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To investigate the influence of papaya ringspot virus resistant transgenic papaya on soil microorgan-
isms, upper (0-15 cm) and lower layers (15-30 cm) of soil samples were collected around transgenic
papaya planting area and nontransgenic papaya planting area and from soils in which plants had not
been grown. The moisture content, pH value, total organic carbon content, and total nitrogen content
were not significantly different among groups. The populations of total count, fungi, and actinomycete
were highest in upper layer soils around transgenic papaya planting area and lowest in lower layer
soils in which platns had not been grown. The microbial populations were all higher in upper layer of
soils. Amplified fragment length polymorphism, amplified ribosomal DNA restriction analysis, terminal
restriction fragment length polymorphism, and denaturing gradient gel electrophoresis analyses
indicated that the similarity of soil microorganisms of upper layer soils around transgenic papaya
planting area and around nontransgenic papaya planting area was >80%. A similar result was
observed in lower layer soils. Thus, planting transgenic papayas does have a limited impact on soil
microorganisms.
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INTRODUCTION

The cultivation of genetically modified organisms (GMOs)
has increased over the past decade. The continuing rapid
adoption of GMOs reflects the substantial improvements in
productivity, the environment, economics, and social benefits
realized in countries (1). Although there is no clear evidence, it
has been suggested that GMOs may create risks for human
health and the environment such as the possibility of toxic or
allergic effects, disturbance of the ecosystem, and horizontal
gene transfer (2), all of which may emerge as long-term effects.
GMOs may cause the possibility of the transfer of genetic
information into indigenous microorganisms and unusual and
potentially deleterious characters on these organisms that may
perturb the natural ecosystem (3).

Papayas not only offer a luscious taste but are rich in vitamin
C and the flesh is very high in vitamin A (4). There are small
amounts of calcium, iron, thiamin, riboflavin, and niacin present
in papaya (4). In addition, papaya contains a digestive enzyme,
papain, a protease that is useful in tenderizing meat and other
proteins (4). The papaya ringspot virus (PRSV) from the genus
PotyVirus (5) is the major limiting factor for papaya production
throughout tropical and subtropical areas (6). In fact, PRSV
causes the most serious viral disease of papaya worldwide. The
complete nucleotide sequences of severe Hawaii strain PRSV
HA and a mosaic Taiwan strain PRSV YK have been deter-
mined (7, 8). Papaya has been genetically engineered to resist
the PRSV. Two transgenic cultivars, Rainbow and SunUp (9,

10), which are hemizygous for the coat protein (CP) gene of
PRSV, are resistant to PRSV in Hawaii and have been recently
commercialized. Dr. Yeh’s laboratory in Taiwan has also
developed transgenic papaya with the coat protein gene of PRSV
from Taiwan; some of these are resistant to PRSV strains from
Taiwan, Thailand, and Hawaii (11).

Molecular biological methods enable studies of microbial
diversity in environmental samples without cultivation. Molec-
ular techniques based upon the analysis of rRNA genes are
widely used for the assessment of bacterial community structure
in soils (12-16). The 16S rRNA gene (rDNA) has been
extensively applied to detect, identify, and measure microbial
diversity from environmental samples. PCR amplification of the
16S rRNA gene in combination with other molecular methods
that generate fingerprints, such as amplified ribosomal DNA
restriction analysis (ARDRA), terminal restriction fragment
length polymorphism (T-RFLP), and denaturing gradient gel
electrophoresis (DGGE), are now widely used successfully to
compare bacterial populations in different soils (17-20).

The environmental risks of transgenic papaya are difficult to
define because of the lack of scientific understanding about
ecological interactions. It is unknown how the transgenic papaya
will affect ecosystems or interact with the organisms present in
the environment. There are almost no studies examining the
interaction of transgenic papaya with other organisms. The
methods involved in the risk assessment of GMOs have not
been fully developed. Therefore, there is an urgent need for the
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development of scientific methods for the risk assessment of
GMOs. In this study, we employed an approach in which AFLP,
ARDRA, T-RFLP, and DGGE analyses were combined to assess
microbial ecology in soils planted with transgenic papaya and
nontransgenic papaya and in soils in which plants have not been
grown.

