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ABSTRACT

Coffee plant is one of the most important
industrial crops, and the two popular cultivars,
Coffea arabica and Coffea canephora, contribute
to the production of almost all coffee beans
around the world. Although the demand for
coffee beans is continually increasing, the steady
production of coffee beans is hampered by many
factors, such as environmental stresses, insect
pests, and diseases. Traditional breeding could
be used to develop new coffee cultivars with a
higher productivity under these harsh conditions,
and a biotechnological approach can also be
used to improve coffee plants in a relatively short

period of time. To develop new coffee cultivars
via a biotechnological approach, it is necessary
to discover potential candidate genes and
determine their functions in coffee plants.
However, it is technically difficult to introduce
foreign genes into coffee genome and takes long
time to analyze gene function in coffee plants. To
overcome these technical difficulties, the
potential coffee genes could be cloned and
introduced into Arabidopsis for the rapid
analysis of its biological functions under harsh
environmental conditions.
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INTRODUCTION

Coffee plant is a tropical crop belonging to
Rubiaceae family that has more than 100 species
which are native of African continent,
Madagascar, and the Mascarene Islands [1].
Although many varieties of coffee cultivars exist,
most of the coffee beverages are made from two
species, Arabica coffee (Coffea Arabica) and
Robusta coffee (Coffea canephora), with export
values of approximately US$ 22 billion in the
year of 2012 and over 600 billion cups consumed
every year throughout the world [2]. Coffee

plants are currently cultivated in 80 countries
producing approximately 70 % and 30 % of
Arabica and Robusta beans, respectively [3]. A
report by ICO  (International  Coffee
Organization) indicated that ten leading
countries, including Brazil, Vietnam, Indonesia,
Colombia, Ethiopia, India, Honduras, Peru,
Mexico, and Guatemala, contribute 35 %, 15.2
%, 8.8 %, 7.1 %, 4.4 %, 3.7 %, 3.1 %, 3.1 %, 3.0
%, and 2.6 % of world coffee bean production,
respectively [2].
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C. canephora is the diploid species (2n=22
chromosomes) and is self-incompatible, whereas
C. arabica is allotetraploid (2n=4x=44
chromosomes) self-fertile species [4] that was
originated from cross between C. eugenoides and
C. canephora [5]. Due to the differences in
morphological and physiological characteristics,
C. canephora appears to be more vigorous,
productive, and resistant to disadvantageous
conditions than C. Arabica does [6]. In general,
C. Arabica is preferred to C. canephora due to its
low-caffeine content and less-bitter taste.

In recent years, global warming causes
severe climate changes, including high and low
temperatures, prolonged-drought season, or
alteration of raining and snowing patterns, that
significantly affects the yield of agricultural
products. The productivity of coffee plants can be
reduced up to 80 % by environmental stresses,
including drought, salt, cold, high temperature,
and UV light, especially by prolonged water
deficiency [6]. Until now, conventional breeding
has mainly been used to improve coffee plants,
but it takes a long time (approximately 30 years)
and requires many steps, including selection,
hybridization, and progeny evaluation, to develop
a new coffee cultivar via conventional breeding.
Therefore, in other to develop a new coffee
cultivar that has beneficial traits such as abiotic
and biotic stress tolerance, disease resistance, or
quality and quantity improvement, more rapid

and efficient strategy utilizing  genetic
transformation technology is required.
During the last two decades, genetic

researches on coffee plants demonstrated the
regulation, function, and interactions of coffee
genes. Several research groups analyzed the
coffee transcriptomes and expressed sequence
tags (ESTs) from both Robusta and Arabica
coffee plants [7-8], and other groups utilized
oligo-based microarray containing 15,721
unigenes to study the functions of coffee genes

involved in bean maturation or resistance to
pathogens or drought [9], which opens a way for
functional genomics of coffee plants. The EST
sequences of C. arabica can be found at the
public website (http://www.coffee.dna.net) [10],
and the genome assembly and gene models of C.
canephora are available on the Coffee Genome
Hub (http://coffee-genome.org) [11]. In addition,
transformation systems of coffee plants, utilizing
electroporation [12], microprojectile
bombardment [13-17], Agrobacterium
tumefaciens [18-26], or A. rhizozenes [27-31],
have been developed to deliver potential target
genes into coffee plants. However, it takes long
time and is technically difficult to introduce
foreign genes into coffee genome due to low
percentage of successful transformation, which
significantly restrains the functional analysis of
potential genes in coffee plants.

