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Summary 

 
The safety of “foods derived from cloned cattle and pigs produced by somatic cell nuclear 
transfer (SCNT) (hereinafter, referred as SCNT cloned cattle and pigs) and their offspring” 
was assessed on the basis of data and published scientific papers submitted by the Ministry of 
Health, Labour and Welfare. 
Cloning by SCNT is a technique in which a somatic cell or a nucleus of a somatic cell is 
transferred into an enucleated ooplast by direct injection and electrofusion, and the obtained 
(reconstructed) embryo is transferred to a surrogate dam to produce a bovine clone.  In the 
risk assessment for the foods from the clones and their offspring, it was basically evaluated, on 
the basis of the current scientific findings, whether foods derived from SCNT cloned cattle and 
pigs and their offspring have equivalent safety as those derived from cattle and pigs produced 
by the conventional assisted reproduction technology (ARTs: e.g., article insemination). 
In SCNT cloned cattle and pigs have indicated increase mortality observed during the perinatal 
period compared with those produced by h the conventional ARTs.  In SCNT cloned cattle, 
the mortality rate tended to be higher in juvenile period.  However, this higher mortality rate 
may be attributed to the lost of their totipotency of reconstructed embryo made using a somatic 
cell, and their causes of death have been found in the conventional ARTs.  Although 
physiological parameter values in the clones in perinatal and juvenile period differed from 
those in cattle and pigs produced by the conventional ARTs, these differences decreased with 
growth and the clones became healthy. 
There was no difference in the health profiles between the offspring of SCNT cloned cattle and 
pigs and those produced by the conventional ARTs. 
These findings showed that SCNT cloned cattle and pigs and their offspring, which can be 
edible animal products, did not show any difference in health profile when compared with 
cattle and pigs produced by the conventional ARTs. 
 
The abnormalities found in SCNT cloned cattle and pigs during the perinatal and juvenile 
periods were considered to result mainly from the normal development and differentiation due 
to normal epigenetic modification in the clones. 
 
Since the DNA sequence in the nucleus of the donor animal is theoretically identical to that of 
SCNT cloned cattle and pigs, any new biomolecules that do not exist in donor animals or 
cattle and pigs produced by the conventional ARTs cannot be produced in the clones. 
There were no differences associated with food safety hazards in nutrient components, or the 
results of studies, including micronucleus test, subchronic/chronic toxicity study in rats and 
mice and allergenicity test, between meat and milk from SCNT cloned cattle and pigs and their 
offspring and those from cattle and pigs produced by the conventional ARTs. 
Although no detailed data have been obtained on foods other than meat or milk from the 
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clones, any new biomolecules are not produced in SCNT cloned cattle and pigs as stated above, 
and there were no differences associated with food safety hazards in milk and meat from 
SCNT cloned cattle and pigs and their offspring and those from conventionally bred cattle and 
pigs.  Considering these findings, foods other than meat and milk derived from SCNT cloned 
cattle and pigs and their offspring would not differ in safety from those from cattle and pigs 
produced by the conventional ARTs. 
 
The risk assessment based on current scientific findings showed that foods derived from 
SCNT cloned cattle and pigs and their offspring would have equivalent safety as those derived 
from cattle and pigs produced by the conventional ARTs. 
Since SCNT is a new technique, it is necessary to continue collecting data on the safety of 
foods derived from SCNT cloned cattle and pigs in the risk management institution. 
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I. Introduction 
1. Background 

Since the birth of “Dolly”, a sheep produced by somatic cell nuclear transfer (SCNT), in the 
U.K. in 1996, studies in various animals such as cattle, goats, and pigs have been carried out 
and many SCNT animal clones have already been born.  In Japan, the first cloned calf in 
the world was successfully produced from a somatic cell of an adult animal in 1998; 
subsequently, many SCNT cloned cattle and pigshave been produced. 
In Japan, the safety of foods from SCNT cloned cattle has been investigated and evaluated 
in studies such as scientific studies of ‘the Ministry of Health, Labour and Welfare’ 
(MHLW), and the profiles of products from the SCNT cloned cattle have been studied such 
as a ‘Research project for utilizing advanced technologies in agriculture, forestry and 
fisheries’.  The safety of foods from SCNT cloned livestock and their offspring has been 
assessed by the U.S. Food and Drug Administration (FDA) and the European Food Safety 
Authority (EFSA). 
Because data on the safety of foods from SCNT cloned livestock in Japan and other 
countries have been accumulated, and the collection of related articles have been conducted, 
MHLW requested the Food Safety Commission to assess the safety of foods derived from 
cattle and pigs produced by SCNT (hereinafter, referred as SCNT cloned cattle and pigs) 
and their offspring, on the basis of the rules specified in Paragraph 3, Article 24 of the Food 
Safety Basic Law (No. 48, 2003). 

 
2. Outline of the Foods for Risk Assessment 

The target foods requested by MHLW to evaluate the food safety are those derived from 
SCNT cloned cattle and pigs and their offspring. 
The cloning with SCNT will be described later.  Progeny of SCNT cloned cattle and pigs 
are animals bred from SCNT cloned cattle and pigs via fertilization and offspring born from 
them via fertilization. 

 
3. Outline of Data on Safety 

The safety of the foods were assessed on the basis of findings on the safety of foods from 
livestock produced by SCNT in Japan and other countries and the published scientific 
papers, which were collected by MHLW. 
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II. Concept of Food Safety Assessment 
1. Basic concept 

The basic concept of assessment for foods from SCNT cloned cattle and pigs and their 
offspring was to evaluate whether these foods have equivalent safety when compared to 
those obtained from cattle and pigs produced by the conventional assisted reproduction 
technology (ARTs: e.g., artificial insemination). 
In other words, on the basis of current scientific data, we assessed whether any 
elements/factors potentially harmful to human health could be added to the health profile of 
grown SCNT cloned cattle and pigs and their offspring when compared with those produced 
by the conventional ARTs and whether foods from SCNT cloned cattle and pigs could have 
any additional elements/factors potentially harmful to human health when compared with 
those from cattle and pigs produced by the conventional ARTs. 
The food safety assessment would be conducted in an objective, neutral, and fair manner, 
and no discussions on environmental effects and problems on ethic, morals, social economy, 
etc. would be performed. 

 
2. Risk assessment of animal health of SCNT cloned cattle and pigs (Chapters III to V) 

The effects of cloning with SCNT on individual animals were examined according to 
developmental stages to evaluate whether SCNT cloned cattle and pigs and their offspring 
are healthy equivalent to animals produced by the conventional ARTs.  The risk assessment 
was conducted considering the possibility of supplying the clones at each developmental 
stage as foods. 

 
3. Risk assessment of foods derived from cattle and pigs produced by SCNT (Chapter VI) 

On the basis of the risk assessment in 2, we assessed whether there are any differences in 
safety between foods from SCNT cloned cattle and pigs and their offspring and those from 
cattle and pigs produced by the conventional ARTs.  Data used for the assessment as 
reference included comparison data on nutrients between foods from SCNT cloned cattle 
and pigs and their offspring and those from cattle and pigs produced by the conventional 
ARTs. 
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III. Outline of ARTs in Livestock 
1. Major ARTs 

In Japan, techniques for livestock reproduction have been advanced from the start of 
development to the present time with the aims of effectively breeding individuals or strains 
with good genetic characters and stably supplying animal proteins in Japan.  Particularly in 
Japan where we have to effectively utilize limited resources and lands, various studies and 
technological developments have been actively conducted since the end of the Second 
World War. 
With the development of techniques for livestock reproduction, the consolidation of the 
legal system has been promoted, such as the enactment/revision of the relevant laws (Act on 
Improvement and Increased Production of Livestock [No.209, 1950]). 
The current major ARTs applied in livestock, particularly cattle are as follows. 

 
1) Artificial insemination 

Artificial insemination (AI) is a technique in which sperm with a good genetic character 
is artificially injected into the reproductive tract of a healthy female animal in a state of 
estrus to produce offspring.  Currently, AI with frozen sperm is performed in almost 
100% of cows bred in Japan.  However, it is impossible to control the sex and ability of 
offspring by this technique. 
In Japan, the number of AIs in Holstein cows (dairy breed) with frozen sperm of Japanese 
Black bulls (beef breed) accounts for 30% of the total number of AIs in cattle (the 
statistics obtained from the Domestic Animal Inseminator Association of Japan from 
January to March 2008, national average).  Cattle bred by this method (F1; first filial 
generation) are mainly used for meat. 

 
2) Transplantation of in vivo fertilized egg 

Transplantation of in vivo fertilized eggs (Embryo Transfer: ET) is a technique in which a 
female animal, superovulated by injection of hormone preparations such as 
follicle-stimulating hormone, is artificially inseminated; the fertilized egg (embryo) is 
harvested by perfusing the washed solution of the reproductive tract, and another female 
animal (e.g., embryo recipient cow or egg recipient cow) gets pregnant by transferring the 
embryo into the reproductive tract to produce offspring.  Unlike AI, in this technique, 
the traits can be improved both in male and female animals, but the genetic improvement 
rate is greatly inferior to that of AI (the efficiency is affected by the number of 
transplantable embryos collected per egg harvest).  In addition, it is impossible to 
control the sex of offspring with the ET alone. 
The 2005 statistics in Japan show that 16,155 of cattle offspring (about 0.6% of the total) 
were produced with the ET (Ref. 1).  In the developmental stage, when the embryo is 
surrounded by the pellucid zone, the proper washing of the embryo enables a reduction in 
the number of pathogenic microorganisms on the surface of the embryo to the level where 

 9



 

embryo recipient cows and offspring are not infected, as well as the blocking of infectious 
disease transmission.  Such characters cannot be obtained in AI using a sperm. 

 
3) Transplantation of in vitro fertilized egg 

Transplantation of in vitro fertilized egg is a technique in which an intrafollicular egg 
removed by aspiration from the ovary is in vitro matured and then subjected to in vitro 
fertilization (IVF) and in vitro culture, and an embryo recipient cow gets pregnant by 
injecting the normally grown embryo into the reproductive tract to produce offspring.  
This technique contributes to the advances and improvements in in vitro fertilized egg 
culture techniques and is the foundation for SCNT cloning to be developed subsequently. 
The 2005 statistics in Japan show that 2,308 of cattle offspring (about 0.08% of the total) 
were produced with this technique (Ref. 1). 

 
2. Cloning techniques 

The cloning techniques used for breeding of livestock such as cattle are based on the nuclear 
transfer techniques, including cell fusion technique, can produce several embryos and 
individuals genetically identical to the donor embryo or animal providing a cell (containing 
a 2n nucleus) and are classified into 2 groups: fertilized egg cloning using a blastomere cell 
and SCNT using a somatic cell. 
In order to produce a SCNT cloned animal, an egg that was previously aspirated from the 
ovarian follicle is cultured until mature and enucleated; a somatic cell or a nucleus of a 
somatic cell (e.g., skin cells, muscle cells, fallopian tube epithelial cells of a nucleus donor 
animal) is then transferred to the perivitelline space of the enucleated mature egg and fused 
using electrical stimulation.  The embryo recipient cow gets pregnant by transferring the 
obtained reconstructed embryo into the reproductive tract to produce a SCNT cloned 
animal. 
In a SCNT cloned animal, good genotypes of the cell donor animal are inherited and the sex 
of the clone is naturally identical to the donor.  Since cells maintained in the cell culture 
system are used, it is theoretically possible to produce an endless number of genetically 
identical clones.  Since differentiated somatic cells are used in the production of SCNT 
cloned animals, the reconstructed embryo requires nuclear reprogramming to acquire 
totipotency; the acquisition of totipotency would be an important requirement in the normal 
embryonic development and normal clone production.  The success rate of SCNT cloned 
animal production could be affected by the origins of donor or recipient cells, cell culture 
methods, and nuclear transfer methods, etc. 

 
SCNT was developed on the basis of the conventional ARTs for livestock such as AI, ET 
and IVF and is an extension of the conventional ARTs for livestock. 
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Figure 1. Production of SCNT cattle clone  
 
 
3. Number and Efficiency of SCNT cloned animals 

Since the birth of a SCNT cloned sheep “Dolly” in the U.K. in 1996, studies in various 
animals such as cattle, mice, goats, pigs, and rabbits have been carried out and many SCNT 
cloned animals have already been produced. 
In Japan, against the background that various studies (e.g., studies on implantation of 
fertilized egg in cattle, IVF, and nuclear transfer using an early embryo (cloning by splitting 
a fertilized egg)) were performed with a high technological level in the world, studies have 
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been conducted mainly in cattle and the first SCNT cloned calf was successfully produced 
using an adult somatic cell in the world in 1998 (Ref. 2).  The published data from MAFF 
show that the cumulative total number of live births of SCNT cloned animals and the 
cumulative total number of clones under breeding/study as of September 30, 2008 in Japan 
are 557 and 82 for cattle; and 335 and 35 for pigs, respectively. 
In the U.S., the numbers of SCNT cloned cattle and pigs are estimated to be about 570 and 
10, respectively.  In the EU countries, the estimated number of SCNT cloned cattle is about 
100, and the number of SCNT cloned pigs is estimated to be smaller than that of the cloned 
cattle.  In other countries, including Argentina, Australia, China, and New Zealand, SCNT 
cloned livestock have been created (Ref. 3). 

