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Development of random amplified
polymorphic DNA markers for genetic
mapping in Pacific yew (Taxus brevifolia)

B. Gocmen, K.D. Jermstad, D.B. Neale, and 2. Kaya

Abstract: A genetic linkage map was constructed for Pacific yew (Taxus brevifolia Nutt.) based on random
amplified polymorphic DNA (RAPD) markers. A series of optimization experiments were conducted to develop
a highly repeatable protocol for Pacific yew. In these experiments, a high MgCl, concentration (5.5 mM)
together with a low primer concentration (0.2 ym) in the polymerase chain reaction (PCR) mixture yielded the
best amplification products. PCR amplification products were further improved by treating the template DNAs
with RNase. Experiments showed that bovine serum albumine had the same effect as RNase on PCR amplification.
The segregating mapping population consisted of 39 haploid megagametophytes from a single mother tree.

DNA extracted from a subset of 6 megagametophytes was screened with 345 ten-base oligonucleotide primers
of arbitrary sequence. Of the screened primers, 28% revealed at least one polymorphic locus. Eighty-six of these
primers revealed at least one polymorphic locus and were used with the entire set of megagametophyte DNAs.
One-hundred-two loci were scored and segregated in the expected 1:1 ratio (1.19 locus per primer). Linkage
analysis was conducted using MAPMAKER. Forty-one of 102 markers were distributed into 17 linkage groups and
covered 305.8 centimorgans. The remaining 61 unlinked markers should be assigned to linkage groups as more

markers are added to the map.

Résumé : Les auteurs ont construit une carte de linkage génétique pour I’if occidental (Taxus brevifolia Nutt.)
a partir de marqueurs d’ADN polymorphe résultant de I’amplification de régions anonymes du génome (random
amplified polymorphic DNA, RAPD). Une série d’expériences d’optimisation fut réalisée afin d’établir un
protocole fiable pouvant facilement &tre répété chez I’if occidental. Ces expériences ont permis de découvrir
qu’une forte concentration en MgCl, (5,5 mM) et une faible concentration en ariorce (0,2 ym) permettaient
d’obtenir les meilleurs produits d’amplification par PCR. Ces produits étaient encore meilleurs lorsque I’ADN
génomique cible était traité a la RNase. De plus, les expériences d’optimisation ont démontré que lors de
I’amplification par PCR, I’albumine du sérum de bovin engendrait le méme effet que la RNase. Afin d’établir
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la carte de linkage, une population de ségrégation constitutée de 39 mégagamétophytes haploides ayant le méme
parent maternel fut utilisée, Les échantillons d’ADN extraits pour un sous-ensemble de 6 mégagamétophytes
furent utilisés afin de cribler 345 amorces oligonucléotidiques décaméres de composition arbitraire. De ces

345 amorces, 28% ont démontré au moins un locus polymorphe. Les échantillons d’ADN de Uensemble des
mégagamétophytes furent par la suite amplifiés par PCR & 1'aide de 86 de ces amorces démontrant au moins

un polymorphisme. Un total de 102 loci polymorphes furent détectés (1,19 locus par amorce en moyenne),
chacun démontrant une ségrégation des deux alleles selon la proportion théorique de 1:1. L’analyse de linkage
fut réalisée & ’aide du logiciel MAPMAKER, permettant de regrouper 41 de ces 102 marqueurs en 17 groupes de
linkage couvrant 303,8 centimorgans. Les 61 autres marqueurs non liés devraient pouvoir étre assignés aux
groupes de linkage existants 2 mesure que des marqueurs supplémentaires s’ajouteront a la carte.

[Traduit par la Rédaction]

Introduction

Pacific yew (Taxus brevifolia Nutt.) is one of seven species
in the Taxus genus, family Taxaceae. It has a limited value
as a commercial timber species, though its secondary
metabolites are very valuable. For example, Taxol® (pacli-
taxel),” a diterpene product of secondary metabolism
extracted from yew bark, has been known to be a promis-
ing anticancer agent since the late 1960s (Wani et al. 1971;
Fuchs and Johnson 1978). Recently, it has been approved
by the Food and Drug Administration for use in the United
States. Bark from mature Pacific yew plants will not pro-
vide an abundant supply of taxol. Alternatives to bark
for taxol production, such as needle tissue, tissue cultures,
semisynthesis of taxol from naturally occurring taxol
analogs, and total synthesis are being investigated. In recent
years, interest in the research of its biology and genetics has
become more evident because of the importance of taxol as
an anticancer agent (Wheeler et al. 1992).

