACCGGGGGCT AAAAAGTTTT
TAATTAATTG AAGCCTTCAC CTAACTAAAA AATTGAAAAA CTGATAAAAT TGGCCCCCGA TTTTTCAAAA

G-Box:cis-acting regulatory element involved in light responsiveness

G-box:cis-acting regulatory element involved in light responsiveness

GT1-motif:light responsive element

GTGGC: if:p element

t of a light resp

HSE:cis-acting element involved in heat stress responsiveness

+ GTTTGGGAAG AGCTTTTTGA TTTTTTTGAC TTTTTGTAAG AGAAAGAATG TAATGATTAT GGGTTAGGTG

- cARACCCTTC TCGAAAAACT AAARAAACTG AAAAAJNNEMCTTTCTTAC ATTACTAATA CCCAATCCAC

+ TGATTTTTTT TTTTATTGAG CTAAAAAGCA TATTTTATCT TTTTGTAACT AAAATAACCT CAAATCCAAC
— ACTAAAAAAA AAAATAACTC GATTTTTCGT ATAAAATAGA AAAACATTGA TTTTATTGGA GTTTAGGTTG

¥ CTAACCTTCT TCCTAAAGGA AGCCATATAT TGTTCTTAAA ATCCTAGATT TATTCAAGCG ACACAAAAAA
— GATTGGAAGA AGGATTTCCT TCGGTATATA ACAAGAATTT TAGGATCTAA ATAAGTTCGC TGTGTTTTTT

CCAAT-box:MYBHYv1 binding site
MRE:MYB binding site involved in light responsiveness

TC-rich rep

ting element i d in defense and stress responsiveness
. TCT-motif:part of a light responsive element

. TGACG-motif:cis-acting regulatory element involved in the MeJA-responsiveness

+ ATAATATCAT AAAATAAGCT TTTTTTTGTG AAAAAAACAA AAAAAGCATT TATGTCTACA CAAAATGTTA

— TATTATAGTA TTTTATTCGA AAAAAAACAC TTTTTTTGTT TTTTTCGTAA ATACAGATGT GTTTTACAAT

+

GGATTTTTTA TTATTCAAAA AAGAATTATA ATTGACCCCG TTGAAGTGAA AAATATTTTT TTTGAGAAAT

chs-Unit 1 m1:part of a light responsive element

Circadian:cis-acting regulatory element involved in circadian control

— CCTAAAAAAT AATAAGTTTT TTCTTAATAT TAACTGGGGC AACTTCACTT TTTATAAAAA AAACTCTTTA

+ TTCAAGTCGG GTCCCTTAAA TGTGGTAGGA ACCATTTAGT TATCCGAGCA CGATTTTCTC AACAATCAGT
— AAGTTCAGCC CAGGGAATTT ACACCATCCT TGGTAAATCA ATAGGCTCGT GCTAAAAGAG TTGTTAGTCA

+ CAATGCACAC TAGAAAAAAA TAAAAATAAA AATAAAATAA AATCAAAGGT AGACGITAAA TACTTGAATT
- GTTACGTGTG ATCTTTTTTT ATTTTTATTT TTATTTTATT TTAGTTTCCA TGTGCAATTT ATGAAJNNNNNN

+ AGATTATGAT ACACCAAACA ATGTAAAAAC ATTAAATAAA TAAGTTCTAC AAGAAAGTTG GAATTCCGTC
IR ~CTA TGTGGTTTGT TACATTTTTG TAATTTATTT ATTCAAGATG TTCTTTCAAC CTTAAGGCAG

+ CGTTTGAATT GAAGGGTAGC TGGAAATTAT GTGCTTCTAG TTATTTAATC TACCACCATC CTTGCCATCT
— GCAAACTTAA CTTCCCATCG ACCTTTAATA CACGAAGATC AATAAATTAG ATGGTGGTAG GAACGGTAGA