 
Although the overall rate of successful production of SCNT cloned livestock is lower than 
that of livestock produced by the conventional ARTs, it could vary according to animal 
species.  In the study on the production rate of SCNT cloned cattle, 317 clones (9%) were 
born from 3,374 SCNT cloned embryos that were implanted into cows, 278 (8%) survived 
24 h after birth and 225 (7%) survived 150 days or longer after birth (Ref. 4). 
While a study reported that the success rate of SCNT in pigs was 5%, another study 
reported that the highest success rate was 17% (10 clones were obtained from 58 implanted 
embryos) (Ref. 5). 
Abortion, fetal death, and large offspring syndrome (LOS) that were seen with other ARTs 
(e.g., AI, transplantation of fertilized egg) occurred with a higher frequency in SCNT cloned 
livestock when compared with animals produced by other ARTs.  The study report on 
SCNT cloned cattle produced in Japan from the relevant institution shows that the rate of 
fetal death and died shortly after birth is 6.5% of cattle produced with the conventional 
ARTs and 30.8% of SCNT cloned cattle (Ref. 6). 
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IV. Cattle and pig clones produced by SCNT and their offspring 
1. Cattle and pig clones produced by SCNT 

The health profiles of SCNT cloned cattle and pigs were compared with those of cattle and 
pigs produced by the conventional ARTs according to the following developmental stages. 
• Cell fusion - gestation (fetal growth) 
• Perinatal period (before and after birth) 
• Juvenile period 
• Maturation and aging period after puberty (including reproduction) 

 
Foods from animals in a stable health status are generally considered suitable for 
consumption by humans (Ref. 7), and we assessed whether cattle and pigs produced by 
SCNT that can be used as food have identical health profiles to those of cattle and pigs 
produced by the conventional ARTs. 
Since the period at each developmental stage was not clearly defined in the zootechnical 
field, the developmental stages were classified in this assessment as follows: the period 
from nuclear transfer to the start of labor “cell fusion − gestation (fetal growth)”; a duration 
from the start of labor to about 1 week after birth “Perinatal period”; a subsequent duration 
until puberty onset “juvenile period” (generally, 6 to 13 months in cattle and 7 to 8 months 
in pigs (Ref. 8)); and a duration after puberty, including reproduction “maturation and aging 
stages after puberty”. 

 
(1) Cattle clones produced by SCNT 

1) Cell fusion - gestation (fetal growth) 
While a report said that the birth rate of offspring produced from SCNT cloned 
embryos was 10% or lower, another report has said that the formation rate of blastocyst, 
which are used for implantation and the fetal survival rate varied depending on the 
types of donor cells or recipient cells (oocytes). 
Studies have reported that the blastocyst formation rate is higher when a ovarian 
cumulus cells or oviduct epithelial cells is used as a donor cell, than when a skin 
fibroblast cells, mammary gland epithelial cells, or follicular granulosa cells is used 
(Refs. 9, 10).  It was also reported that in cattle, when a donor cell or recipient cell 
was used from a different breed of cattle, the fetal survival rate varied (Ref. 11). 
The effects of the cell cycle of the donor cell used on the development of blastocyst 
have been examined.  When fetal fibroblasts at the G1 or M phases were used as 
donor cells, the blastocyst formation rate was higher using the fibroblasts at the G1 
phase than using those at the M phase (31% vs. 16%)(Ref. 12).  Whereas embryo 
death was found early after implantation using cells at the G0 or G1 phases as donor 
cells, pregnancy was maintained until Day 120 or later after implantation, and no 
hydrops was also found when cells at the G0 phase were used as donor cells.  When 
cells at the G1 phase were used as donor cells, the pregnancy rate continued to 
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decrease until delivery (21/43 Day 120 or later after implantation) and the incidence of 
hydrops was also high (18/43 [42%]) (Ref. 13). 

 
The comparison of blastocyst development between IVF and SCNT cloned embryos 
reported that when bovine serum or defatted bovine serum albumin (BSA) was added 
to synthetic oviductal fluid (SOF) medium, the blastocyst formation rate in IVF 
embryo was similar both in SOF + bovine serum and SOF + BSA, and the blastocyst 
formation in SCNT cloned embryo was higher in SOF + bovine serum than in SOF + 
BSA (Ref. 14).  In addition, findings obtained in the IVF have suggested that many 
combined factors, including the medium used, could have causal influences on highly 
frequent non-conception, abortion, and placental abnormality in SCNT cloned embryos 
(Refs. 15, 16, 17). 

 
As in other ARTs, the pregnancy loss was frequently seen until Day 60 after 
implantation in SCNT cloned embryos of cattle.  However, unlike AI and ET, the 
pregnancy loss was found throughout the entire period of gestation in IVF and SCNT 
cloned embryos (Refs. 18, 19). 
The pregnancy rate in SCNT cloned embryos of cattle Day 50 after implantation was 
similar to those in controls (AI and IVF), but the pregnancy rate decreased in SCNT 
cloned embryos after Day 50.  In the controls, such decrease was not found after Day 
50.  The pregnancy rate reduced to 40% in recipient cows to which SCNT cloned 
embryos were implanted Day 150 after implantation.  There were no differences in 
the mean body weight of fetuses among the 3 groups Day 100 after implantation; 5 of 6 
cloned cattle fetuses and 1 of 4 fetuses with IVF had body weights that were higher 
than two standard deviations from the mean body weight in fetuses with AI.  A similar 
trend was observed in fetuses Day 150 after implantation.  The liver and kidney were 
larger in cloned cattle fetuses than in fetuses with AI and IVF, and 1 of 3 cloned cattle 
fetuses had fatty infiltrations of the liver and the kidney (Ref. 20). 

 
In the placentas of SCNT cloned embryo recipient cows Day 60 after implantation, the 
cotyledon and caruncle were poorly developed when compared with those of cows 
with AI, and the cotyledon was flat and the number of placentomes was approximately 
half of that of cows with AI (Ref. 21). 
Another study reported that the mean number of caruncles and the number of 
placentomes Day 100 after implantation of SCNT cloned embryo were fewer in SCNT 
cloned cattle than in cattle with AI and IVF, but the total caruncle tissue weight was 
significantly higher in SCNT cloned cattle, and their larger cotyledons were thick and 
had a fist-shaped structures (Ref. 20). 
Other studies have reported many cases of abnormal cotyledons observed in the 
placentas of SCNT cloned cattle and sheep (Refs. 22, 23, 24, 25).  Some studies have 
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also reported that abortion in late gestation occurred with hydrops, enlarged umbilical 
cords, and abnormal placentas and mainly resulted from abnormal placenta growth 
(Refs. 22, 23, 26). 
The normal placenta has important roles in the fetal growth, such as mother-to-fetus 
nutrient absorption, gas exchanges and excretion of waste products, and therefore the 
abnormal growth in the placenta, which has been seen with the conventional ARTs, has 
been regarded as a cause for not maintaining gestation. 

 
Hydrops, which has been observed in animals produced by the conventional ARTs, was 
frequently found in the fetal membrane of SCNT cloned cattle.  Hydroallantois, 
accounting for 85 to 90% of hydrops of the fetal membrane, is accompanied by a 
abnormalities of the placenta such as a hypertrophic placenta and is considered to be 
caused by allantois-chorion or the placental dysfunction. 
In cattle, hydrops generally occurs in 1 in 7500 pregnancies.  A study reported that the 
incidence of hydrops is 0.05 to 4% in the pregnancy with the IVF (Ref. 27).  In the 
pregnancy of SCNT cloned cows, the pregnancy losses by Day 120 of gestation at a 
high rate and 58 to 86% of the pregnancies loss were accompanied by hydrops (Refs. 
13, 28). 
In SCNT cloned embryo recipients with hydroallantois, placental overgrowth was 
found before fetal overgrowth and the weights of placentomes Day 220 after 
implantation were higher than in the control fetuses.  The number of placentomes 
tended to increase in late gestation.  Some SCNT cloned embryo recipients had the 
normal weights and number of placentomes (Ref. 29). 
In 3 of 20 (15%) recipients receiving SCNT cloned embryos, severe hydroallantois and 
enlarged placentome were found from 6 months gestation to term (Ref. 24). 
The incidences of hydrops fetalis (13/37), placental edema (21/37), and hydroallantois 
(5/37) were high Day 100 or later after implantation of SCNT cloned cloned embryos.  
The majority of cases of hydrops fetalis (12/13) had placental edema (Ref. 4). 
In SCNT cloned embryo recipients, the total fluid volume of the fetal membrane on 
Day 150 after implantation was significantly higher as compared with IVF, and 2 of 8 
recipients had high allantoic fluid volumes (20 and 12 L) (Ref. 20). 
The results of the pathological examination of the placentas at birth in 7 SCNT cloned 
calves showed that there were abnormalities in all placentas (moderate to severe edema, 
enlarged vessels, and other abnormal placentaion), the number of placentomes was 
fewer, the weight and surface area of placentome were heavier and larger, respectively, 
as compared with ET (Ref. 30). 
The study suggested that the placental overgrowth could cause an increase in the level 
of fructose supplied to a fetus, leading to hypoglycemia and hyperfructosemia that 
affect the functions of muscles such as the cardiac muscle (Ref. 30). 
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There was no difference in the blood level of pregnancy-associated glycoprotein (PAG) 
between SCNT cloned calves born alive and those dead in late gestation, but the PAG 
level was obviously low in embryo recipient cows aborting SCNT cloned fetuses at the 
early stage of gestation (Days 35 to 90 of gestation) (Ref. 31). 

 
2) Perinatal period (before and after birth) 

The research reports on SCNT cloned calves created in Japan from the institutions 
concerned indicated that 451 SCNT cloned calves included 74 (16.4%) stillbirths and 
65 (14.1%) died shortly after birth, and there was a significant difference in the 
mortality rate between the clones and cattle produced by the conventional ARTs (n = 
566, stillbirths: 4.6%, died shortly after birth: 1.9%).  The major causes of stillbirth 
were respiratory disorders, including dystocia, asphyxia and inhalation of amniotic 
fluid, and the major causes of died shorty after birth were also respiratory disorders 
such as asphyxia and inhalatuin of amniotic fluid.  SCNT cloned calves that died 
shortly after birth tended to have LOS (Ref. 6). 

 
While the occurrence of LOS was high in the gestation of SCNT cloned calves, LOS 
was found in gestation at a low frequency in embryonic cloning and AI.  The 
incidence of LOS was 13.3% in SCNT cloned calves, 8.6% in embryonic cloning, and 
9.5% in IVF (Ref. 24). 
Many reports in Japan showed that the body weight at birth tended to be heavier in 
SCNT cloned calves (Refs. 32, 33, 34, 35, 36, 37). 
Six SCNT cloned calves were born from cells of Japanese Black bulls, but 2 of them 
died shortly after birth.  Four clones were healthy and normal and the mean body 
weight at birth was 36 kg (30.7 to 42.5 kg), which was higher than the mean body 
weight of Japanese Black calves (30 kg) by 20%.  One of 2 clones that died shortly 
after birth had a diagnosis of having Akabane virus and another clone was dead from 
multiple causes in association with dystocia (Ref. 38). 
It was also reported that the percentage of calves with the body weight of 50 kg or 
higher at birth was 10% in AI, 31.7% in IVF, and 15% (n = 126) in embryonic cloning 
(Ref. 39). 

 
The occurrence of LOS often causes dystocia as well as disease and death associated 
with dystocia (Refs. 40, 41).  A study reported that 6% of 2,191 natural and AI bred 
calves required some help in delivering (Ref. 41).  USDA estimated the risk of 
developing dystocia in the general cattle population at 4% of pregnancies (Ref. 42). 
The body weight at birth of offspring and the parity (number of previous deliveries) of 
cows are important factors for dystocia; particularly in nulliparous cows, the risk of 
dystocia is higher than in parous cow.  Abnormal labor causes an increase in the 
number of deaths of neonatal calves, and the high morbidity rate, hypothermia, 
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respiratory and digestion failures, and other factors also increase the death risk.  
Damages due to difficult delivery or caesarean section (C-section) cause death of 
calves (Refs. 41, 43, 44). 

 
The SCNT cloned calf delivered by C-section died of pneumonia aspiration 45 h after 
birth.  The autopsy results revealed no abnormalities in the organs (Ref. 45). 
The autopsy results showed that 2 SCNT cloned calves (twins), which died shortly 
after birth or stillbirth, died mainly because of inhalation of amniotic fluid in the 
accident in delivering (Ref. 46). 
The SCNT cloned calf with a body weight of 71.0 kg at birth were delivered by 
C-section, but died on Day 3 after birth.  In this case, the autopsy results showed 
abnormalities in several organs (Refs. 30, 47). 
Twenty-four SCNT cloned calves were produced from donor cells from Japanese beef 
cattle and Holstein cow, and 13 calves had suevived.  Seven SCNT cloned calves 
were stillborn or dead shortly after birth, 2 dead during C-section, but had no 
abnormalities.  One clone appeared normal at birth but died of sepsis on Day 19 after 
birth.  Six dead clones had significant morphological abnormalities in the kidney or 
hind legs.  The mean body weight at birth in SCNT cloned calves was higher than that 
in calves produced by the conventional ARTs; the mean body weight at birth in 9 
SCNT cloned calves was heavier by 40% (Ref. 48). 
LOS occurred in SCNT cloned cattle and sheep in late gestation and is considered to 
cause increased perinatal mortality, abnormal placental development (e.g., increased 
incidence of fetal hydrops), enlarged internal organs, enhanced disease susceptibility, 
sudden death, reluctance to suckle, and difficulties in breathing and standing (2, 26, 49, 
50). 