Detailed genetic linkage maps are fundamental tools
for studying the organization of plant genomes (Tanksley
1983; Neale and Williams 1991). A detailed genetic map
of Pacific yew could be used in a variety of ways, such
as determining the level and organization of genetic varia-
tion in the species, which will be useful for the gene con-
servation, gene resource management, and improvement
of the species (Cheliak et al. 1988). A detailed genetic
map might also be used to identify chromosomal locations
of important genes such as the genes in the pathways lead-
ing to the production of taxol.

Several types of genetic markers could be used in Pacific
yew, including isozymes, restriction fragment length poly-
morphisms (RFLPs), and random amplified polymorphic
DNA (RAPDs). Recently, El-Kassaby and Yanchuk (1994)
used allozyme markers to study genetic diversity and were
able to determine the inheritance of only 21 allozyme loci
in Pacific yew. Allozyme markers will be useful for diver-
sity studies in Pacific yew, but do not provide enough mark-
ers for the construction of detailed linkage maps. DNA-
based genetic markers such as RFLPs and RAPDs can be
used to construct detailed maps (Neale and Williams 1991;
Neale et al. 1992). An RFLP map for loblolly pine (Pinus
taeda L.) has been constructed (Devey et al. 1994), and it
has been shown that the loblolly pine probes can be used for
other species (Ahuja et al. 1994). However, most loblolly

* Taxol® is the registered trade name for the drug derived
from paclitaxel. Hereafter paclitaxel will be referred to
as taxol.

pine probes would not cross-hybridize in Taxus (Ahuja et al.
1994). Furthermore, there are no large F, families currently
available for establishing the inheritance of RFLP mark-
ers. Because of the long stratification period of yew seeds
(I year) and the slow growth rate of seedlings, it would
be several years before large amounts of DNA necessary
for Southern blot hybridization from F, families could be iso-
lated. For these reasons, RAPD markers are currently the
best alternative for Pacific yew genetic mapping.

RAPD markers are genetic markers that are based on
the polymerase chain reaction (Williams et al. 1990; Welsh
and McClelland 1990). RAPD markers are dominant genetic
markers, e.g., the homozygote for “visible band” cannot
be distinguished from the heterozygote. This limitation of
RAPDs can be overcome in conifers if assays are per-
formed on DNA from the haploid megagametophytes
(Tulsieram et al. 1992). The zygosity of an individual tree
is determined by a small sample (6-10) of segregating
megagametophytes from that tree. However, an important
problem with the RAPD technique encountered in the pre-
vious studies is the lack of reproducibility of RAPD mark-
ers among experiments and also among individual DNA
preparations. Thus, RAPD technique should be optimized
for a particular species before RAPD data can be obtained.

The objectives of this study were (1) to optimize the
RAPD protocol for Pacific yew, (2) to identify RAPD
markers using DNA from megagametophytes of a single
Pacific yew mother tree, and (3} to establish a genetic map
of these markers by classical linkage analysis.

Materials and methods

Plant material

Seeds were collected from a single tree growing near Cherokee
Creek on the Tahoe National Forest, California (39°34'N,
102°59'W). Seeds were stratified for 6 months at alternating
temperatures of 10°C and 20°C for 12 h each. This was fol-
lowed by an incubation at 5°C for another 6 months, To make
the dissection of seed and separation of megagmetophytes easy,
seed germination was performed at 25°C for 1040 days until
the embryo had emerged from the seed coat.

DNA isolation

DNA was extracted from megagametophyte tissues of 39 indi-
vidual seeds following the modified extraction protocol of Kreike
(19903, in which octanol:chloroform extraction was performed
instead of phenol:chloroform extraction because of the known
inhibitory effects of phenol on polymerase chain reactions (PCR}.
DNA yield per megagametophyte ranged from 648 to 5220 ng.
Each of the 39 DNA samples was diluted to 10 ng/pl. with TE
buffer (10 mM Tris, 1 mM EDTA, pH 8.0) prior to use.
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Table 1. Testing the effects of RAPD reaction components on PCR amplification.