+ TCATACTCAT ATACACATAT ATATATATAT ATACACACAT ACACTTATCC AACGCTGTCT CCAAATATCA
— AGTATGAGTA TATGTGTATA TATATATATA TATGTGTGTA TGTGAATAGG TTGCGACAGA GGTTTATAGT

+ AGGACTAGAG GAAGGTACGT AACGAAAAG
— TCCTGATCTC CTTCCATGCA TTGCTTTTC

Fig. 5 Promoter prediction of LAS

Shotgun sequence assembly

Raw sequence data were collected, and phred (Ewing and
Green 1998) was used for base calling; cut-off value was set
at 0.05 to get reliable sequences in the phd format. Phd2fasta
was used to transfer the phd file to fasta and fasta quality files.
The vector sequence was masked by crossmatch. The se-
quence was assembled using Phrap with default parameters.
Gaps were closed using PCR, and BAC sequences were fin-
ished using Consed (Gordon 2003; Gordon et al. 1998).

BAC end sequencing

The BAC plasmids for end sequencing were extracted using
the standard alkaline lysis method and dissolved in 10 uL of
ddH,O for Sanger sequencing. The sequencing reaction was
performed according to the protocol of ABI BigDye

terminator v3.1 (https:/tools.lifetechnologies.com/content/
sfs/manuals/cms_081527.pdf). The following sequencing
primers were used: pIndigoF, 5'-aacgacggccagtgaattg-3';
pIndigoR, 5'-gataacaatttcacacagg-3'. ABI 3730 was used to
sequence BAC clones at both ends.

Search for repetitive sequences in BAC sequences
and BESs

BAC sequences and BESs were searched for repeat sequences
by using RepeatMasker (Smit AFA, Hubley R & Green P.
RepeatMasker Open-4.0.2013-2015 <http://www.
repeatmasker.org>. Smit AFA, Hubley R & Green P.
RepeatMasker Open-3.0.1996-2010 <http://www.
repeatmasker.org>.) against the available repetitive sequence
databases.
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>TCS2 1500nt
+ BACTCCCAGT TGTCACGAAC AACAACCATC i m:TCGA AGAGCTGGCG AGCATAGTCA
- TTGAGGGICA ACAGTGCTTG TTGITGGTAG TGCAGCAGCT GTGCGAACGG TCTCGACCGC TCGTATCAGT

+mmsnmmrmmmnmmmmmmmm TGGCAAGGGC
— GATTCACTAC TATTCATAGG AATCGAGATT CTTTCATCAC GGAATCGGCC GGTCATCTAA ACCGTTCCCG

+ GTAACAGTGC CGAATGGCAG GAATACCTAA ATTGGICGIA AGACGACGAT TTAGITCTAC GACCCCCATT
— CATTGICACG GCTTACCGIC CTTATGGATT TAACCAGCAT TCIGCTGCTA AATCAAGATG CTGGGGGTAA
+ ATGATACGAA
- TACTATGCIT

GGGCTGG GAGGGGATCA GACCCCAGTA TCTAAGAACG GCCCTCAAAA
CTGGGGTCAT AGATTCTTGC CGGGAGITIT

GG AC caccaaTTca [N GACAATTG TGCTCTCATT

+
- CACCCACTTC TCCTTTCGCC TGAGGTGGGA GICGTTAACT ATTCICICCT TTCTGITAAC ACGAGAGTAA

+ TTCCCICIGC ATATCAGTGA TGITGICTGC CAARAGTGAC ATAT( GAAGAAATGG
— AAGGGAGACG TATAGTCACT ACAACAGACG GTITITCACTG 'CCCTA CTTCTTTACC
* . CGGAGATTCG ATCCGCCGAA AGGAGCTCTIT TCTGATGITT TGCCATTCIT TTTAAGCCAA
- 'CA GCCTCTAAGC TAGGCGGCTT TCCTCGAGAA AGACTACAAA ACGGTAAGAA AAATTCGGIT

