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ABSTRACT: Foreign DNA fragments from genetically modiﬁed defatted soybean meal (GM SBM)
in rainbow trout was traced by nested polymerase chain reaction (PCR) and located by in situ
hybridization. Either a GM or non-GM SBM formulated diet (42% protein) was fed to ﬁsh (average
weight 50.5 g) for 2 weeks. The degradation results showed that the cauliﬂower mosaic virus 35S
promoter (220 bp) fragment was detected in the contents of digestive system only in ﬁsh fed the GM
SBM diet, and it was not detected on the third day after changing the diet to the non-GM SBM diet.
For the possible transferal results, the promoter fragment was detected in the leukocyte, head kidney
and muscle only of ﬁsh fed the GM SBM diet; it was not detected on the ﬁfth day after changing the
diet to the non-GM SBM diet. These results suggest that a foreign DNA fragment was not completely
degraded and might be taken up into organs through the gastrointestinal tract. However, foreign DNA
was not detected after the withdrawal period. Thus, the data show that uptake of DNA from GM SBM
might not remain in the tissues of ﬁsh fed GM SBM diet.
KEY WORDS: CaMV 35S promoter, gastrointestinal tract, genetically modiﬁed defatted
soybean meal, in situ hybridization.

INTRODUCTION
Feed ingredients are likely to originate from a
variety of genetically modiﬁed (GM) crops containing a number of different transgenes in the future.
The GM soybean, a glyphosate-resistant plant
that has been developed by using the cauliﬂower
mosaic virus 35S (CaMV 35S) promoter to drive
the gene expression of the glyphosate-tolerance
enzyme, is nowadays the principal crop grown in
many countries.1 Simultaneously, the importance
of aquaculture is increasing and becoming an
important provider of global food supply. Artiﬁcial
diets that use conventional soybean meal as a
protein supplement are being introduced into ﬁsheries because of the short supply of trash ﬁsh.2
Thus, it is quite possible that GM soybean meal will
be used as a feed ingredient in artiﬁcial ﬁsh diets in
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the near future. As a result of the concern for safety,
the labeling of GM foods has become mandatory in
many countries. The evaluation of GM feed safety,
nutritional properties and animal performance
with GM feed crops have been examined. Also,
studies investigating the safety of forage plants,
mainly describing substantial equivalence, have
been presented. No statistical differences in growth
responses have been reported between GM and
non-GM soybean meals.3–5 Besides, feed containing GM soybean meal gave good growth and health
in various ﬁsh in comparison with non-GM
soybean meal feed.6,7
The other concern is that it is possible that DNA
introduced into GM crops can transfer into the
animal cells that eat those crops. The gastrointestinal (GI) tract is the main portal of entry for foreign
macromolecules, and its epithelial lining forms the
main site of contact with foreign DNA and proteins
in animal.8,9 The persistence of DNA from GM
plants has been studied in the GI tract of various
animals, e.g. ﬁsh,7,10 pig,11,12 cattle and chicken.13 All
doi:10.1111/j.1444-2906.2008.01535.x
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Chemical composition of soybean meal (%)
Crude protein

Crude lipid

Crude ash

Moisture

45.3
47.5

1.72
1.45

5.56
5.98

12.6
12.7

GM SBM
Non-GM SBM

GM SBM, genetically modiﬁed defatted soybean meal.

