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Abstract The present study aimed to evaluate the quality

of cell suspension of Coffea arabica cv. Catiguá at four

different ages by morphological and gene expression

analysis. For this purpose, cell suspension samples were

collected at 30, 45, 60 and 75 days. Morphological analysis

revealed the presence of embryogenic regions in all sam-

ples, and after 60 days, non-embryogenic regions were also

identified. The genic analyses revealed that as the cells

were transferred to a new medium a change in both their

physical and chemical conditions was noticed that caused

stress. The decrease in SERK and BBM genes expression

after 75th day may also be due to the non-embryogenic

regions, characterized by large, elongated and vacuolated

cells that were observed in the periphery of embryogenic

regions, starting from 60 days of culture.
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Abbreviations

MG2 Minas gerais 2

ECS Embryogenic cell suspensions

SERK Somatic embryogenesis receptor-like kinase

BBM Baby Boom

2,4-D 2,4-Dichlorophenoxyacetic acid

IBA Indole-3-butyric acid

2-iP 2-Isopentenyladenine

qPCR Real-time quantitative PCR

PCR Polymerase chain reaction

RNA Ribonucleic acid

TAE Tris–acetate–EDTA

DNAse Deoxyribonuclease

cDNA Complementary DNA

ml Milliliters

lg Microgram

ng Nanogram

lM Micromolar

GAPDH Glyceraldehyde 3-phosphate dehydrogenase

Introduction

Coffea arabica L. originates from Ethiopia. Due to its high

phenotypical plasticity this species can be satisfactorily

grown in several agroforestry systems. It was the first

Coffea species to be described, and nowadays it stands for

70 % of all the coffee yielded and traded worldwide

(Morais et al. 2003; Morais and Melo 2011). Catiguá MG2

cultivar outstands the arabica species. Due to its rust

resistance (Hemileia vastatrix), small trees and specially

the high cup quality it has been recommended for special

coffee production. Such characteristics are appreciated of
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by special coffee consumers, also known as gourmet

(Oliveira and Pereira 2014).

The use of somatic embryogenesis for micropropagation

is thought to be a potential alternative for large-scale clonal

propagation of long cycle species as it has advantages such

as: highest multiplication rate, production increase by

keeping the plant material in liquid medium or cryopre-

served, thus eliminating researchers depending on specific

periods of propagating material availability (Ferreira et al.

2005).

During the indirect embryogenesis the initial cells

undergo a calli formation intermediate phase prior to the

embryo formation. Those calli provide the material for the

embryogenic cell suspensions (ECS) development con-

sisting of cell aggregates dispersed in liquid medium under

constant shaking (Gatica-Arias et al. 2008). As calli are

naturally heterogeneous it is crucial that their most

homogeneous regions with embryogenic characteristics be

identified so that high-quality ECS can be obtained.

For maintenance of the nutritional balance of embryo-

genic cells, there is a need for periodic renewal of the

culture medium. However, little is known about the exact

timing of maintenance of the ECS and how this affects the

embryogenic quality.

During the transition of somatic cells to the embryo-

genic state, the cells must dedifferentiate and activate the

cell division cycle, either through physiological and

metabolic changes and/or changes in gene expression pat-

terns. Understanding of the molecular mechanisms that

promote gene expression during somatic embryogenesis

has advanced in recent years. Among several genes that

have already been characterized, emphasis has been given

to the expression of SERK (Somatic embryogenesis

receptor-like kinase) and BBM (Baby Boom) genes (Sch-

midt et al. 1997; Boutilier et al. 2002; Schellenbaum et al.

2008).

The SERK gene belongs to the receptors kinase super-

family (RLK—Receptor-like kinases) and their products

are involved in signal transduction pathways and expressed

specifically in embryogenic cells (Schmidt et al. 1997;

Savona et al. 2011). The BBM gene encodes a plant-

specific AP2/ERF transcription factor that is related to the

embryogenic process, to cell proliferation in meristematic

regions and to embryo development. The AP2 transcription

factor is related to embryogenic processes, whereas ERF

relates to responses to biotic and abiotic stresses (Boutilier

et al. 2002; Heidmann et al. 2011).

