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Analisis de vitamina C y antocianinas
en Myrciaria dubia “camu camu”
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Analisis de la expresion de genes
responsables de la biosintesis de
vitamina C de Myrciaria dubia
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ISOLATION OF HIGH-QUALITY TOTAL RNA FROM LEAVES OF
Myrciaria dubia “CAMU CAMU"
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O Myrcana dubia is a maim source of vitamin C for people in the Amazon region. Molecular

studies of M. dubia wquiw high-quality total RNA from different tissues. So far, no protocols have
been weported for toial RNA isolation from leaves of this species. The objective of this wsearch was io
develop protocols for extraching high-qualty total ENA from leaves of M. dubia. Total ENA was
purified follming two modified frotocols developed for leaves of other species (by Zeng and Yang,
and by Reid et al.) and one modified protocol developed for fruils of the studied species (by Siloa).
Cuantity and quality of purified total RNA were assessed by spectrophotometric and eleetrophoretic
analysis. Additionally, quality of total RNA was evaluated with woerse-transcription: polymerase
chain reaction (RT- P(.R) With these three modifted protocols we were able to solate high-quality
RNA (Azgsimm/ Azgomm = 1.9 and Asgonm Azzomn = 2.0). Highest yied was froduced with the
Zeng and Yang modified protocol (3844 46 ug ARN/ g fresh weight). Furthermore, electrophoretic
analysis showed the integrity of isolated RNA and the absence of DNA. Another proof of the high
quih of our purified RNA was the successful cDNA synthests and amplification of a segment of
the M. dubia actin I gene. We report threr madified protocols for isolation total RNA from leaves of
M. dubia. The modified protocols are easy, mapid, low in cost, and effective for high-guality and
quantity total RNA isolation suitable for cDNA synihesis and polymerase chain reaction.

Keywords genetic studies, punification protocols, tropical fruit, vitamin C

DOL: 10.1007/510535-015-0540-2 BIOLOGIA PLANTARUM 59 (4): T83-787, 2015

BRIEF COMMUNICATION

Gene expression and enzyme activities of the D-mannose/L-galactose
pathway influence L-ascorbic acid content in Myrciaria dubia
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Abstract

The aim of thiz work was to elucidate the molecular and brochemical mechanisms that control L-ascorbic acid (As4)
content varation in Myrciaria dubia. The A:A was guantified by hzgh-performance ligmd chromatography. zens
exprezsion by rezl-me gquanntanve PCE. and enzyme aenvities by speerophotometric methods from leaves and
ummature fruits of two genctypes (Md-60,06 and Md-02,04) with proncunced (about 2 times) differences m the AzA
content. In either zenotyvpe, the fimut peel had ~ 1.3 nmes more AsA than the fiiit pulp and ~ 150 times more than the
leaf All fissues examined demonstrated the capability for AsA biesynthesis through the D-mamnoseL-galactose
pathway because mBMNA: of the six kev gene: [GDP-D-mannoss pyvrophosphorylaze ({GMP), GDP-D-mannose-3'5'-
epmerase (GME}) GDP-L-galactose phosphorylaze (GGP), L-galactoze-1-phosphate phosphataze (GPP), L-galactoze
dehydrogenase (GDH}., and L-galactono-l-4-lactone dehydrogenaze (GLDH)] and catzlynie activites of the
comesponding enzymes (GMP, GDH, and GLDH) were detected The differential expressions of genes and enzyvme
activiies mostly comelated with the respective AzA content. Thus, the expression of severzl genes of the D-mannoze
L-galactose pathway determined the AA content vanation in tissues of M. dubia.

Addisional kgy words. GDP-D-mannose-3', 3 -gpimerase; GDP-D-mamose pyrophosphorviase; GDP-L-galaciose phosphorylase:
L-galactone-1-4-lactons dehydrogensse; L-zalactose dehydrogensse; L-galactiose-1-phosphate phosphatase.

Myreiaria dubia (Kunth) MeVaugh (common name
camu-camu) 15 an Amazonian fruit shoub that produces
severzl biwactive phytochemicals, such 23 anthocyamns
(Zanattz et al. 2005), ellazic acid denvatrves, and other
phenolicz (Fracazzeth &r al. 2013). However, the moszt
valuable 15 its high L-ascerbic acad (AsA; ie., vitanun C)
content m fruits which can be as much as 2 g of AsA per
100 g of pulp (Iman ar al. 2011} It 1= also interesting the
large varation in Ash pool size both among different
tissue types of the same individual and ameng indriduals
(Castro eral. 2013a).

