Theobroma cacac DNA: Protocols for RFLP Analysis!

ABSTRACT

This paper demonstrates the applicability of restriction
fragment length polymorphism (RFLP)} technology to 7
cacao L. and gives detailed protocols for its use. Genomic
DNA (gDNA) from two cocos trees in the Penn State Green-
house collection wis hybridized te 8 cocoa gDNA clone
(pTCI01) in Southern blot experiments for detection of
RFLPs. Two restriction endonucleases were used to digest
the plant DNA and in one case a polymorphism was identified.
The availability of methods for using RFLPs as new genetic
markers offers 4 new timesaving method for germplasm
identification in 70 cacao as perfection of RFLP methodol-
agy will allow knowledge of genctic varlability to be
determined at the seedling stage. When RFLPs are correlated
with desirable agronomic traits, improvement in breeding
programs can be expected to follow,

INTRODUCTION

NA markers, [irst described as tools for penetic
analysis in 1974 (14), and later used in linkage
studies and in monitoring genetic traits in
humans (6), are now being used successfully in higher
plants (4, 5, 7, 15, 19). The method depends upon
the ability of restriction endonucleases to catalyze
cleavage of DNA at specific recognition sites yielding
polydeoxynucleotides of defined lengths The
method has been called restriction fragment length
polymorphism { RFLP) analysis

Differenices in RFLPs are an expression of the
genetic heterogeneity encountered among individuals
ol a species; they are visualized when genomic DNA
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COMPENDIO

Este {rabajo demuestra la aplicabilidad de la tecnologia
del polimorfismo restringido de longitud de [rogmentos
{PRLF) aplicada sl cacao (Theobroma caeqo L.} y da proto-
eolos detallados para su utilizacion. El genoma DNA {(gDNA),
de dos cacaoteros de la coleccion existente en los invernaderos
de Penn State, fue hibridizado a un clone g DNA (pTC101)
procedente de los experimentos de Southern para detectar
PRLF. Se utilizaron dos endonucleasas de restriccion para di-
gerir el DNA; en un caso, se identificod polimorfismo. La dis-
poribilidad de métedos para utilizar los PRLF como herra-
mienta genética, ofrece un método nuevo y rapido para idea-
tificar germoplasma de [ cacgo pues la perfeccion de fa me-
todologia PRLF permite conocer la varizhilidad genética a ser
deferminada en I efzpa de plantula. Cuando se correlaciona
el PRLF con carscteristicas agrondmicas deseables, se pueden
esperar resultados ventajosos en los programas de {itomejora-
miento,

is digested with a restiiction endonuclease, electo-
phoresed, transferred to a solid support, and
hybridized to a labelled probe.

The use of RFLPs as genetic markers has broad
potential application in plant genetics, for individual,
varietal and parental identification, mapping and
monitoring of quantitative traits, analysis of genome
organization, measurement of genetic diversity, and
devetopment of detailed linkage maps (4, 5, 6, 7,
15, 19) Extensive mapping using RFLPs has been
done with maize, tomato, lettuce and peppers (16,
17}

Many of the proposed uses of RFLPs are identical
to previously developed approaches using isozymes
as molecular markers. Though isozyme markers have
been quite useful in atiempts to characterize cocoa
germplasm {1, 2, 21, 22, 23, 3B), their use is limited,
first because not all genes code for enzymes and
secend, because much of a plant genome is composed
of non-coding regions. In contrast, a potentially un-
limited number of RFLPs exist, which should aliow
much wider use of the molecular marker approzch to
identify cocoa strains.
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The use of RFLPs for germplasm identification in
T caceo 1. would be particularly useful to cocoa
breaders, who historically have used morphological
markers to identify cocoa varieties (3, 9, 10, 11, 12,
28, 29, 30, 32, 33, 35, 36) Such markers are often
subjective, influenced by environment, and are
generally applicable only to mature trees in contrast,
RFLPs identify genetic differences at the DNA [evel,
are not influenced by the environment, and can be
detected at very early stages of plant development,
helping to minimize the time and cost of pianting and
maintaining “‘unsuitable™ material

The purpose of this report is to give detailed
protocols for RFLP analysis in cocea and to demon-
strate the general applicability of RFLP analysis to
the cocoa plant.