To overcome these technical difficulties,
more rapid and efficient system is required to
analyze the functions of coffee genes in a
reasonable time periods. Here, we introduce an
efficient system using a model plant Arabidopsis
thaliana to investigate the functions of coffee
genome, which is practical, less time- and labor-
consuming, and can be utilized in many
laboratories in Vietnam.

MATERIALS AND METHODS

C. canephora

The Robusta coffee plant (C. canephora) was
used in this experiment. The exocarp layer of
coffee beans was removed, and the seeds were
placed into warm water (60 °C) for 24 hours and
laid on humid paper at 30 °C until radical root
development. The germinated seeds were sown
on peat moss in circle pots and then were grown
in the growth room maintained at 23+2 °C under
long-day conditions (16-h light/8-h dark cycle)
with the light intensity of approximately 100 uE
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m?2 secl. The plants were watered twice per
week.

A. thaliana

The Col-0 ecotype of A. thaliana was used in
this experiment. Seeds were sown on a 3:1:1
mixture of peat moss, vermiculite, and perlite in
circle pots, and then placed at 4 °C for 3 days in
the dark for stratification. The pots were
transferred to the growth room maintained at
23+2 °C under long-day conditions (16-h light/8-
h dark cycle) with the light intensity of
approximately 100 uE m sec’’. The plants were
watered twice per week.

Total RNA extraction and cDNA synthesis

The leaf tissues of 4-month-old coffee plants
were ground under liquid nitrogen using a mortar
and pestle, and total RNA was extracted using a
GeneAll kit (GeneAll Biotechnology Co., Ltd.,
Korea). The purity and concentration of total
RNA  were accurately determined by
spectrophotometric  measurement  using a
NanoDrop  US/ND-1000  spectrophotometer
(Qiagen, USA). The complementary DNA
(cDNA) was synthesized from 5 ng of total RNA
using the reverse transcriptase and oligo dT
primers (Promega, USA).

Identification and isolation of coffee genes

The full genome sequences of C. canephora
are found at the website (http://coffee-
genome.org). The nucleotide sequences of ERD
(early responsive to dehydration) family genes
were downloaded from the database and utilized
as a template to design the primers for cloning
the genes. The coding regions of ERD genes
were amplified by polymerase chain reaction
(PCR) using the cDNA as a template and the
primers specific to each gene, and the resulting
PCR products were ligated into the pGEM T-easy
vector (Promega, USA). The amplification and
sequence of target genes was verified by DNA
sequencing.

Vector construction and plant transformation

The pGEM T-easy vector containing ERD
gene was digested with Xbal and Sacl, and the
resulting DNA was then sub-cloned into the
pBI121 vector that was linearized by a double
digestion with the same restriction enzymes. All
DNA manipulations were according to standard
protocols [32], and the ERD coding region and
the junction sequences were confirmed by DNA
sequencing. Transformation of Arabidopsis was
carried out according to the vacuum infiltration
method [33] using Agrobacterium tumefaciens
GV3101. Seeds were harvested and plated on the
selection medium containing kanamycin (50
ug.mL?) and carbenicillin (250 pgmL?) to
identify transgenic plants.

RESULTS AND DISCUSSIONS

Analysis of coffee genome, selection of

candidate gene and primer design

The C. canephora genome harbors 25,574
protein-coding genes, which are found online at
the website (http://coffee-genome.org) and can be
downloaded to find the information of any genes
of interest. In this study, we aimed to identify and
study the ERD gene family, because they are
known to be involved in drought stress response
in plants. Using the ERD as a search keyword to
identify the ERD family genes, we found 20 ERD
genes in the C. canephora genome. Among the
20 predicted ERD genes, the ERD4 (accession
no. Ccl0 g07790) was selected (Table 1) for
cloning and analyzing its function in Arabidopsis
plant.