 
A study has reported that the incidence of LOS varies according to the types of donor 
cells used (Ref. 48). 
Whereas 1 out of 8 calves derived from embryos maintained in the sheep oviduct after 
IVF was dead, 7 out of 8 calves derived from embryos cultured in vitro with oviducal 
epithelial cells were dead (Ref. 40).  This suggests that the in vitro culture conditions 
may also affect the development of LOS (Refs. 51, 52).  When IVF embryos and 
SCNT cloned embryos were cultured under the same conditions, the development of 
LOS was higher in calves derived from SCNT cloned embryos than in those derived 
from IVF embryos (Refs. 23, 24, 53). 

 
In addition to the occurrence of LOS, the results of the pathological examination in 
SCNT cloned cattle that died shortly after birth showed cardiac structural abnormalities 
as well as abnormalities in the myocardial tissue, connective tissue in the kidney, and 
soft tissue in the tendon (Ref. 54). In another study, the results of the pathological 
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finding in 9 calves that died by Week 1 after birth, showed hyperthermia, umbilical 
hernia, dyspnoea, ascites, fatty liver, limb malformation, gastrointestinal abnormalities, 
and other abnormalities (Ref. 55). 

 
The hematological analyses in SCNT cloned calves showed that the red blood cell 
(RBC) and the white blood cell (WBC) counts were significantly low from 
immediately after birth to 24 h, indicating low hematologic function.  However, there 
were no significant differences in any items other than glucose in blood biochemical 
analyses (Refs. 35, 36, 56).  The levels of serum protein, magnesium, and inorganic 
phosphorus immediately after birth were significantly higher in SCNT cloned calves as 
compared with those in calves with AI (Ref. 33).  The data in the blood biochemical 
analyses from immediately after birth to 2 months were within the normal range and 
there were no large differences between SCNT cloned calves and calves produced by 
the conventional ARTs (Ref. 57). 
In SCNT cloned calves immediately after birth, the hemoglobin level was slightly low 
but was within the normal range.  The low level continued for 65 days after birth and 
subsequently recovered to the same level as that in calves with AI (Ref. 55). 

 
While 5 of 13 SCNT cloned calves required delivery by C-section, 7 control calves 
(produced with AI or IVF) were delivered by spontaneous vaginal delivery.  Two of 5 
C-section delivered clones had hydroallantois.  Birth weight, plasma concentrations of 
cortisol, adrenocorticotropic hormone (ACTH), and components of the insulin-like 
growth factor (IGF) system were examined in 13 SCNT cloned calves and 7 controls.  
The C-section delivered clones were the heaviest at birth, followed by vaginally 
delivered clones and AI controls.  The plasma concentrations of cortisol and IGF-I 
were lower in SCNT cloned calves than in control calves; the ACTH level was similar 
in the 2 groups, and the level of IGF binding protein-2 (IGFBP-2) was higher in SCNT 
cloned calves than in controls.  The authors considered that those results were 
attributable to the C-section (Ref. 53). 

 
In 8 SCNT cloned calves, the RBC count and hematocrit level were low at birth and 1 
h after birth, but did not significantly differ from those in control calves (produced with 
AI and ET) thereafter.  The mean body temperature in the clones decreased 1 h after 
birth, which was similar to that in control calves.  The plasma concentrations of 
glucose and lactate were lower until 24 h after birth as in the controls, but these levels 
at 48 h did not differ between the 2 groups.  The plasma concentrations of fructose in 
the clones were high immediately after birth but did not differ from the controls 6 h 
after that.  There was no difference in the WBC count between the 2 groups (Refs. 30, 
58). 
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In SCNT cloned calves, the body temperature was higher than in control calves with AI 
for 1 week after birth, and several temporal increases in the body temperature were 
observed.  In the measurement of thyroxine (T4) level, the T4 level was lower for 2 
weeks after birth in the clones than in the controls.  The IGF-2 level was high at birth 
and low Day 15 after birth in the clones.  These levels recovered to normal levels by 
Day 50 after birth.  The authors considered that the reduced T4 level was associated 
with the increased body temperature and that as for differences in physiological 
parameters, these parameters recovered to almost normal levels by 2 months after birth 
(Ref. 23). 

 
3) Juvenile period 

In cows produced with the conventional ARTs, the mortality rate Week 1 after birth is 
the highest with 1.8 ± 0.3% (except for stillbirths).  The most common diseases 
reported in these cows are respiratory disorders and diarrhea, whose incidences 
achieved peaks Week 2 after birth (Ref. 59). 
The annual mortality rate from weaning to 4 years of age in SCNT cloned calves was 
8% (7 of 59 clones died at 1 to 2 years of age; 3 of 36 clones died at 2 to 3 years of 
age; and 1 of 12 clones died at 3 to 4 years of age).  The major cause of death was 
euthanasia because of poor prognosis due to musculoskeletal abnormalities (Ref. 60). 
The research reports on SCNT cloned cattle produced in Japan from the institutions 
concerned said that 94 (19.5%) of the 482 clones investigated died of disease. 
The age in days when a calf died of disease was investigated in Japanese Black cattle 
and Holstein cattle, whose data were collected for comparison (216 SCNT cloned 
calves and 991 control calves).  The results indicated that the mortality rate until 
about 200 days of age tended to be higher in the clones as compared with control cattle 
produced by the conventional ARTs, but the mortality rate after about 200 days of age 
fluctuated at extremely low levels as in the controls.  Of the identified death causes, 
respiratory disorder and malformation of the heart were found from Days 2 to 3 after 
birth, and the most common cause after that was pneumonia.  In the pathological 
examination of 3 dead cloned calves, the identified causes of death were pulmonary 
congestion, immunodeficiency, and abnormal structure of the heart, which were found 
in cattle produced by the conventional ARTs. 
In the surviving Japanese Black and Holstein clones, the hematological examination 
(e.g., RBC, WBC, serum protein, serum urea nitrogen, serum cholesterol, blood sugar) 
showed that these parameter values were within the variations of the parameters in 
cattle produced by the conventional ARTs. 
The growth of SCNT cloned cattle was within the range of the breed traits or individual 
differences and did not largely depart from the growth in the controls or the standard 
growth curve.  When donor cattle had better growth capability than the standard 
growth, their SCNT cloned calves tended to have better growth capability (Refs. 6, 61). 
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The pathological examination of SCNT cloned calf that died at 147 days of age 
indicated that they could have died of puerility due to abnormalities in the endocrine 
system (growth hormone) as well as nutritional deficiency due to insufficient nutrient 
digestion/absorption, and decreased resistance to infections due to immunodeficiency 
(Ref. 57). 
In the SCNT cloned cattle that died at 25 months of age, the death cause was 
deficiencies in trace minerals (selenium and copper).  However, there was no problem 
in other cattle raised on the same grass.  The SCNT cloned cattle frequently had mild 
signs of bloating from a child (Ref. 47). 
A SCNT cloned bull needed a lot of support from veterinarians immediately after birth 
since the calf had dyspnoea (the immature lung and pulmonary hypertension), 
insufficient sucking reflex, symptoms suggestive of type I diabetes and health 
problems.  This calf soon recovered and diabetes was cured by 2 months of age (the 
calf could maintain the normal levels of blood glucose and insulin) and grew into a 
healthy adult (Ref. 62). 
A SCNT cloned calf in which echocardiography revealed enlargement of the right 
ventricle was cured by treatment with medication.  The examination of blood samples 
collected every other day after birth showed increased blood reticulocyte count and 
immature blood cell count over 3 weeks.  The lymphocyte (WBC) count was normal 
until 1 month of age, but subsequently decreased rapidly.  The hemoglobin level also 
reduced after about 40 days of age and the cloned calf died of anemia at 51 days of age.  
The pathological examination in the dead calf revealed dysplasia (hypoplasia) of the 
thymus, spleen, and lymph node as well as systemic aplasia of the lymphoid tissue.  
No synthesis of endogenous IgG was found.  There was no involvement by virus 
causing thymic atrophy (Ref. 63). 

 
Some studies reported that an average 30% of SCNT cloned cattle died from various 
causes before 6 months of age; the causes included respiratory failure, abnormal 
developments of the kidney, and hepatic steatosis; however, most SCNT cloned cattle 
normally grow after several months from birth and reach the maturation stage (Refs. 55, 
60, 64). 

 
There were no significant differences in parameters after the perinatal period, including 
hematological parameters and hormones, between SCNT cloned cattle and control 
cattle (produced with the conventional ARTs).  In a study comparing SCNT cloned 
cattle at 6 months of age with age-matched control cattle, there were no differences in 
any blood biochemical parameters, urinary parameters, immune status, growth 
parameters, and reproductive parameters.  Similarly, many studies reported that there 
were no differences in many physiological parameters (hematological profile) between 
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SCNT cloned cattle and age-matched control cattle (Refs. 4, 61, 65, 66, 67). 
 

4) Maturation and aging period after puberty 
In the research reports on SCNT cloned cattle produced in Japan from the institutions 
concerned, the analyses for clinical/pathological data and data on blood property, 
growth, reproductive fanction, and production of milk and meat revealed that SCNT 
cloned cattle living for 200 days after birth or later similarly grew and had similar 
physiological function as compared with cattle produced by the conventional ARTs. 
The results of the fattening trials for 19 SCNT cloned Japanese Black cattle showed 
that the body weight gain per day and the carcass quality in this breed may slightly 
differ from that in cattle produced by the conventional ARTs, depending on the animal 
condition in fattening; however, the similarity was high as compared with cattle 
produced by the conventional ARTs (Ref. 6). 

 
Several studies have reported that the growth rate in SCNT cloned cattle was similar to 
that in cattle produced by the conventional ARTs or was within the range of standard 
levels in donor cattle (Refs. 60, 68, 69, 70).  Since SCNT cloned cattle inherited the 
desirable traits of donor cattle, the clones may have better growth levels than control 
cattle.  In addition, SCNT cloned cattle from Japanese Black or Holstein cattle may 
show better growth profiles such as body weight and height that are over the upper 
limit of the standard growth levels (Refs. 37, 71). 

 
Slaughter inspection and pathological findings in SCNT cloned cattle are ordinarily 
confirmed in fattening cattle.  Particularly, the pathological examination for 
collectable organs (liver, kidney, heart, lung, skeletal muscle, and skin) showed no 
abnormal structural findings (Ref. 72). 

 
In the pathological examination in 1 SCNT cloned cow at 61 months of age that had no 
pregnance experience the discoloration/hypoplasia of the uterine horn and ovarian 
quiescence were found.  Many calcareous substances were deposited in the arterial 
medium of the uterus, and there were abnormally many arteries in the endometrium 
(Ref. 73). 

 
As for the life spans of SCNT cloned cattle, healthy cloned cattle at 10 years of age are 
currently raised in Japan and there is a report mentioning cloned animals at 6 to 7 years 
of age (Ref. 55).  However, to evaluate the life span of somatic cell clones animals, 
enough data have not been obtained. 
A study reported that the life spans of SCNT cloned mice are short (Ref. 74) and 
another study reported that there are no differences in the life spans between cloned 
mice and control mice (Ref. 75). 
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The immune function was evaluated in 17 SCNT cloned cattle at 2 months to 5 years 
of age, which received rotavirus and ovalbumin vaccination.  There were no 
differences in antibody productivity between the clones and control cattle produced by 
the conventional ARTs.  The proliferation of antigen-specific cells after vaccination 
with rotavirus did not differ between the clones and the controls, but proliferation of 
antigen-specific cells after vaccination with ovalbumin was weaker in the clones.  The 
same study was conducted again in the same control cattle and other SCNT cloned 
cattle, and the results indicated that the immune function was normal in the clones 
(Refs. 64, 67). 

 
The proportions of γδ cells and WC1+γδ T cells in the blood temporarily declined in 
SCNT cloned cows aged 2 to 4 years in the early lactation stage as compared with the 
cows produced by the conventional ARTs, suggesting that the immune function may 
weaken in the cloned cows in the early lactation stage (Ref. 76). 

 
(Reproductive function) 
The research reports on SCNT cloned cattle produced in Japan from the institutions 
concerned have described the reproductive function of 52 SCNT cloned cattle (18 bulls 
and 34 cows). 
The semen of the cloned bulls was normally produced and the property was similar to 
that of bulls produced by the conventional ARTs.  The studies on reproductive 
function with ARTs such as IVF and AI using the semen obtained from SCNT cloned 
bulls confirmed that the SCNT cloned bulls are available as stud bulls.  The 
pregnancy rate with AI using the semen from the cloned bulls was similar to that 
obtained with the conventional ARTs. 
SCNT cloned cows after puberty had a normal estrous cycle and no abnormality in the 
blood progesterone concentration.  The results in AI using the cloned cows and the 
transplantation of embryos to other cows cloned confirmed their reproductive function 
(Ref. 6). 