MATERIALS AND METHODS
Source of plant material

The plants used in this study were growth in the
cocoa greenhouse maintained at The Pennsylvania
State University (PSU) Presently, the collection
includes 27 five-year-cld trges that originated from
seed propagation of clones EQX-100 and UF-667
For the present study PSU 3 (EQX-100 origin} and
PSU 20 (UF-667 origin) were used

DNA preparation

Total DNA was obtained from PSU 20 and PSU 3
leaf” tissue by a modification of the method of
Malmberg er af (25): | g of {resh or frozen tissue was
ground, using a mortar and pestle, to a fine powder in
the presence of either Hyquid aitrogen or dry ice in
sufficient amount to ensure that the grinding would
occur without thawing of the leaf tissue The
powdered material was added to 6 ml of ice-cold
extraction buffer (252 g urea, 035 M NaCi, 50 mM
Tris-C] pH 8 0, 20 mM EDTA, 1% Sarkosyl) in a small
beaker on ice The importance of maintaining the
tissue in & frozen state until the first centrifugation
cannot  bhe over-emphasized The mixture was
transferred to a 15 or 30 ml Corex tube, the tube was
placed in crushed ice, and the mixture dispersed with
a Tissumizer (Tekmar Co , Cincinnati, OH) according
to the following schedule: 30 s burst, 30 s wait, 30 s
burst The mixture was than centrifuged 5 min at
10 000 xg at 4°C. The supernatant was decanied and
strained through Miracloth (CalBiochem, San Diego,
C'A) Subsequently an equal volume of phenol/chicro-
form: isoamyi alcohol, 24:1 (32) was added and
mixed gently for 10 min at room temperature. and

centrifuged at 3 000 xg for 5 min. The agueous
{upper) phase was removed {making sure that none
of the interphase was picked up) and mixed 10 min at
roem temperature with an equal volume of chloro-
form: isoamyl alcohol, 24:1, followed by centrifuga-
tion The aqueous phase was removed and 1/10 vol of
4.4 M ammonium acetate, pH 5 0, plus | vol ice-cold
isopropanol were added and mixed well At this point
s white, stringy cloud of DNA formed After standing
in ice for 30 min, the DNA mass could be removed
witl: a glass stirring rod The DNA was then washed
in 75% ethanol and resuspended in 200 ui of 10 mM
Iris-C1 pH 80/l mM EDTA pH 80 (TE). This
volume usually yields a DNA concentration of about
05 gfl when starting with 1 g of leaf tissue DNA
does not always dissolve readily; usually several hours
or perhaps overnight may be necessary for complete
solubility

Preparation of partial cocoa leaf genomic library for
probe selection

Hpa ll-digested genomic DNA was ligated to Acc
fdigested pUC 13 {37) using 14 ligase, and then
transformed (8, 27) into £ coli strain DHS (BRL,
Bethesda, MD)} Transformants were plated on LB/
Amp/X-(al agar plates (8, 26, 27) to identify clones
Positive clones were {irst identilied by blue-white
selection, then screened for the presence of nserts by
extracting DNA  with a rapid plasmid isolation
procedure (8, 27) and subsequent analysis by gel
electrophioresis  Plasmid DNA  containing  useful
probes was then prepared by a large-scale plasmid
procedure (8, 26, 27, 31} Plasmids containing cocoa
DNA are designated pTC {plasmid 7" cacao) followed
by a number Numbers 1-99 have been reserved for
chtoroplast or mitochondrial DNA - A useful method
for preparing probes suitable {or plant RELP analysis
has recently been published (18).

Probe labelling

Total plasmid DNA was nick-translated {BRL,
Bethesda, MD, or IBI, New Haven, CT, kit) ina 50x i
reaction mixture containing 13 g probe DNA. 25 mM
Tris-Cl pH 7 8, 50 mM, 10 mM MgCl, 100 g bovine
serum albumin (BSA), 1 mM BTT, 500 M dGTP,
dCTP, ¢TTP, 400 M biotinylated dATP {BRL), 4 ng
DNase | and 4 units DNA Polymerase 1 Incubation
was for 2 h at 15°C, after which the labeled probe
was separated from unicorporated nucieotides by
chromatography on G-50 Sephadex. Radioactive
probes can be prepared by substituting *?P-dATP for
the biotinylated nucleotide The biotinylated probes
can be stored for approximately two years,
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RFLP analysis