MATERIALS AND METHODS

Materials. Soil Samples.Soil samples were collected from the
Agricultural Research Institute (Tai-Chung, Taiwan) on August 9, 2004.
Transgenic papaya plants there are∼9 years old. We collected the upper
layer (0-15 cm) and lower layer (15-30 cm) of soil samples around
the transgenic papaya planting area and the nontransgenic papaya
planting area and from soils that have not been used to grow plants.
Samples were sieved through 2 mm mesh sieve and stored at 4°C
before use.

Methods.Soil Properties.Soil pH value was measured in 1:1 (w/v)
suspensions of soil and distilled water (21). The soil moisture was
calculated from samples dried to constant weight at 110°C for 24 h
and then cooled to room temperature. We calculated the moisture
content from the decrease in soil weight (22). Total organic carbon
content was measured using the Walkey-Black method (23). Soil
nitrogen content was measured using the Kjeldahl method (24).

Microbial Populations.Total counts were cultured on nutrient agar
plates; actinomycetes were obtained by culturing on glycerol yeast
extract agar plates, and fungi were obtained by culturing on rose bengal
medium at 25°C using the pour plate method. Microbial colonies were
observed after 48 h of incubation with countable plates of the highest
dilution being enumerated. Plates with 30-300 colonies were selected
for enumeration.

DNA Extraction and Purification.DNA was isolated using three
methods: the method of Liu et al. (17), the method of Zhou et al.
(25), and the method of Trevors and van Elsas (26). DNA purification
was performed using the QIAquick Gel Extration Kit (Qiagen Co.,
Hilden, Germany). DNA was also extracted with the Ultraclean Soil
DNA Extraction Kit from MoBio Laboratories (Solana Beach, CA).

AFLP Analysis.DNA (20 ng) was digested withMseW andEcoRW

(or PstW), and the resulting fragments were ligated to double-stranded
adapters (27). The digested and ligated DNA was then amplified by
PCR using theMseW andEcoRW (PstW) 0/+0 primers in a final volume
of 25 µL. Primers used in this study are shown inTable 1. PCR
amplification was done with the following program: 72°C for 2 min;
20 cycles of denaturation at 94°C for 30 s, annealing at 56°C for 30
s, and extension at 72°C for 2 min. The+0/+0 PCR product was
analyzed by agarose gel electrophoresis. Four microliters of a 20-fold
dilution of the PCR product was used in subsequent selective amplifica-
tions with the+1/+0 primer combination ofMseW-C andEcoRW (PstW).
Selective amplifications were performed in 25µL reactions using a
cycling profile of 94°C for 20 s, 66°C for 30 s, and 72°C for 2 min
for 1 cycle and then lowering the annealing temperature by 1°C for
each cycle to 57°C (9 cycles), followed by an additional 20 cycles at
a 56°C annealing temperature, and a single final extension at 60°C

for 30 min. The EcoRW (or PstW) primer was labeled with the
fluorescent dye 6-carboxyfluorescein (FAM). The fluorescently labeled
AFLP products were analyzed by electrophoresis on an automatic
sequence analyzer (ABI PRISM 3100 Genetic Analyzer, Applied
Biosystems, Foster City, CA).

ARDRA Analysis.Bacterial 16S rDNA genes were amplified using
the primer sets 27 F and 1378 R (28). Primers used in this study are
shown inTable 1. The PCR reaction mix for 50µL consisted of 2.5

Table 1. Primers Used in This Study

primer name sequence (5′−3′) ref

MseI adaptor GAC GAT GAG TCC TGA G 27
MseI adaptor TAC TCA GGA CTC AT 27
MseI primer GAT GAG TCC TGA GTA CA 27
EcoRI adaptor CTC GTA GAC TGC GTA CC 27
EcoRI adaptor AAT TGG TAC GCA GTC 27
EcoRI primer GTA GAC TGC GTA CCA ATT C 27
PstI adaptor CTC GTA GAC TGC GTA CAT GCA 27
PstI adaptor TGT ACG CAG TCT AC 27
PstI primer GAC TGC GTA CAT GCA 27
FAM-27 F AGA GTT TGA TCC TGG CTC AG 28
FAM-1378 R ACG GGC GGT GTG TAC A 28
341 F CCT ACG GGA GGC AGC AG 30
534 R ATT ACC GCG GCT GCT GG 30
GC clamp CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG G 28

Table 2. Properties of Soils

soil typea
moisture

content (%) pH
total

nitrogen (%)
total organic
carbon (%)