 
As for sperms of SCNT cloned bulls, there were no differences in the proportion of 
normal sperms, the cleavage rate after IVF, and the blastocyst development rate 
between the clones and conventionally bred bulls, and the fertility test showed no 
abnormal findings (Refs. 69, 77, 78, 79, 80, 81, 82).  The sperm from freeze-thawed 
semen did not have abnormal property and no abnormal findings in the insemination 
test, indicating no effects of freezing on the sperm (Refs. 78, 83, 84, 85). 
In SCNT cloned bulls derived from an aged and infertile bull, the body weights at birth 
were high but they survived.  The risk assessment of the semen property and the 
fecundity were normal (Ref. 86).  In the fertility test using the semen of recloned 
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cattle, offspring were produced (Ref. 87). 
 

Many SCNT cloned cows had normal first estrus and estrus cycle.  However, a study 
reported that the onset of puberty was late, and the body weight at the first estrus was 
high in SCNT cloned cows.  There were no differences in estrus cycle length, 
ovulatory follicule diameter or profiles of hormonal changes between the clones and 
conventionally bred cows.  The diurnal variation patterns of the levels of luteinizing 
hormone (LH), follicle-stimulating hormone (FSH), estradiol, and progesterone were 
similar between SCNT cloned cows and cows with AI (Refs. 79, 88). 
SCNT cloned cows reached puberty later than cows with conventional ARTs that were 
reared under the same conditions.  However, there were no significant differences in 
the gestation period or survived offspring between the 2 groups (Ref. 64). 

 
The blood progesterone concentration after first ovulation was low both in SCNT 
cloned cows and cows with AI.  The cows with shorter estrus cycle tended to have a 
lower concentration of blood progesterone.  There were no large differences in 
changes in blood progesterone concentration after second ovulation or later between 
the 2 groups (Ref. 89). 

 
Two SCNT cloned cows at 26 months of age were artificially inseminated.  One of 2 
cloned cows became pregnant and delivered a cow with a body weight of 22.5 kg by 
spontaneous vaginal delivery Day 285 after conception.  Another cloned cow that did 
not become pregnant was artificially inseminated again later and became pregnant.  
However, she had an abortion Day 252 after conception (Ref. 57). 
There were no large differences in the gestation period between SCNT cloned cows 
and conventionally bred cows (Refs. 46, 54, 89, 90, 91, 92). 

 
The reproductive function did not significantly differ between SCNT cloned cattle and 
cattle produced with the conventional ARTs, and the fetal growth was normal in the 
cloned cows (Refs. 60, 68, 86, 88). 

 
The 305-day milk yield (observed value) in a donor cow was 10,722kg and that 
(expected value) in a SCNT cloned cow was 8,500kg.  The 305-day milk yield in first 
calving differed between the donor cow and the cloned cow, but such difference would 
be affected by the feeding system (Ref. 92). 
The lactational performance at primiparity tended to be lower in SCNT cloned cows as 
compared with cows with AI, but that at second calving was similar between the 2 
groups (Refs. 36).  On the other hand, a study reported that the milk yield even at 
second calving was low (Ref. 93). 
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(2) Pig clones produced by SCNT 
1) Cell fusion – gestation (fetal growth) 

Pigs are prolific animals and need multiple embryos that can grow in the uterus in early 
gestation and minimal embryos that can grow to maintain the gestation after the start of 
gestation.  The number of embryos needed is considered to be about 4 (Refs. 94, 95). 
Unlike cattle, so many embryos have to be implanted in an embryo recipient pig 
because the death rate of SCNT cloned embryos is high in pigs.  In a study where 
about 150 SCNT cloned embryos per pig were implanted, 4 living pigs were born from 
2 embryo recipient pigs (Ref. 96).  Some studies also reported that several dozen to 
about 100 SCNT cloned embryos per pig were implanted to produce SCNT cloned pigs 
(Refs. 5, 97, 98). 
Research on the conventional ARTs indicated that the fetal mortality rate became 
higher on Day 35 of gestation and later (the placental development stage) with 9.2% 
(Ref. 99). 

 
2) Perinatal period (before and after birth) 

The research reports on SCNT cloned pig produced in Japan from the institutions 
concerned said that 90 SCNT cloned pigs included 22 (24.4%) stillbirths and 8 (8.9%) 
died shortly after birth.  In SCNT cloned pigs, the proportion of stillbirths was higher 
and the proportion of died shortly after birth tended to be lower as compared with 
SCNT cloned cattle.  In the SCNT cloned pigs, stillborn and died shortly after birth, 
no extremely LOS was found.  Twenty-five SCNT cloned pigs (27.8%) died of 
disease (their death causes not described), and the number of deaths due to disease 
tended to be higher as compared with SCNT cloned cattle (Ref. 6). 

 
Fetal fibroblasts of Duroc pigs were used as donor cells and 59 to 128 SCNT cloned 
embryos per pig (a total of 511 embryos) were implanted in 5 doms.  The echography 
confirmed that all 5 cloned embryo recipients became pregnant Days 28 to 40 after 
implantation.  Four of 5 recipients went to term and gave 5 to 9 SCNT cloned piglets, 
respectively (a total of 28 piglets).  Three of 4 recipients were induced and delivered 
on Day 115 of gestation.  The remaining 1 recipient delivered by spontaneous vaginal 
delivery on Day 117 of gestation.  One of 28 SCNT cloned piglets was stillborn 
without any pathologically abnormal findings.  One of SCNT cloned piglets born 
alive had anal atresia and was the smallest.  Anal atresia is an abnormality found at a 
low frequency in piglets produced with the conventional ARTs.  The survived cloned 
piglets had slightly lower body weights at birth than piglets of the same breed produced 
with the conventional ARTs.  There were almost no influences on litter size, placenta 
weights, and fetal weights (Ref. 5). 

 
Although the number of surrogate dams having SCNT cloned pigs is limited, the 
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gestation period was reported to be 114 to 120 days (the average gestation period in 
pigs produced by the conventional ARTs is 110 to 120 days) (Refs. 5, 100, 101, 102, 
103). 
Some studies reported that the body weight at birth and the placental weight in SCNT 
cloned piglets were within the normal ranges in pigs produced by the conventional 
ARTs (Refs. 97, 104).  A study conducted under a controlled breeding environment 
showed that the average birth weight was significantly lower in SCNT cloned pigs as 
compared with pigs with AI, but the weaning period did not differ between the 2 
groups.  The study reported that the rates of stillbirths and postnatal mortality tended 
to be higher in SCNT cloned pigs (Ref. 105). 
In contrast to the occurrence of LOS in SCNT cloned cattle, the occurrence of 
intrauterine growth retardation (IUGR) is higher in pigs produced with SCNT.  
Granulosa cells were used as donor cells, and 5 survived SCNT cloned piglets were 
delivered by C-section on Day 116 of gestation.  The average birth weight of the 
clones was 2.72 pounds, which was about 25% lighter than offspring produced by 
natural mating of pigs, from which donor cells were obtained (Ref. 98).  Twenty-three 
litters of SCNT cloned pigs (143 individuals) were compared to 112 litters of pigs with 
AI (1300 individuals).  The SCNT cloned pigs had an increase in the number of 
IUGRs per litter (Ref. 105). 

 
Pathological examination was performed in 2 SCNT cloned pigs that died shortly after 
birth, and that died at 139 days of age.  One of 2 clones that died shortly after birth 
had abnormalities in the limbs and hernia; another clone had no significant changes in 
the organs, but showed hemorrhage in the abdominal cavity and in the brain.  The 
SCNT cloned pig that died at 139 days of age had diagnoses of pleuropneumonia and 
systemic infection with corynebacterium.  These observations were similar to those 
known in pigs produced by the conventional ARTs (Ref. 57). 
Of 40 SCNT cloned pigs, 5 were stillborn, 22 were dead within first week after birth, 
and 1 died Day 40 after birth, due to various causes, including diarrhea, 
encephalomeningitis, and cardiac abnormal function.  Twelve survived to reach 
adulthood (Ref. 101). 
The morphological abnormality of the placenta in nonviable SCNT cloned pigs may be 
due to apoptosis of placental cells (Ref. 106). 
The acute phase response (cortisol, TNF-α and IL-6) follows a lipopolysaccharide 
challenge at about Day 30 after birth was evaluated in 9 SCNT cloned piglets with 
donors of 2 different embryo-derived fibroblasts.  As compared with piglets produced 
by the conventional ARTs, some cloned had lower acute response and other clones had 
similar acute response (Ref. 100). 

 
 

 25



 

3) Juvenile peiod 
The body weights of SCNT cloned pigs showed similar patterns of variation to the 
standard values, and there was no large difference among the cloned pigs (Ref. 57). 
The body weights of SCNT cloned pigs aged 3 to 5 weeks varied at significantly higher 
levels than those of pigs produced by the conventional ARTs.  Differences in the body 
weights between the 2 groups were not seen after 6 weeks of age, and the body weights 
at 8 weeks of age in the clones were almost the same as in conventionally bred pigs 
(Ref. 104). 

 
It was indicated that there were no differences in growth, physical condition, 
biochemical parameters, or immune function between SCNT cloned pigs at 15 and 27 
weeks of age and pigs produced by natural mating (Refs. 107, 108).  The 
hyperkeratosis was observed in 1 of SCNT cloned pigs.  However, it could not be 
determined whether hyperkeratosis resulted from SCNT, because it was found in pigs 
raised with the conventional breeding methods (Ref. 107). 
The blood test was performed for 17 hematological parameters, including RBC, and 24 
blood biochemical parameters, including LDH, in 3 SCNT cloned pigs at about 18 
months of age.  The results showed no significantly difference between the clones and 
pigs produced with conventional ARTs (Ref. 6). 

 
As compared with pigs produced by natural mating, SCNT cloned pigs had similar 
behavioral patterns or large individual differences in behavioral patterns (Ref. 109). 

 
4) Maturation and aging period after puberty 

The evaluation of semen from SCNT cloned boars showed similar ejaculate volume, 
sperm concentration, and mortality as compared with control pigs (Refs. 102, 110). 
Forty-nine sows produced by the conventional ARTs were artificially inseminated with 
semen from 4 SCNT cloned boars, and 293 offspring survived to the weaning period 
(Ref. 102). 

 
The age at first estrus was 97 to 125 days old in SCNT cloned sows other than 1 clone.  
The mean litter size, number of surviving clones, and the number of weaned clones 
were 11.7, 10.3 and 9, respectively, indicating no differences between the clones and 
control pigs (produced with the conventional ARTs).  However, the mean body 
weights of piglets at birth and 3 weeks of age were lower in the clones than in the 
controls (Ref. 104). 
SCNT cloned sows artificially inseminated with the semen from SCNT cloned boars 
delivered in the normal gestation period.  Except for 1 cloned piglet with contracted 
flexor tendons of the hind limb, 62 were normal at birth.  The incidence of 
abnormalities in the cloned piglets was 1.6%, which was similar to the estimated 
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incidence (1.2%) in the Australian pig industry.  Whereas the stillbirth rate was 8% in 
control piglets (produced with the conventional ARTs), it was 4.5% in piglets produced 
from SCNT cloned pigs (Ref. 110). 

 
Only 1 of 5 SCNT cloned pigs had lower IGF-I levels after birth and before slaughter 
as compared with control pigs (produced with the conventional ARTs), but the IGF-I 
levels in other clones were within the variation range in the controls.  The 
17β-estradiol levels were also low in the clones, but were within the variation range in 
the controls (Ref. 111). 

 
(3) Summary of cattle and pigs produced by SCNT 

The health profiles were compared between cattle and pigs produced with SCNT and 
those produced with the conventional ARTs, according to the developmental stages. 

 
1) Cattle produced by SCNT 

There were many stillbirths in the perinatal period and many died shortly after birth.  
The major causes were dystocia, asphyxia, and inhalation of amniotic fluid due to the 
occurrence of LOS.  Although LOS occurred in cattle produced by the conventional 
ARTs, it frequently occurred in SCNT cloned cattle.  The blood test for hematological 
parameters and other parameters immediately after birth showed differences between 
the clones and cattle produced by the conventional ARTs, but the values of those 
parameters returned normal within 2 months after birth. 
It was reported that the mortality rate during the juvenile period was higher in the 
cloned cattle than in cattle produced by the conventional ARTs.  The death causes 
included pneumonia, which was known as a death cause in cattle produced by the 
conventional ARTs.  The decreased resistance to infections was also reported.  The 
blood test for various parameters showed no significant difference between the clones 
and cattle produced by the conventional ARTs.  The high mortality rate during the 
juvenile priod would be caused by factors common to abnormalities frequently found 
in the perinatal period.  In the cloned cattle surviving until almost 6 months after birth 
or later, the mortality rate due to abnormalities seen during the juvenile period did not 
differ from that in cattle produced by the conventional ARTs. 
The SCNT cloned cattle surviving after the juvenile period had no differences in the 
parameters, including clinical/pathological parameters and hematological parameters, 
as compared with cattle produced by the conventional ARTs.  The growth, 
reproductive function, and production of milk and meat did not differ between the 
cloned cattle and cattle produced by the conventional ARTs.  The pathological 
examination in SCNT cloned cattle, from which samples can be collected, showed no 
abnormal findings. 
Although it was reported that the immune dysfunction was found in some SCNT 
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cloned cattle, many reports also said that there was no difference in the immune 
function between the clones and cattle produced by the conventional ARTs.  Generally, 
it has not been reported that SCNT cloned cattle have particularly higher sensitivity to 
diseases, including infections, as compared with cattle produced by the conventional 
ARTs. 