The present study aimed to evaluate the quality of a cell

suspension of C. arabica cv. Catiguá at four different ages

by morphological and gene expression analysis. It is

expected that through SERK and BBM expression and

morphological analysis, it will be possible to characterize

the age of ECS that has greater embryogenic potential.

Materials and methods

Induction of cell suspension

Embryogenic calli of C. arabica cv. Catiguá MG2 were

used, obtained according to the protocol of Samson et al.

(2006). Calli with embryogenic features were transferred to

10-ml flasks containing 3 ml of multiplication medium

(5 lM 2,4-D; 4,92 lM IBA; 9,84 lM 2-iP; 500 mg l-1 of

citric acid; 20 g l-1 sucrose). As the ECS multiplied, they

were transferred to larger volume flasks (25, 50 and

125 ml). The suspension was kept in the dark at room

temperature, under 100 rpm orbital agitation. The culture

medium was renewed by 90 % every 15 days. The renewal

of the culture medium occurred on the same day of col-

lection of cell suspensions.

Morphological characterization

Cell suspension samples of 50 ml were collected at 30, 45,

60 and 75 days of culture for photonics analysis. The

samples were fixed in FAA 50 % (formaldehyde, acetic

acid and alcohol) fixation solution for 48 h at room tem-

perature and dehydrated in an ethanol series of 70, 80, 90

and 100 % for 1 h in each series, with one repetition at

100 % ethanol. Subsequently, the samples were infiltrated

for 24 h with a 1:1 Historesin Leica� epoxy resin (Leica

Mycrosistems Nußloch GmbH, Heidelberg, Germany) and

ethanol solution, and then 24 h in pure resin. After infil-

tration, the samples were embedded in resin and poly-

merizer (15:1) and placed in an incubator at 37 �C for 3

days. Slides of 3 lm were made in microtome (EasyPath

EP-31-20091), stained with 0.05 % toluidine blue solution

and weak Lugol solution, and viewed under a light

microscope (Axio Scope, ZEISS Germany).

Molecular characterization

Analysis of SERK and BBM expression by qPCR

Total RNA was extracted from four ECS samples corre-

sponding to the time of collection using the NucleoSpin� kit

(Macherey–Nagel, Germany), according to the manufac-

turer’s protocol. The RNA was quantified by NanoDrop

1000 (Thermo Fisher Scientific, Wilmington, USA) spec-

trophotometer (260 nm) and the integrity of RNA samples

was verified by electrophoresis gel at 1 % agarose,

1 9 TAE buffer, and stained with ethidium bromide. To

eliminate genomic DNA the samples were treated with

DNase Turbo Kit (Ambion, Waltham, MA, USA), accord-

ing to the manufacturer’s protocol. DNA contamination was

verified by PCR amplification of the housekeeping gene

actin and visualized on a 1 % agarose gel, 1X TAE buffer,
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and stained with ethidium bromide. The cDNA was

obtained from total RNA extracted from the ECS using the

High-Capacity Kit (Applied Biosystems, Waltham, MA,

USA), according to the manufacturer’s protocol. The

amount of total RNA was standardized to obtain a pool of

RNA at a concentration of 1 lg.

The generated cDNAs were used for quantitative anal-

yses by real-time PCR (qPCR) [ABI PRISM 7500 Real-

Time PCR (Applied Biosystems)] using the SYBR� Green

(Applied Biosystem) kit, according to the manufacturer’s

protocol. The PCRs containing 10 ng of cDNA template

and 10 ng of primers for the gene BBM (forward primer

CGAAACTTGTCACGATCCACAT and reverse primer

ACCCTTGGGAAGGACTTGCT) (Silva 2011) and for the

gene SERK (forward primer AAATGACCGGAGA-

GACCGGAAGTT and reverse primer CTGCCCAG-

CACTGCTCAA) (Silva et al. 2013) occurred for 5 min at

50 �C, 10 min at 95 �C, followed by 40 cycles of 15 s at

95 �C, 1 min at 60 �C, and termination for 15 s at 95 �C.

The genes 14-3-3 and GAPDH were used as endogenous

control to normalize the data (Barsalobres-Cavallari et al.