studies on DNA degradation in the GI tract suggest
that foreign DNA ingested by animals is not completely degraded in their GI tracts.
With the DNA in the feed, it seems possible that
the foreign DNA fragments can be transferred into
animal organs. Feed-derived DNA was found in the
bloodstream and integrated into organs of ﬁsh.10
Other studies have also shown that a small plant
gene fragment (<200 bp) was detected in the blood
of broiler,14 but was not detected in pig organs.11
The 200-bp DNA fragments from a plant chloroplast gene were detected in milk and rarely in
blood cells, but were not found in the organs of
cattle.13,15 DNA fragments remaining in organs of
animals such as chicken16 and pig12 have been
reported by several investigators. Also, foreign DNA
was found in leukocyte, spleen and liver of
mice,9,17,18 as well as in the fetuses and newborn
mice that absorbed foreign DNA fragments during
gestation through polymerase chain reaction
(PCR) and ﬂuorescent in situ hybridization
(FISH).18
Since the GM promoter DNA fragment was
detected in ﬁsh tissue,19 this study was conducted
to investigate the degradation and possible carryover of foreign DNA fragments like cauliﬂower
mosaic virus 35S (CaMV 35S) promoter and
Glycine max chloroplast gene by means of measuring it from a transgenic plant and a host plant contained in GM or non-GM soybean meal (SBM) as
feed ingredient for rainbow trout. Foreign DNA
fragments in ﬁsh were traced by the nested PCR
technique and located by in situ hybridization
(FISH).
MATERIALS AND METHODS
Experimental diets
The 31% GM SBM and 30% non-GM SBM diets
were formulated based on proximate analysis of
the defatted soybean meal (Table 1) with ﬁshmeal
to obtain 42% protein (Table 2). The diets were prepared and stored as carefully as possible to avoid
cross-contamination of non-GM SBM with GM
SBM. The composition of diets including crude
protein and lipid were analyzed using procedures
of previous work.19

Table 2 Ingredients and chemical composition of the
experimental diets for rainbow trout
Dietary
Ingredients (g/100 g)
GM SBM
Non-GM SBM
Wheat ﬂour
Pregelatinized starch
Pollock liver oil†
Soybean oil
Mineral premixture‡
Ca(H2PO4)2
Vitamin premixture§
Choline chloride
Vitamin E (50%)
Jack mackerel meal
Cellulose
Chemical composition (%)
Crude lipid
Crude ash
Crude protein
Moisture

GM SBM

Non-GM SBM

31
–
–
10
6
9
1
1
3
0.5
0.1
38
1.4

–
30
0.4
10
6
9
1
1
3
0.5
0.1
38
–

16.1
8.63
42.4
4.41

15.7
8.81
44.6
3.30

†

Eiken, Tokyo, Japan.
Mineral premixture composition (%): NaCl, 5.0; MgSO4.7H20,
74.5; FeC6H5O7.nH20, 12.5; trace element mix, 5.0; cellulose, 3.
Trace element mix had the following components (%):
ZnSO4.7H20, 35.3; MnSO4.5H20, 16.2; CuSO4.5H20, 3.10;
AlCl3.6H20, 1.0; CoCl2.6H20, 0.1; KIO3, 0.3; cellulose, 44.0.
§
Vitamin premixture same as reported by Ogino et al.20
GM SBM, genetically modiﬁed defatted soybean meal.
‡