 
The success rate of SCNT cloned animal production could be affected by various 
factors such as origins of donor or recipient cells, cell culture methods, and nuclear 
transfer methods.  Further study on these factors would improve the success rate of 
SCNT cloned animal production. 

 
2) Pigs produced by SCNT 

There were many stillbirths in the perinatal period and died shortly after birth.  The 
death causes were found even in pigs produced by the conventional ARTs. 
Although some reports said that the body weights at birth were low in the clones, their 
body weights recovered in the weaning period. 
After the juvenile period, there were no differences in the clinical/pathological 
parameters, hematological parameters, growth, or reproductive function between 
SCNT cloned pigs and pigs produced by the conventional ARTs. 

 
3) Summary of cattle and pigs produced with SCNT 

Stillbirths and died shortly after birth were mainly due to the developmental 
abnormalities found in SCNT cloned cattle and pigs after and before birth.  Although 
the mortality rate tended to be higher even during the juvenile period in the cloned 
cattle, they grew healthily after 6 months age as in cattle produced with the 
conventional ARTs.  The death causes in the clones were also found in cattle produced 
by the conventional ARTs. 
Although the physiological parameter values differed between SCNT cloned cattle and 
pigs and those produced by the conventional ARTs after birth and during the juvenile 
period, these differences decreased with growth and the clones became healthy. 
Considering these findings, there was no differences in the health profiles between 
cattle and pigs produced with SCNT that could be used for food and those produced by 
the conventional ARTs. 

 
When animals have or are suspected to have diseases specified in the Food Sanitation 
Law on the common infections in humans and animals (No.233, 1947), or when 
animals have abnormalities specified in the Abattoir Law (No. 114, 1953), necessary 
measures are taken in the conventional inspection before and after slaughter for such 
animals, irrespective of animals produced with SCNT. 
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2. Progeny of cattle and pigs produced by SCNT 
The health profile of progeny (F1) was compared between SCNT cloned cattle and pigs and 
those produced by the conventional ARTs. 
The progeny of SCNT cloned cattle and pigs is calves and piglets (F1) produced from 
SCNT cloned cattle and pigs via fertilization and their offspring produced via fertilization.  
Since offspring in all generations are produced via fertilization, we evaluated whether 
offspring in the first generation, F1, have health profiles similar to that in cattle and pigs 
produced by the conventional ARTs. 

 
(1) Progeny (F1) of cattle produced by SCNT 

The research reports on SCNT cloned cattle created in Japan from the institutions 
concerned indicatedthat 124 offspring of SCNT cloned cattle included 11 stillbirths 
(8.9%) and 1 died shortly after birth (0.8%), showing no significant difference in the 
mortality rate from that in cattle produced by the conventional ARTs (n = 566) (stillbirths, 
4.6%; died shortly after birth, 1.9%).  As 14 (6.9%) of 202 offspring of SCNT cloned 
cattle also died of diseases, the age (days) when offspring of clones died of disease was 
investigated in Japanese Black cattle and Holstein cattle whose data were collected for 
comparison (216 SCNT cloned cattle and 991 control cattle).  The results revealed that 
the mortality rates in the clones Day 2 after birth or later were almost the same as those in 
the controls.  These results showed that there were no significant differences in the 
incidences of stillbirths, died shortly after birth, or deaths due to diseases between 
progeny of SCNT cloned cattle and cattle produced by the conventional ARTs. 
The pathological examination in 1 stillborn offspring of SCNT cloned cattle revealed that 
stillbirth resulted from the disease (immunodeficiency), which is found in cattle produced 
by the conventional ARTs.  In addition, the pathological examination in 2 offspring of 
SCNT cloned cattle under breeding that appeared healthy showed no significant changes. 
In the blood test in 18 offspring of SCNT cloned cattle, some variations in the values 
were seen among the offspring, but no values in any items largely departed from the 
variation range in the control cattle. 
As for the growth, 16 offspring of SCNT cloned cattle investigated showed growth 
profiles that were within the breed traits or individual differences and did not largely 
depart from the standard growth curve in the control cattle. 
The reproductive function was examined in 5 female offspring of SCNT cloned cattle.  
There were no differences in the gestation period with AI and body weights at birth of 
their calves between the offspring and the control cattle. 
The study on milk yield in 5 offspring of SCNT cloned cattle indicated that the mean 
305-day adjusted milk yield was lower in the offspring than in the control cattle.  In the 
fattening experiment, the body weight gain, carcass quality as well as nutritional 
compositions, including amino acid composition and fatty acid composition, were 
analyzed.  In the offspring, these values may vary slightly depending on the fattening 
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conditions, but the offspring had the standard growth performance (Ref. 6). 
 

Fifty-two offspring of SCNT cloned cattle that were delivered by spontaneous vaginal 
delivery, 85% survival was observed until 24 h after birth, indicating that there was 
almost no difference in the survival rate between the offspring and cattle with AI (Ref. 
60). 
Twenty-one offspring of SCNT cloned cattle were delivered by spontaneous vaginal 
delivery and 20 of them survived after birth (Ref. 67). 
In the pathological examination in fetal offspring of SCNT cloned cattle that was stillborn 
Day 252 after implantation, the findings in the spleen and the thymus suggested 
immunodeficiency, and the findings in the thyroid gland indicated abnormalities relevant 
to hormones (Ref. 90). 

 
In 3 offspring of SCNT cloned cattle, LOS that was seen in SCNT cloned cattle did not 
occur, and the body weights at birth did not differ from those in the offspring of cattle 
with AI.  All the offspring were delivered by spontaneous vaginal delivery.  As for the 
blood profile, values in some parameters differed between offspring of SCNT cloned 
cattle and those with AI during a period, but were almost within the normal ranges.  
There were no differences in many parameters between the 2 groups (Ref. 112). 
Offspring of SCNT cloned cattle that had delivered showed no abnormal appearance, 
stood up by themselves, and suckled.  They did not differ from the offspring of cattle 
with AI and/or IVF (Ref. 113). 

 
The semen profile in offspring (males) of SCNT cloned cattle was normal.  AI and IVF 
were performed using this semen in 2 cows, both of which became pregnant on the first 
attempt and delivered normal calves (Ref. 80). 
Offspring (females) produced from SCNT cloned cows with IVF were delivered calves 
(grandchildren) with AI, which normally grew (Refs. 73, 93). 
The physiological function and genetic conditions were examined in offspring of SCNT 
cloned cattle (19 females and 11 males).  The heart rate, respiratory rate, and body 
temperature were low for a while after birth.  Chromosomal stability, growth parameters, 
physical parameters, hematological parameters, and reproductive parameters were at 
standard levels as compared with normal animals at 1 age of years.  The offspring had 
also proper stress response (Ref. 114). 

 
Many reports said that the body weights and heights in offspring of SCNT cloned cattle 
varied in a range of the standard values in the control cattle produced by the conventional 
ARTs.  A study showed that the weight of the gastrointestinal tract and the weight of 
each organ such as the stomach and the intestine in the offspring of clones were within 
the normal range.  The composition rates of muscle, fat, and bone and the proportion of 
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each muscle in carcass meat in the offspring of clones were within ranges of the normal 
values (Ref. 115). 

 
(2) Progeny (F1) of pigs produced by SCNT 

The research reports on SCNT cloned pigs produced in Japan from the institutions 
concerned said that 143 offspring of SCNT cloned pigs included 8 stillbirths (5.6%) and 2 
died shortly after birth (1.4%).  All offspring were delivered by spontaneous vaginal 
delivery and did not have LOS.  The blood test in offspring of SCNT cloned pigs 
revealed that the range of measurement values were almost similar to that in the control 
pigs (produced with the conventional ARTs), and the body weight gain was almost similar 
to that of the control pigs and the standard growth curve (Ref. 6). 

 
Six SCNT cloned sows were delivered 44 offspring with AI.  Although the offspring had 
significantly lower body weights at birth than control piglets produced by the 
conventional ARTs, the number of fetuses born, the mean litter size, and the number of 
piglets surviving to the weaning period were similar to those in the controls (Ref. 116). 

 
Nine SCNT cloned sows were produced by the conventional ARTs and delivered 
offspring.  There were no differences in the mean litter size between litters from cloned 
gilts and naturally bred control pigs.  In the blood test (10 items) in the offspring Weeks 
15 (n = 14) and 27 (n = 8) after birth, there were slight differences in the mean levels of 
blood urea nitrogen (BUN) at Week 15 and alkaline phosphatase at Week 27, which were 
within the normal variation as compared with the control pigs (Ref. 108). 
In 242 offspring of SCNT cloned pigs raised under the commercial settings, there were no 
differences in the health condition or mortality rate as compared with pigs produced by 
the conventional ARTs (Refs. 111, 117). 

 
As for the growth status, 10 litters included deaths from reasons such as debilitation 
before weaning and some piglets in 3 litters also died of disease.  The death causes were 
diarrhea and multiple serositis, which were found in conventionally bred pigs.  Piglets in 
litters, which did not include deceased piglets due to disease, had a similar growth to that 
of pigs produced by the conventional ARTs (Ref. 118). 

 
The blood biochemistry examination in offspring of SCNT cloned pigs showed that the 
values in some items such as the hemoglobin amount and WBC count significantly 
differed from those in control pigs produced by the conventional ARTs.  However, most 
of these differences were temporal, and the ranges of values were almost similar to those 
in the controls (Ref. 118). 

 
Offspring of SCNT cloned pigs had lower body weights at birth, and no difference in the 

 31



 

body weight gain per day to 30 kg as compared with pigs produced by the conventional 
ARTs.  However, the body weight gain from 30 to 70 kg was higher in the offspring than 
in conventionally bred pigs (Ref. 119). 

 
(3) Summary of progeny of cattle and pigs produced by SCNT 

Offspring (F1) of SCNT cloned cattle and pigs had no abnormalities found in SCNT 
cloned cattle and pigs during the prenatal or juvenile period and did not differ in health 
profile from cattle and pigs produced by the conventional ARTs. 

 
Offspring of SCNT cloned cattle and pigs are produced via fertilization with the 
conventional ARTs such as AI.  Considering that the first generation offspring (F1) have 
equal health profile as compared with cattle and pigs produced by the conventional ARTs, 
there would be no differences in health profiles between offspring of clones in the second 
and later generations produced via fertilization and cattle and pigs produced by the 
conventional ARTs. 
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V. Epigenetics and other genetic properties for SCNT cloned animals 
1. Development and differentiation of SCNT cloned animals 

The zygote obtained after fertilization by natural mating becomes an embryo with 
“totipotency” and undergoes some cell divisions to differentiate into many different cells 
(e.g., muscle cells, fat cells, and brain cells).  Some cells of them are actually used as 
embryonic stem (ES) cells.  In other words, genetically identical cells with the same can 
differentiate into somatic cells with different roles or characters by normal expression 
regulation for essential genes.  This concept has been established with the advances in 
embryology researches, including epigenetics, in recent years and is a basic concept of the 
embryology irrespective of the technique, whether natural mating, AI or cloning technology. 
In SCNT, a nucleus of somatic cell is transferred into an enucleate unfertilized egg 
(recipient), or a somatic cell from a donor animal (cells other than germ cells including eggs 
and sperms, e.g., skin cells and muscle cells) is fused with an enucleated unfertilized egg 
using electrical stimulation, and then the egg is activated to begin development.  After 
several cleavages in culture, the embryo reaches blastocyst stage (called SCNT cloned 
embryo or reconstructed embryo).  Another female animal (embryo recipient animal or 
surrogate dam) gets pregnant by implanting the blastocyst into the uterus to deliver the 
mature fetus as a cloned neonate animal. 
Since a nucleus of a differentiated somatic cell is used in the production of a SCNT cloned 
animal without the normal processes of fertilization, it is said that a SCNT cloned embryo 
needs to be reprogrammed to be at a “totipotency” state. 

 
When a SCNT cloned embryo does not appropriately acquire “totipotency” in the processes 
of somatic cell clone production, it is expected that the subsequent cell differentiation and 
formation of organs are not appropriately performed.  In recent years, in order to determine 
the causes of abnormalities in development, differentiation and growth of SCNT cloned 
animals, epigenetics research in the related fields have been actively conducted.  This 
chapter summarizes the current findings on correlations between abnormalities in 
development or growth seen in the processes of SCNT cloned animal production and 
epigenetic modification. 

 
2. What is epigenetics? 

Epigenetics is defined as “the study of heritable changes in gene function that occur after 
cell divisions without a change in DNA sequence” (Ref. 120). 
The known epigenetic controls include DNA methylation (Refs. 121, 122, 123, 124, 125) 
and histone modification (methylation, acetylation, phosphorylation and ubiquitination) 
(Refs. 126, 127, 128, 129, 130).  In particular, DNA methylation is mainly studied in 
epigenetics research together with gene expression analysis and would play an important 
role in the epigenetic control of gene expression. 
DNA methylation is the transfer of a methyl group to the number 5 of the cytosine base by 
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methyltransferase to form 5-methyl citosine.  Cytosine bases of cytosine-guanine (CG) 
sequences in the gene control region are methylated to often suppress the gene expression. 