TAAAAGCAAA
mcmmmmcmmcmmcmmnmmmmm

+ AGGAGATAAA GCGAGAAATG AGTTGIAGAA GCCGCGAAGA GATAGAGITG

CACTGGAGAG CGAGCAAGAT
— TCCTCTATTIT CGCTCTTTAC TCAACATCIT CGGCGCTTCT CTATCICAAC GTGACCTCTIC GCTCGITCTA

+ ATCITITGAA CATTCAGGAC ATACACTTGA AGAGGCAATT TCAAAATCAT ATTAAATGGA AGCAGTGTAC
= TAGARRACTT GTAAGTCCIG TATGTGAACT TCTCCGTTAA AGITTTAGTA TAATTTACCT TCGTCACATG

+ GAAGGGGTAT GAACGCGITA CGATGACTAA GAAGCGCGTG CGCATICTGA CACGCATTGG GAAAAGGGIT
— CTTCCCCATA CTTGCGCAAT GCTACTGATT CTTCGCGCAC GCGTAAGACT GTGCGTAACC CTTTTCCCAA

+mcmnmmmmmnnmm CTGATGGTAA CAGGGIGITT
TIGAGGGCTT AAAAACTGAA GAGTCCGATT TTCGGTTIGI GIGGCIGATT GACTACCATT GTCCCACAAA

+ GGGGGCCAAT TGT! AGATCCATAG GGACAGATGA GCGIGICIGG TCCGAAACGT
— CCCCCGGTTA TCTAGGTATC CCTGICTACT CGCACAGACC AGGCTTIGCA

+ AACCTGTATT CAGCATATAC CCCAGCTAGT TAAGGAGCCG AATAAAATAA CCAGTATCCC AGCCAATAGA
— TTGGACATAA GICGTATATG GGGTCGATCA ATTCCICGGC TTATTTTATT GGICATAGGG TCGGTTATCT

+Mm AACAAGGATG GGCCCAGCCC AAAGGCCCAA AGAAAATACT
- TCATTTCCAT TIGTTCCTAC CCGGGICGGG TTTCCGGGIT TCTTTTATGA

+ ATAAATATGT GATCATCCAT CAGAGAGAAG TGAGTGAGAA TTGITGIGCT TAATTTAGAA TATAAGCAAT
— TATTTATACA CTAGTAGGTA GTCTCTCTTC ACTCACTCIT AACAACACGA ATTAAATCTT ATATTCGITA

+mmmmmmmmmmmmmmmmmm‘mnm
C 'CACAA CTCIAACTGA ACAGGCAGCC TCACGATTAA GGTCGIGGGG GCTGGCCTCA CARATAAGTA

+ TTTCAGGTGA CTATCAATGG ATCACGAGTA

TCCCCCAGGA TCAGAAGCGT ATTT( 'CCA
— AAAGTCCACT GATAGTITACC TAGTGCTCAT AGGGGGTCCT AGICTICGCA

. 3-AF1 binding site: light responsive element
. ARE: cis-acting regulatory element essential for the anaerobic induction
Box 4: part of a conserved DNA module involved in light responsiveness
. Box I: light responsive element
CATT-motif: part of a light responsive element
CGTCA-motif: cis-acting regulatory element involved in the MeJA-responsiveness
ERE: ethylene-responsive element
G-box: cis-acting regulatory element involved in light responsiveness
GARE-motif: gibberellin-responsive element
GC-motif: enhancer-like element involved in anoxic specific inducibility
GT1-motif: light responsive element
. HSE: cis-acting element involved in heat stress responsiveness
LTR: cis-acting element involved in low-temperature responsiveness
MBS: MYB binding site involved in drought-inducibility
Sp1: light responsive element
I:| TATC-box: cis-acting element involved in gibberellin-responsiveness
[ TCA-clement: cis-acting el
TCT-motif: part of a light responsive element
. TGA-el t: auxin-responsive el t