GU 13.94 ± 0.08 5.89 ± 0.21 0.19 ± 0.01 8.56 ± 0.09
GL 14.31 ± 0.10 6.16 ± 0.09 0.18 ± 0.01 8.02 ± 0.13
NU 14.12 ± 0.17 6.37 ± 0.12 0.19 ± 0.01 8.24 ± 0.18
NL 14.63 ± 0.13 6.58 ± 0.08 0.18 ± 0.01 7.76 ± 0.21
CU 13.01 ± 0.11 5.93 ± 0.04 0.17 ± 0.01 7.97 ± 0.19
CL 14.02 ± 0.22 6.18 ± 0.05 0.17 ± 0.01 7.29 ± 0.08

a GU, upper layer soil around transgenic papaya planting area; GL, lower layer
soil around transgenic papaya planting area; NU, upper layer soil around
nontransgenic papaya planting area; NL, lower layer soil around nontransgenic
papaya planting area; CU, upper layer soil without planting papaya; CL, lower
layer soil without planting papaya.

Table 3. Microbial Populations in Varied Soils

soil typea
total count

(106 CFU/g)
fungi

(104 CFU/g)
actinomycete
(104 CFU/g)

GU 7.13 ± 0.84 7.96 ± 0.64 7.42 ± 0.60
GL 5.58 ± 0.91 5.17 ± 0.75 4.45 ± 0.39
NU 5.27 ± 0.24 5.45 ± 0.34 6.68 ± 0.58
NL 3.21 ± 0.39 2.43 ± 0.16 3.84 ± 0.45
CU 3.02 ± 0.66 2.25 ± 0.45 1.81 ± 0.21
CL 1.78 ± 0.23 1.20 ± 0.09 0.59 ± 0.87

a Same as in Table 2 .

Table 4. Quantity and Purity of DNA by Different Methods

type of methoda
DNA yield

(µg/g of dry soil) A260/A280 A260/A230

GU-method 1 14.78 ± 0.83b 1.17 ± 0.01b 0.44 ± 0.03b
GU-method 2 10.89 ± 0.86a 1.08 ± 0.03a 0.35 ± 0.02a
GU-method 3 18.75 ± 0.94c 1.10 ± 0.01a 0.30 ± 0.14a
GU-method 4 13.89 ± 0.62b 1.42 ± 0.13c 0.86 ± 0.09c

GL-method 1 13.38 ± 0.57b 1.18 ± 0.01b 0.45 ± 0.03b
GL-method 2 9.49 ± 0.29a 1.10 ± 0.03a 0.37 ± 0.04a
GL-method 3 20.63 ± 0.73c 1.09 ± 0.01a 0.32 ± 0.05a
GL-method 4 13.19 ± 1.24b 1.35 ± 0.07c 0.96 ± 0.05c

NU-method 1 13.89 ± 0.29b 1.17 ± 0.01a 0.40 ± 0.01b
NU-method 2 9.27 ± 0.37a 1.11 ± 0.04a 0.33 ± 0.02a
NU-method 3 18.40 ± 0.94c 1.15 ± 0.07a 0.30 ± 0.01a
NU-method 4 13.20 ± 1.21b 1.31 ± 0.02b 0.92 ± 0.09c

NL-method 1 14.86 ± 0.93b 1.15 ± 0.07a 0.42 ± 0.03b
NL-method 2 9.15 ± 0.57a 1.09 ± 0.05a 0.34 ± 0.08a
NL-method 3 20.70 ± 0.57c 1.13 ± 0.05a 0.32 ± 0.01a
NL-method 4 15.56 ± 1.02b 1.25 ± 0.03b 0.91 ± 0.07c

CU-method 1 15.19 ± 0.37b 1.11 ± 0.04a 0.41 ± 0.02b
CU-method 2 9.73 ± 0.57a 1.07 ± 0.03a 0.32 ± 0.01a
CU-method 3 16.19 ± 0.81b 1.14 ± 0.09a 0.30 ± 0.05a
CU-method 4 15.45 ± 0.94b 1.35 ± 0.02b 0.90 ± 0.08c