The full-length nucleotide sequence of ERD4
gene was analyzed using the Gene Runner
software  (http:/gene-runner.software.informer.
com) to locate the start and stop codons, and the
forward and reverse primers were designed to
amplify the gene (Table 1). The restriction
enzyme sites, Xbal and Sacl for the forward and
reverse primers, respectively, were added at the
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end of the primers for the cloning of the gene into should be used, and that the PCR primers are
the pBI121 vector at a later stage (Table 1). It usually around 18-24 bp in length and less than 3
should be noted that the restriction enzymes °C difference in the annealing temperature of
which do not cut the inside of the target gene forward and reverse primer pairs.

Table 1. Sequences of nucleotide, amino acid, and primer of ERD4 gene

Gene name

Cc10_g07790: Early-responsive to dehydration stress protein4 (ERD4)

Nucleotide
sequence

(2,235 bp)

ATGTACTTAGCTGCTCTATTGACTTCTGCTGGAATTAATATAGCAGTTTGCGTGGTGATTTTCTCACTGTATTC
TATTCTAAGAAAACAACCACGGTTTATGAATGTCTACTTTGGTCAAAAGCTCGCTCATGCGAAATCAAGACG
CCAAGATCCATTTTGTTTTGAAAGGCTAGTTCCTTCCGCTAGTTGGATAGTGAAAGCCTGGGAAGCATCTGAA
GATCAAATTTGTGCTGCTGGAGGATTAGATGCTCTAGTATTCATCCGGTTGATTGTTTTCAGTATCAGGATAT
TCTCCATAGCTGCTACCATATGCATCTCTCTTGTGCTTCCACTTAACTATTATGGACACGACATGGAGCACAA
IAGTCATTCCATCGGAGTCGCTTGAAGTCTTTTCCATTGCAAATGTTCAGAAAGGATCAAAAAGGCTTTGGGCC
CACTGTCTTGCACTATATATCATTTCTTGCTGCACTTGTGCTCTTCTTTACCATGAGTATAAAAGCATCACAAA
GTTGAGGCTCTTACACATTACTGAAGCTCTTTCTAACCCGAGTCACTTCACAGTTCTTGTTCGTGGCATTCCGT]
CGTCTCAAACTGAATCATATAGTGAGACAGTGGCCAAATTTTTTAGCACATACTATGCCTCGAGTTATTTATC
GCATAAAATGGTTTATCAATCTGGTACAGTTCAGAAACTGATGAGTGATGCAGGGAAGATGTACAAGATGCT
CAAGACTTGTACCAGAGAACAACAATGTGGCCCAAATTTGATGAGATGTGGTCTTTGTGGAGGGACTACATC
ATCTTTTAAGATGCTTGCCATAGAGTCTCAAAATGACAAGGGGAGAAGTGACTTTGATGCAGCAGATTTGAG
AAGAAAGGAATGTGGTGCTGCATTTGTTTTCTTCAGGACCCGCTATGCTGCTTTGGTTGCCGCACAATCTCTT
CAATCACAAAATCCCATGAAATGGGTGACTGAGAGGGCTCCGGATCCAAAAGATGTCTATTGGACGAACCTT
GGTCTGCCTTATAGAATCCTTTGGATTCGACGAATAGCTATTTTTGTGGTCTCCATTCTTTTTGTTGCATTTTTC
CTCGTGCCTGTTACACTAACACAAAGCCTTGTGAACCTTGATAAGCTGCAGAATACATTTCCATTTCTGAAAG
GAATTTTAAAGAGGAAGTTTATGAGCCAGCTTGCTACTGGATATTTACCAAGTGTCATATTGATGTTATTTCT
GTACATGGCTCCACCACTTATGCTTTTTTTCTCTACCATGGAGGGTGCTGTCTCTCGCAGTGGCAGGAAATTG
IAGTGCTTGCATCAAGCTTCTGTACTTCATGATATGGAATGTTTTCTTTGCAAACATTTTAACGGGGACCATTAT|
TAAGAATTTGGTCGGCGAAGTTACTCGGAGATTGCAAGATCCAAAAAATATTCCAAACGAGCTTGCCACTGC
CATCCCAACAACGGCTACCTTTTTCATGACTTACATTTTGACATCCGGTTGGGCAAGTTTGTCATTTGAGATTC
TACAACCATTGGCCCTGATATGCAACCTTTTCTACAGATATGCTCTCAGAAACAAAGACGAATCAACCTATG
GGACCTGGACTTTTCCTTACCACACAGAAATTCCAAGAGTTATCCTTTTTGGAGTTATGGGCTTCACCTGTTC(
IATAATGGCACCTTTGATCTTACCATTTTTGCTAGTCTACTTCTTCCTTGCTTACCTTGTGTATCGCAATCAGATT|
CTTAACGTGTATGTCACTAAATATCAAACTGGAGGACTCTATTGGCCAACTGTGCACAATGCTACAATATTCT
CATTGGTGCTGACGCAAATAATAGCTTCCGGAGTCTTTGGAATTAAAAAATCCACTGTTGCATCCAGCTTCAC
CTTTCCGCTGATCATCCTTACACTACTGTTCAATGAATATTGCCGGCAAAGGTTCCTCCCGGTATTTAAGAGG
AATGCTGCAAAGGTTCTCATTGAGATGGATTGGCAAGATGAGCAGAGTGGAATAATGGAAGAGACTCATCA
GAAACTGCAATCAGCATATTGTCAATTGACATTGACTACTCTTCACCAGGATGCAACCTTGCACGAGCATCCC
GGCGAAACAGTTGCTAGCGGGTTGCAAGACCTAGAAAACTTAGATTCAGGAAAGACTCAGACATCTGGATTA
TGGGCTGGGCATTCCTCACCAGAAATCAAAGAGCTTCATGCGATGTAG (underline: start and stop codons)