Reaction mixture for Tested reaction Component
PCR* component concentration Result
5.5 mM MgCl,, 0.20 uM DNA 4 ng/25 pL No amplification
primer, 200 uM dNTPs, 8 ng/25 puL Best amplification
1.0 UTag polymerase, 0.13 uL 15 ng/25 pL Very faint bands
Tween-20, 2.5 pL. PCR buffer 20 ng/25 uL Very faint bands
8 ng DNA, 0.20 uM primer, MgCl, 2.0 mM No amplification
200 uM dNTPs, 1.0 UTag 2.5 mM No amplification
polymerase, 0.13 pL. Tween-20, 3.0 mM No amplification
2.5 uL PCR bufter 3.5 mM No amplification
4.0 mM No amplification
4.5 mM No amplification
5.0 mM Very faint bands
5.5 mM Best amplification
6.0 mM Very faint bands
8 ng DNA, 5.5 mM MgCl,, Primer 0.16 uM Clear bands, template
200 uM dNTPs, 1.0 U Tagq 0.20 uM Clear bands, template
polymerase, 0.13 pL Tween-20, 0.28 uM Clear bands, template
2.5 uL PCR buffer 0.32 uM Clear bands, template
0.40 uM No amplification
8 ng DNA, 5.5 mM MgCl,, dNTPs 20 uM No amplification
0.20 uM primer, 1.0 U Tag 50 uM Very faint bands
polymerase, 0.13 pL Tween-20, 100 uM Good amplification
2.5 pL. PCR buffer 150 pM Good amplification
200 uM Best amplification
250 pM Very faint bands
8 ng DNA, 5.5 mM MgCl,, Tag DNA 05U No amplification
0.20 pM primer, 200 uM polymerase 1.0U Good amplification
dNTPs, 0.13 pL Tween 20, 15U Good amplification
2.5 uL PCR buffer 20U Blurred backgrounds
25U Blurred backgrounds
8 ng DNA, 5.5 mM MgCl,, Tween-20 0.00 pL/25 pL.  Very faint bands

0.20 pM primer, 200 uM
dNTPs, 1.0 U Tug polymerase,
2.5 uL PCR buffer

0.13 pL/25 pL.  Best amplification
0.25 uL/25 yL  No amplification

Note: Each test was carried out at a standard cycling condition of 40 cycles of 1 min at 94°C (denaturing),
1 min at 37°C (annealing), and 2 min at 72°C (extension) with postholding at 72°C for 5 min.
*See the text for the definitions of reaction components.

RAPD optimization experiments

The conditions reported by Williams et al. (1990) for gener-
ating RAPD markers by PCR were modified to optimize RAPD
assays for DNA from Pacific yew megagametophytes. Opti-
mization reactions were performed in 25-uL volumes. Gels
(2% agarose) were run in 1 X TBE (Trisma base — boric acid —
EDTA) buffer at 70 V for 3.5 h and stained with ethidium
bromide.

RAPD reaction components

Tests to optimize RAPD components included varying DNA,
MgCl,, primer, dNTP mixture, and Tug DNA polymerase con-
centrations. DNA amounts of 4, 8, 15, 20 ng per reaction vol-
ume of 25 uL, MgCl, concentrations within the range of 2.0

to 6.0 mM, primer concentrations of 0.16, 0.20,0.28, 0.32, and
0.40 pM, deoxynucleoside triphosphate concentrations between
20 and 250 pM (the four dNTPs were at equivalent concen-
trations in the mixture), and 0.5, 1.0, 1.5, 2.0, and 2.5 units (U)
of Perkin-Elmer Cetus AmpliTag DNA polymerase were tested.
The effect of Tween-20 (Sigma, U.S.A.) as a nonionic detergent
was also tested; experiments without Tween-20 and with 0.13
and 0.25 uL Tween-20 were performed (Table 1).
Additionally, the effects of RNase and bovine serum albumine
(BSA) on RAPD reactions were tested. In these tests, 0.02, 0.04,
0.06, 0.08, 0.10, and 0.12 pg RNase/ng DNA and the same
amounts of BSA per nanogram DNA were added to the reaction
mixture. Furthermore, small aliquots from the template DNAs
were treated with 0.02 pg RNase/ng DNA at 37°C for 3 h. All
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Fig. 1. (A) RAPD amplification with primer OPE-18 showing
the effect of Tween-20. m, size of markers, 100 base pair
DNA ladder (Gibco, BRL). Lanes 1-6 are the results of

0.13 uL. Tween-20 per 25 pL reaction volume, lanes 7-12
are the results of 0.0 puL. Tween-20 per 25 yL reaction
volume, and lanes 1318 are the results of 0.25 pl. Tween-20
per 25 uL reaction volume. (B) RAPD amplifications with
primer OPQ-18 without RNase in the reaction mixture.

