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Survival of embryos and calves derived from somatic
cell nuclear transfer in cattle: a nationwide survey

in Japan

Shinya WATANABE and Takashi NAGAI

National Institute of Livestock and Grassland Science, Tsukuba, Japan

ABSTRACT

To obtain data concerning the survival of embryos and calves derived from somatic cell nuclear transfer (SCNT) in Japan,

~ a nationwide survey was carried out in April, 2009. As a result, data concerning 3264 embryo transfers (ETs) with SCNT
embryos which produced 301 calves were accumulated and their survival was analyzed. The present survey revealed that -
survival rates of transferred bovine embryos and produced calves derived from SCNT had not improved over a decade
(1998-2007). A remarkable feature of the pregnancies with SCNT embryos was a high incidence of spontaneous abortions.
When the decade was divided by the occurrence of bovine spongiform encephalopathy (BSE) in 2001, significant decreases
in the ‘after BSE’ period (2002-2007) were observed in the percentages of calves born (P < 0.01), calves living at birth
(P < 0.05), calves living for 24 h (P < 0.05) and 6 months (P < 0.01). Abortions that occurred during 61-99 days after ETs
were significantly increased (P < 0.01) in the ‘after BSE’ period. Certain kinds of regeneration that occurred in oocytes
during the 15-20 h of storage of bovine ovaries at 10-15°C as a part of BSE inspection might have had some negative
effects on SCNT embryos when these oocytes were used as recipients of SCNT.

Key words: calf, cattle, embryo, somatic cell nuclear transfer, survival.

INTRODUCTION

Somatic cell nuclear transfer (SCNT) technology has
been considered as a promising innovatory technology
for livestock agriculture (Wells 2003, 2005; Bousquet
& Blondin 2004; Campbell etal. 2007), endangered
animal conservation (Wells 2005) and human medi-
cine (Wells 2005; Campbell et al. 2007). For the prac-
tical use of SCNT technology in livestock agriculture, a
risk assessment of the food safety of cloned animals is
required for every country or region.

The first risk assessment on the food safety of SCNT
animals was released by the Food and Drug Adminis-
tration (FDA) of the USA in January, 2008 (FDA
2008). With regard to Japan, the Food Safety Commis-
sion (FSC) of Japan issued a risk assessment report
concerning the food safety of SCNT cattle/pigs and
their progeny in July, 2009 (FSC 2009). The report of
the FSC, which was the first risk assessment report
concerning foods derived from SCNT animals and their
progeny in Asian — Australasian countries, concluded
that food products derived from SCNT cattle, pigs and
their progeny have substantial equivalence to cattle
and pigs produced by conventional assisted reproduc-
tion technologies (ARTs) such as artificial insemina-

© 2011 The Authors

Journal compilation © 2011 Japanese Society ol Animal Science

tion (AI) and embryo transfer (ET). Facing this
assessment, the Ministry of Health, Labour and
Welfare of Japan, which is in charge of food sanitation
laws, concluded that the law shall not regulate the
foods derived from SCNT animals and their progeny.
However, in August, 2009, the Ministry of Agriculture,
Forestry and Fisheries (MAFF) of Japan issued a noti-
fication demanding a continuation of the voluntary
moratorium since 1999 owing to the low efficiency of
animal SCNT and the lack of consumer acceptance
toward clones.

The notification suggests that improving the effi-
ciency of animal SCNT is required for the practical use
of the technology in livestock agriculture. Considering
its practical use, examples of large-scale ETs with SCNT
embryos would be essential as model cases of the com-
mercial use of the technology. Such examples were
undertaken in the USA (Pace eral. 2002; Panarace
etal. 2007) and Argentina (Panarace etal. 2007);
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(Email: shw@allrc.go.jp)
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however, there have been no examples in Japan.
Therefore, a nationwide survey concerning ETs with
SCNT embryos and produced calves in Japan was con-
ducted and the large-scale data that were obtained
were analyzed to clarify the status of SCNT technology
over a decade (1998-2007).