Amino acid
sequence

(744 aa)

MYLAALLTSAGINIAVCVVIFSLY SILRKQPRFMNVYFGQKLAHAKSRRQDPFCFERLVPSASWIVKAWEASEDQI
CAAGGLDALVFIRLIVFESIRIFSIAATICISLVLPLNYYGHDMEHKVIPSESLEVFSIANVQKGSKRLWAHCLALYIISC
CTCALLYHEYKSITKLRLLHITEALSNPSHFTVLVRGIPSSQTESYSETVAKFFSTYYASSYLSHKMVYQSGTVQKL
MSDAGKMYKMLKTCTREQQCGPNLMRCGLCGGTTSSFKMLAIESQNDKGRSDFDAADLRRKECGAAFVFFRTR
'YAALVAAQSLQSQNPMKWVTERAPDPKDVYWTNLGLPYRILWIRRIAIFVVSILFVAFFLVPVTLTQSLVNLDKLQ
NTFPFLKGILKRKFMSQLATGYLPSVILMLFLY MAPPLMLFFSTMEGAVSRSGRKLSACIKLLYFMIWNVFFANILT
GTHKNLVGEVTRRLQDPKNIPNELATAIPTTATFFEMTYILTSGWASLSFEILQPLALICNLFYRYALRNKDESTYGT
WTFPYHTEIPRVILFGVMGFTCSIMAPLILPFLLVYFFLAYLVYRNQILNVYVTKYQTGGLYWPTVHNATIFSLVLT
QIIASGVFGIKKSTVASSFTFPLIILTLLFNEYCRQRFLPVFKRNAAKVLIEMDWQDEQSGIMEETHQKLQSAYCQLT]
LTTLHQDATLHEHPGETVASGLQDLENLDSGKTQTSGLWAGHSSPEIKELHAM

Primer
sequence

Forward: TCTAGAATGTACTTAGCTGCTCTATTGAC (underline: Xbal restriction enzyme site)
Reverse: GAGCTCCTACATCGCATGAAGCTC (underline: Sacl restriction enzyme site)
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Cloning and vector construction