t involved in salicylic acid responsiveness

+ CAGTTATTTA TTTATTTICT GITITATTAT TGATTTAAAT CAGATTITAA TTITIGITIIT
AAAACARAAAR

GTAACAARAT
— GICAATAAAT AAATAAAAGA CARAATAATA ACTAAATTTA GICTARAATT CATTGTTTTA

+ AAAATATGIT TTTATTTATT TAATTCTATT TCTAATTTGA TTTTIGIAAT CAAACTTTICT CICTCATIIC
— TTTTATACAA AAATAAATAA ATTAAGATAA AGATTAAACT AAAAACATTA GTTTGAAAGA GAGAGTAAAG

+ CTATTTTTICT TTTATATTCT ATTT
ARATATAAGA

TAGTACCCAA ACAGAATTAA TTAATTTAAT TACAGTGAAG
— GATAAAAAGA 'CATGGGTT TGICTIAATT AATTAAATTA ATGTCACTIC

+ ATTGTCCAAC ATGAACTTGA TAGCCTAGA
— TAACAGGTTG TACTTGAACT ATCGGATCT

Fig. 6 Promoter prediction of 7CS

Simple sequence repeats (SSRs) analysis of BAC
sequences and BESs

BESs were clustered using CAP3 (Huang and Madan 1999)
to remove redundant sequences. Then BESs and complete
BAC sequences were scanned for simple sequence repeats
by using SciRoKo 3.4 (Kofler et al. 2007) in (perfect: total
length) mode (minimum repeats 3, minimum total length
15, and no mismatch SSRs were considered). Motif length
was set to 1-6; statistics were in the detailed mode.

A total of 16 cultivated tea plants were used in this
study and the genomic DNA was extracted from fresh
leaves following the manufacturer’s protocol of CP Plant
gDNA miniprep kit (Biomiga) with few modifications.
Primer pairs were designed from BAC sequences using
Primer 3 (Rozen and Skaletsky 1999) (http://bioinfo.ut.
ee/primer3-0.4.0/primer3/) software in batch mode. The
target fragment size was set as 100—300 bp, the optimal
annealing temperature 60 °C. The PCR fragments were
detected by capillary electrophoresis with fragment
analyzer 96 (Kuehnbaum et al. 2013).
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. TGACG-motif: cis-acting regulatory element involved in the MeJA-responsiveness

Circadian: cis-acting regulatory element involved in circadian control

Gene annotation for BAC sequences and BESs

Fgene SH (http://linux1.softberry.com/) was used for
gene prediction. Since there is no existing Camellia
sinensis gene model, Populus trichocarpa was used as
a replacement model for gene prediction. Blast2go was
used for gene annotation: BLASTX (NCBI-NR
database) was used with an E-value threshold of 1E-3;
BLAST Top-hit species were clustered, and all function-
al domains were searched against the InterProScan da-
tabase; then GO mapping and annotation were
conducted.

Cis-regulatory elements of promoters

We choose promoter sequences 1500 bp upstream of the
start codon of LAR, TCS, and TS, and the cis-regulatory
elements of three genes were predicted by promoter anal-
ysis software Plant CARE (http://bioinformatics.psb.
ugent.be/webtools/plantcare /html/).
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* (_‘I‘ATTTI\TGA- AATAAATGAT TCAAATTATC GTTGAGTGTA TAAAATAGAG CATTTTTTAA GATAGACTAA
— GATAAATACT TTATTTACTA AGTTTAATAG CAACTCACAT ATTTTATCTC GTAAAAAATT CTATCTGATT

+ TTC GCTAAATTAT TCACAAAAAA AAAGAAGATA AAAAGTTAAT
— AAATCCGAAG TAAACCGTAA CTGTAAAACA CGATTTAATA AGTGTTTTTT TTTCTTCTAT TTTTCAATTA