MATERIALS AND METHODS
Nationwide survey in Japan

A nationwide survey on ETs with SCNT embryos and pro-
duced calves was carried out in April, 2009. Data sheets
were sent to Japanese institutions that have produced
cloned cattle and 21 institutions submitted their data. The
data referred to 3264 ETs with SCNT embryos and 301 pro-
duced calves (as of December 31, 2007 for ETs). All ETs
with bovine SCNT embryos were carried out with one
embryo per recipient, since it has been believed that the
transfer system should be effective for giving reliel to dys-
tocia of recipients caused by large offspring syndrome
(LOS). According ‘to a press release by MAFF (htip://
www.s.aflrc.go.jp/docs/press/press.htm), the 301 cattle rep-
resent 54.6% (301/551) of all the SCNT cattle produced
during the period subject to this survey:

Data analysis

With the nationwide data, parameters concerning survival of
transferred SCNT embryos and produced calves were ana-
lyzed. Nationwide statistics of calf production using ‘multiple
ovulation and embryo transfer (MOET)’ and “in vitro produc-
tion of embryos (IVP)' collected by MAFF (MAFF data;
http://www.malff.go.jp/j/chikusan/sinko/lin/l_katiku/pdf/
h19kekka.pdf) were used for comparison of the technologi-
cal level. Statistical analysis was carried out using % test for
the parameters.

RESULTS AND DISCUSSION
Survival of SCNT embryos to term

The present survey revealed that survival of trans-
ferred bovine embryos and calves derived from SCNT
had not improved over a decade (1998-2007)
(Table 1). The survival levels of SCNT embryos and
produced calves were similar to those in other large-
scale observations in cattle (Pace ef al. 2002; Panarace
etal. 2007). When the pregnancy rates of ETs with
SCNT embryos were compared with those of MOET
/4and IVP in MAFF data, the result over the decade of
(SCNT (21.6-32.9%) was lower than those of MOET
(50-52%) and IVP (37-46%) (Fig. 1). With regard to
calving rates, the result of SCNT embryos over the
decade (5.1-12.6%) was also lower than those of
MOET (23.9-34.8%) and IVP (20.2-22.3) (Fig. 2).
These findings show that the survival rates of trans-
ferred bovine embryos and produced calves derived
from SCNT were lower than those of MOET and
IVP owing to a low pregnancy rate and a high fre-
quency of abortions. As reported elsewhere (Pace et al.”

Animal Science Journal (2011) 82, 360-365
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Table 1 Survivals of transferred bovine embryos and produced calves derived from somatic cell nuclear transfer over a decade (1998-2007)

Total

2004
337

2001 2002
403

435

2000
428

2007
3264

2006
149

2005
324

2003
411

1999
418

1998
253

No. ()[‘SCNT-]» embryos

106

transferred
No. (%) ol pregnant

28 (26.4) 827 (25.3)

40 (26.8)

96 (23.4) 111 (32.9)

87 (21.6)

111 (26.6) 100 (23.4)

62 (24.5)

77 (23.8)

115 (26.4)
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Figure 1 Pregnancy rates of transferred bovine embryos
derived from somatic cell nuclear transfer (SCNT), multiple
ovulation and embryo transfer (MOET) and in vitro
production of embryos (IVP) observed in Japan. The data
for MOET and IVP are cited from statistics collected by the
Ministry of Agriculture, Forestry and Fisheries of Japan
(http:/iwww.maff.go.jp/j/chikusan/sinko/lin/l_katiku/pdf/
h19kekka.pdf).
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Figure 2 Calving rates of transferred bovine embryos
derived from somatic cell nuclear transfer (SCNT), multiple
ovulation and embryo transfer (MOET) and in vitro
production of embryos (IVP) observed in Japan. The data
for MOET and IVP are cited from statistics collected by the
Ministry of Agriculture, Forestry and Fisheries of Japan
(http:/iwvww.maff.go.jp/j/chikusan/sinko/lin/l_katiku/pdf/
h19kekka.pdf).
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2002; Panarace etal. 2007), the abortions occurred
spontaneously in recipient cows transferred with
SCNT embryos (Table 2). It should be noted that 8.3~
27.1% of the pregnant recipient cows lost their fetuses
after 100 days of gestation. Such spontaneous abor-
tions do not occur in MOET (Sartori et al. 2006) and
IVP (Sakaguchi et al. 2002).