Experimental ﬁsh and rearing conditions
Rainbow trout Oncorhynchus mykiss used in this
study were obtained from Oizumi Station of Tokyo
University of Marine Science and Technology and
the experiment was carried out at Shinagawa
Campus, Tokyo University of Marine Science
and Technology. Two hundred and forty ﬁsh
(50.5 ⫾ 0.62 g average weight) were grown in 60-L
glass tanks and acclimated to the experimental
conditions for 1 week. Fish were hand-fed with the
non-GM SBM diet two times a day to near satiation
for two weeks. After that, the ﬁsh were divided into
two groups and fed either GM or non-GM SBM
diets for another two weeks. Thereafter, the ﬁsh
receiving the GM SBM diet were given the non-GM
SBM diet again. The average ﬂow rate and temperature were 1 L/min and 16 ⫾ 1°C throughout
the experimental period.
© 2008 Japanese Society of Fisheries Science
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Sampling
Fish were bulk weighed with feed being withdrawn
24 h prior to weighing. Blood was collected in
5% ethylenediaminetetraacetic acid (EDTA) into
a sterilized container and kept at -80°C. The
20–50 mg of contents of the stomach, anterior and
posterior intestines (gastrointestinal tract, GI tract)
and 25–50 mg of tissues (muscle, head kidney,
spleen, liver and brain) were sampled and stored at
-80°C until DNA analysis. The GI tract contents,
blood and tissues of 20 ﬁsh were obtained at the
end of the second week after feeding with either
GM or non-GM SBM diets. Afterwards, 20 ﬁsh
(n = 5 on each day) were sampled on days 1, 3, 5
and 7 after changing the diet.
DNA extraction
The DNA of non-GM and GM SBM including two
experimental diets were isolated by CTAB buffer
(1.4 M NaCl, 2 M Tris-HCl, 20 mM EDTA pH 8.0)
and followed by a phenol extraction protocol.21
Gastrointestinal tract contents and tissues (100
and 50 mg, respectively) were extracted for DNA
with TNES-Urea Buffer, followed by Proteinase K
digestion and phenol–chloroform extraction.22
Leukocyte was prepared by red cell lysis buffer
(10 mM Tris-HCl pH 7.6, 5 mM MgCl2, 10 mM
NaCl) and nuclei lysis buffer (10 mM Tris-HCl
pH 7.6, 10 mM EDTA pH 8.0, 50 mM NaCl) from
the whole blood (500 mL), followed by a Proteinase
K digestion and NaCl salting out method using
extraction and precipitation of DNA with a saturated NaCl solution.23 RNA was removed from all
samples by RNase, and followed by PEG6000.
Quality of extraction
The DNA concentration of solutions was measured
at 260 nm and the extracted DNA was characterized at 260:280 nm ratios by using UV absorption
on the GeneQuant RNA–DNA Calculator (Pharmacia, Tokyo, Japan).
Gene speciﬁc PCR
The sequence of CaMV 35S in this study has been
published (GenBank accession no. NC001497). The
chloroplast gene is a ubiquitous plant framing the
fragment encoding ribulose bisphosphate carboxylase (chloroplast for Glycine max accession
no. Z95552). The rainbow trout growth hormone
receptor isoform 1 (GH)24 gene (accession no
© 2008 Japanese Society of Fisheries Science
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AY861675) was used to conﬁrm the performable
PCR ampliﬁcation of the extracted DNA from
tissues. The CaMV 35S primer pairs were based on
the primers of the study of Matsuoka et al.25 The
other two primer pairs are available at http://
frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.
cgi. The sequences of gene speciﬁc primers were
synthesized by Invitrogen (Carlsbad, CA, USA)
(Table 3).
The single ampliﬁcation mixture contained 2 mL
10 ¥ Taq buffer with 50 mM MgCl2, 1.5 mL 10 mM
dNTP (including dATP, dCTP, dGTP and dUTP),
1 mL each CaMV 35S promoter ﬁrst forward (F1)
and reverse (R1) primers, 0.1 mL Takara Taq
(TaKaRa Shiga, Japan) and 14.4 mL distilled water.
For the template, 1 mL of isolated DNA was used.
The PCR ampliﬁcation was denatured in advance
at 95°C for 5 min, 15 cycles of denatured at 95°C for
30 s, primer annealing for CaMV 35S F1/R1 at 60°C
for 30 s for chloroplast and GH F1/R1 at 62°C for
30 s, followed by extension at 72°C for 30 s and ﬁnal
extension at 72°C for 5 min. In this case, PCR products were diluted with distilled water at a 1:10 ratio
for the second step of nested PCR. After that, PCR
products of CaMV 35S, chloroplast and GH were
diluted with distilled water at 1:10 to use as DNA
templates in the second step of nested PCR. The
second ampliﬁcation mixture was prepared as
described above; only the primer was changed to
the second primer pairs (CaMV 35S, chloroplast
and GH F2/R2 primers) to obtain 220, 257, and
200-bp PCR products of CaMV 35S, chloroplast
and GH fragments, respectively. For PCR, only the
annealing temperature of GH ampliﬁcation was
changed to 64°C. Additionally, the ampliﬁcation
cycle number was changed to 40 cycles for all DNA
fragment ampliﬁcations. Final PCR products were
analyzed by 1% agarose gel electrophoresis and
stained with 1% ethidium bromide. The results
were visualized under UV illumination at 312 nm
with a charge-coupled device (CCD) camera (SFC
Instruments, Tokyo, Japan).
Sequence data analysis
The speciﬁcity of ampliﬁed DNA fragments in
each sample was sequenced with a sequencing
kit (Amersham, Piscataway, NJ, USA) on a DNA
sequencer (LC4200, Li-Cor, Lincoln, NE, USA). The
nucleotide sequenced was compared with all
sequences deposited in GenBank using BLASTN.
Histological section
The tissues (spleen and head kidney) were ﬁxed
in 10% formalin for 24 h at room temperature.
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Oligonucleotide primer and probe sequences
Sequence (5′-3′)

