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ABSTRACT

Caryocar brasiliense (pequi), is one of the main species at the biome of the Brazilian savannah due to its use in culina
popular medicine, industry in general, and iron and steel industry. At Sdo José do Xingu (MT), a tree of C. brasilier
without thorn at the endocarp was found, which enables the improvement of C. brasiliense not only for consumption t
also to the high appreciation it already has. To detect the existing differences between the pequi with and without t
thorn at the endocarp, RADP markers were used. The generated polymorphisms were cloned and sequenced in order
identify the sequences that are responsible for the fenotypical alteration. It was observed that the pequi without tho
is genetically isolated from the other populations of pequi with thorn at the endocarp, proving that this characteris
is related to the genetic divergence of the species. Analysis in BLASTn evidenced the similarity of the Dofl genes
Zea mays to its gene of phosphinotricin acetyl transferase. In the analysis of BLASTX, the similarity was verified
the proteins responsible for the deficiency in ferric reductase 4, and catalase.

Key words: Caryocar brasiliense, pequi, thorn, RAPD.

INTRODUCTION teins and mineral salts, presenting elevated car

. tenors. It is also used in oils extraction for the m:

Caryocar brasiliense Camb. (Caryocaraceae), is one of . . .

. S . . turing of cosmetics (Almeida et al. 1998). In the |
the species that have been highlighted in the biome of

the Brazilian savannah (Fig. 1). It is a tree of great im-

portance in the North of Minas, where its fruit harvest

medicine, it is used for the treatment of respirat
ophtalmic problems, against bronchitis, colds, fl
in tumors control (Almeida and Silva 1994). It

is of great relevance for the feeding of the hinterland in- . . .
sidered as an aphrodisiac; and its leaves are adsti

habitants, besides constituting an income source (Araujo
1995, Alencar 2000) (Figs. 2a and 2b).

This species has been highlighting itself by the use
of its fruits (mesocarp) in the human feeding in many re-

also stimulating the bile production (Almeida an
1994, Ribeiro 1996, Branddo et al. 2002, Ker
2007). The nut, besides being used in tannery,
torial (Brandao et al. 2002). Its wood has e

ions through th tions b king typical dish
glons througll the preparations by cooxing typica: cIsies quality and high resistance (Almeida and Silva

and preparing spices, oils and sugar sweetened bever-
ages (Barradas 1972, Corner 1976, Almeida and Silva
1994, Lopes et al. 2003, Santos et al. 2007). It is con-

and it is a source of coal to iron and steel inc
(Ribeiro 1996).
The exploration of the nequi tree is based «
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POLYMORPHISMS IN “PEQUI” BY RAPD MARKERS

(A) ®)

Fig. 3 — Comparison between the pequi with thorn and the one without it at the endocarp. Source: Kerr et al. (2007). (A) Pequi with the

endocarp. Selected fruit showing the endocarp full of little thorns. (B) Pequi without thorn at the endocarp. Selected fruit showing the

without thorns.

The pequi region is spread over almost 2,000 mu-
nicipalities, with about 40,000 collectors to sell its fruits
or the “seed kernels” to buyers or resellers. The small
pharmacies and shamans of the villages and cities of
these regions require about 3,000 people to remove the
thorns left by the seed kernels at the palate of unaware
eaters. This characteristic is the main flaw that eliminates
the pequi from being cultivated at home and of being
considered as market fruit (R. Gribel, unpublished data,
Kerr et al. 2007).

At S@o José do Xingu, Kerr et al. (2007) interest-
ingly found a plant with an endocarp without seed ker-
nels, producing about 500 fruits on 2004 and only 30 on
2005, and being the “seed kernels” fleshy, a little sweeter
than the common ones and much better than the others
due to the absence of thorns (Figs. 3a and 3b).

This fact became a hope for us to have, from 4 to 8
years from now, a distribution of pequi seedlings without
thorn at the mesocarp. This “mutation” presents all the
characteristics to turn pequi into a market fruit, as much
for the poor populations as for the regular markets of
national and foreign fruits. It improves pequi not only
for a bigger consumption, but also for home harvesting.