It has been considered that the survival of SCNT
embryos depends on the reprogramming status of
nuclear donor cells (Fairburn etal. 2002; Smith &
Murphy 2004; Niemann et a/. 2008; Oback 2009). To
obtain appropriate reprogramming status of nuclear
donor cells, studies concerning ‘modification of the
recipient oocyte’, ‘modification of the donor cells’ and
‘alternation in culture conditions for SCNT embryos’
have been carried out (Campbell et al. 2007). In the
case of Japan, such kinds of studies over the decade
led the SCNT blastocyst formation rate to more than
35% (Kato & Tsunoda 2000; Kubota ef al. 2000; Akagi
et al. 2003, 2008). Although the use of selected donor
cell lines for SCNT resulted in a 90% (9/10) calving
rate (Urakawa efal. 2004), the present nationwide
data (Table 1) suggest that SCNT embryos with unse-
lected donor cell lines would not contribute toward
improving the survival of SCNT embryos. In the
research field of ET in cattle, a strategy concerning
preparation of superior recipient cows with excellent
feeding and reproductive management has been
proposed for improving calf production efficiency
(Peterson & Lee 2003; Looney ef al. 2006). The strat-
egy might also be effective in ETs with SCNT
embryos.

Survival of calves

The present survey revealed that transferred-embryo-
based survival rates of calves derived from SCNT
embryos were also not improved over the decade. The
variations in survival rates for calves at birth, 24 h and
6 months after birth were 4.6-11.0%, 3.4-9.1% and
2.2-7.5%, respectively (Table 1). The survival level of
SCNT calves in this survey was similar to those of other
large-scale observations in cattle (Pace eral. 2002;
Panarace et al. 2007). The calf loss observed in SCNT
was due to high incidences of stillbirth, neonatal death
and fatal diseases (Watanabe & Nagai 2009). To
improve the survival of SCNT calves, care throughout
the perinatal period from the viewpoints of nutrition
and reproduction would be effective (FDA 2008). At
the time of parturition, hormone treatment and/or
operation of Caesarean section have been used fre-
quently as effective moves to counter LOS (Kubota
etal. 2000). With regard to newborn care, veterinary
treatments such as artificial respiration, fluid replace-
ment therapy and artificial feeding would improve
survival rate and growth performance: a manual
is available in Japanese for the types of care
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listed here (http://nilgs.naro.affrc.go.jp/pub/report/

oo no
00 OO —
L 2323 report_No08.pdf).
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Table 3 Survival of transferred bovine embryos and produced calves derived from somatic cell nuclear transfer (SCNT) in two
periods divided by the occurrence of bovine spongiform encephalopathy (BSE) in 2001

No.

No.

Before BSE After BSE Total
(1998-2000) (2002—2007)
No. of SCNT embryos transferred 1099 1730 2829
No. (%) of pregnant recipientst 273 (24.8) 439 (25.4) 712 (25.2)
(%) of calves born 212 (19.3) 135 (7.8)** 256 (9.0)
No. (%) of calves living at birth 106 (9.6) 122 (7.1)* 228 (8.1)
(%) of calves living 24 h 86 (7.8) 100 (5.8)* 186 (6.6)
No. (%) of calved slaughtered for research within 4 (0.4) 5 (0.3) 9 (0.3)
6 months after birth
No. (%) of calves living at 6 months 66 (6.0) 57 (3.3)** 123 (4.3)

*P < 0.05, **P < 0.01 (by x? test). +Pregnancies were diagnosed by ultrasonography around 30 days of pregnancy.

Table 4 Fate of pregnancies of recipient cows carrying embryos derived from somatic cell nuclear transfer (SCNT) in two
periods divided by the occurrence of bovine spongiform encephalopathy (BSE) in 2001

Before BSE After BSE Total
(1998-2000) (2002-2007)
No. of pregnant recipientst. 232 393 625
No. (%) of abortions <60 days 34 (14.7) 79 (20.1) 113 (18.1)
61-99 days 28 (12.1) 107 (27.2)** 135 (21.6)
>100 days 49 (21.1) 2 (18.3) 121 (19.4)
No. (%) of recipients calved 121 (52.2) 135 (34.4)** 256 (41.0)

*P < 0.05, **P <0.01 (by x? test). +Of all pregnant recipients, cows for which abortion times were unknown were excluded. Pregnancies

were diagnosed by ultrasonography around 30 days of pregnancy.
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Study on Evaluation of Social Acceptability of Genetically Modified Foods Based on WTP

ORAEMH*, MEIAETF*, BILETF, HEAETF o,
WSS, MRBEAY, SRAP

Naoya Obana, Makiko Matsuo, Hanako Hatakeyama, Kumiko Ogoshi,
Miki Hamada, Keita Uehara and Tomoaki Imamura

Abstract.