CaMV 35S
F1
GAAAAGGAAGGTGGCACTACAAAT
R1
GTCCTCTCCAAATGAAATGAACTTC
CaMV 35S
F2
CACTACAAATGCCATCATTGCGATA
R2
CTTATATAGAGGAAGGGTCTTGCGA
Chloroplast
F1
GTTGGGTTCAAAGCTGGTGT

R1
ATGCCCTTTGATTTCACCTG
Chloroplast
F2
GTTGGGTTCAAAGCTGGTGT
R2
TGATTTTCTTCCCCAGCAAC
GH
F1
GAAAAGGAAGGTGGCACTACAAAT
R1
GH
F2
R2

383

Amplicon
(bp)

Target sequence
CaMV 35S promoter

259

Source
Matsuoka et al.25

220

Glycine max plant
chloroplast gene

684

Newly designed
(GenBank accession
no. Z95552)

257

Rainbow trout growth
hormone gene

300

Nicole et al.24

GTCCTCTCCAAATGAAATGAACTTC
CACTACAAATGCCATCATTGCGATA
CTTATATAGAGGAAGGGTCTTGCGA

Subsequently, the samples were embedded in
parafﬁn using an automatic embedding machine
(RH-12 DM, Sakura, Tokyo, Japan) according to a
standard protocol and 5-mm thin sections were cut
on a sliding microtome. Sections were spread on
water at 30°C, transferred to a precleaned and precoated glass slide, and dried at 37°C overnight.

200

evaluated and collected by light microscopy using
Nikon ECLIPSE E600 and Nikon Coolpix 450
(Nikon, Tokyo, Japan), respectively. The nonlabeled and GH probes were used as negative and
positive controls for this method.

RESULTS
In situ hybridization

Quality of DNA extraction

For generating non-radioactive digoxigenin labeled
DNA probes (PCR DIG probe synthesis kit, Roche
Diagnostics, Basel, Switzerland) for CaMV 35S promoter, chloroplast gene and rainbow trout growth
hormone (GH) gene (220, 257 and 200 bp), DNA
fragments were ampliﬁed with cloned DNA of GM
SBM, non-GM SBM and ﬁsh muscle as templates.
Primer sequences are listed in Table 3.
FISH was performed using reagents (Nippon
Gene Co., Tokyo, Japan) following methods
detailed by the supplier. DIG labeled DNA probes
were detected after hybridization to target nucleic
acids with antidigoxigenin alkaline phosphatase
conjugated, followed by color development with
nitroblue tetrazodium chloride and 5-bromo-4chloro-3-indolyl phosphate (NBT–BCIP) (DIG
nucleic acid detection kit, Roche Diagnostics,
Tokyo, Japan). Finally, sections were coverslipped
with glycerol medium. Sections and images were

The quality of DNA was measured by concentration calculating. The measured ratios of DNA
extraction samples were between 1.6 and 1.8
A260/280. The extracted DNA of soybean meal and
diet samples was around 21 kbp. The extracted
DNA from the content of the GI tract (stomach,
interior and posterior intestines) was in the range
5–21 kbp, with a minor fraction from 5 kbp to
500 bp. DNA samples extracted from blood and
tissue samples were in the range 5–21 kbp.

