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Detection of Genetically Modified Coho Salmon Using
Polymerase Chain Reaction (PCR) Amplification
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A PCR-based protocol for the identification of genetically modified salmon carrying a growth hormone
transgene was developed. Several primer pairs were examined, and the primers that gave consistent
results were selected to conduct routine testing. Comparison among several DNA extraction
procedures, as well as different buffer compositions, led to the adoption of TriZol as the method of
choice. Low potassium and high magnesium chloride concentrations were very important in the overall
success of the PCR reaction, whereas buffer pH, ranging from 8.3 to 9.2, had little impact on the
amplification reaction. The optimal primer annealing temperature was 52 °C. Although fish muscle
tissues were the primary source for DNA samples, detection of the transgene was also possible in
bones, skin, fins, and other organs. No benefits were achieved by the addition of additives such as
dimethyl sulfoxide and betaine to the PCR reaction. This optimized PCR method was used to identify
all samples tested (61 samples and 17 controls) with 100% accuracy.
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INTRODUCTION GM fish. Dramatic growth enhancement has been achieved, with
the average transgenic salmon being 10 times larger than the

research efforts are underway to enhance the growth and fee ontransgenic controls and a maturation time half that of normal

conversion of several fish species by producing transgenic strainsc'zn' I:r:]Soh dﬁi%edm?r?ctl):z?r: thaor: dsﬁzler%nﬁ;hgv%)ali(;tzgﬁnegenetl-

containing modified growth hormone gene constructs. Indeed, y ’ ng g  tiap ' -

dramatic growth enhancement has been achieved in a numbelJ‘O)' and carp11). In this study we concentrated on the detection

of salmonids, including Atlantic salmor (2), coho and other of GM coho salmon as a model system.

Pacific salmonids (34), rainbow trout (5), and char (6). The

potential use of transgenic fish has prompted considerable debatdATERIALS AND METHODS

and research on issues associated with both food safety and . . .
Chemicals and EnzymesAll chemicals were of molecular biology

ecological 'mpac_ts' This teChangy _h_as also ra_'sed Consum(':‘rgrade.'l'aq DNA polymerase, DNAzol, and TriZol were purchased from
concerns regarding genetically modified organisms (GMOS), |nyitrogen, and titaniunTag DNA polymerase was purchased from
resulting in the need to distinguish between GMO- and non- clontech. To optimize the amplification reaction, 12 different buffer
GMO-containing food. In this model study, we used a transgenic combinations were evaluated. All buffers contained 12 mM Tris-HCI
Pacific coho salmon @ncorhynchus kisutdhproduced by (pH 8.3—9.2) and various concentrations of Mg@hd KCI (Table
introducing a DNA construct containing the sockeye salmon 1).

type | growth hormone (GH) gen8,(4). The growth hormone Transgenic fish, as well as wild-type controls, were obtained from
coding regions in these transgenes have been fused to the salmo@ contained transgenic fish facility at the Department of Fisheries and
metallothionein-B gene promoter and are designed to (1) allow Oceans, West Vancouver Laboratory_. Two-year-old transgenic salmon
expression of GH from all tissues in the salmon (rather than Were used. Both 2- and 5-year-old wild-type salmon were used as age
just the pituitary gland as occurs in normal fish) and (2) elevate and weight controls, respectively.

circulating levels of the growth hormone in the blood of the DNA Primers. A pair of primers for the detection of the transgenic
fish (MT1 and GH19) were designed to span the junction between the

metallothionein promoter and the growth hormone gene, respectively
* Corresponding author [telephone (250) 363-6650, ext. 256; fax (250) (12, 13): GH19, B GTT AAA TTG TAT TAAATG GT 3’; and MT1,

To increase the efficiency of production of aquaculture,

363 8R0L e-mal masris@inspection.ge.cal. 3 CTG ATT AAG TTT TGT ATA GT 5'. These primers amplify a
 Health Canada. product of 427 base pairs (bp). Primers (GH5 and GH7) spanning 158
§ Fisheries and Oceans Canada. bases, and located within exon 5 of the salmon growth hormone gene,
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Table 1. Different Buffer Formulations Used for the Amplification of
Transgenic Salmon?2

[Tris-HCI]
buffer pH8.3 pH 8.8 pH9.2 [KCI] [EDTA] [MgCly]
1 12 25 0.25 15
2 12 75 0.25 15
3 12 25 0.25 35
4 12 75 0.25 35
5 12 25 0.25 15
6 12 75 0.25 15
7 12 25 0.25 35
8 12 75 0.25 35
9 12 25 0.25 15
10 12 75 0.25 15
11 12 25 0.25 35
12 12 75 0.25 3.5

2 All concentrations are given in millimolar.

were synthesized1@) and used as positive amplification controls in
all PCR experiments. The primer sequences used were as follows: GH5
5" AGC CTG GAT GAC AAT GAC TCT C 3, and GH7, 5CTT

ATG CAT GTC CTT CTT G 3'.