This study intends to evaluate social acceptability of genetically

modified (GM) foods from the two points of view “differences in
acceptability by type of GM food (e.g. plant-based, animal-based, etc.)” and
“differences in acceptability by GM characteristics (e.g. herbicide tolerance,

high nutrient, etc.)”. Surveys by web-based questionnaire led to the following

conclusions. We recognized differences in consumer acceptability by food
article. According to willingness to pay (WTP) for GM foods, consumer
acceptability is lower than market valuation. And we also recognized
differences in acceptability by GM characteristics.

Key Words: GM food, public acceptance, WTP, risk communication
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During the fall of 2009, a trace of unauthorized genetically
modified (GM) flax (Linum usitatissimum 1.) line, CDC Triffid,
which is resistant to sulfonylurea herbicides, was detected in
many countries including Japan. A method to reliably identify
the CDC Triffid line was urgently required. We developed a
novel construct-specific real-time polymerase chain reaction
(PCR) method to identify the mutant acetolactate synthase gene
in the CDC Triffid line. We confirmed that the method can de-
tect 0.001% GM flax in DNA mixing solution. The study shows
that the developed method is specific, sensitive and reliable way
to monitor a trace of CDC Triffid. -

Key words genetically modified organism; flax; polymerase chain reac-
tion; genomic DNA

Linum usitatissimum L., commonly known as flax, is an
important oilseed crop that provides diversity in crop rota-
tions in Canada. Because some sulfonylurea herbicides are
very persistent in soil, the choice of crops for use in rotations
is limited." To address this problem, McHughen developed a
sulfonylurea-resistant flax line by introducing acetolactate
synthase (ALS) gene cloned from Arabidopsis thaliana using
Agrobacterium-based transformation.”™ The 5.8-kb ALS
gene construct contains the ALS gene and its flanking re-
gions. The coding sequence of the gene is modified by a sin-
gle cytosine-to-thymine substitution at the 589th nucleotide,
which results in reduced affinity for sulfonylurea herbi-
cides.” As well as the ALS gene, the construct also
contains a neomycin phosphotransferase I gene (nptll), a
spectinomycin/streptomycin resistance gene (Spec), a S-lac-
tamase gene (bla), and the nopaline synthase gene (NOS).
Expression of the resulting sulfonylurea herbicides resistance
trait was subsequently demonstrated in progeny, and the
transgenic line was designated CDC Triffid (FP967).9

After safety assessment by the Canadian Government, the

CDC Triffid line was authorized for food and feed use in

Canada. It was also approved for food and feed use in the
United States in 1998. However, this line has not been
approved for use in food and feed in any other countries.

On September 8, 2009, Germany posted a notification on
an internal EU system (Rapid Alert System for Food and
Feed-RASFF) that a trace of the unauthorized genetically
modified (GM) line CDC Triffid was detected in a Canadian
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shipment, following reports from other European countries.
Japan and the EU have a policy of zero tolerance for unau-
thorized GM crops>®; therefore, a method to specifically de-
tect the CDC Triffid line, the only cultivated GM flax, was
urgently required. The Joint Research Centre (JRC) of the
EU detected the CDC Triffid line using a construct-specific
method, which was based on detection of the region between
NOS terminator (NOST) and Spec in CDC Triffid
(http://gmo-crl.jrc.ec.europa.ev/flax.htm). However, an addi-
tional method is required to unequivocally confirm the CDC
Triffid line, because other unauthorized GM crops may con-
tain constructs with similar NOST-Spec regions. In the pres-
ent study,” we developed a specific, sensitive and reliable
method based on the ALS gene of 4. thaliana to qualitatively
detect CDC Triffid.