ATT GAC

+ AAGATAAAAT ACCACATCCA AATCATAATC ATTTCATTTT TCTTTTACAA AA AACTAAAAAA
TAAAGTAAAA AGAAAATGTT TTTAATTTTT TTGATTTTTT

- TTC T

+ AATCAACCCA TACGAACTTT TTAGCCGAAG TTAAAATAGC CAAAAAATTA AAAAGTCAAT TAAAAAAGTC
- TTAGTTGGGT ATGCTTGAAA AATCGGCTTC AATTTTATCG GTTTTTTAAT TTTTCAGTTA ATTTTTTCAG

+ ACATGCCAARA CAACAACTTA GTCTGATTAT TTTTTATTTT TTTATTTATT TTTAACCAGA CCAAAAAAGT
~ TGTACGGTTT GTTGTTGAAT CAGACTAATA AAAAATAAAA AAATAAATAA ARATTGGTCT GGTTTTTTCA

] ATA G - 4 AT TAAAAGAAAA AATAAAATGA
- ATAAAAATCC TATTAAAAAC TTAAAAAAGA TTATAAATTA AACTACCAAT ATTTTCTTTT TTATTTTACT

+ TTATAATTTG AATGTGACTT TTTATTTTAT TGACTAAATT AACCTATTTT ATAAATAATT TAACCAAAAT
— AATATTAAAC TTACACTGAA AAATAAAATA ACTGATTT
+ AACTCATGTC

AAAGCCTACC AAAAATAAGA TACGAAACAA TATAAGGGGT GTTTGGGAAG ATGGTTGAGT

+ TAAAATAACT CACTAAAAGA TAAAATAGAC TAAAATAATC AATAAGATAA TATATCGCAT CTAACCTATA

+ ACCGTTTTAT TTTTTCTTTG ATAACTATCA AATC TTT AT AR TT

+ TAAAATAGTC AACTTCCCAA ATAAGGCCAT AGTAAATTAG GGAAATACTA ATATACATAC TCTTAAAAAT

+ GATATACTTT ATACATTTTT AATTATGTCA TTTTCTTCTT TAATTATGAT ATTTATTTAT TTTTAATTTT

TATAAAATTA TATTATTTTT TTAATTAGAA TGTGCATAAG ATATACATCT

+ TTAATCTCTT CTCAGTCCCA TCTAAATTTT TTTAACTCTT TTTAAAAAAA TATATAAAAA AATAAAAAAT
2: =7 SAG sGGT AGATTTAAAA AAATTGAGAA AAATTTTTTT ATATATTTTT TTAT T

+ CCAACACAAA CCACGTATAG TAC

G

+ TGGAGTGGGT GTTTTTGATC GATCGICAC
= ACCTCACCCA CARAAACTAG CTAGCAGTG
Fig. 7 Promoter prediction of 7S

Analysis and validation of alternative splicing (AS)

The clean reads of tea transcriptomes were mapped to LAR,
TCS, and TS BAC sequences by Tophat (Trapnell et al. 2009),
then AS was analyzed by counting junction sites. The cds of
three genes were mapped to the BAC sequences, and the in-
trons of these genes were analyzed. Gene-specific primers
were designed with Primer Premier 5 to confirm the predicted
splicing events (Supplementary Table S1). PCR amplification
was performed by KOD FX Neo (Toyobo), and PCR products
were monitored by agarose gel electrophoresis and capillary
electrophoresis.

Results
Construction of tea BAC library
The BAC library was constructed with Hind Il in the

pIndigoBACS536-s vector (Shi et al. 2011b). Fresh petals from
C. sinensis “Shuchazao” were used for BAC library

ABRE:cis-acting element involved in the abscisic acid responsiveness

. ACE: cis-acting element involved in light responsiveness

. ARE: cis-acting regulatory element essential for the anaerobic induction
AT1-motif: part of a light responsive module

. Box I: light responsive element

. CGTCA-motif: cis-acting regulatory element involved in the MeJA-responsiveness

"] G-Box: cis-acting in light responsiveness

B Y

G-box: cis-acting reg 'y el
- GT1-motif: light responsive element
g GTGGC-motif: part of a light responsive element