PCR Reaction. All initial Polymerase Chain Reactions (PCR) on
muscle tissue were performed in a volume of /80 of PCR buffer
supplied by the manufacturers, containing tresol/sucrose solution
(10x stock: 1 mM cresol red, 0.2 g/mL sucroseyl5 of DNA (1—2
ng), 1uM primer mix, 1.8 mM MgC}, 0.2 mM dNTPs, and 2.5 units
of Taqpolymerase in a 96 well gradient Robocycler (Stratagene). The
DNA was amplified for 35 cycles as follows: 94 for 50 s, 54°C
for 50 s, and 72°C for 70 s (@4). In subsequent experiments the
concentrations of MgGland KCI and the pH were changed to 3.5 mM
MgCl,, 75 mM KCI, and pH 8.3.

Agarose Gel ElectrophoresisGel electrophoresis was carried out
in 2% agarose (SeaKem, LE, BMA, Rockland, ME) containing 0.1
ug/mL ethidium bromide using TBE buffer. A 100 bp DNA ladder
was used as a molecular weight marker (AmpliSize, Bio-Rad, Missis-
sauga, ON, Canada).

DNA Extraction. The effects of different DNA extraction procedures
on the amplification experiments were compared. For this study, four
methods of DNA purification were assessed and compared to two
commercially available DNA extraction kits.

Cetyltrimethylammonium Bromide (CTAB) Methdtluscle tissues
were homogenized and the DNA was extracted according to previously
published procedured$, 16). One hundred milligrams of fish muscle
tissue was homogenized in 5@@ of CTAB buffer (2% CTAB, 100
mM Tris-HCI, pH 8.0, 20 mM EDTA, 1.4 M NacCl), incubated at 65
°C for 30 min, and then centrifuged at a maximum speed of 1§000
for 10 min. Two hundred microliters of chloroform was added to the
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reprecipitated by the addition of 124 of 5% CTAB and 0.5 M NacCl
in 20 mM Tris-HCI, pH 8.5. The DNA was incubated at 85 for 5
min followed by centrifugation for 10 min at maximum speed. The
DNA pellet was suspended in 5@ of 1.2 M NacCl in TE buffer and
precipitated by addition of an equal volume of 2-propanol. The purified
DNA was suspended in 1Qc. of TE buffer. The DNA was adjusted
to the same concentration as above.

DNAZzol MethodOne hundred milligrams of salmon muscle tissue
was homogenized in 5Q¢L of DNAzol (Invitrogen). Another 50Q:L
of DNAzol was added and vortexed. The homogenate was centrifuged
at 10000gfor 10 min. An equal volume of 100% ethanol was added,
and the DNA was precipitated by incubation at room temperature for
3 min followed by centrifugation for 2 min at 400The DNA pellet
was washed twice with 75% ethanol, air-dried, and suspended in 100
uL of 8 MM NaOH according to the manufacturers’ recommendation.

Trizol Method.One hundred milligrams of salmon muscle tissue
was homogenized in 1.0 mL of TriZol and incubated at°65for 10
min. One hundred microliters of chloroform was added to the
homogenate, and the mixture was vortexed and centrifuged at maximum
speed for 10 min. The interphase was carefully removed and resus-
pended in 20GL of TE buffer. An equal volume of phenekhloroform
was added, vortexed, and centrifuged as above for 3 min. An equal
volume of 2-propanol was added to the aqueous phase. The DNA was
precipitated, dried, and then suspended in 40Q0of TE buffer and
adjusted to the same concentration as above.

Commercial Kits for DNA Extractionfwo commercially available
kits, Wizard (Promega) and NucleoSpin (Clontech), were used accord-
ing to the manufacturers’ recommendations. The final DNA was eluted
in 100u«L of TE buffer. The concentration of DNA obtained from all
extraction methods was adjusted to 100—200 ng/ mL.