2009). The gene expression data, resulting from the

amplification reactions, were normalized using the formula

[DCT = mean CT (target gene) - mean CT (endogenous

control)]. The DDCT value [DDCT = DCT (target) - DCT

(calibrator)] was calculated for each target gene. Gene

expression values were relatively quantified by the formula

(RQ = 2-DDCT).

Results

The ECS used in this work are part of the in vitro devel-

opment material in the Central Laboratory of Molecular

Biology of the Federal University of Lavras. The potential

of embryogenic suspensions in terms of somatic embryo

regeneration capacity is being analyzed systematically

(data not shown). These data indicate that the ECS multiply

faster than mature.

The effective parameter of the embryogenic capacity of

a suspension cell is the frequency of regeneration of

somatic embryos. With the preliminary data obtained (data

not shown) and with future data regeneration experiments,

we expect that high-quality suspensions could be obtained

as reference, and thus the BBM and SERK relative quan-

tification will be an evaluation parameter of the develop-

ment of suspension cells very important for

biotechnological purposes.

Morphological characterization

The morphological analysis of the ECS of C. arabica cv.

Catiguá showed that all samples (collected at 30, 45, 60

and 75 days) had regions with embryogenic aspects

(Fig. 1). These regions have features similar to that of

actively dividing meristematic cells, such as the presence

of small isodiametric cells that form cellular clusters.

These cells have dense cytoplasm, large nuclei undergo-

ing cell division, with evident nucleoli (Fig. 2) and small

vacuoles (Guerra et al. 1999; Carvalho et al. 2001;

Quiroz-Figueroa et al. 2002; Stein et al. 2010; Ribas et al.

2011; Savona et al. 2011). Another important aspect is the

presence of a large number of starch grains, which affords

these cells a high metabolic activity (Fig. 3). The highest

starch granules intensity was observed at the beginning of

the culture (at 30 days), with the concentration levels

decreasing as the ECS were cultured for prolonged

periods.

Starting from 60 days of culture, non-embryogenic

regions, characterized by large, elongated and vacuolated

cells, were observed in the periphery of embryogenic

clusters (Fig. 4).

Molecular characterization

The primers had efficiencies exceeding 90 %, which

allowed carrying forward the analysis of gene expression.

SERK and BBM expression in ECS cultures of C. arabica

varied among the four sampling times (30, 45, 60 and

75 days), showing similar behavior for both genes, with

higher expression at 30 and 60 days and subsequent

reductions at 45 and 75 days. It was observed that BBM

expression was higher than SERK during the first 60 days

of culture, at which point the expression of both genes

decreased and SERK expression was maintained slightly

above that of BBM at 75 days (Fig. 5).

Discussion

Morphological characterization

Little information is available in the literature in regards to

ideal growing conditions, particularly with respect to the

maximum time of cultivation in which the cell suspensions

still maintain their embryogenic potential, as well as the

frequency and volume required for renewal of the culture

medium. Embryogenic cells, when exposed to ideal growth

conditions, maintain continuous cell divisions that result in

the formation of embryogenic cell masses called proem-

bryogenic masses (PEMs) (George et al. 2008; Savona

et al. 2011).

Toluidine blue is a dye membrane, cell and nuclear,

staining of deep blue color, giving also a blue background

color. Lugol is a dye used as a test for the detection of

starch, staining the nuclei of brown.
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In the present study, through morphological and starch

content analysis, it was observed that the period of main-

tenance of ECS of C. arabica affects their quality. Within

the first stages of cultivation (30 and 45 days), only cells

with embryogenic features were observed, characterized,

according to the literature, as small, isodiametric cells with

prominent nuclei and nucleoli and high starch content. At

subsequent stages (60 and 75 days), elongated and vacuo-

lated cells, characteristic of non-embryogenic cells, were

identified in the periphery of the embryogenic masses.

The presence of embryogenic and non-embryogenic

regions in the same tissue was also observed in studies

aimed at the induction of somatic embryos in C. arabica

cv. Caturra (Quiroz-Figueroa et al. 2002). Morphological

and histological analysis of embryogenic calli from another

Coffea arabica cultivar (cv. Caturra) also showed hetero-

geneity of the material, with simultaneous presence of

embryogenic and non-embryogenic regions in the same

callus (Ribas et al. 2011).