CL-method 1 14.96 ± 0.57b 1.13 ± 0.01a 0.38 ± 0.02b
CL-method 2 8.90 ± 0.29a 1.11 ± 0.01a 0.31 ± 0.01a
CL-method 3 17.21 ± 0.92c 1.10 ± 0.03a 0.31 ± 0.05a
CL-method 4 14.08 ± 0.84b 1.20 ± 0.03b 0.93 ± 0.03c

a Soil types are the same as in Table 2 . Method 1, method of Liu et al. (17);
method 2, method of Zhou et al. (25); method 3, method of Trevors and van Elsas
(26); method 4, UltraClean Soil DNA Kit (Mo Bio Laboratories, Inc.).
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Figure 3. Comparison of ARDRA patterns of 16S rDNA for bacteria from
different soils digested with (a) HinfI, (b) RsaI, (c) MspI, and (d) HhaI:
lanes 1 and 8, 100 bp marker; lane 2, upper layer soil around transgenic
papaya planting area; lane 3, lower layer soil around transgenic papaya
planting area; lane 4, upper layer soil around nontransgenic papaya
planting area; lane 5, lower layer soil around nontransgenic papaya planting
area; lane 6, upper layer soil without planting papaya; lane 7, lower layer
soil without planting papaya.Fi
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Figure 2. Dendrograms obtained by UPGMA analysis of AFLP profiles
with (a) MseI-C/EcoRI primers and (b) MseI-C/PstI primers from different
soils. The soil kinds are the same as in Table 2 .
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units ofTaqDNA polymerase, 200µM dNTP, 1× PCR buffer (Takara
Biotechnology Co. Ltd., Shiga, Japan), 20 pmol of each primer (MDBio,
Inc., Taipei, Taiwan), 1µL of a 5-fold dilution of the DNA extract,
and distilled water. PCR amplification was done with the following
program: 94°C for 8 min; 30 cycles of denaturation at 94°C for 30
s, annealing at 56°C for 30 s, and extension at 72°C for 1 min; and
a single final extension at 72°C for 10 min.

PCR products were digested in a total volume of 30µL with 10
units ofHinfW, HhaW, MspW, or RsaW (New England BioLabs, Boston,
MA) restriction enzymes for bacterial fingerprints. Electrophoreses were
performed in 1.5% agarose (Amresco Inc., Solon, OH) in 0.5× TBE
buffer at 100 V for 30 min and then evaluated to 200 V for 2 h. Gels
were stained by ethidium bromide and photographed under UV light.

T-RFLP Analysis.Bacterial 16S rDNA genes were amplified using
the primer sets FAM-27 F and 1378 R. Primers used in this study are
shown inTable 1. PCR reaction mix for 25µL consisted of 2.5 units
of Taq DNA polymerase, 200µM dNTP, 1× PCR buffer (Takara
Biotechnology Co. Ltd.), 20 pmol of each primer (MDBio, Inc.), 1µL
of a 5-fold dilution of the DNA extract, and distilled water (29). PCR
amplification was done with the same program as ARDRA.

PCR products of the correct size were confirmed by agarose gel
electrophoresis and subsequently purified using QIAquick PCR puri-
fication kit (Qiagen Co.). The purified PCR products were digested
with 10 units ofHinfW, HhaW, MspW, or RsaW (New England BioLabs)
restriction enzymes for bacterial fingerprints. The fluorescently labeled
terminal restriction fragments (T-RFs) were analyzed by electrophoresis
on an automatic sequence analyzer (ABI Prism 3100 Genetic Analyzer,
Applied Biosystems).

DGGE Analysis.Bacterial 16S rDNA genes were amplified using
the primer sets 341 F and 534 R (30). A GC clamp was attached to
primer 341 F to prevent complete separation of the strands in the DGGE
gel (28). Primers used in this study are shown inTable 1. All PCR
reactions were carried out in a 50µL volume. PCR reaction mix was
composed of 2.5 units ofTaq DNA polymerase, 200µM dNTP, 1×
PCR buffer (Takara Biotechnology Co. Ltd.), 20 pmol of each primer
(MDBio, Inc.), 1 µL of a 5-fold dilution of the DNA extract, and
distilled water. PCR amplification was done with the following
program: 95°C for 5 min; 30 cycles of denaturation at 92°C for 1
min, annealing at 55°C for 1 min, and extension at 72°C for 1 min;
and a single final extension at 72°C for 10 min.