RESULTS AND DISCUSSION

DNA Extraction. DNA of high quality is essential for the
success of the PCR procedure. The quantity of DNA is also
important especially for the detection of low-copy genes or
transformed products in food mixed with natural food. All of
the extraction procedures used in this study produced a relatively
large amount of DNA. The average amount of DNA extracted
from 100 mg of muscle tissue varied depending on the extraction
procedure. The average amount of DNA was as high asy60
100 mg of muscle tissue using the CTAB method and as low
as 15ug/100 mg of tissue when the TriZol method was used.
The DNAzol method produced an average ofi@pof DNA/

100 mg of muscle tissue. The amount of DNA obtained using
the commercially available kits was also comparable to that
obtained with the other methods used, ranging fronx@@.00

mg using the Wizard kit to 52g/100 mg of muscle tissue with

supernatant, and the mixture was vortexed and spun at the same speethe NucleoSpin kit. DNA extracted from muscle tissue using

as before. The supernatant was precipitated with 2 volumes of 0.5%
CTAB in 40 mM NacCl, pH 8.0. The DNA was incubated at room
temperature for 1 h, pelleted by centrifuging for 5 min, and then
resuspended in 350L of 1.2 M NaCl in TE buffer (10 mM Tris, pH

8.0, 1 mM EDTA). An equal volume of chloroform was added. The
samples were vortexed and centrifuged as before. The DNA was then
precipitated with 0.7 volume of 2-propanol. The DNA was pelleted,
washed, dried, and suspended in TE buffer at a concentration ef 100
200 ng/mL. Five microliters of the DNA suspension was used in the
PCR.

Proteinase K Extraction MethodNA was extracted from muscle
tissue according to a modification of a previously published method
(17). One hundred milligrams of salmon muscle tissue was homog-
enized in 500uL of TE buffer containing 50Qug/mL proteinase K.

The homogenate was incubated at°&7for 1 h. An equal volume of
phenol—chloroform solution (50% phenol, 49% chloroform, and 1%
isoamyl alcohol) was added to the homogenate, and the mixture was
vortexed for a few seconds and centrifuged at maximum speed for 3
min. An equal volume of 2-propanol was added to the aqueous phase,
and the DNA was precipitated by centrifugation at maximum speed
for 10 min. The DNA was suspended in 5@ of TE buffer and

different procedures gave comparable results after PCR ampli-
fication using the primers MT1 and GH19 as assessed by
agarose gel electrophoresis of the amplified produeigufe

1). When the DNA was extracted from other tissues, such as
fins, bones, scales, eggs, slime, skin, and blood, only the TriZol
method produced amplification products from all of the tissues
tested (Figure 2). All other procedures failed to produce
amplification products from blood, fins, and/or scales (data not
shown). As a result of these experiments, the TriZol method
was adopted as the method of choice for all subsequent
experiments due to the low price, simplicity, and speed
associated with it.

PCR Amplification. Amplifying the salmon growth hormone
gene using GH5 and GH7 primers was easily achieved using
Tag polymerase. The amplification of the transgene was more
challenging and led us to try differefagpolymerase enzymes.
The titaniumTaqwas tried and found to give the most consistent
amplification results. The buffer conditions for amplification
of the transgene using primers GH19 and MT1 were critical



Detection of Genetically Modified Salmon Using PCR Amplification J. Agric. Food Chem., Vol. 50, No. 11, 2002 3163

1 2 3 4 5 6 7 8 1 2 345 6 7 8 9 1011 1213

427bp >
427bp >

Figure 1. PCR amplification product, using primers GH19 and MT1, from
transgenic salmon using DNA extracted by different extraction proce-
dures: (lane 1) DNA marker (100 bp ladder, AmpliSize, Bio-Rad); (lane
2) PCR products from DNA extracted from 2-year-old wild-type salmon
muscle tissue using the Trizol method; (lanes 3—8) PCR products obtained
from DNA extracted from transgenic fish muscles using PK, CTAB, DNAzol,
Trizol, Wizard kit, and Nucleospin methods, respectively.

Figure 3. PCR amplification results using different buffers: (lane 1) DNA
marker (100 bp ladder, AmpliSize, Bio-Rad); (lanes 2-13) PCR products
obtained by using buffers 1-12 (see Table 1 for buffer composition).

A 1 234 56 78 910111213

1 2345678910
427bp >

427bp -

B 1 23 4 567 8 91011 1213

Figure 2. PCR results obtained from amplification of DNA extracted from
different parts of the transgenic fish organs using the Trizol method for
the purification of DNA: (lane 1) DNA marker (100 bp ladder, AmpliSize,
Bio-Rad); (lanes 2—10) amplification results from wild coho negative control,
tissues from genetically modified coho muscle, fins, bones, scales, eggs,
slime, skin, and blood, respectively. 155bp >