Ingredients and diets
The CaMV 35S and chloroplast DNA fragments in
GM and non-GM SBM ingredients and diets were
inspected with nested PCR. The PCR ampliﬁcations
showed that CaMV 35S DNA fragments were
detectable in the GM SBM ingredients and diet.
© 2008 Japanese Society of Fisheries Science
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For chloroplast DNA fragment ampliﬁcation,
the results showed that the ampliﬁcations were
detectable in both soybean meal ingredients and
diets.
Degradation of foreign DNA fragment in
gastrointestinal tract
The contents of the stomach and anterior and
posterior intestines were examined with the
CaMV 35S and chloroplast primer pairs. The
results are shown in Figure 1. For initial ﬁsh, no
CaMV 35S promoter fragment was detected, but a
chloroplast DNA fragment was detected in the
contents of ﬁsh fed a non-GM SBM diet. The promoter DNA fragments were detected only in all GI
tract contents of ﬁsh fed the GM SBM diet at the
end of the second week. Nevertheless, they were
not detected on day 3 after changing the diet to a
non-GM SBM diet (Table 4). The chloroplast DNA
fragments were detected in all GI tract contents of
ﬁsh fed GM or non-GM diets during the experimental period (Table 5).

P Chainark et al.

Transferal of foreign DNA fragment into blood
and tissues
The transferal of foreign DNA fragments into the
leukocytes and tissues of ﬁsh fed GM or non-GM
SBM diets were examined at the end of the twoweek feeding experiment. Results showed that
positive signals of the CaMV 35S fragment were
detected in leukocyte, head kidney and muscle of
ﬁsh fed the GM SBM diet (Table 6). On the
other hand, the promoter fragment was not
observed in leukocyte or any tissues of ﬁsh fed the
non-GM SBM diet. Furthermore, the promoter
DNA fragment was only detected in leukocyte
and tissues of ﬁsh at the ﬁrst and third day after
changing the diet to the non-GM SBM diet.
The chloroplast DNA fragments were detected in
the leukocyte of ﬁsh fed GM and in the leukocyte
and spleen of ﬁsh fed the non-GM SBM diet. The
chloroplast DNA fragment was detected in leukocytes and tissues of ﬁsh fed GM and non-GM
SBM diets during feeding the experimental
diet (Table 7). Moreover, both foreign DNA fragments were not detected in any brain samples of

(a)
CaMV 35S

Chloroplast
M

-

+

1

2

3

M

-

+

1

2

3

Fig. 1 Detectable
CaMV 35S
promoter (220 bp) and chloroplast (257 bp) DNA fragments by
nested PCR in contents of the GI
tract of rainbow trout fed (a) GM
and (b) non-GM soybean meal
diets at the end of the second
week. M, 100 bp DNA marker
size; –, control without DNA; +,
positive control; 1, stomach; 2,
anterior intestine; 3, posterior
intestine.

(b)
CaMV 35S

Chloroplast

Table 4 Detection of CaMV 35S promoter DNA fragment (220 bp) in contents of GI tract from ﬁsh (n = 20) fed GM SBM
diet at end of second week and after changing diet to non-GM SBM diet by nested PCR
Non-GM SBM diet
Fed with
Sampling day
Stomach
Anterior intestine
Posterior intestine

GM SBM diet

After changing diet

End of ﬁrst two weeks

1

3

5

7

8
5
2

2
3
5

0
0
0

0
0
0

0
0
0

GM SBM, genetically modiﬁed defatted soybean meal.

© 2008 Japanese Society of Fisheries Science
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Table 5 Detection of chloroplast DNA fragment (257 bp) in contents of GI tract from ﬁsh (n = 20) fed GM and after
changing diet to non-GM SBM diet or fed non-GM SBM diet by nested PCR
After changing diet
Sampling day
Fed with
Stomach
Anterior intestine
Posterior intestine
Fed with
Stomach
Anterior intestine
Posterior intestine

End of ﬁrst two weeks

1

GM SBM diet
8
4
1
Non-GM SBM diet
5
6
2

3

8
5
5
10
7
8

5

7

Non-GM SBM diet
2
5
5
9
6
8

7
3
4

9
5
5

5
8
8

5
5
9

GM SBM, genetically modiﬁed defatted soybean meal.