PCR products were separated with DGGE through the DCode
Universal Mutation Detection System (Bio-Rad Laboratories, Hercules,
CA) using a 7% acrylamide gel with a 40-60% denaturing gradient
(100% denaturant solution was made of 7 M urea and 40% deionized
formamide). Gels were run at a constant temperature of 60°C for 6 h
at 150 V in 1× TAE buffer. After electrophoresis, the gels were stained

using SYBR GreenW (Cambrex Bio Science Rocklane, Inc., Rocklane,
ME) followed by visualization under UV light.

Statistical Analysis.Genetic similarity was calculated by dividing
the number of bands that two samples have in common by the total
number of different bands of those samples. On the basis of these values
a matrix was made according to the unweighted pair-group arithmetic
average (UPGMA) cluster analysis. This matrix was used to construct
a dendrogram. Dendrograms were constructed by using PC-ORD 4
(MjM Software, Gleneden Beach, OR).

RESULTS AND DISCUSSION

Soil Properties.The properties of soils are shown inTable
2. Soils had moisture contents of 13.01-14.63%, pH values of
5.89-6.58, total nitrogen contents of 0.17-0.19%, and total
organic carbon contents of 7.29-8.56%. The moisture contents,
pH values, total nitrogen contents, and total organic carbon
contents were not significantly different among soil kinds. The
amount of total organic carbon content of upper layers was
slightly higher than that of lower layers. The similar properties
of the soils would decrease the external factor interference in
the following research for the risk assessment of transgenic
papaya.

Microbial Populations. Microbial populations from six
different soils are shown inTable 3. The population of total
count, fungi, and actinomycete from six different soils, respec-
tively, ranged from (1.78 to 7.13)× 106 CFU/g, from (1.20 to
7.96)× 104 CFU/g, and from (0.59 to 7.42)× 104 CFU/g, The
microbial populations were highest in upper layer soils around
transgenic papaya planting area and lowest in lower layer soils
in which plants had not been grown. The microbial populations
were all higher in upper layer soils.

DNA Extraction. The quantity and purity of DNA extracted
by different methods are shown inTable 4. We compared the
efficiency of three kinds of traditional DNA extraction methods
as well as an UltraClean Soil DNA Kit. The different extraction
methods yielded DNA concentrations from six different soils
ranging from 8.9 to 20.7µg/g of dry soil. TheA260/A280 ratio
ranged from 1.07 to 1.42, and theA260/A230 ratio was between
0.30 and 0.96. The result showed that the highest amount of
DNA was extracted following the method of Trevors and van
Elsas, but the purity of DNA was better using the UltraClean
Soil DNA Kit. No amplification was observed from the crude

Figure 4. Dendrograms obtained by UPGMA analysis of ARDRA profiles digested with (a) HinfI, (b) RsaI, (c) MspI, and (d) HhaI from different soils.
The soil kinds are the same as in Table 2 .
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extracts of the six soils tested by using traditional DNA
extraction methods. According to the previous studies, impurities
such as humic acid in the extracts may affect DNA hybridization
efficiency (31) and enzyme digestion (32) and inhibit Tag
polymerase activity (33, 34), and DNA extracted with traditional
methods should be purified to remove humic acid in order to
proceed with PCR. The removal of humic acid is difficult, but
it is necessary to obtain DNA to be used in PCR. We used the
DNA extracted with the UltraClean Soil DNA Kit in the
following analysis.

AFLP Analysis. The fluorescent AFLP analysis generated
fragments of between 60 and 500 bp for each sample by using
just one set of+1 primers (Figure 1). AFLP data are generated
as peak height and peak locations. Fluorescence peak height is
influenced by the amount of product in the peak. Each peak
represents one or more DNA fragments, and the location or
relative migration of the fragment through the gel is directly
related to the DNA fragment size. The AFLP fingerprints were
used to produce dendrograms from the similarity matrix of
Jaccard coefficients and the UPGMA methods. The dendrogram
based on the AFLP data is shown inFigure 2. The result of
AFLP analysis showed GU and NU had the highest similarity,
GL and NL clustered together, and CU and CL clustered
together regardless of whetherMseW-C/EcoRW or MseW-C/PstW
primers were used. The result indicated that the similarity of
soil microorganisms of upper layer soils around transgenic
papaya planting area and around nontransgenic papaya planting
area. A similar result was observed in lower layer soils. Thus,
planting transgenic papayas does have a limit impact on soil
microorganisms according to AFLP analysis result.