for obtaining consistent PCR amplificatiomag DNA poly-
merase (Invitogen) and titaniufaq (Clontech) gave excellent
results when they were used together with the buffer supplied
with the titaniumTaq. Neither polymerase produced any PCR  Figure 4. Effect of annealing temperature on amplification results using
products when used with buffer supplied with thieq poly- the targeted transgenic gene: (A) PCR products obtained from DNA
merase (data not shown). To further study this observation, apurified from transgenic fish tissue using the specific target primers (GH19
series of buffers were assessed for their effect on DNA and MT1) [lane 1, DNA marker (100 bp ladder, AmpliSize, Bio-Rad); lanes
amplification. Optimum amplification results were achieved 2-13, different annealing temperatures ranging from 51 to 62 °C,
when the pH buffer was adjusted to 8.3. It was also evident respectively]; (B) PCR products obtained from DNA purified from transgenic
that a combination of a high concentration of potassium (75 fish tissue using the growth hormone positive control primers (GH5 and
mM) and a low concentration of Mg&(1.5 mM) inhibited the  GH7) [lane 1, DNA marker (100 bp ladder, AmpliSize, Bio-Rad); lanes
PCR when buffers of high pH were used. On the other hand, a2-13, different annealing temperatures ranging from 51 to 62 °C,
potassium concentration of 25 mM and a high magnesium respectively].

chloride concentration (3.5 mM) gave the best amplification

products as assessed by agarose gel electrophdragisg 3) controls (17 wild-type negative controls and 61 GM positive
and was the only combination that gave a positive product when samples). Some of the test results are showRigure 5. To
high pH buffers were used. improve primer fidelity, some additives such as dimethyl

The effect of annealing temperature on the overall PCR results sulfoxide, formamide, and betaine were mixed with the ampli-
was evaluated to optimize the PCR conditions. When the fication buffers. These chemicals had no positive effect on the
transgene primers were used, annealing temperatures ranging®CR reaction and, in some cases, had inhibitory effects (data
between 51 and 58C gave comparable amplification products. not shown).

On the basis of the concentration of the amplification products, Conclusion. Consumer concerns regarding GMOs have
the best annealing temperature was found to beGgigure created a demand for labeling foods derived from transgenic
4A). In the case of the amplification of the growth hormone products. In anticipation of voluntary or mandatory labeling,
positive control, the annealing temperature range was muchtests are being developed to identify GM food. Protein-based
broader, ranging from 51 to 61C (Figure 4B) but with tests such as ELISA can directly detect expressed proteins.
optimum results obtained between 51 and°65 However, there are problems associated with this method, such

Using the optimized protocol, a double-blind test was as cross-reactivity, speed, sensitivity, and false-positive results.

performed on 78 samples containing different age and size When homologous proteins are being detected, quantitative
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B 123456 78910
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Figure 5. Amplification results from DNA extracted from different fish
samples using the transgenic primers GH19 and MT1 (A) and the growth
hormone primers GH5 and GH7 (B): (A) (lane 1) DNA marker (100 bp
ladder, AmpliSize, Bio-Rad); (lane 2) sample with no template; (lanes 4
and 8-10) DNA extracted from transgenic fish; (lanes 3 and 5-7)
amplification products from DNA obtained from wild-type salmon using
primers GH19 and MT1; (B) corresponding results from the same DNA
samples using growth hormone gene and primers GH5 and GH7 as
positive control for the PCR reaction.

rather than qualitative criteria must be used. As an alternative,

Masri et al.
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the PCR assay described herein can be both sensitive and

specific. The assay described was specific for the amplification
of a gene construct present in transgenic coho salmon and was (12)
specific by the absence of the PCR product from the wild-type

fish. Further potential advantages of the PCR test are its speed
and sensitivity. The assay was sensitive enough to detect the
transgene in as little as 1 ng of total DNA. The PCR test can (13)

be performed in a few hours, using tissues from all parts of the
fish including blood, bones, scales, slime, and other internal
organs; thus, it is possible to perform the detection test without
damaging or reducing the market value of the target fish. The

transgene was detected in all controls including same age and

same size controls, which were part of the double-blind test.

Even though commercially purchased kits gave good results, (15)
and were relatively easy to use, they are expensive and the

results obtained using such kits were not better than those
obtained with the methods described in this study. The method

for DNA extraction chosen in this study can overcome some (16)

of the other drawbacks associated with commercially available
kits such as the high cost and the scaling up of purification
procedures, which is almost impossible to perform using
commercially available kits, and this could be a problem when
the concentration of the target DNA is very small and larger

17

amounts of tissues are needed to obtain adequate amounts of

DNA.

ACKNOWLEDGMENT

We thank William Lanterman, CFIA, for reviewing the manu-

script.