(C) RAPD amplifications with primer OPQ-18 with 0.2 pL.
RNase per 25 pL reaction volume,

111111111
A m123456789012345678

these tests were carried out with standard amplification con-
ditions of 40 cycles of 1 min at 94°C (denaturing), 1 min at
37°C (annealing), and 2 min at 72°C (extension) with posthold-
ing at 72°C for 5 min in a thermal cycler (Perkin-Elmer Cetus
DNA 9600).

Cycling parameters

A range of cycling conditions were tested to determine an opti-
mum: {1) 35 cycles of 1 min at 94°C, | min at 37°C, 2 min
at 72°C with and without preholding at 94°C for 1.5 min, and
with postholding at 72°C for 5 min; (2) 40 cycles of | min at
94°C, I min at 37°C, 2 min at 72°C with postholding at 72°C
for 10 min; (3) 45 cycles of | min at 94°C, | min at 37°C,
2 min at 72°C with postholding periods of 5, 10, and 15 min at
72°C; (4) 45 cycles of 1 min at 94°C, | min at 37°C, 2 min
at 72°C with preholding at 94°C for 1.5 min and postholding at
72°C for 5 and 10 min. In all cycling experiments, the opti-
mum reaction mixture of & ng DNA, 5.5 mM MgCl,, 0.2 uM
primer, 200 M dNTPs, 1 U Tag DNA polymerase, 2.5 L PCR
buffer, and 0.13 L Tween-20 was used.

Primer screening
Ten-base oligonucleotide primers from Operon Technologies
(Alameda, California) (kits OPC-OPK and OPP-OPZ) were

Can. J. For. Res. Vol. 28, 19896

used. Initially, 345 RAPD primers were screened against a sub-
set of six megagametophyte DNAs. Two hundred forty-nine
primers did not reveal at least one polymorphic RAPD band and
were eliminated from the study. From the remaining 96 primers,
only 86 with polymorphic RAPD band(s) were screened with the
remaining 33 template DNAs to obtain single-locus segrega-
tion data. Because of template DNA limitation, 10 primers
vielding polymorphic bands were eliminated, since a consid-
erable amount of template DNA was used up during the opti-
mization trials.

Single-locus segregation and linkage analysis

A x? goodness of fit test to a 1:1 Mendelian ratio was per-
formed for all segregating loci at the 0.05 significance level.
Since megagametophytes derived from seeds of single tree
show 1:1 segregation and are equivalent to a backcross mat-
ing, linkage analysis was performed as a backcross using the
MAPMAKER/EXP {version 3.0) program (Lander et al. 1987.).
Linkage criteria of 0.40 recombination value and log likelihood
(LOD) of 3.00 were used in the analysis. Markers that did not
segregate according to the expected ratio were excluded from
this analysis, since in both crop and forest tree species, the
occurrence of distorted ratios in segregating RFLP and isozyme
alleles is not uncommon (Carlson et al. 1991; Tulsieram et al.
1992; Binelli and Bucci 1994; Mukai et al. 1995). The actual
mechanism underlying this phenomenon is not well under-
stood. There appears to be a lack of consensus among
researchers about whether markers expressing segregation
distortion should be used in linkage mapping studies.

Resullis and discussion

RAPD optimization experiments

The DNA template concentration of § ng per reaction vol-
ume of 25 ul yielded the best amplification products,
while 4 ng produced no bands at all and 15 ng and 20 ng
produced very faint bands (Table 1). MgCl, concentrations
within the range of 2.0—4.5 mM resulted in no amplifi-
cation products. When the concentration of MgCl, was
increased to 5.0 mM, very faint bands occurred. The opti-
mum MgCl, concentration was in the range of 5.5-6.0 mM
(Table 1). There was no appreciable difference between
the amplification products using 0.16, 0.20, and 0.28 yM
primer concentrations; however, it appeared that 0.20 uM
primer produced slightly better RAPD bands. Primer con-
centrations exceeding 0.32 uM resulted in a reduced num-
ber of bands or no bands at all. Deoxynucleotide triphos-
phate {(dNTP) concentration of 200 uM resulted in the best
RAPD bands. Concentrations lower than 100 uM and higher
than 200 uM produced either very faint bands or no bands
at all. Both 1.0 and 1.5 U of Tag DNA polymerase pro-
duced very clear bands. Higher concentrations (2.0 and
2.5 U) of Taug DNA polymerase produced very blurred
backgrounds, and lower concentrations (0.5 U) produced no
RAPD bands. Reactions without Tween-20 yielded very
faint bands, whereas the addition of 0.13 pL Tween-20
per reaction volume of 25 pl. resulted in bright RAPD
bands (Table 1, Fig. 1A). The addition of 0.06 ug RNase/
ng DNA directly to the reaction mixture universally improved
the RAPD reaction (Figs. 1B and 1C). However, RNAse
concentrations higher than 0.06 pg yielded faint bands
with blurred backgrounds or no bands at all. RNase con-
centrations below 0.02 pg/ng DNA did not yield strong
bands with many DNA samples. Substitution of 0.02 pg
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Fig. 2. RAPD linkage map in Pacific yew. The loci are listed on the right and map