 
DNA methylation patterns (differences in the cytosine methylation level among genes) vary 
according to the types of cells comprising the organs or tissues such as muscle, fat, and 
brain.  Generally, the DNA methylation pattern is not lost by cell divisions and can be 
maintained.  In mammals at least, appropriate methylation and demethylation of each gene 
would be important in the life support. 

 
For example, in a study where the methylated state and gene expression of Oct-4 gene 
(encoding a factor that regulates the transcription of other genes) were investigated in the 
preimplantation embryo (blastocyst) of a mouse, the inner cell mass had little methylation of 
Oct-4 gene with Oct-4 gene expression, and the trophoblast had highly methylated Oct-4 
genes without Oct-4 gene expression (Ref. 131). 

 
Genome-wide epigenetic modification occurs in development and differentiation processes 
of the mammalian embryo.  The epigenetic modification immediately after fertilization is 
called “preimplantation reprogramming.”  The epigenetic modification at gametogenesis is 
called “gametogenesis reprogramming.”  Therefore, “reprogramming” is regarded as 
“global epigenetic modification” (Refs. 122, 132). 
Differences in reprogramming between embryos created with SCNT and normal embryos 
attract attention.  Many studies on the differences have been reported, but most of them 
involved preimplantation reprogramming (Refs. 133, 134, 135, 136, 137, 138, 139, 140, 141, 
142, 143).  Such incomplete epigenetic regulation is not always limited in SCNT cloned 
animals, but is found in embryos obtained with other ARTs (Refs. 144, 145, 146). 

 
3. Epigenetics for SCNT cloned animals 

Findings on epigenetics for SCNT cloned animals are outlined as follows. 
 

(1) DNA methylation 
(Cell fusion to preimplantation/blastocyst stage) 
A study reported that nuclei from the sperm were demethylated in zygotes (fertilized 
eggs) immediately after fertilization in mice, rats, pigs, and cattle.  In cattle, methylation 
was reduced during cleavage from the 2-8 cell stage, but de novo methylation occurred 
from the 8-16 cell stage.  In mice, de novo methylation was also reported to occur 
notably in the inner cell mass of blastocyst after 4 cleavages (Ref. 147).  Thus, there are 
differences in the timing of remethylation among animal species. 

 
It was reported that in SCNT cloned embryos in cattle, remethylation occurred earlier 
than in normal embryos because demethylation occurred in the cell fusion stage but was 
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incomplete.  The morulae of SCNT cloned cattle, therefore, had more highly methylated 
nuclei (Ref. 147). 
On the other hand, a study reported that methylation patterns were maintained until the 
4-cell stage, and no demethylation occurred in the embryos of SCNT cloned cattle (Ref. 
148). 
Another study reported that in preimplantation embryos of SCNT cloned cattle, 
methylation did not appropriately occur in the genomic satellite region and the 
methylation level, which was very similar to that of the donor cell, was maintained (Ref. 
149). 

 
The demethylation status was compared between the satellite DNA sequence of 
centromere (a region where the long arm and the short arm of chromosome cross) and the 
PRE-1 sequence of euchromatin in germ cells and somatic cells of pigs.  The oöcytes 
had negligibly methylation, and the sperms and somatic cells (fibroblasts) had 
hypermethylation.  In SCNT cloned embryos, the hypermethylation status was 
maintained until 4-8 cell stages.  In subsequent stages, demethylation started in the 
cloned embryos as in embryos with in vitro and in vivo fertilization and methylation sites 
were reduced obviously in the blastocysts (Ref. 150).  Considering these results, in 
SCNT cloned embryos of pigs, demethylation would occur as in normal fertilized 
embryos. 

 
(Placentas and fetuses) 
The hypertrophic placenta in SCNT cloned cattle and mice are considered to result from 
differences in reprogramming in trophoblasts. 

 
A study showed that in SCNT cloned mice, hypertrophic placenta and reduced body 
weights of fetuses were found and the placental overgrowth mainly resulted from the 
expansion of the spongiotrophoblast layer (Ref. 151). 
The methylation status of CpG islands in a genome was investigated using cells from the 
placenta of SCNT cloned mice and the skin of cloned fetuses.  The methylation patterns 
in most of the regions in the clones (99.5% in the placenta, 99.8% in the skin) were the 
same as in controls with the sexual reproduction, but different methylation patterns were 
also found.  The regions with different methylation patterns corresponded to those for 
the tissue-specific gene expression (Ref. 152). 
In addition, the relationship between the placenta overgrowth in SCNT cloned mice and 
DNA methylation/gene expression of a specific gene was investigated, and the Sall3 
locus was identified as a hypermethylated region in the placental genome of the cloned 
mice.  Considering that the methylation level was correlated with the placenta 
hypertrophy level, it was concluded that the Sall3 locus is the area with frequent 
epigenetic modification due to nuclear transfer (Ref. 153). 
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There were also differences in the methylation status between fetuses of SCNT cloned 
cattle and those produced from fertilization, suggesting a potential relationship between 
the methylation status and abnormal development. 
The 5-methylcytosine content of DNA was measured in fetuses of SCNT cloned cattle, 
spontaneously aborted cloned fetuses and adult clones.  The results showed that the 
cloned fetuses had low methylation and the spontaneously aborted cloned fetuses had 
remarkably low methylation.  However, the adult clones had methylation levels similar 
to those in control cattle.  On the basis of these results, it was concluded that the global 
DNA methylation losses may contribute to the developmental failure of the cloned fetuses 
(Ref. 154). 
In the placentas of SCNT cloned fetuses Day 40 after implantation, there were no 
developments in the placental cotyledon, and abnormal imprinting of Xist gene locus and 
hypermethylation of satellite DNA sequences and epidermal cytokeratin promoter region 
in the chorion were found.  These results indicate that differences in reprogramming 
affect gene expression patterns in the trophectoderm-derived tissues (Ref. 155). 
The methylation status of a repeated sequence (satellite I) and the promoter regions of 
IL-3 and cytokeratin genes was analyzed in aborted fetuses of SCNT cloned cattle and 
derived from AI (Days 60 to 90 of gestation) as well as cloned adults and AI adults (18 to 
24 months after birth).  No difference in methylation level was observed in any loci 
between the cloned adults and AI adults.  However, in aborted cloned fetuses, some 
aborted cloned fetuses showed very low methylation levels, and some had similar 
methylation patterns to those of aborted AI fetuses.  These results suggested that 
appropriate methylation in some regions may be correlated with the normal development 
of the cloned fetuses (Ref. 156). 
The intercotyledonal fetal membranes (ICFM) and the brain were compared in fetuses of 
SCNT cloned cattle and fetuses derived from AI Days 48 or 59 after implantation, and 
differences in DNA methylation were detected in specific gene regions (Ref. 157). 
The analysis of the methylation status of Igf-2r imprinted gene in the liver, brain, heart 
and lung tissues of fetuses of SCNT cloned cattle also showed differences in the 
methylation status between the cloned fetuses and normal fetuses, indicating a potential 
relationship between methylation status and abnormal tissues in the cloned fetuses (Ref. 
158). 

 
(After birth) 
A study investigating the methylation status of Xist gene in tissues (heart, liver and 
spleen) of SCNT cloned cattle reported that low methylation was found in some cloned 
cattle that died shortly after birth (Ref. 9). 
The methylation status of genome was examined at 2,000 points in newborn, adult (8 to 
11 months old) and aged (23 to 27 months old) SCNT cloned mice using kidney cells.  
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Differences in methylation patterns were detected at only 3 of 2,000 points between 
SCNT cloned mice and mice derived from IVF.  These results indicated that the 
methylation status would be almost similar between SCNT cloned mice and mice derived 
from IVF.  Difference in the methylation status detected between SCNT cloned mice and 
mice produced by sexual reproduction were observed at 1 point 11 months after birth and 
disappeared by 23 to 27 months after birth.  These results indicated that errors in DNA 
methylation could disappear with advancement of the animals’ age (Ref. 159). 

 
A study indicated that healthy SCNT cloned pigs (15 or 27 weeks age) did not 
significantly differ in the body weight and any hematological parameters from control 
pigs.  However, some hematological parameters largely varied and regional differences 
in the methylation status of nontranscribed regions of dermal DNA (PRE-1 SINE and 
centromeric satellite sequences) were observed (Ref. 107). 

 
(2) Gene expression analysis 

(Until preimplantation/blastocyst stage) 
A study reported that the expression levels of the X-linked transcript genes (G6PD, Xist) 
in morulae and blastocysts of SCNT cloned cattle differed from embryos with IVF (Ref. 
160). 
The comprehensive gene expression analysis with the microarray technology indicated 
that the gene expression profiles of blastocysts of SCNT cloned cattle were drastically 
different from those of their donor cells and closely resembled those of the fertilized 
embryos.  These results indicated that reprogramming was conducted to some degree.  
Thus, it is expected that there may be reprogramming errors that prevent differentiation in 
embryos after the blastocyst stage (Ref. 161). 
A study where mRNA expression levels of IGF-1 receptors and IGF binding proteins 
were determined in blastocysts from SCNT cloned cattle, cattle produced by fertilized 
egg clones, cattle with IVF and cattle with ET, showed decreased mRNA expression 
levels of IGF-2 receptor and IGFBP-3 in embryos from SCNT cloned cattle (Ref. 162).  
Another study reported that embryos of SCNT cloned cattle showed no significant 
difference in the expression level of IGF-2 receptor gene (Ref. 163). 
The gene expression analysis was carried out for 11 genes (including Oct-4 gene) in 
embryos from SCNT cloned cattle at the 8-cell stage.  The results indicated that no large 
differences in the expression patterns of 11 genes between embryos with IVF and those 
from SCNT cloned cattle.  The expression levels of all the genes other than lactate 
dehydrogenase gene were higher in embryos with IVF and those from SCNT cloned 
cattle as compared with ET (Ref. 164). 
Embryos of SCNT cloned cattle had changes in the expression levels of histone 
deacetylase, DNA methyltransferase (DNMT3) and transcription factor (Oct-4) 
depending on the types of donor cells and the cell stages (e.g., morula and blastocyst) 
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(Ref. 165). 
 

A study indicated that in embryos of SCNT cloned female mice, 2 X chromosomes were 
active, as in normal embryos, during cleavage stages (by 8-cell stage) and random X 
inactivation occurred at the blastocyst stage or later.  However, in the trophectoderm 
(TE), allele-specific inactivation of donor cells was kept (Ref. 166). 
The expression level of Oct-4 was determined using expression of mRNA and Oct-4-GFP 
in blastocysts of SCNT cloned mice.  Abnormal Oct-4 expression was detected in the 
blastocysts of clones as compared with IVF blastocysts, suggesting that abnormal Oct-4 
expression may cause failures in somatic cell cloning (Ref. 167). 
The 10 candidate genes having a similar expression pattern to that of Oct-4 of mice were 
identified, and their expressions were analyzed in SCNT cloned preimplantation embryos.  
All embryos of somatic cell clones derived from ES cells expressed all 10 candidate 
genes and Oct-4 gene, but only 62% of SCNT cloned embryos derived from cumulus 
cells expressed all tested genes (Ref. 168). 
In mouse embryos created with SCNT and IVF, the transcription of Hprt, Tsx, Bex1, Bax, 
Cpt2 and Oct-4 genes started at almost the same time irrespective of the techniques, but 
their expression levels differed as the cleavage stages progressed; particularly in the 
blastocyst stage, there was a variation in the ratio of gene expression level among the 
cloned embryos.  These results suggested that reprogramming is incomplete at the 
preimplantation development stages (Ref. 169). 

 
In embryos of SCNT cloned pigs and embryos produced by intracytoplasmic sperm 
injection (ICSI) at 2-4 cell stages and blastocyst stage, the expression profiles of 
FGFr2IIIc, FGFr72IIIb, Xist, IL6, IL6r and c-kit ligand genes were compared.  The 
donor cells of SCNT cloned embryos were derived from 2 cell lines and the 2 activation 
protocols were used.  The gene expression levels were similar between SCNT cloned 
embryos and ICSI embryos, but a reduced level of FGFr72IIIb expression and an 
increased level of IL6r were found in SCNT cloned blastocysts.  The FGFr72IIIb and 
Xist genes showed different expression depending on the activation method at 2-4 cell 
stages.  There was no significant difference in the expression profiles at 2-4 cell stages 
between 2 donor cells of somatic cell clones (Ref. 170). 