ARDRA Analysis. The restriction enzymesHinfI, RsaI,
MspI, and HhaI were used to digest the PCR products. The
PCR fragment size of amplified 16S rRNA gene of bacteria
using the primer pair for bacteria was∼1.5 kb. The 16S rDNA
fingerprints (Figure 3) did not display large differences among
soil samples whatever the enzyme used here and showed that
the genetic structure of the bacteria community was homoge-
neous among samples. Whole community ARDRA patterns
digested byHinfI, RsaI, MspI, andHhaI were used to calculate
the genetic similarity of the different soil microbial communities.
Genetic similarity was calculated by pairwise comparison of
bands of ARDRA patterns of different soils (Figure 4). Cluster
analysis showed GU and NU had 100% similarity whatever the

enzyme used, GL and NL had>90% similarity, and CU and
CL had >87% similarity. The result revealed that planting
transgenic papayas has little influence on soil microorganisms.

T-RFLP Analysis. The T-RFLP method is a derivative of
ARDRA and makes use of a fluorescence-labeled primer for
PCR (17). A prerequisite for a meaningful comparative analysis
of T-RFLP patterns generated from different environmental
samples is high accuracy in the determination of both size and
signal intensity of individual T-RFs. The accuracy of the
automated size determination has been demonstrated (35, 36).
The fluorescent T-RFLP analysis generated T-RFs of between
30 and 560 bp from samples using different restriction enzymes
(Figure 5). Figure 6 shows the UPGMA-based dendrograms
obtained from T-RFLP profile analysis of the bacteria using
the 27 F/1378 R primer set. Cluster analysis showed GU and
NU had >88% similarity, GL and NL had>86% similarity,
and CU and CL had>82% similarity whatever the enzyme used.
The result was similar to that in ARDRA analysis. A similar
result has been reported in a previous study (37), which assessed
microbial ecology in soil planted with transgenic Bt corn by
T-RFLP and indicated the release of Bt corn poses little threat
to the ecology of the soil microbial community. It is the same
result in this study.

DGGE Analysis. DGGE provides the potential for analysis
of sequence diversity of complex natural microbial populations
(30). DGGE fingerprints of the natural samples (Figure 7)
revealed the presence of a complex community of bacteria. The
patterns obtained from each field treatment contained relatively
high numbers of clear bands at different positions having
different intensities. DGGE analysis of PCR products amplified
with the 341 F/534 R primer set showed a qualitatively similar
banding pattern irrespective of different soils. The UPGMA-
based dendrogram (Figure 8) describes the similarities between
the DGGE patterns of the different soils in GU and NU clusters
with similarity of ∼86%. The patterns obtained from GL and
NL formed one separate cluster with∼83% internal similarity,
and the patterns obtained from CU and CL formed one separate
cluster with∼71% similarity. The result was similar to that in
AFLP, ARDRA, and T-RFLP, indicating that the similarity of
soil microorganisms of upper layer soils around transgenic
papaya planting area and around nontransgenic papaya planting

Figure 6. Dendrograms obtained by UPGMA analysis of T-RFLP profiles digested with (a) HinfI, (b) RsaI, (c) MspI, and (d) HhaI from different soils.
The soil kinds are the same as in Table 2 .
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area. A similar result was observed in lower layer soils. Thus,
planting transgenic papayas limits the impact on soil micro-
organisms.

PCR amplification of rRNA genes from environmental DNA
samples, combined with fingerprinting techniques, such as
ARDRA, T-RFLP, and DGGE, provides detailed information
about the species composition of whole communities (38). In
this study, we combined AFLP, ARDRA, T-RFLP, and DGGE
analyses to assess microbial ecology in soils. The result of
analysis using the four molecular methods indicated that the
similarity of soil microorganisms of upper layer soils around
transgenic papaya planting area and around nontransgenic
papaya planting area was>80%. A similar result was observed
in lower layer soils. Thus, planting transgenic papayas does limit

impact on soil microorganisms. The difference between con-
ventional and transgenic papayas is that the coat protein can be
found in only transgenic papayas. The results show that the coat
protein in transgenic papayas may have little influence on soil
microorganisms, possibly because its quantity is very low or
has not been secreted. The extrapolation would need further
experimentation to be confirmed.
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