Hybridization to probe. Two g of leai DNA from
PSU and 2 g from PSU 20 were digested with a series
of restriction endonucleases. Pigestion products were
separated by electrophoresis in 1% agarose gels,
stained with ethidium bromide to ensure proper
digestion, transferred to nitrocellulose sheets by the
Southern procedure (34}, and hybridized with bietin
labeled pTCIGl (see below) Leal DNA fragments
hybridizing to the probe were visualized by appear-
anice of blue bands Details of the hybridization and
visualization procedures are described below

Nitrocellulose (NC} sheets containing digested
cocoa DNA were prehybridized 3 h at 42°C in
100 l/em® of a solution conlaining 50% formamide,
$5X SSC (0.75 M NaCl, 80 mM sodivm citrate}, 5X
Denhardt’s (0.1% Ficoll 400, 0 1% polyvinyipyrroli-
done, 0.1% BSA), 25 mM sodium phosphate pi
65 and 05 mg/mi denatured salmon sperm DNA
(Sigma Chem. Co., St Louis, Missouri). Prehybridiza-
tion solution was replaced by hybridization solution:
45% formamide, 5X S8C, 1X Denhardt’s 20 mM
sodium phosphate pH 6.5, 02 mg/ml denatured
salmon sperm DNA, 5% dextran sulfate and denatur-
ed (10 min 100°C), labelled probe. Overnight hybridi-
zation was done at 42°C The sheets were then
washed twice in 2X SSC, 0 1% SDS-3 min at RT,
twice in 02X S8C, 0 1% SDS 3 min at RT, twice in
0.16X SSC, 0.1% SDS 15 min at 42°C, and rinsed in
21X SSC. Application of the non-radioactive DNA
detection system was according to the manufacturer’s
instructions {BRL). The NC sheets were washed
I min in 0.1 M Tris-Ci (pH 753015 M NaCl (buffer
1), incubated 1 h at 65°C in 3% BSA in buffer 1
{(buffer 2}, re-hydrated 10 min at room temperature
in buffer 2 and incubated 10 min with 1 g strep-
tavidin-alkaline phosphatase conjugate {BRL) per ml
buffer 1. The sheets were then washed twice in buffer
1 and once in 0.1 M Tris-Cl (pH 9.3)/0.1 M NaCY/
50 mM MgCi, (buffer 3).

Visualization of polymorphisms (BluGema,IM

BRL): To visualize hybridizations with the bio-
tinylated probe, the NC sheets were incubated in
heat-sealed plastic bags, 3 h in 330 mg nitro-blue
tetrazolium {(NBT)/166 mg of 5-bromo-4-chloro-
3-indoly] phosphate (BCIP) per mi buffer 3 The reac-
tion was carried out in the dark Yo terminate color
development, the sheets were washed in 20 mM
Tris-Cl (pH 7 5)/0.5 mM EDTA (stop buffer).

Although the manufacturess of the DNA detection
system recommend storing the sheets dry by baking
them 1-2 min at 80°C under vacuum, we observed

that this causes weak bands to {ade; we therefore
prefer to store the sheets in stop buffer in a sealed
plastic bag.

RESULTS

Selection of probes and restriction endonucleases:
A partial genomic library was constructed in the 2 7
kilobase pair plasmid pUC 13, Inserts averaging 1 kb
or less were cloned in the lac Z gene {13). Initially
several clones were selected as potentially useful
probes but only one proved to contain a low copy
number sequence (i e. a sequence occurring only once
or a few times in the cocoz genome). Clones contain-
ing repetitive cocoa DNA gave smears instesd of
discrete bands and thus couid not be used in the
search for polymorphisms Fig 1 shows that this re-
combinant plasmid (pTC101) has a cocoa insert of
approximately 400 bp

The choice of restriction endonucleases was initjal-
ly based on their cost and ability to catalyze digestion
of cocoa DNA to completion, since incomplete dipes-
tion alsc results in smears upon hybridization with
the probe The enzymes selected for analysis were
EcoRI and Hind 111