Many polymorphisms among pequi populations
by using micro-satellites were described. However, the
RAPD (Williams et al. 1990) will be used in this paper
once it discriminates well the existing polymorphisms
amone the individuals without thorn from the nonula-

qui populations with the prickly endocarp and tl
viduals without thorns.

MATERIALS AND METHODS
COLLECTION AREAS

Samples of expanded and healthy leaves were cc
from 20 individuals from 5 populations of the
ian savannah: Clube Caga e Pesca Itorord de U
dia — Uberlandia (MG); urban area of Porto N
— Tocantins (TO); Fazenda Arrependidos — Coru
(GO); Sao José do Xingu — Mato Grosso (MT) (]
tions with thorn) and Séo José do Xingu — Matc
so (MT) (populations without thorn). The leave
stored in an ultra-freezer (—80°C) at the Labore
Genetics, Institute of Genetics and Biochemistr
versidade Federal de Uberlandia (MG — Brazil).

GENOMIC DNA EXTRACTION

The genomic DNA was extracted by the CTAB 1
with modifications according to Doyle and Doyle
by using “bulks” of the 20 individuals of the popt
with and without thorn, separately, with about 1g
etable tissue.

When homogeneizing the genetic maters
tubes containing the DNA were maintained at the
at —20°C, being unfreezed only before the use.

The amount of extracted DNA was estim
anectronhotometer model GRCTTV/VIQROT 1T A (S
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integrity of the extracted DNA. The quantified and eval-
uated sample was diluted in milli-Q water for the con-
centration of work of 5 ng/uL, and maintained in freezer
at—20°C.

RAPD REACTION (RANDOM AMPLIFIED
POLYMORPHISM DNA)

In order to evaluate the genetic diversity of the accesses,
samples of DNA C. brasiliense leaves with and without
thorn were amplified through PCR (Polymerase Chain
Reaction) for the obtainment of RAPD markers. The re-
actions of amplification were made in a volume of 20 uL,
with 2 4L of Tag 10X cap, 3 uL dNTP (4 mM), 1 uL
MgCI2 (2.5 mM), 1 uL of polymerase Tag (1U/mL),
1 uL of primer (10 pmoles), 1 uL of genomic DNA
(5ng)and 11.8 uL of milli-Q water. 77 random primers
were used, out of which 53 were selected for present-
ing better standards of bands (Table I).

The amplifications were done in thermocycler (MJ
Research, Inc., model PTC-100), programmed for 40
cycles of 1 minute at 94°C, 1 minute at 35°C, and 2
minutes at 72°C. After the 40 cycles, an extension stage
was done with 8 cycles of 20 seconds at 40°C, 7 minutes
at 72°C, and reduction for 4°C. After the amplification,
in each sample, 2 uL of the bromophenol blue mixture
(0.25% p/v) and glycerol (60% v/v) were added in wa-
ter. 15 uL of each sample was applied in agarose gel
1.5%, colored with Ethidium Bromide (0.5 pg/mL) and
immersed in TBE 0.5X cap (Tris-Borate 90 mM, EDTA
1 mM). The electrophoretic separation was of 3 hours at
120 volts, after what the gels were visualized and pho-
tographed in Image Mater™ VDS Software (Pharmacia
Bioscience), and the polymorphic bands were cut under
ultraviolet light.

DATA ANALYSIS

The generated RAPD markers were converted into a
matrix of binary data, from which the genetic distances
among the different bulks were estimated. The matrix
of genetic distance was done for the analysis of genetic
diversity by means of the dendogram.

MDinlicatee of each oel were done and the hande 1n

netic distances and the grouping analysis. The first was
calculated by the method of Percentage of Disagree-
ment, which is given by the formula: NAB/NT’ where
N/p is the total number of polymorphic bands among
the compared genotypes, and Nr is the total number of
generated bands at the process.

The analysis of groups or clusters was made by the
non-ponderated method of grouping to pairs using arith-
metic averages (UPGMA — “Unweighted pair — group
method using arithmetic average™), which aggrupates in-
dividuals according to their similarity.