MATERIALS AND METHODS

Flaxseed Materials Non-GM flaxseed (Senbirishu; JP
No. 31750, Stock No. 35490) was purchased from the NIAS
Genebank of Japan. Flax grains (Sample 4) imported from
Canada, which were suspected to be contaminated with CDC
Triffid based on testing results, were purchased online. Seeds
of CDC Triffid were kindly provided from Mr. Michael

“Scheffel, National Manager of Seed Section in Canadian

Food Inspection Agency.

Purification of DNA Flaxseeds were ground using a
mixing mill. DNA was extracted and purified from a portion
(0.5g) of the ground sample, using an ion-exchange resin-
type DNA extraction and purification kit (Genomic-tip; QIA-
GEN, Hilden, Germany) as follows: G2 buffer (7.5 ml) and
o-amylase (20 ul) were added to the sample and mixed thor-
oughly with a vortex mixer. The mixture was incubated at
37°C for 1 h before addition of 7.5ml G2 buffer, 200 ul Pro-
teinase K, and 20 ul RNase A. The mixture was vortexed and
incubated at 50°C for 1h. During incubation, the samples
were mixed several times by inverting the tubes. The samples
were then centrifuged at 5000Xg at 4 °C for 15 min. The su-
pernatant was divided into 2ml aliquots and centrifuged in
polypropylene centrifuge tubes at 20000Xg at 4°C for
15min. The supernatant was applied to a Genomic-tip 20/G
column (QIAGEN) pre-equilibrated with 1 ml QBT buffer.
The tip was washed three times with 2ml QC buffer and
transferred to a fresh centrifuge tube, and 1 ml pre-warmed
QF buffer (50 °C) was added to elute DNA. The DNA sam-
ple was transferred to a centrifuge tube, an equal volume of
isopropyl alcohol was added, and the sample was mixed thor-
oughly. DNA was collected by centrifugation at 12000 Xg for
15min. The pellet was rinsed with 1ml 70% (v/v) ethanol
and centrifuged at 12000Xg for 3 min. The supernatant was
discarded and the precipitate was dried with an aspirator. The
DNA was dissolved in 50 1l water for use in analyses. The
DNA was quantified by measuring UV absorption at 260 nm
using an ND-1000 spectrophotometer (NanoDrop Technolo-

" gies Inc., DE, US.A.). :

Polymerase Chain Reaction (PCR) Each PCR reaction
mixture (25 ul) contained 2.5 ul 10XPCR buffer II (Applied
Biosystems, CA, U.S.A.), 0.16 mm dNTP, (Applied Biosys-
tems), 1.5 mimol/l MgCl,, 1.2 umol/l 5" and 3’ primers, 0.8 U
AmpliTag Gold (Applied Biosystems) and 10ng template

© 2010 Phanﬂaceutical Society of Japan

- 223 -



March 2010

DNA. The PCR conditions were as follows: 95 °C for 10 min,
followed by 50 cycles of denaturation at 98°C for 10s,
annealing at 58 °C for 30 s, extension at 72 °C for 60, and ter-
minal elongation at 72°C for 7min. PCRs were carried out
using the GeneAmp PCR System 9700 (Applied Biosystems).

To determine the nucleotide sequence of the transgenic
construct harbored in the CDC Triffid line, DNA fragments
were amplified by PCR using the following primer set: als3F
primer, 5'-CAA GCC TTA ACC CGC TCT TC-3’, and
als3R primer, 5'-TCG TAA TCG AAC GCG TTA CC-3'.
After PCR, amplified products were analyzed by elec-
trophoresis on agarose gels.

DNA Sequencing PCR-amplified DNA fragments were
extracted from agarose gels and purified using a QIAquick
PCR purification kit (QIAGEN). DNA fragments were di-
rectly sequenced from both strands using forward and reverse
primers with an ABI PRISM 3700 DNA analyzer and the
Terminator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems), according to the manufacturer’s instructions. Nu-
cleotide sequences were analyzed using Lasergene ver. 7.0
software (DNASTAR Inc., W1, US.A.).