Table 6 Detection of CaMV 35S promoter fragment (220 bp) in leukocyte and tissues of ﬁsh (n = 20) fed GM SBM diet
at the end of second week and after changing diet to non-GM SBM diet by nested PCR
Non-GM SBM diet
Fed with

GM SBM diet

After changing diet

Sampling day

End of ﬁrst two weeks

1

3

5

7

Leukocyte
Head kidney
Spleen
Liver
Muscle
Brain

2
1
0
0
1
0

3
1
0
0
1
0

1
2
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

GM SBM, genetically modiﬁed defatted soybean meal.

Table 7 Detection of chloroplast DNA fragment (257 bp) in leukocyte and tissues of rainbow trout (n = 20) fed GM SBM
diet and after changing diet to non-GM SBM diet or fed non-GM SBM diet by nested PCR
After changing diet
Sampling day

End of ﬁrst two weeks

Fed with
Leukocyte
Head kidney
Spleen
Liver
Muscle
Brain
Fed with
Leukocyte
Head kidney
Spleen
Liver
Muscle
Brain

GM SBM diet
2
0
0
0
0
0
Non-GM SBM diet
2
0
1
0
0
0

1

3

5

7

2
0
0
0
0
0

Non-GM SBM diet
3
2
0
0
0
0
0
0
0
0
0
0

1
0
0
0
0
0

3
0
2
0
0
0

1
0
0
0
0
0

2
0
1
0
0
0

0
0
0
0
0
0

GM SBM, genetically modiﬁed defatted soybean meal.

ﬁsh fed GM or non-GM diets. The positive PCR
products of the GH DNA fragment were ampliﬁed
in leukocytes and all tissues of ﬁsh fed GM or
non-GM SBM diets. Results are shown in Figure 2.

Conﬁrmation of PCR product
The sequencing results of CaMV 35S DNA fragment were 100% homologous in all samples of GM
© 2008 Japanese Society of Fisheries Science
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(a)
CaMV 35S

Chloroplast

GH

M

-

+

1

2

3

4

5

6

M

-

+

1

2

3

4

5

6

(b)
CaMV 35S

Chloroplast

GH

SBM ingredients and diet, and the GI tract contents
of ﬁsh fed the GM SBM diet compared with the
known CaMV 35S promoter (accession no.
NC001497). As well, the homology of sequencing
was 99% in leukocytes and tissues of ﬁsh fed the
GM SBM diet. For chloroplast DNA fragment
sequencing compared with the Glycine max chloroplast gene, the sequence homology of samples
like both SBM ingredients and diets, and GI tract
contents of ﬁsh fed GM or non-GM SBM diets were
100% compared with the known chloroplast gene
(accession no. Z95552). The homology of target
sequences in leukocyte and tissues of ﬁsh fed GM
or non-GM diet was 99%. Moreover, the leukocyte
and all tissues of ﬁsh fed GM or non-GM SBM diets
were 99.5% homologous with the known rainbow
trout growth hormone gene (accession no.
AY861675).

In situ hybridization
The speciﬁc signals of the foreign DNA fragments
in ﬁsh were traced by FISH on histological sections
of tissues of ﬁsh fed either GM or non-GM SBM
diets. In ﬁsh fed the GM SBM diet, the speciﬁc
signal of the CaMV 35S DNA fragment was identiﬁed in leukocytes of the head kidney of the ﬁsh at
the end of two weeks of feeding, and could not be
identiﬁed in the head kidney of ﬁsh on the ﬁfth day
after changing the diet to the non-GM SBM diet
(Fig. 3). On the other hand, the chloroplast speciﬁc
signal was not detected in the head kidney, spleen
or liver of ﬁsh at the same time. In the case of ﬁsh
© 2008 Japanese Society of Fisheries Science