Several smudies have shown that 2 vanety of genenc
and emvironmental factors mfluence variation in AsA
content m plant nzsues (Davey er al. 2006, Rozello
at al. 2011} These factors, dwectly or indirectly,
mflusnce the metabolic pathways of AszA biosynthesiz
{Conklin st al. 2013). Although z cembination of radie-
labellmg. mutant analysis. and transgenic manipulation
provides evidence for mmlnpls pathwayvs of A=A
biosynthesis m  plants, the D-mannoseL-galactose
{Smunoff-Wheeler) pathway 15 generally considered the
most important (Valpuesta and Botella 2004, Wheeler

Submired 4 March 2015, Jasr revision 27 April 2015, accepied 29 April 2015

Abbrevianons: AzA - L-sscorbic acid: DTT - dithiethreitel:

EDTA - ethylensdiaminetetraacetic acid; fm. - fresh mass;

GDH - L-galaciose dehydrogenase; GLDH - L-galactono-1.4-lactone dehydrogenase; GME — GDP-D-mannose-3',3-epimerase;
GAP - GDP-D-mannose pyrophospherylase; GPP - L-zalaciose-1-phosphate phospharase; PAISE - phenyimethylsulfonyl fluoride;

PP2A - serine threonine protein phosphatase; FUP - pol
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Aislamiento y clonacidon molecular de
genes responsables de |a biosintesis de
vitamina C de Myrciaria dubia
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Clonacion molecular de los genes GDP-L-galactosa fosforilasa, L-galactosa
deshidrogenasa y L-galactono-1,4-lactona deshidrogenasa de la via biosintética
de vitamina C en Myrciaria dubia (camu camu)

Molecular cloning of the genes GDP-L-galactose phosphorylase, L-galactose
dehydrogenase and L-galactono-1,4-lactone dehydrogenase of the biosynthetic pathway for
vitamin C in Myrciaria dubia (camu camu)

. | . 1 o - 2 e s 3
Alina Egodvil , Julian Torres, Marianela Cobos’, Sixto A. Iman’,
1 - - 4
Jorge L. Marapara y Juan C. Castro

Recibido: julio 2014
Aceptado: septiembre 2014

RESUMEN

El objetivo del estudio fue realizar la clonacién molecular de los genes que codifican las enzimas,
GDP-L-galactosa fosforilasa (GGF), L-galactosa deshidrogenasa (GDH) vy L-galactono-1,4-lactona
deshidrogenasa (GLDH) de la ruta biosintética de vitamina C de Myrciaria dubia (Kunth) McVaugh. Los
frutos fueron obtenidos de la Coleccion Nacional de Germoplasma de M. dubia del Instituto Nacional
de Innovacion Agraria. El ARN se purificd, se sintetizd el ADNc y amplifico con cebadores
degenerados, se clond y secuencid con técnicas estandares. Sobre la base de la secuencia obtenida se
diseniaron cebadores para posteriores estudios de expresion genética. El ARN total purificado fue de
alta calidad por los ratios de absorbancia (A, /A, = 1,9 £ 0,1, A, /A, = 4,0 £ 0,2) y la integridad del
ARN (bandas visibles de ARN ribosomal 285 y 185 en el gel de agarosa). Con los cebadores
degenerados se amplificaron con éxito segmentos de los tres genes (GGF = 388 pb, GDH = 783 pby
GLDH = 921 pb) y disefaron cebadores especificos apropiados para estudios de expresion genética
mediante PCR en tiempo real. En conclusién, con las estrategias empleadas se realizé la clonacion
molecular de segmentos de los genes GGF, GDH y GLDH que participan en la biosintesis de vitamina
CenM. dubia.

Palabras claves: icido L-ascorbico, secuenciamiento de genes, sintesisde vitamina C.

ABSTRACT

The aim of the study was to make the molecular cloning of the genes encoding the enzymes GDP-L-
galactose phosphorylase (GGF), L-galactose dehydrogenase (GDH) and L-galactono 1,4-lactone
dehydrogenase (GLDH) of the biosynthetic pathway for vitamin C in Myrciaria dubia (Kunth)
McVaugh. The fruits were obtained from the National Germplasm Collection of M. dubia of the
National Institute of Agro Innovation. The RNA was purified; cDNA was synthesized and amplified
with degenerate primers, cloned and sequenced with standard techniques. Based on the obtained
sequence specific primers were designed for future gene expression studies. The purified total RNA
was of high quality by absorbance ratios (A, /A, = 1,9 £ 0,1, AL/A,..= 4,0 £ 0,2) and RNA integrity
{visible bands of 285 and 185 ribosomal RNA in agarose gel). With the degenerate primers were
successtully amplified segments of the three genes (GGF = 388 bp, GDH = 783 bp and GLDH = 921