Real-Time PCR Real-time PCR assays were performed
using an ABI PRISM™ 7900 Sequence Detection System
(Applied Biosystems). The 25 ul reaction mixture consisted
of 2.5 ul sample DNA solution (25ng), 12.5 il Universal
Master Mix® (Applied Biosystems), 0.8 um each primer, and
0.1 um probe. The PCR conditions were as follows: 2 min at
50°C, 95°C for 10min followed by 45 cycles of 155 at
95°C and 1 min at 60 °C. The A. thaliana-derived ALS gene
with the single substitution mutation was detected using the
following primers: AtALSc870t MGB F, 5'-TGC GTT GTT
AGA TAG TGT TCC TCT TG-3', and AtALSc870t MGB R,
5'-CGC ATC TGT ACC AAT CAT ACG AC-3', and the
probe sequence was AtALSc870t MGB, 5'-FAM-CAG GAC
AAG TCT CTC-MGB-3'. The primers and probe used to de-
tect the NOST-Spec region of CDC Triffid were designed on
the basis of information provided by JRC (http://ec.europa.
ew/dgs/jrc/index.cfm). The primers were as follows: NOST-
Spec F, 5'-AGC GCG CAA ACT AGG ATA AA-3'; NOST-
Spec R, 5'-ACC TTC CGG CTC GAT GTC TA-3'; and the

|
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NOST-Spec probe sequence was 5'-FAM-CGC GCG CGG
TGT CAT CTA TG-BHQI-3'. The primers and probe used
to detect the flax internal control gene, stearoyl-ACP desat- -
urase I (SAD; GenBank no.: X70962.1), were as follows:
SAD F, 5'-GCT CAA CCC AGT CAC CAC CT-3'; SAD R,
5'-TGC GAG GAG ATC TGG AGG AG-3'; SAD probe, 5'-
FAM-TGT TGA GGG AGC GTG TTG AAG GGA-BHQI-
3’. All primers and probes were diluted with an appropriate
volume of distilled water, and stored at —20 °C until use. Re-
sults were analyzed using SDS 2.1 sequence detection soft-
ware on the ABI PRISM™ 7900 Sequence Detection System
(Applied Biosystems).

Real-Time PCR Data Analysis Typically, the baseline
was set to cycles 3 through 15. The ARn threshold for plot-
ting Ct values was set to 0.2—0.5 during exponential ampli-
fication. Reactions with a Ct value of less than 43 and expo-
nential amplification plots were scored as positive. If a Ct
value could not be obtained, the reaction was scored as nega-
tive. Reactions with a Ct value of less than 43, but without
exponential amplification as judged by visual inspection of
the respective ARn plots and multicomponent plots were
scored as negative.

RESULTS AND DISCUSSION

Identification of the Mutated ALS Gene in Flax DNA
To detect the ALS sequence derived from 4. thaliana (Gen-
Bank no: AY124092.1) in samples of flaxseeds, we used ge-
nomic DNAs purified from CDC Triffid seed and Sample 4
as templates for the PCR reaction (Fig. 1). The primers were
designed to amplify the mutant ALS containing a single nu-
cleotide substitution that results in a proline-to-serine substi-
tution in the mature enzyme. This amino acid substitution re-
sults in reduced affinity for chlorsulfuron.” Electrophoresis
of the PCR products showed that a single 277 bp band was
specifically detected in CDC Triffid, whereas the band was
not detected in non-GM (Senbirishu) samples (Fig. 1A). Di-
rect sequence analysis of the amplified product showed the
position of the specific mutation in the inserted ALS se-
quence, which was originally derived from 4. thaliana (Fig.

il
Il

R

U)ﬁl.

Fig. 1. Identification of Mutant ALS Gene in CDC Triffid

Wild-type

Sample 4

Pro
..A CAA GTC CCT CGT CG...

l

*
Mutant A CAA GTC TCT CGT CG...

Ser

I3
(A) Agarose gel electrophoresis of the PCR-amplificd product using als3F/R primers, M: 100-bp DNA ladder marker, 1; non-template control, 2; non-GM flax (Scnbirishu). 3;
Flax sample contaminated with CDC Triffid (Sample 4), 4; CDC Triffid linc as template (B) Sequence of PCR product, Asterisk indicates position of mutation.
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Fig. 2. Amplification Plots of Real-Time PCR Analysis for Construct-Specific Detection of CDC Triffid

Real-time PCR analyses were performed using primers and probes designed from mutant ALS in CDC Triffid (A), from NOST-Spece construct (B). and from internal control.
SAD (C). PCR amplifications were conducted using 25 ng genomic DNA purified from cach product as template. Ct values of non-GM flaxsced. CDC Triffid sced. and Sample 4
were negative. 20.34 and 34.26, respectively. in mutant ALS gene analysis (A): negative, 21.20 and 34.97. respectively. in NOST-Spee construct analysis (B): and 22.06. 21.98 and
23.74. respectively. in SAD gene analysis (C). Threshold value was set at 0.20. Sequences of amplicons for A, B and C are shown under their respective amplification curves.