PURIFICATION OF THE BANDS

The unique polymorphic bands visualized at the bulks
were cut from the gel with a scalpel and put in a micro-
tube of 1.5 ml. The purification occurred by the elution
of the DNA in a microtube with three microholes and
glass cotton at the bottom, and centrifugation for 5 min-
utes at 5,000 rpm. 1/10 of the volume of ammonium
acetate 7.5 M, 2 volumes of cold ethanol 100%, and
10 uL of glycogen (20 mg/mL) to the centrifuged lig-
uid, for overnight precipitation at —20°C. The solution
was centrifuged for 15 minutes at 13,000 rpm, rejecting
the supernatant and the precipitate washed with ethanol
70%, centrifuged again at 13,000 rpm during 5 minutes
and re-suspended in 15 pL of milli-Q water.

CLONING OF THE AMPLIFIED POLYMORPHIC FRAGMENTS

The cloning of inserts of interest was done with the
pGEM®-T Easy Vector Systems I (Promega) kit, fol-
lowing the manufacturer’s recommendations.

PURIFICATION OF THE PLASMID CONTAINING THE INSERT

The extraction of the DNA was done according to the
Perfectprep® Plasmid Mini (EPPENDORF) kit, follow-
ing the manufacturer’s protocol.

REACTION OF SEQUENCING IN MICROTUBES

Positive clones were sequenced in both directions in
MeoaRaceTM 1 000 (Molectilar Dvnamice Amercham
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TABLE I

Primers used for the PCR reactions for the obtainment of RAPD markers.

Access

Primers number Nucleotides’ sequency
APO1 1 5’CACGGTCTGAGCTGATTGCGTGTTCTC 3’
APO2 2 5’CCCTCCAAAATCAAGTGG 3’

APO4 3 5’ AAGTGCTGTAGGCCATTTAGATTAG 3’
OPAl 4 5> CAGGCCCTTC 3°
OPA2 5 5> TGCCGAGCTG 3’
OPA3 6 5> AGTCAGCCAC 3’
OPA4 7 5> AATCGGGCTG 3’
OPA5 8 5> AGGGGTCTTG 3’
OPA7 9 5> GAAACGGGTC 3’

OPA10 10 5" GTGATCGCAG 3’

OPALl 11 5> CAATCGTCCGT 3’

OPA12 12 5> TCGGCGATAG 3’

OPA14 13 5> TCTGTGCTGG 3°
OPALS 14 5> TTCCGAACCC 3’

OPA19 15 5° CAAACGTCGG 3’

OPA20 16 5> GTTGCGATCC 3’

OPF18 17 5’ TTCCCGGGTT 3’

RCOO01 18 5’GCGGTGACCCGGGA 3’

OPC06 19 5> GAACGGACTC 3’

OPC18 20 5> CTCACCGTCC 3’

OPI06 21 5> AAGGCGGCAG 3’

G7 22 5’AAGCCCGACGACCTCACCCGCAGTGC 3’
B2 23 5’CTCGCGCCCGGGATGAAGGTCGTCTTCCXXCCGACGTCCCAGGTC3’
Al 24 5> TCGGAGGTCAAGTCC 3’
H2 25 5’CTCTAAGCTTGTGACTCAGGCTGACAAATCAGTTGTC 3’
OPDO02 26 5> TGGCCACTGA 3’
OPV3 27 5’ CTCCCTGCAA 3’

OPM16 28 5> GTAACCAGCC 3’

OPW10 29 5> TCGCATCCCT 3’

OPC 13 30 5’AAGCCTCGTC 3’

OPC06 31 5> GAACGGACTC 3’

OPC18 32 5> TGAGTGGGTG 3’

OPI06 33 5> TGCCCAGCCT 3’

E2 34 5’CAGAATTCGGAA(AG)TA(GT)ATGA(AG)GGGGTC3’
CL 35 5’ACCTGCAGGCATTCTCCAGAAT 3’

MYRI 36 5’ACACTGGAACGACTGTTACGAG 3’

MYR2 37 5’ GGTAATAAGTTCACGAATGTTCATGG 3’
MYR3 38 5’ ACAACGCTARAMTCGGACCGATG 3’
MYR4 39 5’ TCTGAGTTGTGACGTCCATCG 3’