The cDNA encoding ERD4 gene was
amplified by PCR using a TaKaRa Ex Tag DNA
polymerase kit together with the cDNA of C.
canephora and the gene-specific primers (Table
1). After 25-30 cycles of PCR reaction, 10 x
loading buffer (2 uL) was added to the PCR
reaction solution (20 uL), and the mixture was
loaded on 1 % (W/V) agarose gel and subjected
to gel electrophoresis at 100 V for 20 min in TAE
(Tris-acetate-EDTA) buffer. After  gel
electrophoresis, the PCR products on the gel
were visualized under UV light, and the DNA
band of correct size (Fig. 1A) was eluted from
the gel. The PCR product was ligated into the
pPGEM T-easy vector at 16 °C for overnight, and
the ligation product was transformed into the
Escherichia coli XL blue competent cells. To
confirm that correct gene was amplified by PCR,
the colonies surviving on LB agar containing
ampicillin (100 mg mL') were subjected to PCR
to determine whether the size of the amplified
gene is identical to the ERD4 gene (Fig. 1B), and
then the identity of the gene was confirmed by
DNA sequencing. For sub-cloning the ERD4

gene into the pBI121 vector (C1), the pGEM T-
easy plasmid containing the ERD4 gene as well
as the pBI121 vector were double digested with
the Xbal and Sacl restriction enzymes at 37 °C
for 4 h. The cleavage products were visualized by
gel electrophoresis on agarose gel (Fig. 1C), and
the ERD4 gene and the linearized pBI121 vector
were eluted and ligated together. The insertion of
correct ERD4 into the pBI121 vector was
confirmed by selection of the colony on LB agar
containing kanamycin (50 mg mL?), colony PCR
(Fig. 1D), and DNA sequencing. To prepare the
Agrobacterium for plant transformation, the
pBI121 vector containing the ERD4 gene was
transformed into the A. tumefaciens GV3101, the
colonies grown on YEP medium containing
kanamycin (50 mg mLt) and rifampicin (50 mg
mL?) were selected, and the insertion of correct
ERD4 gene was finally confirmed by colony
PCR (Fig. 1E). Through these series of processes,
we successfully cloned the coffee ERD4 gene
into the pBI121 wvector in A. tumefaciens
GV3101, which is now ready for plant
transformation.
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A PCR and pGEM T vector ligation

DNA ladder
¢ FRD4: 2,235bp

# Gel cutting and DNA elution
» cDNA and T/A vector ligation

B Colony PCR

4~ ERD4: 2,235bp

# Colony PCR and Gel electrophoresis
# Cell culture and plasmid extraction
»DNA sequencing to confirm insert

C Plasmid digestion l
* < pBI121 vector

ERD4: 2,235bp

pGEM T

pBI121

D Colony PCR l

<+ ERD4: 2,235bp

# Colony PCR and Gel electrophoresis
# Cell culture and plasmid extraction
#DNA sequencing to confirm insert

E Agrobacterium tran#fnrmatiun

ERD4: 2,235bp

# Agrobacterium transformation

# Cell culture and selection on LB medium containing

» Colony PCR and gel electrophoresis

l # Transfer to XL blue competent cell and selection

# Digestion of pBI121 and pGEM T vectors with Xbal and Sacl
# Ligation of pBI121 vector and ERD4 insert
» Transfer the vectorinto XL blue E. coli cells and selection

Fig. 1. Procedures for the cloning of C. canephora ERD4 gene. The cDNA encoding ERD4 gene was amplified and
ligation into the pGEM T-easy vector (A, B). The pBI121 and pGEM T-easy vectors were digested with Xbal and
Sacl, the ERD4 gene was ligated into the pB1121 vector (C1), and the resulting vector was introduced into E. coli

XL blue cells (C, D). The pBI1121 vector harboring ERD4 gene was introduced into A. tumefaciens, and the colonies

containing ERD4 gene were selected and confirmed by colony PCR (E).