Fig. 2 Detectable
CaMV 35S
promoter (220 bp), chloroplast
(257 bp) and growth hormone
(200 bp) DNA fragments by
nested PCR in leukocyte and
tissues of rainbow trout fed (a)
GM and (b) non-GM SBM diets at
the end of the second week. M,
100 bp DNA maker size; –,
control without DNA; +, positive
control; 1, leukocyte; 2, head
kidney; 3, spleen; 4, liver; 5,
muscle; 6, brain.

fed the non-GM SBM diet, the promoter-speciﬁc
signal was not located in tissues, but the speciﬁc
signal of the chloroplast DNA fragment was identiﬁed in the spleen of ﬁsh at the end of the second
week (Fig. 4).
The control from the non-labeled speciﬁc probe
was negative and the GH DNA probe, which was
used as a positive control probe, was shown by
FISH in all tissues except brain of ﬁsh fed GM or
non-GM SBM.

DISCUSSION
The chloroplast DNA fragment ampliﬁcations were
detectable using chloroplast primer pairs in both
GM and non-GM SBM ingredients. This indicates
that the DNA fragment was successfully extracted
and it was ampliﬁed during PCR. The ampliﬁcations of the promoter DNA fragment were detectable using the primer pairs of CaMV 35S only in
the GM SBM ingredients and diet; hence, crosscontamination between GM and non-GM diets
can be excluded. The results also demonstrate that
the chloroplast DNA can be detected in the diets
after preparation because the feed production
process of grinding, low temperature and pressure
did not cause substantial disruption of plant
DNA.26,27
The presence of feed-derived DNA in the contents of the ﬁsh GI tract showed that the dietary
promoter and chloroplast DNA fragment still
remained in all three parts of the GI tract of the ﬁsh
fed the GM SBM diet and the ﬁsh fed the GM and
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Fig. 3 In situ hybridization with DIG probe speciﬁc for DNA in head kidney of rainbow trout fed experimental diets at
the end of the second week. (a) positive cells show CaMV 35S DNA (220 bp) signal, (b) negative cells of ﬁsh at ﬁfth day
after changing the diet to non-GM SBM, (c) positive control of the same tissue was detected by GH DNA (200 bp) label
probe, and (d) negative control of head kidney of ﬁsh fed non-GM SBM diet detected by CaMV 35S label probe. Scale
bars, 100 mm.

non-GM SBM diets, respectively. This results from
the persistence of the complex feed matrix such
as DNA-protein complex, making DNA difﬁcult to
break down completely by enzymatic activity.8,28
Thus, sufﬁcient promoter and chloroplast DNA
fragments must be resistent to degradation in the
GI tract in order to present in a form detectable by
PCR. There are similar results in ﬁsh studies on GM
and non-GM SBM diets; the transgenic DNA fragment could be ampliﬁed from the content of the
stomach, pyloric region, mid and distal intestine of

Atlantic salmon,7 and the CaMV 35S, Roundup
Ready soybean and Cry1 A(b) DNA targets were
detected in three parts of the Atlantic salmon
intestinal contents.10 Similar ﬁndings have been
reported in the GI tract of pig.29 Data from pig12 and
calff30 studies clariﬁed that the fragments of dietary
DNA were detected in feces. These data contrasted
with an earlier study
y31 that presented that transgenic DNA maize was completely degraded before
entering the small intestine of chicken. From
the results obtained it is clear that foreign DNA
© 2008 Japanese Society of Fisheries Science
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(a)

(b)

(c)

Fig. 4 In situ hybridization with DIG probe speciﬁc for
DNA in spleen of rainbow trout fed the non-GM SBM
diet at the end of the second week. (a) positive cells show
chloroplast DNA (257 bp) signal, and (b) positive and (c)
negative controls of the same tissue detected by GH DNA
(200 bp) label probe and non-labeled speciﬁc probe.
Scale bars, 100 mm.