PRIMER 1 40 5’CCATCCACCATCTCAGCATGATGAAA 3’
PRIMER 2 41 5’GGTTACTAGTAGTGGGTTTGCTGG 3’
PRIMER 3 42 5’TATCGGGCCCAACCCCGACAAT 3’
PRIMER 4 43 5’CCTTGAAGCACTTCTGGGAATCAGA 3’
PRIMER 5 44 5’CTGACCCTGCAAAGGTAGGCGTATTCACT 3’
PRIMER 6 45 5’CTCCGGTCTGAACTCAGATCACGTAGG 3’
PRIMER 7 46 5’AAACTGGGATTAGATACCCCACTAT 3’
PRIMER 8 47 5’ GAGGGTGACGGGCGGTGTGT 3’

R3 48 5’TCGTGTATTCAAATTGGCA 3’

G7 49 5> ACGGAAGT 3’

G6

W
(=}

5° AATGCGGGCG 3’
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ANALYSIS OF THE IDENTITY IN GENETIC BANKS

An analysis of the identity of sequenced fragments was
done using the GenBank data base. The BLAST program
(Altschul et al. 1990) was used for the alignment of the
sequences obtained from the pequi with others already
deposited at the specific bank of plants.

RESULTS AND DISCUSSION

The DNA standard obtained for the samples was of good
quality, which favors the RAPD reactions.

The generated bands at the RAPD enabled the ana-
lysis of the genetic variability among the five studied
populations (Figs. 4a and 4b).

Out of the 77 primers that were used (Table I), 53
presented a good standard of bands and were selected
for the analysis of the results, among these 21 generated
polymorphisms (APO1, APO4, G6, G7, MYRI, MYR4,
OPA1, OPA3, OPA4, OPAS5, OPA7, OPA12, OPA14,
OPA1S5, OPA19, OPIO6, P2, P3, P7, P8, R3), which
enabled to distinguish the population of pequi without
thorn from the population with thorn.

The observed markers were as much for the pres-
ence of bands in all populations with thorn and their re-
spective absence in populations without thorn, as for the
presence of bands in population without thorn and ab-
sence in other populations with thorn at the endocarp.

The data obtained based on the 53 primers gen-
erated 326 fragments of RAPD, which were submitted
to the analysis of cluster generating the dendogram of
genetic divergence among the populations (Fig. 5).

The populations with smaller genetic divergences
are from Minas and Tocantins, presenting a difference
of 25% among their genotypes. Minas and Goias pres-
ented a divergence of 30%, whereas these three regions
with the Xingu region (population with thorn) pres-
ented a genetic divergence of about 37%. The pequi
populations without thorn from the Xingu region was
genetically isolated from the others, presenting a diver-
gence of about 53%.

The molecular characterization of the genotypes is
a tool of great importance for the programs of genetic

1mnraovement once croechreede amono individiiale with

Despite the high genetic similarity among the ana-
lyzed populations, it is suggested that the characteristic
presence or absence of thorns at the endocarp is related to
the genetic divergence of the populations. They may be
caused by a punctual mutation or even by chromossomic
differences between the individual without thorn and the
population with thorn at the mesocarp.

The selection of bands for the purification was based
on the polymorphisms detected on the five studied pop-
ulations. The cloning and sequences of the fragments
generated information about genetic differences (muta-
tions) or conserved regions (monomorphisms) among in-
dividuals selected for the absence and presence of thorn
at the endocarp. The sequences of the clones were de-
posited at the GenBank (Accesses numbers ET052997
until ET053017).

The analysis of BLAST of nucleotides (Table II)
demonstrated that, in the population with thorn at the
endocarp, the ET053010 clone was shown as similar to
the Dofl gene of Zea mays, whereas in the population
without thorn, the ET053000 clone was similar to the
phosphinotricin acetyl transferase gene of Z. mays.