Plant transformation and homogeneous line
selection

Seven-week-old Arabidopsis plants in which
all seeds and flowers, except buds, were removed
(Fig. 2A) and were used for Agrobacterium-
mediated transformation according to the vacuum
infiltration method (Fig. 2B); [33]. The pot
containing Arabidopsis plants was put upside-
down in 600 mL of the Agrobacterium solution
containing 1.32 g MS medium, 30 g sucrose, and
200 pL silwet, and vacuum was applied for 5 min
to facilitate infection (Fig. 2C). After infiltration,

the plants were grown in normal growth room to
harvest the seeds (Fig. 2D). The seeds were sown
on MS medium containing kanamycin, and the
transformants were selected; the seedlings of
non-transformants turned yellow and showed
abnormal growth compared with the transgenic
lines (Fig. 2E). This transgenic lines are called T
plants. The surviving T; lines were grown in soil,
the seeds were harvested, and the seeds were
sown again on MS medium containing
kanamycin. The seedlings should have a 3
survival: 1 un-survival ratio (Fig. 2F). These
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transgenic lines are called T, plants. The
surviving T, lines were grown in soil, and the
seeds were harvested. All seeds survived on MS
medium containing kanamycin (Fig. 2G), which
is now called homogeneous T3 plants. The T3
homo lines were grown to amplify the seeds for
functional assay (Fig. 2H). To confirm whether
the ERD4 gene was successfully introduced into

the Ts lines, RT-PCR was carried out with the
primers specific to ERD4 gene. The result
showed that strong bands corresponding to ERD4
gene were observed in all transgenic lines (Fig.
21), confirming that coffee ERD4 gene was
successfully introduced into Arabidopsis plants.
These transgenic lines could be used for further
functional analysis.

T; homogeneous lines

Fig. 2. Plant transformation and homogeneous line selection. The ERD4 gene was introduced into Arabidopsis
plants by Agrobacterium-mediated vacuum infiltration method (A to D). Homo lines were selected on MS medium
containing kanamycin (E to H). The expression of ERD4 gene in the transgenic lines was confirmed by RT-PCR (1).

Arrows in (E) indicate seedlings that harbor the pB1121 vector and survive on kanamycin-containing medium.
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CONCLUSION

Using coffee genome information and
molecular biological approach, we identified and
cloned a coffee gene, and successfully introduced
the coffee gene into Arabidopsis. All
experimental steps are well-established and can
be executed without difficulty in any plant
biotechnology laboratory in Vietnam. This
approach and methodology can be utilized to

Ung dung phuong

study the functions of genes not only in coffee
plants but also in other important crops.
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phap tao dong va

chuyén gen vao Arabidopsis dé nghlen ciru
chic nang gen ERD4 trong bo gen cay Ca

Phé

e Nguyén Pinh Sy

Vién Cong nghé Sinh hoc va Moi truong, Truong Pai hoc Tay Nguyén

e Hunseung Kang

Khoa N6ng nghiép va Khoa hoc Su séng, Truong Pai hoc Quéc gia Chonnam

TOM TAT

Cay Ca phé la cay cong nghiép dong vai tr0
rat quan trong, trong dé Coffea arabica (Ca phé
ché) va Coffea canephora (ca phé véi) 1a 2 giong
cung cdp hat chii yéu trén toan thé gidi. Mdc du
nhu cau tiéu thy ca phé ngdy cang ting, nhung
cdc néng trang dang phdi doi mat véi nhiéu van
dé nhw bién doi méi truong va sdu bénh. Phuong
phép lai truyén thong ton rdt nhiéu thoi gian
trong viéc cdi thién giong. Ung dung cong nghé
sinh hoc d@é khim phd nhimg gen chirc ning
trong bg gen Ca phé 1a rdt can thiét nham ddy
nhanh quy trinh tao gidng méi véi nhitng dic

diém 6t nh khd nang chong han, khding sdu
bénh. Hién nay nhiéu nghién citu trén thé gidi da
b4o céo chuyén thanh coéng gen vao truc tiép
trong mé cdy Ca phé nhung ti 1¢ thanh cong thap
Va tén nhiéu thoi gian dé chon loc. Bé vurot qua
nhitng han ché néu trén, nghién ciu ndy trinh
bay phuong phdp chuyén gen vao cay md hinh
Arabidopsis thaliana nham khdam phd chire ning
ciia gen ca phé nhanh nhdr, dé thiee hién, it ton
kém va c6 thé thuc hién & hau hét cdc phong thi
nghiém nghién ciru thuc vit trong diéu kién hién
nay o Viét Nam.

Tir khéa: Arabidopsis, B6 gene Ca phé, chon dong, chuyén gen thuc vit
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