Du, S. J.; Gong, Z.; Hew, C. L.; Tan, C. H.; Fletcher, G. L.
Development of an all-fish gene cassette for gene transfer in
aquacultureMol. Mar. Biol. Biotechnol.1992,1, 290—300.
Fletcher, G. L.; Shears, M. A.; Davies, P. L.; Hew, C. L.
Evidence for antifreeze protein gene transfer in Atlantic salmon.
Can. J. Fish. Aquat. SclL988,45, 352—357.

Devlin, R. H.; Yesaki, T. Y.; Biagi, C. A.; Donaldson, E. M;
Swanson, P.; Chan, W. K. Extraordinary salmon growdture
1994,371, 209—210.

Devlin, R. H.; Yesaki, T. Y.; Donaldson, E. M.; Du, S. J.; Hew,
C. L. Production of germline transgenic pacific salmonids with
dramatically increased growth performan€an J. Fish. Aquat.
Sci.1995,52, 1376—1384.

Chourrout, D.; Guyomard, R.; Houdebine, L. M. High efficiency
gene transfer in rainbow troutS&lmo gairdneriRich) by
microinjection into eggs cytoplasmquaculturel986 51, 143—

150.

Pitkanen, T. I.; Krasnov, A.; Teerijoki, H.; Molsa, H. Transfer
of growth hormone GH) inti Arctic charrSalvelinus alpinus
L.) I. Growth response to various GH construc&enet. Anal.
1999,15, 91-98.

Zhu, Z.; Xu, K.; Li, G.; Xie, Y.; He, L. Novel gene transfer into
the fertilized eggs of goldfishGarassius auratus..1758). Z.
Angew. Ichthyol1985,1, 31—34.

Rahman, A.; Maclean, N. Fish transgene expression by direct
injection into fish muscleMol. Mar. Biol. Biotechnol1992,1,
296—299.

Dunham, R. A,; Eash, J.; Askins, J.; Townes, T. M. Transfer of
the metallothionein human growth hormone fusion gene into
channel catfishTrans. Am. Fish. Sod987,116, 8791.

Chen, T. T.; Lin, C. M.; Knight, K.; Gonzales-Villasenor, |.;
Powers, D. A. Transfer, expression and inheritance of salmonid
growth hormone in channel catfiskgtalurus punctatus, and
effects on performance traitslol. Mar. Biol. Biotechnol1992,

1, 380—389.

Zhang, P.; Hayat, M.; Joyce, M.; Gonzales-Villasenor, I.; Lin,
C. M.; Dunham, R. A.; Chen, T. T.; Powers, D. A. Gene transfer,
expression and inheritance of pRS¥&ainbow trout—GHCcDNA

in carp, Cyprinus carpio(Linnaeus).Mol. Reprod. De. 1990,

25, 3-13.

2) Chan, W. K.; Devlin, R. H. Polymerase chain reaction amplifica-

tion and functional characterization of sockeye salmon histone
H3, metallothionein, and protamine promotévkol. Mar. Biol.
Biotechnol.1993,2, 308—318.

Devlin, R. H. Sequence of Sockeye salmon type 1 and 2 growth
hormone genes and the relationship of rainbow trout with Atlantic
and Pacific salmonCan. J. Fish. Aquat. Scl993,50, 1738—
1748.

4) Saiki, K.; Gelfand, D. H.; Stoffel, S.; Scharf, S. J.; Higuchi, R.;

Horn, G. T.; Mullis, K. B.; Erlich, H. A. Primer directed
enzymatic amplification of DNA with a thermostable DNA
polymeraseSciencel988,219, 487.

Lipp, M.; Brodmann, P.; Pietsch, K.; Pauwels, J.; Anklam, E.
IUPAC collaborative trial study of a method to detect genetically
modified soy beans and maize in dried powdkrAOAC Int.
1999,82, 923—928.

Masri, S. A.; Nguyen, P. T.; Gale, P. S.; Howard, C.; Jung, S.
A Polymerase Chain Reaction assay for the detection of
Leptospiraspp. in bovine semerCan. J. Vet. Resl997,61,
15—-20.

Devlin, R. H.; McNelil, B. K.; Groves, T. D. D.; Donaldson, E.
M. Isolation of Y-chromosome DNA probe capable of determin-
ing genetic sex in Chinook salmo@®fcorhynchus tshawytscha
Can. J. Fish. Aquat. Scil991,48, 1606—1612.

Received for review December 7, 2001. Revised manuscript received
March 15, 2002. Accepted March 15, 2002. This research was supported
by the Canadian Food Inspection Agency and Fisheries and Oceans
Canada.

JF011606P