HSE: cis-acting element involved in heat stress responsiveness

in light r iveness

TC-rich repeats: cis-acting element involved in defense and stress responsiveness

[ rca

TCCC-motif: part of a light responsive element

cis-acting el in salicylic acid responsiveness

TGACG-motif: cis-acting regulatory element involved in the MeJA-responsiveness

construction. Nuclei were washed with PVP40 to enhance
DNA cloning ability because C. sinensis contains many polyphe-
nols that may influence the construction of a large-insert DNA
library. The C. sinensis BAC library contains 161,280 clones
arrayed in 420 microtiter (384 wells) plates. To determine the
insert sizes of the library clones, we analyzed a random sample
of 430 clones from the library. The clones were digested with I-
Scel, and evaluated on 1% agarose CHEF (CHEF-DRIII appa-
ratus; Bio-Rad, Hercules, CA) gels (Fig. 2a). Result showed that
the clones had insert sizes ranging from 45 to 200 kb, with an
average insert size of 113 kb (Fig. 2b). Only 22 clones (5.11%)
had insert sizes less than 90 kb, with 9 clones having inserts
smaller than 70 kb. About 287 clones (67%) had insert fragments
larger than 110 kb, some with inserts larger than 140 kb. All 430
clones had inserts, and no empty clone was found. On the basis
of the insert sizes of the 430 clones, the average insert
size of the BAC library was estimated to be approximate-
ly 113 kb; thus, this BAC library would represent 6.2-fold
coverage of the C. sinensis genome (based on a genome
size of 2940 Mb) (Huang et al. 2013). These results indi-
cate that the tea BAC library has a very high quality.
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Fig. 8 AS prediction of LAR TCS and TS by tea transcriptomic reads

Statistics of BAC sequences and BESs

To further evaluate the quality of the tea BAC library and
make a general genome survey for tea, we sequenced 20 com-
plete BAC clones and both ends of 384 BAC clones randomly
selected from the BAC library using Sanger sequencing meth-
od. PFGE results showed that they all contained the DNA
inserts (around 110 kb). Details of the three BAC sequences
are presented in Table 1. The GC content is 38.12% and the
average BAC insert length is around 113 kb. We successfully
obtained 738 raw BES reads, with a success rate of 96.1%.
The total length of these BESs was 501,459 bp, and average
read length (after trimming the vector sequence) was
679.48 bp (Fig. 3); GC content was 39.55%. Majority of the
sequences had lengths between 500 and 800 bp (86.04%).

Assessment of contamination of mitochondrial
and chloroplast DNA

For plant BAC libraries, mitochondrial and especially chloro-
plast DNA contaminations are usually a serious problem. To
assess the contamination rate by mitochondrial and chloro-
plast DNA in the tea BAC library, all BESs were searched
using the BLASTN algorithm against the chloroplast and mi-
tochondrial genome sequence databases. The BLAST results
showed no significant matches between BESs and mitochon-
drial and chloroplast sequences. All BESs were also searched
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to check for the bacterial DNA contamination rate and no any
significant matches were found either. These results further
demonstrated that the tea BAC library has a very high quality
and is a valuable resource for genome sequencing, gene clon-
ing and other purposes in tea genome studies.

Analysis of repeat sequences

Repeat sequences in the 20 BACs and 715 BESs
(nonredundancy) were searched using RepeatMasker against
the available repetitive sequence databases and found to be
13.44 and 13.42%, respectively. Long terminal repeat (LTR)
retrotransposons were the most abundant class of transposable
elements, constituting 11.91 and 9.47% of the BAC sequences
and BESs, respectively. LTR retrotransposons are among the
most abundant constituents of eukaryotic genomes (Havecker
et al. 2004). Few lines and sines were found in these se-
quences (Tables 2 and 3).