distances in centimorgans (cM) on the left. Forty-one of the 102 markers were mapped to
17 linkage groups, while the remaining 61 were unlinked, using a recombination value of
0.40 and log likelihood ratio (LOD) score of 3.00. The 17 linkage groups covered a total
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BSA/ng DNA for 0.06 pg RNase/ng DNA produced iden-
tical results. Like RNase, increased amounts of BSA resulted
in faint bands with blurred backgrounds or no bands at all.
The optimum set of cycling conditions was determined
to be 45 cycles of 1 min at 94°C, 1 min at 37°C, and 2 min
at 72°C with postholding period of 10 min at 72°C. The
other cycling procedures tested did not produce satisfactory
PCR amplification products. Following the optimization
experiments, a standard protocol was applied for the sub-
sequent mapping study. Megagametophyte DNAs were
first treated with 0.02 pg RNase/ng DNA at 37°C for 3 h.
The standard RAPD reaction mixture included 8 ng DNA,
5.5 mM MgCl,, 0.2 uM primer, 200 uM dNTPs (for each),
1 U of Tag DNA polymerase, 2.5 ul. PCR buffer, and 0.13 pL
Tween-20 per reaction volume of 25 uL. Reactions were run
for 45 cycles of 1 min at 94°C, 1 min at 37°C, and 2 min
at 72°C with a postholding period of 10 min at 72°C.
Through a series of optimization experiments, we attempted
to develop a highly repeatable RAPD protocol for Pacific
yew megagametophyte DNAs. Specific primer-template
interactions were the main difficulties during these optimi-
zation experiments. Although firstly we assumed the pres-
ence of significant RNA contamination in the genomic DNA
preparations suppressing the PCR amplification (Pikaart
and Villeponteau 1993) and treated the template DNAs
with RNase to eliminate these contaminations, subsequent

experiments showed that there was actually no detectable
amount of RNA in these preparations (Go¢men 1994). Since
the addition of certain amounts of RNase and BSA directly
to the reaction mixture also improved the PCR amplifica-
tion (Figs. 1B and 1C), it could be concluded that the RNase
treatment of the template DNAs somehow helped to stabilize
the enzyme rather than digesting the RNA. For the same
purpose, Tween-20 as a nonionic detergent had already been
added to the reaction mixture, but it was not enough for the
desired PCR products alone. Because of the lack of infor-
mation about the exact action mechanisms of such components
in the PCR procedure, it is difficult to explain why the PCR
amplification of Pacific yew megagametophyte DNAs required
both of them for the best PCR products. However, depend-
ing on the known inhibitory effects of phenol in PCR, it
could only be said that some phenolics or other secondary
metabolites of the species were the inhibitory substances in
the template DNA preparations.

Primer screening, single-locus segregation, and
linkage analysis

Ninety-six of the 345 RAPD primers that were screened

against a subset of six megagametophyte DNAs revealed at

least one polymorphic locus. Subsequently, 86 of these

primers revealed that polymorphic loci were applied to the

remaining 33 megagametophyte DNAs to obtain single-locus
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segregation data. Forty-seven of those 86 primers revealed
that the total number of loci was 102, which conforms to
the expected segregation ratio of 1:1 (segregation data
could be accessed from the Dendrome Data Base, IFG,
USDA Forest Service, Albany, California, U.S.A.). The
size of the markers ranged from 370 to 2070 base pairs.
Sixteen of the 47 primers detected | segregating locus, 15
detected 2 loci, 10 detected 3 loci, 5 detected 4 loci, and 1
detected 6 loci. The estimated average number of segre-
gating loci per primer was 0.30. When only the polymor-
phic primers showing [:1 segregation for at least 1 locus
were considered, the average number of segregating loci was
determined as 2.17. Also, the average number of bands
(including monomorphic and polymorphic) produced per
polymorphic primer that revealed at least one locus segre-
gating to 1:1 ratio was calculated as 3.87.