fragments can persist in the GI tract without much
degradation. However, the promoter DNA fragment observed in the GI tract contents of ﬁsh on
various days after changing to the non-GM SBM
diet was detectable in all ﬁsh contents from the
ﬁrst day. This revealed that foreign DNA fragments
completely passed the GI tract and/or were ﬁnally
degraded at the latest on 3 day after withdrawal of
GM feed.
© 2008 Japanese Society of Fisheries Science
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In the present study the promoter or chloroplast
DNA fragment was detected in the head kidney,
spleen or muscle of ﬁsh fed GM or non-GM SBM
diets. Moreover, both DNA fragments were
detected in leukocyte. Detection of foreign DNA in
leukocyte suggested that the remaining DNA in the
digestive tract might be absorbed by the organism
and detected in blood. Thus, it is possible that DNA
could be detected in muscle as a result of the presence of blood in these tissues. Foreign DNA fragments were also detected in the head kidney and
spleen since their tissues are rich in blood vessels
and involved in ﬁltration.32 These ﬁndings showed
that the leukocyte carrying the foreign DNA had
possibly migrated from the intestinal wall to the
bloodstream, head kidney and spleen. Also, the
DNA fragments in this present study were nonmethylated DNA that stimulate an immune
response and could lead to uptake of dietary DNA
in leukocytes.33,34 Nielsen et al. 10 reported that all
three DNA targets, CaMV 35S, Roundup Ready
soybean and Cry1 A(b), were detected in kidney,
liver and blood of Atlantic salmon up to 64 h after
force-feeding a diet containing ampliﬁed DNA
fragments. This ﬁnding was related to their further
research that dietary DNA taken up in the blood
could be transported to organs like the liver and
kidney, as well as muscle and gonads.35 Consequently, the present results were in accordance
with the ﬁndings that a small fragment of Cry1 A(b)
was detected in the blood, kidney, spleen, liver and
muscle of piglets raised with transgenic feed with
different frequencies.36 Additionally, ﬁsh brain as a
control selected for several types of tissues in this
study showed that all brain samples were negative
in terms of detection of foreign DNA fragments. It
was related to the blood–brain barrier that brain
cells were more tightly regulated compared to most
other tissue types.37 Nevertheless, no difference in
plant chloroplast detection of leukocyte was
observed between ﬁsh fed GM or non-GM SBM
diets in this study, indicating that genetic modiﬁcation did not result in increased resistance to DNA
degradation.
Moreover, the promoter fragment was not found
in any leukocyte or tissues of ﬁsh after withdrawal
of the GM SBM diet. One explanation for this result
was that the removal of DNA circulation was primarily caused by uptake by non-speciﬁc scavenger
receptors, which are involved in phagocytosis in
rainbow trout head kidney
y38 and spleen macroph32
ages. These results are also in agreement with
studies on Atlantic salmon10,35 and broiler.39
All investigated ﬁsh leukocytes and tissues
revealed positive results with the GH fragment, that
it is present in many mammal tissues.24 The results
conﬁrmed that the DNA was successfully isolated
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from blood and different tissues and the isolated
DNA was able to be ampliﬁed during PCR.
The promoter and chloroplast signals were
traced by FISH in head kidney and spleen cells,
respectively. In addition, the foreign DNA fragments in the head kidney and spleen were located
in leukocytes of their tissues. These data corroborated the PCR results on DNA from isolated blood
leukocyte. The localization of these foreign DNA
fragments supports the ﬁnding that foreign DNA
fragments administered by feeding can be transferred to ﬁsh head kidney and spleen cells. These
results are in agreement with prior results by the
FISH technique17 that microbial DNA, as a foreign
DNA, can penetrate the intestinal wall and reach
the nuclei of leukocytes, spleen and liver cells. The
result of the positive control probe demonstrated
the strong signal in all tissues of ﬁsh fed GM or
non-GM SBM diets. The signal from the nonlabeled control probe was not detected, so there
was no false negative in this method.
Based on this study, feed-derived foreign DNA
fragments are not completely broken down and
might be taken up into organs through the GI tract.
However, after the withdrawal period, foreign DNA
derived from tissues of ﬁsh fed the GM SBM diet
is no longer detectable. Therefore, foreign DNA
might not remain in ﬁsh following the uptake
of DNA from GM SBM, and GM SBM might be
regarded as safe as non-GM SBM.
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