Detection of a polymorphism between two ran-
domly selected trees: Fig. 2 shows the electrophoretic
pattern of cocoa leaf DNA {rom trees PSU 3 and PSU
20 digested with EcoRl and Hind HI. A replica of the
gel was obtained by transferring the DNA to nitrocel-
lulose paper followed by hybridization to a bio-
tinylated probe (pTC101} Fig. 3 shows the resulting
hybridization pattern. When digested with EcoRl,
DNA from PSU 20 exhibits three distinet fragments
of approximately 3.8, 2.1 and 0 99 kbp. By contrast,
DNA from PSU 3 digested with the same enzyme
exhibits only two of those fragments (2.1 and
0.99 kbp). Thus one genetic difference between the
two trees can be detected by this combination of
probe and enzyme. In contrast, the trees are indistin-
guishable when the DNA is digested by Hind 11, since
both show the same hybridization pattern, with
fragments of approximately 6.5, and 1.0 kb (Fig. 3
lanes C and D). The sizes of the restriction fragments
werg calcuiated with the aid of a computer sizer pro-
gram (Map, BIONET, Intelligenetics, Mountainview,
CAY.

DISCUSSION
Our resuits indicate that this method is applicable
to 1. caceo and that a polymorphism can be detected

between two randomly selected trees. The detected
genetic variation could result from various kinds of
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genotypic alterations, for example, one or more bases
couid differ, resulting in the loss of a cleavage site or
formation of a new one; alternatively, insertions or
deletions of blocks of DNA within 2 fragment could
alter its size. For instance, digestion with Eco RI
revealed a 3 8 kbp fragment that is present in PSU
20 DNA, but not in PSU 3 DNA  This might be due
to a DNA insertion in PSU 20 that contained part
of the probe sequence. It is also possible that one of
the cleavage sites that defines the 3 8§ kb fragment is
missing in PSU 3 DNA and that the probe sequence
contained in such fragment is present in the 2.1 kbp
fragment. The fact that some hybridization bands are
stronger than others in the same DNA lzne may imply
that they contain more copies of the cloned DNA
sequence than weaker hybridization bands Or, the
weaker bands could contain only part of the target
sequence, resulting in a partial hybridization of those

AEES

Fig. 1 Preparation of probe. Experimental details of DNA
preparation are given in materials and methods, Elec-
trophoretic analysis of the clone pTCI101. 14 g of
plasmid DNA were cut with 15 U of EcolRI and
Hind HI ¢ane A) Lane B contains 1.2 g of the DNA
fragment size standard DNA digested with Hind Il
The DNA was loaded onto a 1% agarose gel, electro-
phoresed for 1.5 hr (50 MA)and stained with ethi-
divm bromide {6.0 mg/ml). Photography was done
using a Polaroid MP< camera, a 325 nm Transiflu-
minator and a red filter Film Exposure (Polaroid
type 53) was for 1.5 min

fragments, while the stronger bands could contain the
entire cloned sequence, resulting in a toial hybridiza-
tior: and a stronger signal (Fig 3 lane B).

Fig. 2 Flectrophoresis ol cocon genomic DNA 1% agarose
geb (stained with ethidivum bromide at 6 0 mg/ml)
containing 1 g PSU 3 DNA (lanes A & C), 1 g PSU
20 DNA (lanes B and D}, cut with 20 U EceRI (lanes
A and B) and 20 U Hind 1] (lanes Cand D). Lane E
containg 2 fragment size standard (DNA cut with
Hind 1) Electrophoresis was for 25 hrat 120 V
(85 mA) Phetography was as deseribed in legend to
fig 1

When we compared the sensitivity of the biotin
non-radioactive labelling system to the classical
radioactive labeiling system (data not shown), we saw
no differences The suitability of biotinylated probes
shouid lead to extensive use of this extremely sensi-
tive technigue in the cocoa growing countries, where
research facilities may not be equipped for the use of
radioactive materials The use of non-radicactive
probes as an alternative for detection of specific DNA
sequences has been discussed (20, 24)

Further work is in progress to expand the applica-
tion of RFLP analysis to the cocoa plant by preparing



MIRAZON ET AL.: THEOBROMA CACAO DNA: PROTOCOLS FOR RFLP ANALYSIS 523

24

89

Fig. 3. RFLP analysis of cocoa genomic DNA. The DNA
from the agarose gel shown in fig. 2 was transferred
to nitrocellulose and hybridized with biotinylated
pTC101.

more probes and by using more enzymes. The tech-
nique promises to be a powerful tool for germplasm
identification in 7. cacao, to say nothing of its uses in
selecting superior trees at the seedling stage.
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