The DOF1 gene encompasses a group of transcrip-
tion factors in plants, with a sequence of well-conserved
aminoacids (Yanagisawa 1996) containing the AAAG se-
quence that forms a dominium in zinc finger, which is
essential for the bond to DNA, this sequence is present
at the polymorphism that was found and related to this
characteristic in pequi. The DOF proteins are responsi-
ble for processes of expression of the regulation of lumi-
nosity, regulation of answers to stress, answer to the ex-
pression of phytohormones and control of the transcrip-
tional tissue-specific activities (Baumann et al. 1999,
Chen et al. 1996, Cavalar et al. 2007, Kang and Singh
2000, Kisu et al. 1998, Mena et al. 1998, Vicente-Car-
bajosa et al. 1997, Yanagisawa 2000, Yanagisawa and
Sheen 1998, Zhang et al. 1995). In the corn, the DOF1
protein activates the transcription of the responsible pro-
moters by the luminosity signal, including C4 plants
with promoter of the photosynthetic gene of the phos-
phoenolpyruvate carboxylase (Yanagisawa 1996, Yana-

ogicawa and T7111 1002} The aniner evnreecion of DOFE1
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600 pb

(A) B)

Fig. 4 — Products amplified by primers of RAPD (OPA3, OPA2 and OPA7, respectively). (A) 1 — marker (100 pb);
2 — Goias; 3 — Minas Gerais; 4 — Porto Nacional; 5 — Sao José do Xingu (populations with thorn); 6 — Sao José do Xingu
(populations without thorn) showing polymorphism in the pequi without thorns (black arrows). (B) Monomorphism in the
pequi with thorn and absence of the band detected in the pequi without thorn (blank arrow). Agarose gel 2% colored with
Ethidium Bromide.

GOIAS

MINAS

TOCANT

XINGU_CE

XINGU_SE

o
o

0,20 0,25 0,20 0,35 0,40 0,45 0,50 o,

Fig. 5 — Representative dendogram of the genetic distance per percentage of disagreement and
grouping by the UPGMA method among five populations of pequi (Caryocar brasiliense) of the
Brazilian savannah using 53 primers. Goias: Corumbaiba — GO (Fazenda Arrependidos); Minas:
Uberlandia — MG (Clube Itoror6 Caga e Pesca de Uberlandia); Tocantins: Porto Nacional — TO;
Xingu_CE: Sao José do Xingu — MT (pequi with thorn); Xingu_SE: Sao José¢ do Xingu — Mato
Grosso — MT (pequi without thorn).

The phosphinotricin acetyl transferase gene, with  synthetase (Hérout et al. 2005, Hoagland 1999,
which the pequi sequence without thorn demonstrated  al. 2001).
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TABLE

1I

Analysis of Bioinformatics (BLASTn) of the selected clones, by RAPD,
in Caryocar brasiliense (Camb.) with and without thorn at the endocarp.

Clone (number of
access to the Similarity Name e-value
GenBank)
ET053010 Similar to Clone pGR25C22
Population DQ490965.1 | disrupted DOF1 5¢7160
with thorn (Zea mays) (Dof1) gene
ET053000 Similar to phosphinothricin
Population DQ156557.1 acetyltransferase 1e®
without thorn (Zea mays) gene
TABLE III

Analysis of Bioinformatics (BLASTXx) of the selected clones, by RAPD,
in Caryocar brasiliense (Camb.) with and without thorn at the endocarp.

Clone (number of
access to the Similarity Name e-value
GenBank)
ET053002 Similar to CPFTSY
Population NM_130140.2 (ferric reductase 2¢22
with thorn (Arabidopsis thaliana) deficient 4)
Catal
ET053011 Similar to (ECal al i‘sle 6
Population pir|A55092 o 1e709
. CAT-2-maize
without thorn (Zea mays)
fragment
ET053006 Similar to CPFTSY
population NM 130140.2 (ferric reductase 3¢ll
with thorn (Arabidopsis thaliana) deficient 4)
ET053012 Similar to (Egalmll?sf 0
Population pir||[A55092 o 2¢706
. CAT-2-maize
without thorn (Zea mays)
fragment

The effect that these genes exercise in the pequi is un-
known. The genomic markers developed in this paper
will be able to contribute for an identification of the ge-
netic causes of the absence of thorn in the endocarp in the
restricted population of Sdo José do Xingu. It is possible
to search the metabolical way of these codified proteins
in these genes, and their function in the obstruction of
the appearance of thorn in the pequi.