A significant portion (30%) of the RAPD loci showed
siginificant deviation from 1:1 segregation ratios based on
x° tests (p = 0.05). After elimination of those RAPD loci
showing significant deviation from the expected 1:1 segre-
gation ratio, 102 RAPD loci were found to be segregating
according to the expected ratio. Forty-one of the 102 markers
were mapped to 17 linkage groups, while the remaining 61
were unlinked, using a recombination value of 0.40 and log
likelihood ratio (1LOD) score of 3.00. The 17 linkage groups
covered a total of 305.8 centimorgan (cM) (Fig. 2). The min-
imum and maximum map distances covered by the linkage
groups are 0.00 cM (group 16 and group 17 with 2 mark-
ers in each) and 48.80 ¢M {(group 2 with 4 markers), respec-
tively (Fig. 2). Although there are published reports of RAPD
maps in other forest trees (Carlson et al. 1991; Grattapaglia
et al. 1992; Dale et al. 1992; Tulsieram et al. 1992; Nelson
et al. 1993; Binelli and Bucci 1994; Grattapaglia and Sederoff
1994; Grattapaglia et al. 1995; Plomion et al, 1995; Mukai
et al. 1995), this is the first genetic map for Pacific yew
based on RAPD markers and this is an important step towards
the application of these markers in forest trees. With more
RAPD markers, a detailed genetic map will be constructed in
the future, since the total map distance covered in this study
is very small when compared with an average genome size in
conifers.

This study and most of the previous studies indicate
that none of the genetic markers currently available have all
of the desirable attributes of the most useful genetic mark-
ers for forest trees. Furthermore, it has not been demon-
strated whether RAPD markers will be useful for marker
breeding or gene resource conservation in forest species
(Kaya and Neale 1995). Therefore, forest geneticists must
develop new DNA markers that will overcome most of
the limitations currently associated with RAPDs and RFLPs.
In fact, Neale and Harry (1994) report that in some lab-
oratories, investigations toward the development of such
new DNA markers have already started and they will be
available soon. Because of the inherent power and tech-
nical simplicity of PCR, newly developed molecular mark-
ers will almost certainly be PCR based.
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pH distribution in radial sections of the
stem and root of Cryptomeria japonica

Kenichi Satake, Ken Nakaya, and Takejiro Takamatsu

Abstract: The pH distribution in the outer bark, inner bark, cambium, and xylem layer of a conifer, Cryptomeria
Japonica, was measured using an iridium oxide electrode and a flat-type glass electrode. The outer bark of

C. japonica was strongly acidic, and there was a difference in pH between the onter and inner bark. The outer
bark had a pH of about 3 from the surface to the inside. The inner bark pH was about 4 at the outer bark side
and about 6 near the cambium side. The pH was maximal (about 6.3) in the cambium, and slightly lower in the
outer xylem. pH values determined in subsections of the outer bark after chemical washing with pure water,
hydrochloric acid, barium chloride, and formic acid suggested that water-insoluble carboxyl (—COOH) groups
bound to organic polymers contribute to the strong acidity of the outer bark.

Résumé : La répartition du pH dans I'écorce externe et interne, le cambium et le xyléme d’un conifére,
Cryptomeria japonica, a ét€¢ mesurée avec une électrode a I"oxide d’iridium et une électrode de verre de type plat.
L'écorce externe de C. japonica était trés acide et il y avait une différence de pH entre I'écorce externe et "écorce
interne. Le pH de I’écorce externe mesurait environ 3 en allant de la surface vers ’intérieur. Le pH de 1"écorce
interne mesurait environ 4 du cbté de I'écorce externe et environ 6 du c¢6té du cambium. Le pH était le plus élevé,
environ 6,3, dans le cambium et légérement plus faible dans la partie externe du xyléme. Les valeurs de pH
mesurées dans des sous-sections de 1’écorce externe aprés un lavage & 'eau pure, & 'acide hydrochlorique, au
chlorure de barium et 4 acide formique suggerent que des groupements carboxyliques (—COOH) liés a des
polymeres organiques contribuent & 'acidité élevée de I’écorce externe.
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