 
(Placentas and fetuses) 
In the placentas of SCNT cloned mice derived from mouse ES cell donors, the placental 
weight significantly increased, and there were very large variations in the expression 
levels of imprinted genes (H19, Igf2, Peg1/Mest and Meg1/Grb10) among cloned mice 
(Ref. 171). 
The histological change and the expression of placenta-specific genes and imprinted 
genes were examined in the placentas of SCNT cloned mice in late gestation.  The 
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placentas of the clones were larger than those of controls.  There were histological 
changes in all layers of the placenta (trophoblast giant cell, spongiotrophoblast and 
labyrinth layer) particularly in the spongiotrophoblast layer, prominent expansion was 
seen.  No significant change was found in the gene expression in the placenta.  
Although SCNT cloned fetuses tended to be larger in cattle and sheep, the average weight 
of mouse SCNT cloned fetuses were lower than that of controls, suggesting that 
morphological abnormality in the placentas due to SCNT may negatively affect the 
growth of cloned fetuses (Ref. 151). 
The microarray analysis was used to assess the expression of more than 10,000 genes in 
the placentas of SCNT cloned mice (derived from ES cells or cumulus cells).  The 
expression levels in about 4% of genes expressing in the placentas of the clones were 
different from those of the controls.  The gene expression amounts of 286 genes varied 
similarly both in the cloned from cumulus cells and those from ES cells.  Therefore, 
abnormalities in gene expression in the placentas of the cloned mice may commonly 
develop in the placentas of normal SCNT cloned mice.  The placental size was not 
related to the abnormalities in gene expression (Ref. 172). 
The placentas of SCNT cloned mice in late pregnancy were 2 to 3 times larger than those 
of control mice, irrespective of types of donor cells.  There were abnormal decreases in 
the expression levels of many genes, including imprinted genes.  Therefore, it was 
concluded that the gene expression of placenta cells were regulated independently of the 
mechanism of genomic imprinting (Ref. 173). 
The expression patterns analysis with complementary microarray indicated that 
differences in the expression patterns in the liver between fetuses of SCNT cloned cattle 
and normal fetuses were detected in about 5% of the target genes, but the gene expression 
patterns largely varied among individuals (Ref. 174). 

 
(After birth) 
The expression of 10 genes on the X chromosome was examined in SCNT cloned cattle, 
and the aberrant expression patterns in the 9 genes were found in some organs of the 
clones that died shortly after birth (Ref. 9). 
The gene expression levels of 3 genes (Igf2, Igf2r and H19) were examined in bovine 
SCNT cloned neonates that died shortly after birth and healthy adult cloned cattle, which 
were produced from the same donor cell.  The results indicated that deceased cloned 
neonates exhibited aberrant expression of all genes and large variations in the expression 
levels of the genes among these clones (Ref. 175). 
The expression levels of 8 developmentally important genes (PCAF, Xist, FGFR2, 
PDGFRa, FGF10, BMP4, Hsp70.1 and VEGF) were compared in 6 organs (heart, liver, 
kidney, spleen, lung and brain) between SCNT cloned calves dead shortly after birth and 
control calves.  Aberrant tissue-specific expression was found in the deceased clones 
depending on the genes.  Such aberrant expression was most frequently detected in the 
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heart (5 of 8 genes) and was least frequently found in the kidney (2 of 8) (Ref. 176). 
 

A study indicated that X chromosome inactivation was skewed in SCNT cloned female 
mice (Ref. 177). 
The microarray analysis of genome-wide gene expression profiles in SCNT cloned mice 
showed that the brain, liver and kidney in the neonatal cloned mice with normal 
appearance had remarkable variations in the gene expression, which were not found in 
offspring produced via fertilization, and there are the chromosome regions in which 
expression of several genes was aberrantly controlled in SCNT clones (Ref. 178). 

 
(3) Factors involved in epigenetic modification  

The epigenetic situation is reported to be affected by differences in culture conditions or 
types of donor cells.  Many studies have been performed to increase the successes rate 
of producing cloned animals with SCNT (see IV. (1). 1)).  The important cloning points 
include types and traits (Refs. 165, 179); cell cycle (Refs. 163); culture conditions (Refs. 
163, 180); chromosomal stability (Refs. 181, 182) of donor cells, age in month (Ref. 183), 
removed timing (Ref. 184); cell cycle (Ref. 185); timing of activation at cell fusion (Ref. 
163) of recipient oocyte, and culture conditions of cloned embryos (Ref. 163). 

 
(4) Progeny 

It has been reported that some epigenetic modification in mammalian fetuses may be 
transmitted to progeny (Refs. 186, 187).  However, abnormal phenotypes found in 
SCNT cloned mice (e.g., placenta overgrowth, fetal overweight, open eyelids, age-related 
obesity) were not transmitted to their offspring (F1) (Refs. 75, 188, 189).  In addition, in 
offspring (11 females and 19 males) produced using the sperm of the same SCNT cloned 
bull, any abnormalities found in the father bull at birth and after birth were not seen in 
any of their offspring (Ref. 114).  These findings suggested that abnormalities found in 
SCNT clones may be removed by gametogenesis reprogramming in the following 
generations (Refs. 189, 190).  Therefore, the progeny of SCNT cloned animals would 
have health profiles similar to that of animals produced with the conventional ARTs (Ref. 
191). 

 
4. Others 

(1) DNA mutation and chromosomal abnormalities 
In SCNT, a somatic cell or nucleus of somatic cell is transferred into an enucleated 
mature egg and fused with electrical stimulation, but genes are not modified. 
Spontaneous DNA mutations may occur in SCNT cloned animals after nuclear transfer, 
but can occur even in animals produced with the conventional ARTs. 

 
The genotype assay using polymorphic microsatellite markers for genes of donor cattle, 
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donor cultured cells, SCNT cloned cattle revealed that the identical genotype were found 
in all groups (Refs. 45, 84, 192, 193, 194, 195) and recloned calves produced from SCNT 
cloned cattle also had identical genotypes (Ref. 192). 
In preimplantation blastocysts of SCNT cloned cattle, karyotypic abnormalities (except 
for diplont) were frequently found (Ref. 196).  The cytogenetic analysis using peripheral 
lymphocytes from SCNT cloned cattle indicated that about 20% of cells had numerical 
chromosome aberrations (except for diplont) in 2 of 20 cloned cattle (around 5% in 
controls) (Ref. 197). 
The nuclear distribution patterns were examined using peripheral lymphocytes from 30 
offspring produced from the same SCNT cloned cattle, and there was no difference in the 
nuclear distribution patterns between the offspring and control cattle (Ref. 114). 

 
It has been reported that 90% or more of embryos of SCNT cloned mice (derived from 
cumulus cells) showed normal chromosomal constitution (Ref. 198). 
In embryos of SCNT cloned mice and mouse embryos produced with IVF (ICSI), 
chromosomal segregation was examined until the 8-cell stage.  Abnormalities were 
found in some cloned embryos, but in the blastocyst stage, fewer numerical chromosome 
aberrations were seen in the cloned embryos than in embryos with IVF.  Considering 
these findings, defects in SCNT cloned embryos were expected to be caused mainly by 
epigenetic errors.  However, the chromosomal abnormality may be rarely transmitted in 
SCNT cloned mice (Ref. 199). 

 
(2) Mitochondrial DNA 

The causes of low success rate of producing SCNT cloned animals include incomplete or 
improper reprogramming as well as changes in the transmission pattern of somatic-cell 
cloned mitochondrial DNA (mtDNA) after transfer.  The sperm does not bring few 
mitochondria.  The general fertilized egg has a single identical population of mtDNA 
derived from an egg (homoplasmy), and the SCNT cloned embryo had mixed populations 
of mtDNA genomes derived from a donor cell and a recipient egg (heteroplasmy).  
Some abnormalities observed in SCNT embryos, fetuses and offspring may be caused by 
heteroplasmic mtDNA populations (Refs. 200, 201, 202). 
Although factors involved in the nuclear transfer (e.g., culture conditions of embryos, 
types of donor cells, quality of recipient oocyte) may affect the heteroplasmy level, most 
SCNT cloned animals (cattle, pigs and sheep) have homoplastic mtDNA (elimination of 
mtDNA derived from a donor cell) or heteroplastic mtDNA at a mild level (mix of 
mtDNA derived from a donor cell).  The heteroplasmy level depends on tissues (Ref. 
203). 
It is difficult to determine the effects of heteroplasmy on health in SCNT cloned animals 
or consumption risks, even if heteroplasmic mtDNA is found in SCNT cloned animals.  
The phenotype could be normal irrespective of the heteroplasmy levels in SCNT cloned 
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animals.  Currently, there is no obvious evidence suggesting that heteroplasmy due to 
nuclear transfer is harmful in individual development (Ref. 204). 

 
(3) Telomere length 

A telomere is DNA (5-20 kb) containing guanine-rich repetitive short sequences at the 
end of a chromosome and contributes to the chromosomal stability.  As the telomere 
contains a single strand DNA at the end, it shortens by about 50-200 bases per cell 
division at DNA replication.  The telomere, therefore, is also called “mitotic clock”.  In 
addition, the telomere is considered to be involved in DNA replication and chromosomal 
segregation, etc. 

 
In a SCNT cloned sheep (Dolly), the telomere length was significantly shorter than in 
sheep at the same age.  It was reported that the telomere length of the cloned sheep 
(Dolly) was consistent with the length at the age of the animal providing a donor cell and 
telomere erosion during cell culture before nuclear transfer (Ref. 205).  Another study 
reported that the telomere length of SCNT cloned sheep was shorter than that of sheep at 
the same age (Ref. 206). 
However, some studies reported that the telomere lengths of SCNT cloned cattle, pigs and 
goats were equal or longer as compared with age-matched control animals, even when 
aged cells were used as donor cells (Refs. 206, 207, 208, 209, 210, 211, 212). 
The telomere length of 30 offspring born from the same SCNT cloned cow (a donor cell 
is a fibroblast) was the same in length as age-matched cattle (Ref. 114). 
There are large differences in the telomere length of SCNT cloned animals depending on 
the animal species, types of somatic cells used and culture conditions, but the relationship 
between the telomere length and the life span of SCNT cloned animals has not been 
demonstrated (Refs. 205, 210, 213, 214). 

 
Telomerase exists in cells, including germ cells, embryonic cells and immortalized cells 
and has the ability of elongating a telomere and maintaining the telomere length after 
several cell divisions.  Telomerase is an enzyme that reconstructs and elongates a 
telomere and is activated during the embryonic stage.  The telomerase activity is 
suppressed in most somatic cells after birth but is maintained in germ cells, tumor cells 
and stem cells (Refs. 212, 215, 216). 
The telomerase activity was much higher in bovine fetal fibroblasts than in adult 
fibroblasts, but was significantly lower as compared with ES cell-like cells.  The 
telomerase activity in bovine fetal fibroblasts was diminished by cell passaging and 
culture periods under serum starvation conditions.  In embryos of SCNT cloned cows, 
the telomerase activity increased as in control embryos.  The telomere length in SCNT 
cloned cattle obtained was longer than or almost similar to that of age-matched control 
cattle (Ref. 206). 
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In cattle and mice, a telomerase-dependent telomere elongation was found at the 
transition from morula to blastocyst (Ref. 217). 

 
Cultured primary fibroblasts from SCNT cloned fetal sheep exhibited the same 
proliferative capacity and rate of telomere shortening as cultured primary fetal donor 
fibroblasts (Ref. 218).  This suggests that aging of the cell division capacity is 
genetically determined and is not dependent on the telomere length (Ref. 124). 

 
5. Summary of epigenetics and other properties for SCNT cloned animals 

Genetically identical cells can adequately regulate the expression of essential genes and 
non-essential genes on the basis of epigenetic modification to differentiate somatic cells 
with various functions and traits. 
As stated in 1 to 4, epigenetic studies on various processes in the production of SCNT 
cloned animals have reported that there are differences in epigenetic modification and gene 
expression profiles between SCNT cloned animals and animals produced via general 
fertilization. 
The cells passing some differentiation stages are generally regulated not to differentiate into 
cells other than designated ones.  In the production of SCNT cloned animals using somatic 
cells, the normal reprogramming in reconstructed embryos would be important for the 
subsequent development of SCNT cloned embryos and normal growth of cloned fetuses.  
However, in many cases of SCNT cloned animals, the epigenetic regulation is not 
completely performed unlike normal fertilized eggs (i.e., normal epigenetic regulation in 
somatic cells is carried over) and the cloned embryos are not well developed to fail to 
normally produce a cloned animal.  One cause of the low success rate of producing SCNT 
cloned animals is that the reprogramming of nucleus of a donor cell is not well performed 
unlike the reprogramming of the nucleus from a sperm in a fertilized egg. 
However, there are few differences in the epigenetic modification between SCNT cloned 
animals that showed healthy growth and normal animals.  Although some different 
epigenetic modification remains in such cloned animals, these changes differed among 
individuals and most phenotypes are normal.  In this case, even if different epigenetic 
modification remains, such changes could occur in the genome region, which has no effect 
on gene expression or which includes genes that do not affect survivals or phenotype. 
Thus, inadequate development and differentiation in SCNT cloned animals would be mainly 
caused by improper regulation of epigenetic modification. 

 
Abnormal regulation of epigenetic modification is not limited to SCNT cloned animals, but 
is found in all reproductive processes, including natural mating and AI.  In particular, poor 
regulation of epigenetic modification frequently occurs in the ARTs using the assisted 
reproduction technology with many in vitro procedures. 
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SCNT cloned animals have the nuclear DNA sequences identical to that of donor animals.  
Although DNA mutations may occur even in SCNT cloned animals, spontaneous DNA 
mutations would occur as seen in animals produced by the conventional ARTs because the 
recombinant DNA technique is not used in the processes of producing SCNT cloned 
animals.  Some reports said that DNA mutation and chromosomal abnormalities in SCNT 
cloned animals were not detected or were not different from those in conventionally bred 
animals via fertilization. 
SCNT cloned animals theoretically have mixed populations of mtDNA genomes derived 
from a nuclear donor cell and ooplasm (heteroplasmy).  Currently, there is no obvious 
evidence suggesting that heteroplasmy due to the nuclear transfer is harmful in individual 
development. 
Many studies indicated that the telomere length varies among individuals and recovers in 
some cells.  Thus, although there was a concern that “telomeres are very short in SCNT 
cloned animals” at the early stage of developing SCNT techniques, this phenomenon is not 
considered to occur in the cloned animals. 