The prescribed time to perform maintenance of the

ECS as well as the media renewal volume can interfere

with the quality of the cell suspension. In the present

study, a biweekly renovation of 90 % of the culture

medium was adopted. In another study with the same

cultivar, conducted by our research group, renewal of

60 % of the culture medium every 10 days was not suf-

ficient to prevent the formation of non-embryogenic

regions (Silva 2011). This result evidences the need for

further studies in this field.

Molecular characterization

The peak expression recovery of both genes (45 to 60 days)

might be due to increased nutritional stress, which was

more intense at 60 days. From the moment that the new

medium was provided to the cells, an instantaneous change

in their physical and chemical conditions caused significant

stress. It should be noted that stressful conditions are, in

themselves, sufficient to induce somatic embryogenesis,

since BBM encodes a plant-specific AP2/ERF transcription

factor. ERF proteins are related to responses against biotic

and abiotic stresses (Boutilier et al. 2002; Heidmann et al.

2011; Silva 2011).

Fig. 1 Photomicrograph of

ECS morphology of Coffea

arabica cv Catiguá MG2.

Embryogenic regions

(E) indicated by arrows. On the

periphery of the cell clusters are

the non-embryogenic regions

(NE). a ECS at 30 days. b ECS

at 45 days. c ECS at 60 days.

d ECS at 75 days. Material

stained with toluidine blue

Fig. 2 Photomicrograph of cellular cluster presenting cell divisions

with prominent nuclei and nucleoli, indicated by arrows
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The BBM expression level was high at 30 days when

fresh medium was provided to the cells. Consequently,

more auxin was offered, thus decreasing SERK expression,

highlighting the possibility that another stress factor to

cells may be the presence of growth regulators. Thus, the

generated stress causes a metabolic state that induces the

expression of BBM after 45 days. With increased AP2/ERF

protein, SERK expression is also induced and with

increased LRR kinase and activation of the signal trans-

duction mechanism (which occurs at the moment fresh

culture medium is added), a new metabolic stress state is

formed and leads to a decrease in BBM expression,

inducing also the expression of SERK at 60 days.

The decline in the expression of both genes at 75 days,

possibly occurred due to cell death. This can be verified by

cell morphology, characterized by the presence of non-

embryogenic cells that are elongated and vacuolated in the

vicinity of the cell clusters (Fig. 4). The low frequency of

starch grains (Fig. 3c, d) in the cells indicates low energy

activity, no longer viable to reach the embryogenic state

(Moura et al. 2008; Stein et al. 2010; Steinmacher et al.

2011).

Even in decline, SERK was slightly more expressed than

BBM at 75 days SERK expression is up-regulated by auxin

(usually 2,4-D) or other growth regulator (Santos and

Aragão 2009; Savona et al. 2011). This expression possibly

occurred due to the presence of some live cells that still

maintained their embryogenic potential (Fig. 4). Further-

more, SERK is expressed in all stages of somatic

embryogenesis as well as in non-embryogenic tissues

(Mahdavi-Darvari et al. 2015).

Fig. 3 Photomicrograph of

energy reserves of cell

suspensions of Coffea arabica

cv. Catiguá MG2, identified by

the presence of starch grains.

a ECS at 30 days. b ECS at

45 days. c ECS at 60 days.

d ECS at 75 days. Material

stained with Lugol

Fig. 4 Photomicrograph of embryogenic cells (CE) and non-em-

bryogenic cells (NE) in the same cell cluster at 75 days

0,00
0,50
1,00
1,50
2,00
2,50
3,00
3,50
4,00
4,50
5,00

30 45 60 75

SERK BBM

Fig. 5 Relative quantitative expression (RQ) of SERK and BBM in

ECS of C. arabica cv. Catiguá MG2 cultured for 75 days
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Given the above, the renewal of 90 % of the medium

leads to cellular stress, which is directly related to the

expression of SERK and BBM genes, inhibiting their

normal expression. The presence of growth regulators in

the culture medium probably also influenced the decline in

SERK expression. The biweekly medium renewal schedule

exposes the cells to low nutrient depletion for long period

of times, which can also cause cellular stress. Furthermore,

with the delay in the renewal of the medium, the cells

decrease their rate of multiplication and old and/or dead

cells are mixed with new cells.