Analysis of SSRs and SSR primer development

SSRs are effective molecular markers in genetic and genomic
analysis. Tables 4 and 5 listed all SSRs in the BACs and BESs.
In total, 255 SSRs were found in 20 BACs and BESs (901 and
142, respectively). Among 6 SSR motifs, mononucleotide
were the most frequent (372), and then were the dinucleotide
(366) in 20 BACs. (Supplementary Fig. S1). The average
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length of SSRs in BACs and BESs were 20.74 and 19.5 bp,
respectively. For BESs, 142 (19.9%) BES files contained
SSRs of which 112 files contained 1 SSR, 26 files contained
2 SSRs, 3 files contained 3 SSRs and only 1 file contained 4
SSRs (Supplementary Table S2 and S3). Based on this analy-
sis, 14 pairs of SSR primers successfully amplified tea plant
DNA (Supplementary Table S4), and most primer pairs am-
plified one or two fragments, meanwhile some primers ampli-
fied more than five fragments such as Csi205A01-1 and
Csi205B03. (Fig. 4). (Supplementary Fig. S2). SSR markers
have very useful for breeding of tea plants, and these results
will be considerable value for the construction of a genetic
map for tea plants as well as marker-assisted selection.

Gene prediction and annotation

Genes in the three BACs (LAR, TCS, and TS) were predicted.
These three genes were the key enzyme genes in characteristic
metabolic pathways of tea plants. The results showed that
there are 30 predicted gene models in each BAC clone. The
gene span was estimated to be 3.93 kb per gene
(Supplementary Table S5). BLAST top hits analysis using
the predicted gene sequences in the BACs (Supplementary
Figs. S3a) and the whole BAC end sequences as queries

Bllld Secorlld Leaf

(Supplementary Fig. S3b) showed an absolute predominance
to Vitis vinifera. These observations were consistent with the
results of previous studies, in which unigenes of tea
transcriptomes were reported to have the highest homology
to genes of V. vinifera (Wu et al. 2014; Zhang et al. 2015). In
GO classification, “metabolic and cellular process” was the
most common functional sub-category in the category
“biology process” for both BESs and BACs. For BESs, the
sub-category “catalytic function” exceeded “binding
function” under the category “molecular function.” For the
category “cell component,” “cell function” was more com-
mon than the others (Supplementary Fig. S4).

Promoters analysis of LAR, TCS, and TS

Some important elements that make up core promoter such as
TATA box and CAAT box were identified in LAR, TCS, and
7S. Additionally, a larger number of light-responsive cis-
acting elements such as ATCT-motif, Box 4, G-Box,
GT1, GTGGC-motif, MRE, TCT-motif, chs-Unit 1 m 1,
3-AF1 binding site, Box I, CATT-motif, TCCC-motif
(Figs. 5, 6, and7) were identified in LAR, TCS, and TS.
According to previous reports, the biosynthesis of cate-
chins (Wang et al. 2012; Jin et al. 2016), caffeine (Chen.
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2010; Liu et al. 2013a), and theanine (Matsuura and
Kakuda 1990) were greatly influenced by light.
Additionally, many regulatory elements involved in bind-
ing site of MeJA-responsiveness and ethylene-responsive
were also identified. There were also several cis-
regulatory elements such as ARE, TC-rich repeats, GC-
box, HSE, LTR, MBS, Box-W1, and TCA-element,
which served as a putative binding sites for specific
TFs in response to biotic and abiotic stresses.

Alternative splicing (AS) analysis of LAR, TCS, and TS

The process of AS can be spliced in different patterns to pro-
duce different mRNA structurally and functionally. AS may be
one of mechanisms that accounts for the greater macromolecu-
lar and cellular complexity in higher living organisms. Every
conceivable pattern of alternative splicing is found in nature,
and the main types of alternative splicing including intron re-
tention, alternative 3’ splice sites, alternative 5’ splice sites and
exon skipping. We obtained four alternative 5’ splice sites and
two alternative 3' splice sites in LAR gene. Moreover, there are
two alternative 5’ splice sites and one intron retention in TCS
gene. In addition, more AS types in 7, we found three alter-
native 3’ splice sites, three intron retention and one exon skip-
ping (Fig. 8). To experimentally confirm the accuracy of the
identified AS analysis, primers were designed for PCR ampli-
fication. The results showed that size of the fragments and the
bands on the agarose gel and capillary electrophoresis were
mostly consistent with the alternative splicing isoforms (Fig. 9).