The analysis of BLAST of proteins (Table III) de-
monstrated similarities of the ET053002 and ET052006
clones to the CPFSTY protein (deficiency in ferric re-
ductase 4) of Z. mays in the pequi without thorn. The

The plants with deficiency in iron induce the plas-
matic membrane to link to the ferric reductase, which
transfers electrons from the intracellular NADH or
NADPH for Fe*" in the rhizosphere (Buckhout et al.
1989, Sijmons et al. 1984). Fe?" ions are subsequently
liberated and conducted to the cytoplasm through trans-
port proteins, inducing the acidification of roots, stimu-
lated by the deficiency in iron (Kochian 1991, Fox et al.
1996, Cohen et al. 1997). Plants that grow in soils poor
in iron are selected for adaptative mechanisms that in-
crease the availability of iron in the rhizosphere (Inskeep
and Bloom 1987). The adaptative answers of the roots
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Romheld 1994, Schmidt 1999, Orturk et al. 2007). The
increase in the capacity of the roots to reduce iron
chelants by the induction of ferric reductase in the
plasmatic membrane is another answer for the defi-
ciency of iron; the reduction of Fe*" in Fe?" in the sur-
face of roots is an obligatory process to the acquisition
of iron in plants (Marschner and Romheld 1994, Robin-
son et al. 1999). The acidification of the rhizosphere
contributes to the increase of solubility of iron available
to plants (Marschner et al. 1986). Catalase is one of
the antioxidant enzymes that degradate the oxygenated
water (Scandalios et al. 1997). It performs an impor-
tant role in the defense of the plant, aging and senes-
cence. The catalase activity is influenced by acetylsal-
icylic acid and nitric oxide (Yang and Poovaiah 2002,
Paterson et al. 1984). The balance between catalase
and super-oxide dismutase is crucial in the determina-
tion of the level of O, and H,O; in the cell. The process
of photo-oxidation during abiotic stress is common in
plants, being able to cause cellular destruction and lib-
erating reactive species of the oxygen such as the oxy-
genated water. (Foyer 1996). The super-reduction of the
photosystem II (PSII) occurs when the assimilation of
carbon is repressed during the environmental stress, and
when the luminosity flow is elevated. In these states of
excess of photons, the PSII becomes progressively re-
duced and leads the plant to an oxidative stress, produc-
ing free and possibly super-oxide oxygen (Krause 1994,
Osmond and Grace 1995). In this sense, catalase acts
with an antioxidant enzyme in the plants. The role of the
protein responsible for the deficiency of ferric reductase
and catalase is not known in Caryocar brasiliense. 1t
can be suggested that the deficiency of iron in the roots
leads the population without thorns to an environmental
stress, repressing the production of thorns at the endo-
carp, whereas in the populations with thorn the presence
of catalase prevents the oxidative stress and a repression
of the thorns production does not occur.

CONCLUSIONS

From the analyzed primers of RAPD, it could be

nheerved that there 1 a oenetiec diverocence amono the

However, biochemical and genetic studies are
to confirm these mechanisms.
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RESUMO

Pequi, Caryocar brasiliense, é uma das espécies de ¢
no bioma do cerrado brasileiro, devido a sua utiliz
medicina, na culindria popular, industria em geral,

ferro e do ago. Na regido de Sao José do Xingu (M
arvore de pequi sem espinho no endocarpo foi encos
isso permite melhorar pequi ndo s6 para o consumo, -
tando a alta apreciagdo que ja possui. Para detectar
rengas existentes entre o genoma de pequi com e sem
no endocarpo, marcadores moleculares RAPD foram
dos. Os polimorfismos gerados foram clonados e sec
dos, a fim de identificar as sequéncias responsaveis
teragdo fenotipica. Observou-se que o pequi sem es
geneticamente isolado de outras populagdes de pequi
pinho no endocarpo, provando que essa caracteristica e
cionada com a divergéncia genética da espécie. An:
Blastn evidenciou a similaridade dos genes Dof1 e con
da fosfinotricina-acetiltransferase de Z. mays. Na an
BLASTX, a similaridade foi verificada com as protei
ponsaveis pela deficiéncia de ferro 4 redutase e catalas
Palavras-chave:
RAPD.

Caryocar brasiliense, pequi,
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