Conclusion

We identify a transient relationship between SERK and

BBM induction during growth of suspension cells, first at

30 days when there was a higher expression of BBM than

SERK, and after 60 days a higher expression of SERK

compared to BBM. The BBM gene works as an inducer of

SERK expression, as BBM encodes a transcription factor

AP2/ERF which induces expression of genes associated

with embryogenesis and is associated with the proliferation

and cellular organization into growth regions, as well as

SERK gene.

The renewal of 90 % of the medium caused a level of

stress to cells, with direct relation in the genes expression,

not allowing their natural expression. The presence of

growth regulators in the culture medium possibly also

influenced in the SERK reduction. The tissue culture

explant technique leads to a significant level of stress, once

they are removed from their original environment and

placed on a medium containing non-physiological con-

centrations of growth regulators, salts and organic com-

ponents. The result of this stress depends on two main

factors: the stress level and the physiological state of cells.

If the stress level exceeds cell tolerance, the cells die. In

contrast, low levels of stress are capable of activating

mechanisms that will induce cells to new conditions. The

medium renewal time can be every 10 days, once that

renewal is made every 15 days the cells stay longer in

presence of low depletion of nutrients, which can also lead

the cells to stress.

The somatic embryogenesis induction in different plant

species is performed under ideal conditions, which are

usually discovered by testing that evaluate the effects of

different factors on the development of the explant mor-

phogenetic responses such as growth regulators, osmotic

balance, pH and nutrient concentrations. Thus, it is possible

to determine which is the best factor combination and

establish more efficiently a regeneration protocol, noting

that the induction frequency of embryos depends not only

on the cultivation conditions, but also on genotype

(cultivar/species), explant type, development stage and

levels of endogenous hormone.

With the regeneration experiments data in progress, with

the data of this study, it is expected that the SERK and

BBM gene quantification and histological images, consti-

tute an effective parameter for evaluating the development

and quality of suspension cells which have high biotech-

nological value.
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Rev Árvore 34:789–796

Steinmacher DA, Guerra MP, Saare-Surminski K, Lieberei R (2011)

A temporary immersion system improves in vitro regeneration of

peach palm through secondary somatic embryogenesis. Ann Bot

108:1463–1475. doi:10.1093/aob/mcr033

Acta Physiol Plant (2015) 37:175 Page 7 of 7 175

123

http://dx.doi.org/10.1007/s11240-014-0615-0
http://dx.doi.org/10.1007/s11240-008-9430-9
http://www.cafepoint.com.br/radares-tecnicos/variedades-de-cafe/cultivares-de-cafe-arabica-desenvolvidas-pela-epamig-47444n.aspx
http://www.cafepoint.com.br/radares-tecnicos/variedades-de-cafe/cultivares-de-cafe-arabica-desenvolvidas-pela-epamig-47444n.aspx
http://www.cafepoint.com.br/radares-tecnicos/variedades-de-cafe/cultivares-de-cafe-arabica-desenvolvidas-pela-epamig-47444n.aspx
http://dx.doi.org/10.1007/s00299-002-0464-x
http://dx.doi.org/10.1186/1471-2229-11-92
http://dx.doi.org/10.1007/s11240-006-9094-2
http://dx.doi.org/10.4161/psb.4.12.9900
http://dx.doi.org/10.1093/jxb/err295
http://dx.doi.org/10.1093/jxb/err295
http://dx.doi.org/10.1007/s00299-008-0588-8
http://dx.doi.org/10.1007/s00299-008-0588-8
http://dx.doi.org/10.1007/s11105-013-0632-x
http://dx.doi.org/10.1093/aob/mcr033

	Gene expression and morphological characterization of cell suspensions of Coffea arabica L. cv. Catiguá MG2 in different cultivation stages
	Abstract
	Introduction
	Materials and methods
	Induction of cell suspension
	Morphological characterization
	Molecular characterization
	Analysis of SERK and BBM expression by qPCR


	Results
	Morphological characterization
	Molecular characterization

	Discussion
	Morphological characterization
	Molecular characterization

	Conclusion
	Acknowledgments
	References