Plant Cell Biotechnology and Molecular Biclogy 17(74&8):415-427; 2016
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ABSTRACT

Myrciaria dubia “camu-camu” is a rich source of several bioactive phytochemicals and vitamin C
(L-ascorbic acid, AsA). To gain insights about the genes involved in AsA biosynthesis in this plant
species and consequently with potential use for its biotechnological production, here we report the
isolation and molecular cloning of partial gene sequences of the D-mannose/L-galactose pathway.
Degenerate primers designed by the multiple sequence alignment of related plant species were used
to isolate in M. dubia the partial sequences of the six D-mannose/L-galactose pathway genes (GMP,
GME, GGP, GPP, GDH, and GLDH). The deduced protein sequences of the six genes have more
than 81% sequence identity to rosids and asterids species. with a closer phylogenetic relationship to
Eucalyptus grandis. In conclusion, gene sequences of the D-mannose/L-galactose pathway involved
in AsA biosynthesis of M. dubia were successfully isolated and cloned and the phylogenetic analysis
indicated that these gemes have been relatively well conserved throughout of plant evolution,
reflecting the importance of the enzymes of this metabolic pathway for plant growth and survival.
Additionally, the isolation and cloning of these gemes allow wus to implement systems for
biotechnological production of AsA.

Keywords: Gene cloning: molecular biotechnology; molecular phylogeny; L-ascorbic acid biosynthesis;

tropical fruit.
INTRODUCTION phenolics (Fracassetti et al. 2013), but is
economically important due to its high vitanun C

Myreiaria dubia (Kunth) McVaugh “camu canu™
15 an Amazoman plant that produces several
bioactive compounds such as aldose reductase
mhibitors (Ueda et al, 2004), anthocyanins
(Zanatta et al, 2005), 1-methyl-malate (Akachi et
al, 2010), ellagic acid demvatives and other

(L-ascorbic acid, AsA) content in fruits (Bradfield
and Roca, 1964), which can contain as much as 2
g of AsA per 100 g of pulp (Imin et al., 2011).
Abundant varation in AsA content both among
different tissue types of the same individual and
between individuals (Castro et al, 2013a),
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Analisis del transcriptoma de los frutos
de Myrciaria dubia
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RESEARCH ARTICLE Open Access

De novo assembly and functional @
annotation of Myrciaria dubia fruit

transcriptome reveals multiple metabolic
pathways for L-ascorbic acid biosynthesis
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Abstract

Background: Myrciaria dubia is an Amazonian fruit shrub that produces numerous bicactive phytochemicals, but is
best known by its high L-ascorbic add (AsA) contert in fruits. Pronounced variation in AsA content has been observed
both within and among individuals, but the genetic factors responsible for this variation are largely unknown. The
qgoals of this research, therefore, were to assemble, characterize, and annotate the fruit transcriptome of M. dubia in
order to reconstruct metabolic pathways and determine if multiple pathways contribute to AsA biosynthesis.

Results: In total 24,551,882 high-quality sequence reads were de novo assembled into 70,048 unigenes

{mean length = 1150 bp, N50 = 1775 bp). Assembled sequences were annotated using BLASTX against public
databases such as TAIR, GR-protein, FB, MG, RGD, ZFIN, SGN, WB, TIGR_CMR, and JOW-CMR with 75.2 % of unigenes
having annotations. Of the three core GO annotation categories, biological processes comprised 53.6 % of the total
assigned annotations, whereas cellular components and molecular functions comprised 233 and 23.1 %, respectively.
Based on the KEGG pathway assignment of the functionally annotated transcripts, five metabolic pathways for AsA
biosynthesis were identified: animal-like pathway, myo-inositol pathway, L-gulose pathway, D-mannose/L-galactose
pathway, and uronic add pathway. All transcripts coding enzymes involved in the ascorbate-glutathione cycle were
also identified. Finally, we used the assembly to identified 6314 genic microsatellites and 23,481 high quality SNPs.