1B). Sample 4 showed an identical band to that of CDC Trif-
fid seed, confirming that this grain batch is contaminated
with transgenic material.

Construct-Specific ldentification of the CDC Triffid
ALS Gene We designed primer-probe sets to detect the
recombinant ALS gene sequence in a real-time PCR assay.
The primers/probes were designed on the basis of the partial
sequence described above (sequences of primers/probes are
given in Materils and Methods: amplicon sequence is shown in
Fig. 2A). Two primer—probe sets were used to identify the
construct-specific CDC Triffid line in the real-time PCR
assay. One primer-probe set detects the recombinant ALS se-
quence containing a single nucleotide substitution in the
CDC Triffid construct (Fig. 2A). The other set, which was
designed by JRC, detects the NOST-Spec region as the spe-
cific target for CDC Triffid. Figure 2 shows amplification
plots with both primer-probe sets using genomic DNA from
non-GM flax, CDC Triffid seed, and Sample 4. The ampli-
cons derived from CDC Triffid seed and the Sample 4 con-
sisted of 73bp of ALS (Fig. 2A) and 105 bp of NOST-Spec
(Fig. 2B), whereas those target sequences were not detected
in the non-GM flax. The internal control, SAD (target size,
68 bp), was detected in all samples (Fig. 2C).” None of the
primer-probe sets showed non-specific amplification using
template genomic DNA derived from non-GM maize, rice,
soybean or canola (data not shown). The limit of detection
(LOD) in the real-time PCR methods were examined by di-
luting template genomic DNA purified from CDC Triffid
with that of non-GM flax. The LODs of the both methods
using ALS and NOST-spec primer-probe sets were found to
be 0.001% GM flax in 25 ng DNA mixing solution (data not
shown).

In the present study, we identified the region in the mu-
tated ALS sequence that was originally derived from 4.
thaliana in CDC Triffid seed, and developed a specific and
sensitive real-time PCR detection method targeting this se-
quence. The method is a simple and reliable assay for moni-
toring a trace of CDC Triffid, as detected in Sample 4. Fur-
ther studies are required to determine the LOD of CDC Trif-
fid in flax sample quantitatively, and to determine whether
the method can also be used to detect CDC Triffid in
processed food or feed containing flax or flax derivatives.
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Unauthorized genetically modified (GM) papaya (Carica pa-
paya Lixxagus) was detected in a commercially processed prod-
uct, which included papaya as a major ingredient, in Japan. We
identified the transgenic vector construct generated based on re-
sistance to infection with the papaya ringspot virus (PRSV) YK
strain. A specific detection method to qualitatively monitor pa-
paya products for contamination with the GM papaya was de-
veloped using the real-time polymerase chain reaction.

Key words genctically modificd organism: papaya; polymcrasc chain
reaction: genomic DNA

Papaya (Carica papaya LINNAEUS) is an important fruit
crop in tropical and subtropical areas." Infection with the pa-
paya ringspot virus (PRSV) causes disastrous damage to pa-
paya harvests.” In response to this problem, genetically mod-
ified (GM) papayas have been developed in various places,
such as Hawaii, Florida, China, Jamaica, Taiwan, Thailand,
Australia, Malaysia, Philippines and Vietnam.”