Discussion

Most studies have focused on investigating metabolic genes
(Liuetal. 2012; Wang et al. 2014b) and the transcriptome (Jia
etal. 2015; Zhang et al. 2015) of C. sinensis. In this study, we
constructed a high quality, publicly available BAC library for
C. sinensis. The average insert size of C. sinensis BAC clones
was 113 kb, representing approximately 6.2-fold overage of
the C. sinensis genome (2940 Mb) (Huang et al. 2013).

For BAC libraries, contaminations of chloroplast and mi-
tochondrial DNA origins are serious problems and the rates
are usually used as important indicators for the quality of plant
BAC libraries. We sequenced the ends of 384 random clones
and did not find any matches to chloroplast and mitochondrial
DNA sequences. The rates are lower than those reported for
other plant BAC libraries (Anistoroaei et al. 2011; Cao et al.
2014; Feng et al. 2015; Liu et al. 2013b; Xia et al. 2014). The
low rate of chloroplast DNA contamination may be attribut-
able to the use of the petal for BAC library construction. The
petals of C. sinensis contain few chloroplasts and are thus a
good material for BAC library construction. Our sequence
data set of BACs and BESs from this library also provided a
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glimpse into the sequence composition of the tea genome.
Plant genomes usually contain large proportions of repeat se-
quences. For example, the rice genome contains >35% (Li
2005; Wang et al. 2014a) and the maize genome contains
>80% of repeat sequences (Schnable et al. 2009). From the
limited tea BAC sequences and BESs, we only found 18.21
and 13.42%, respectively, that match the known repeat se-
quences. This may mean that the tea genome contains a large
amount of unknown or genome-specific repeat sequences. A
high quality de novo whole-genome sequence of tea is re-
quired to reveal the structure and composition of the genome.
The tea BAC library provides an important foundation for
whole-genome sequencing assembly and annotation during
de novo sequencing of the tea genome.

AS, the process, can generate multiple transcripts from a
single coding sequence, moreover, AS of mRNA allows struc-
turally and functionally distinct mRNA and protein variants to
be produced. It has recently been proposed as a mechanism by
which higher-order diversity is generated. It also provides
evolutionary flexibility. We found that there were many regu-
latory elements involved in binding site of light in LAR, TCS,
and 7S. This indicated that light can be most important factors
involved in regulation of core secondary metabolite genes
through regulatory region.

Conclusions

A high quality BAC library for C. sinensis with an average
insert size of 113 kb and over 6.2-fold coverage of the genome
was constructed. This publicly available resource will provide
a useful platform for genetic and genomic research of
C. sinensis, such as gene identification, functional genomic
research, physical mapping, gene isolation and regulation, as
well as complex analysis of targeted genomic regions. The AS
and promoter analysis of LAR, TCS, and TS will provide im-
portant reference for functional genomic research.
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Data achieving statement

The raw data of tea plant BAC are now are available in the NCBI SRA
under project accession number PRINA385558. The experiment
accession numbers were SRX2982355. The BAC sequences of tea
plant will be submitted to the European Nucleotide Archive database
(ENA; http://www.ebi.ac.uk/ena) under project number accession

PRJEB21650 if the manuscript is accepted for publication in the tree
genetics and genomes prior to publication.

The Illumina RNA-seq data used in this study has been deposited in
the NCBI SRA (http://trace.ncbi.nlm.nih.gov/Traces/sra) with accessions
SRR1928149.
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