Conclusions: This study describes the first next-generation sequencing effort and transcriptome annotation of a
non-model Amazonian plant that is relevant for AsA production and other bioactive phytochemicals. Genes encoding
key erzymes were successfully identified and metabolic pathways involved in biosynthesis of AsA, arthocyanins, and
other metabolic pathways have been reconstructed. The identification of these genes and pathways is in agreement
with the empirically observed capability of M. dubia to synthesize and accumulate AsA and other important molecules,
and adds to our curent knowledge of the molecular biology and biochemistry of their production in plants. By
providing insights into the mechanisms underpinning these metabolic processes, these results can be used to direct
efforts to genetically manipulate this organism in order to enhance the production of these bioactive phytochemicals.
The accumulation of AsA precursor and discovery of genes assodated with their biosynthesis and metabolism in
(Continued on next page)
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Figure 6. The Shikimate pathway reconstructed from the fruit transcriptome database of camu camu.
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Chapter 5

Myrciaria dubia “Camu Camu” Fruit: Health-Promoting
Phytochemicals and Functional Genomic Characteristics

Juan C. Castro, J. Dylan Maddox,
Marianela Cobos and Sixto A. Iman

Additional information is available at the end of the chapter

hittp://dw.doi.org/10.5772fintechopen.73213

Abshract

Camu camu is a typical Amazon native fruit shrub that possesses a diploid genome,
moderate genetic diversity, and population structure. The fruits accumulate several essen-
tial nutrients and synthesiae L-ascorbic acid (vitamin C) in great quantities and an array of
diverse secondary metabolites with corroborated in vitre and in vivo heal th-promoting
activities. These beneficial effects include antioxidative and antiinflammatory activities,
antiobesity, hy polipidemic, antihy pertensive and antidiabetic effects, DNA damage and
canocer protection effects, and other bicactivities. Many health-promoting phytochemicals
are biosynthesized in several metabolic pathways of camu camu. Their reconstructon
from the fruit transcriptome database was accomplished by our mesearch group. These
include basic metabolic pathways such as glycolysis and pentose phosphate pathway,
vitamin C biosynthesis pathways, and pathways involved in secondary metabolites pro-
duction, Dhue to their agronomic potential and fruits growing demand, recently, based on
an ideoty pe, programs were initiated for their domestication and genetic improvement,
but so far with very negligible achievements. Consequently, we propose new strategies to
acoelerate the processes of domestication and genetic improvement based on state of the
art technologies for multiomic data analysis and innovative molecular tools.

Keywords: genetic diversity, health-promoting phytochemicals, phenolic compounds,
transcrptome, vitamin C

1. Introduction

Myrciaria dubia Kunth (McVaugh) “camu camu” is a typical native Amazonian fruit shrub that
thrives in areas exposed to periodical flooding on the banks of rivers, streams, lakes, and swamps

© 2018 The Author(s). Licensee IntechOpen, This chapter i distributed under the ter ms of the Creative
In techopen Commons Attribution License (hitp:/ fereativecommang.org/ licenses by 3.0), which permits unrestricted use,
distribution, and reproduction in any medivm, provided the ariginal work i properly eited.
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Y ahora que sigue?



Estrategias para el mejoramiento genético asistido de M. dubia

GENOTIPOS ELITE

/M [vitamina C], [antocianinas] y otras sustancias bioactivas.
Precoces, T rendimiento en frutos . Resistentes a factores bidticos y abidticos adversos.

Silenciamiento 6 aumento de la expresion de genes ' Ingenieria metabdlica: > concentracién de vitamina C, antocianinasy
mediante miRNA, siRNA, etc. otros compuestos bioactivos de interés.

Edicidn del genoma t Purificacion y analisis estructural de enzimas y proteinas reguladoras
Ingenieria genética: INTRAGENESIS Desarrollo de marcadores moleculares y gene-especificos
para el mejoramiento genético asistido (STR, SNPs, etc)

Mutagénesis aleatoria y dirigida para generacion de mas genotipos

Analisis de la expresion de genes y actividad de enzimas
de vias metabdlicas de vitamina C, antocianinas, etc '

GENOTIPOS PROMISORIOS

M [vitamina C], [antocianinas] y otras sustancias bioactivas.
Precoces, T rendimiento en frutos . Resistentes a factores bidticos y abidticos adversos.

Evaluacion de :
- Caracteristicas agrondmicas
- Componentes nutritivos y bioactivos t Analisis de la diversidad genética con técnicas moleculares:
- Resistencia/susceptibilidad a factores bidticos y RAPD, ISSR, AFLP, microsatélites, etc

abidticos adversos Desarrollo de técnicas de propagacién clonal masiva

t Analisis del GENOMA, EPIGENOMA, TRANSCRIPTOMA,
PROTEOMA, METABOLOMA

COLECCIONES DE GERMOPLASMA DE M. dubia

Gran variabilidad en la [vitamina C], [antocianinas] y otras sustancias de interés.
Variabilidad en el rendimiento de frutos y diferencias en la

resistencia factores bidticos y abidticos adversos. 27
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