Japan has announced a mandatory safety assessment of
GM foods and processed foods containing GM ingredients,
and the importation of any unauthorized GM foods to Japan
has been prohibited since April 1, 2001. Therefore, the estab-
lishment of qualitative detection methods for unauthorized
GM foods was required for monitoring purposes. We previ-
ously developed and reported qualitative detection methods
for various GM crops, such as potato,™ maize,”® rice,”
and flax,'” using polymerase chain reaction (PCR) methods.
In the case of papaya, we established a qualitative detection
method for GM papaya (Line 55-1), which was the first com-
mercialized PRSV-resistant GM papaya developed in Hawaii,
using a PCR test and a histochemical assay.'"~'" A safety as-
sessment for Line 55-1 by the Food Safety Commission of
Japan was finished in 2009."" Since Japan imports many pa-
payas from Southeast Asia, we are required, in Japan, to
monitor commercially processed products that include pa-
paya as a major ingredient for contamination with other
unauthorized GM papayas generated in the region.

GM papayas carry the transgenic vector construct gener-
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ated based on resistance to PRSV infection by expressing the
PRSV’s coat protein (CP) gene. Since the other unauthorized
GM papayas developed may differ in the transgenic vector
construct of the authorized GM papaya (Line 55-1), we de-
veloped a method for detecting contamination with unautho-
rized GM papaya. In the present study, we found the unau-
thorized GM papaya, PRSV-YK, in processed products con-
taining papaya as a major ingredient, papaya-leaf-tea, pickles
and jam, and developed a method for the detection of PRSV-
YK using the real-time PCR.

MATERIALS AND METHODS

Papaya Samples Papaya products were purchased
through the internet in Japan. Hawaiian non-GM papaya
(Sunset) fruit was purchased from a Japanese trade agency
via the Hawaii Papaya Industry Association through the Con-
sumer Affairs Agency, Government of Japan.

Purification of DNA Dried papaya leaves in papaya-
leaf-tea, papayas in pickles and Sunset sarcocarp were
ground using a mixing mill. Papaya jam was used for purifi-
cation of DNA without grinding. DNA was extracted and pu-
rified from 2 g of the samples using an ion-exchange resin-
type DNA extraction and purification kit (Genomic-tip; QIA-
GEN, Hilden, Germany) as follows: 30 ml Buffer G2 (QIA-
GEN), 20 ul 100 mg/ml RNase (QIAGEN) and 500 ul cellu-
lase (Sigma-Aldrich, St. Louis, MO, U.S.A.) were added to
the sample and vortexed thoroughly. then incubated at 50 °C
for 1 h. The mixture was incubated at 50 °C for another 1h
after the addition of 200 ul Proteinase K (QIAGEN). During
the incubation, the samples were mixed several times by in-
verting the tubes. The samples were then centrifuged at
3000Xg at 4 °C for 20 min. The supernatant was applied to a
Genomic-tip 100/G column (QIAGEN), which was pre-
equilibrated with 4 ml Buffer QBT (QIAGEN). The tip was
washed three times with 7.5 ml Buffer QC (QIAGEN) and
transferred to a fresh centrifuge tube, and 3 ml pre-warmed
Buffer QF (QIAGEN) (50°C) was added to elute the DNA.
The DNA sample was transferred to a centrifuge tube, an
equal volume of isopropyl alcohol was added, and the sample
was mixed thoroughly. DNA was collected by centrifugation
at 12000Xg for 15 min. The pellet was rinsed with 1 ml 70%
(v/v) ethanol and centrifuged at 12000Xg for 3 min. The su-
pernatant was discarded and the precipitate was dried. The
DNA was dissolved in 20 ul water for use in analyses. The
DNA was quantified by measuring UV absorption at 260 nm
using a ND-1000 spectrophotometer (NanoDrop Technolo-
gies Inc., Wilmington, DE. US.A.).

PCR Each PCR reaction mixture (25ul) contained
2.5 ul T0XPCR buffer 1l (Life Technologies, Carlsbad, CA.
U.S.A.), 0.16 mm of each deoxyribonucleotide triphosphate
(dNTP) (Life Technologies), 1.5mm MgCl,, 1.2 um forward
and reverse primers, 0.8 U AmpliTaq Gold (Life Technolo-
gies) and 25 ng template DNA. The PCR conditions were as
follows: 95 °C for 10 min, followed by 50 cycles of denatura-
tion at 98 °C for 10's, annealing at 58 °C for 30s, extension at
72°C for 60s and terminal elongation at 72°C for 7min.
PCRs were carried out using the GeneAmp PCR System
9700 (Life Technologies). To determine the nucleotide se-
quence of the transgenic vector construct harbored in GM
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