 
In progeny of SCNT cloned animals, the nuclei having the potential of different epigenetic 
modification, which may remain in parents (cloned animals), would be reprogrammed via 
germ cells, as in animals conventionally produced via fertilization.  Therefore, the 
epigenetic regulation in progeny of SCNT cloned animals would be similar to that in 
offspring produced with the conventional ARTs via fertilization. 
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VI. Safety of foods derived from cattle and pigs produced by SCNT and their 
offspring 

Generally, some proteins contained in foods derived from mammalian livestock may cause 
allergy in humans, but components of the foods are not known to be toxic or pathogenic to 
humans when the foods are taken. 
Since genes are not modified in SCNT cloned cattle and pigs, new biomolecules are not 
produced in the clones as compared with cattle and pigs produced by the conventional ARTs. 
The nuclear DNA sequences of animals produced with SCNT are theoretically identical to 
those of donor animals, and therefore proteins produced using SCNT cloned animals that grew 
healthily would be identical to those produced using donor animals. 
Therefore, there would be no differences in safety between foods from healthy SCNT cloned 
cattle and pigs and their offspring, and those from animals conventionally bred. 
On the basis of current data, we compared meat and milk from SCNT cloned cattle and pigs 
and their offspring with those from cattle and pigs produced by the conventional ARTs and 
evaluated potential differences in nutrient components, the results of studies (including 
micronucleus test), subchronic/chronic toxicity study in rats and mice, and allergenicity test. 
 
1. Comparison of meat and milk components 

It is said that components of milk and meat from cattle are affected by feed or environments 
to vary food composition (Refs. 108, 219). 

 
(1) Beef 

The general components (water, protein, fat, carbohydrate, ash, calcium and cholesterol), 
18 amino acids, and 17 fatty acids were analyzed in meat samples (9 parts: shoulder, 
chuck eye roll, rib roast, sirloin, rib, round, bottom round, rump and tenderloin) from 1 
Japanese Black bull (28 months of age).  There were no substantial differences in them 
between samples of the clone and those of bulls produced by the conventional ARTs (Ref. 
220). 
In 2 SCNT cloned Japanese Black cattle (26 months of age), water, protein, fat, 18 amino 
acids in muscle samples (infraspinatus muscle, longissimus thoracis muscle, latissimus 
dorsi muscle, adductor muscle, biceps femoris muscle and semitendinosus muscle), 8 
fatty acids of subcutaneous, intermuscular, coelomic and renal adipose tissues were 
analyzed, and the organs (e.g., liver, kidney and spleen) were pathologically examined.  
There were significant differences in water, proteins and fatty acids (olein acid, palmitic 
acid, palmitoleic acid, linoleic acid and linolenic acid) of the semitendinosus muscle, and 
linoleic acid of the longissimus thoracis muscle and renal adipose tissue, between the 
cloned cattle and cattle produced with the conventional ARTs.  The differences in fatty 
acids would be derived from donor cattle with high marbling score and other parameter 
values were within the ranges of general values.  There were no abnormalities in the 
pathological examination (Ref. 221). 
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Meat samples of 11 SCNT cloned cattle aged 12 to 43 months (6 females and 5 males; 
Angus, Brangus, Holstein and cross breeds) were analyzed for water, fat, proteins, 
carbohydrate, cholesterol, 19 amino acids, 7 fatty acids, 6 vitamins and 4 minerals.  
There were no significant differences in them between samples of clones and those of 
cattle produced by the conventional ARTs (Ref. 222). 
A study has reported the semitendinosus muscle of 9 SCNT cloned cattle aged 8, 12, 18, 
and 24 months.  This study did not represent actual data, but indicated that the 
percentages of myosin heavy chains (MyHC) I and IIa increased and the percentage of 
MyHC IIb decreased in the cloned cattle aged 12 months as compared with non-cloned 
cattle.  In the clones aged 8 months, the percentage of polyunsaturated fatty acid 
increased and the percentage of monounsaturated fatty acid decreased.  The percentages 
of trans-vaccenic acid (C18:1-t11) and cis-vaccenic acid (C18:1-c11) were lower in the 
clones aged 24 months and the delta-9 desaturase activity against C16 fatty acid was 
higher in the clones aged 18 and 24 months (Ref. 64). 

 
The general components (water, protein, fat, carbohydrate, ash, and cholesterol), 18 
amino acids and 17 fatty acids were analyzed in meat samples (3 parts: shoulder, sirloin 
and round) from 3 offspring aged 28 months of Japanese Black SCNT cloned cattle.  
There were no significant differences in them between samples of the offspring and those 
of cattle with conventional ARTs (Ref. 223). 

 
(2) Pork 

Meat samples of 4 Hamline SCNT cloned pigs aged 6 to 8 months showed similar 
qualitative traits, including carcass grading, color, hardness, and marbling score, to those 
of pigs produced by the conventional ARTs.  Cholesterol, 17 amino acids, 32 fatty acids, 
3 vitamins and 4 minerals were analyzed in meat samples of 5 SCNT cloned pigs aged 6 
to 8 months (4 Hamline and 1 Duroc pigs).  Meat of the clones showed very small 
differences in these parameters from meat of pigs conventionally bred and had similar 
values to the USDA’s standard values (Refs. 47, 111). 

 
Loin samples from 242 offspring of SCNT cloned pigs were analyzed for 58 different 
parameters: cholesterol, 17 amino acids, 33 fatty acids, 3 vitamins and 4 minerals.  A 
difference was found only in eicosadienoic acid (C20:2) (0.04% in the clones vs. 0.01 to 
0.03% in control pigs), but all the other parameter values in the samples of the offspring 
of clones were similar to the USDA’s standard values (Ref. 117). 
Meat samples from 44 offspring of SCNT cloned Jin Hua pigs (23 males and 21 females) 
were analyzed for parameters, including pH, water and fat, and showed similar values to 
those from pigs produced by the conventional ARTs (Ref. 116). 
In 11 offspring of SCNT cloned Jin Hua pigs (5 males and 6 females), longissimus 
thoracis muscle, biceps femoris muscle, liver and heart samples were analyzed for water, 
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protein, fat and ash; and longissimus thoracis muscle and biceps femoris muscle samples 
were analyzed for 18 amino acids, 6 nucleic acids and 6 fatty acids of adipose tissue.  
Mean values for some parameters in samples of the offspring from the clones differed 
from those from control pigs produced by the conventional ARTs, but were within the 
variation ranges in control pigs (Ref. 118). 

 
(3) Milk 

Milk samples from 15 SCNT cloned cows (Holstein and cross breeds) were analyzed for 
fat, protein, lactose, pH, nitrogen, solid content, somatic cell count, acid level, 14 fatty 
acids, 8 minerals and 6 protein compositions.  Small differences were found in 2 fatty 
acids (palmitic acid (C16:0) and linolenic acid (C18:3), potassium, zinc, strontium and 
phosphorus between milk samples from the clones and those from cows produced by the 
conventional ARTs.  However, the differences were considered to result from different 
feed ingredients.  There were no significant differences in other parameters (Ref. 224). 
Milk samples from 6 SCNT cloned Holstein cows were compared for fat, protein, lactose, 
solid content, 14 fatty acids, 4 minerals and 7 protein compositions with those from donor 
cows.  The values in serum albumin and 2 fatty acids (linoleic acid (C18:2) and linolenic 
acid (C18:3)) differed between the clones and donors, but were within ranges of values 
generally found in Holstein cows (Ref. 60). 
Milk samples from 9 SCNT cloned cows were also compared for 18 amino acids, 3 
vitamins and 8 minerals with those from cows produced by the conventional ARTs and no 
difference was found in any parameters (Ref. 77). 
Fat, protein, lactose, solid content, BUN, somatic cell count and 7 protein compositions 
were analyzed in milk samples from 10 SCNT cloned Holstein cows, and there were no 
differences in any parameters between milk samples from the clones and those from cows 
produced by the conventional ARTs (Ref. 221). 
Fat, protein and milk solid nonfat content were analyzed using milk samples from SCNT 
cloned cows (6 Holstein and 4 Jersey cows).  There were differences due to the breeding 
environment and feed in the parameters between the clones and donors, which were 
within the range found in cows produced by the conventional ARTs (Ref. 68) 
Milk samples from 5 SCNT cloned Holstein cows were analyzed for fat and 6 fatty acids.  
As compared with milk samples from control cows produced by the conventional ARTs, 
the values of stearic acid (C18:0), trans-vaccenic acid (C18:1-t11) and linolenic acid 
(C18:3) were lower in those from the clones (clones: 7.3% vs. controls: 10.5%, 0.94% vs. 
1.30% and 0.21% vs. 0.34%, respectively) (Ref. 64). 
Milk samples from SCNT cloned cows (6 Holstein and 3 Jersey cows) were analyzed for 
fat, protein, lactose, casein, pH, 18 amino acids, 23 fatty acids, 3 vitamins and 7 minerals; 
there were no differences in any parameters between milk samples from the clones and 
those from cows produced by the conventional ARTs (Ref. 65). 
The general components (water, protein, fat, carbohydrate, ash, calcium and cholesterol), 
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18 amino acids and 21 fatty acids were analyzed in milk samples from 3 SCNT cloned 
Holstein cows, and there were no substantial differences in any parameters between milk 
samples from the clones and those from cows produced by the conventional ARTs (Ref. 
220). 
Fat, proteins, lactose, casein, pH, fatty acid, mineral and 8 protein compositions were 
analyzed in milk samples from SCNT cloned cows, and these values were within the 
range of the values in milk from cows produced by the conventional ARTs (Refs. 225, 
226, 227). 

 
The general components (water, protein, fat, carbohydrate, ash, calcium and cholesterol), 
18 amino acids and 21 fatty acids were analyzed in milk samples from 3 offspring of 
SCNT cloned Holstein cows, and there were no differences in any parameters between 
milk samples from the offspring and those from cows produced by the conventional ARTs 
(Ref. 223). 

 
2. Micronucleus test 

In a micronucleus test in ICR mice aged 8 weeks fed diets containing freeze-dried meat 
powder (0, 1, 2.5 or 5%) or milk powder (0, 2.5, 5 or 10%) derived from SCNT cloned 
cattle aged 28 months, micronucleus was not observed in mouse bone marrow cells (Ref. 
220). 

 
In a micronucleus test in ICR mice aged 8 weeks fed diets containing freeze-dried meat 
powder (0, 1 or 5%) or milk powder (0, 2 or 10%) derived from progeny aged 28 months of 
SCNT cloned cattle, micronucleus was not observed in mouse bone marrow cells (Ref. 
223). 

 
A micronucleus test was carried out in ddY mice aged 8 weeks receiving freeze-dried meat 
powder derived from progeny of SCNT cloned Jin Hua pigs at an oral gavage dose of 0, 250, 
1,000 or 2,000 mg/kg bw, and micronucleus was not induced in mouse bone marrow cells 
(Ref. 118). 

 
3. Subchronic/chronic toxicity studies in rats and mice  

(1) Beef and pork 
A repeated dose study was conducted in SD rats aged 5 weeks (10 males and 10 females 
in a group) receiving diets containing freeze-dried meat powder derived from SCNT 
cloned cattle aged 28 month at a dose of 0, 1, 2.5 or 5% for 14 weeks.  No abnormal 
findings due to administration of the meat powder from the clones were seen in the 
systemic condition, body weight, food consumption, functional observational battery, 
sensory response function, landing foot splay, grip strength, estrus cycle, urinalysis, blood 
test, organ weights and pathological examination (Refs. 66, 220). 
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A repeated dose study was carried out in Wistar rats (8 animals in a group, gender 
unknown) receiving meat-based diets prepared from SCNT cloned cattle for 21 days.  
No abnormal findings due to administration of the meat from the clones were observed in 
food consumption, body weight gain, organ weights, fasting blood sugar levels and levels 
of IgG, IgA, IgM and IgE (Ref. 228). 

 
A 12-month repeated dose/reproduction test was conducted in SD rats aged 5 weeks (12 
males and 12 females in a group) receiving freeze-dried meat powder derived from 
progeny aged 28 months of SCNT cloned cattle at a dose of 1 or 5%.  The repeated dose 
study had no abnormal findings due to administration of the meat powder from the 
progeny of clones in the systemic condition, body weight, food consumption, functional 
observational battery, sensory response function, landing foot splay, grip strength, 
ophthalmologic examination, urinalysis, blood test, organ weights and pathological 
examination.  The reproduction test showed that administration of the meat powder had 
no abnormal effect on the fecundity of parental animals or on the development of 
offspring (Refs. 223, 229). 

 
A repeated dose study was carried out in ddY mice aged 5 weeks (6 males and 6 females 
in a group) receiving diets containing freeze-dried meat powder derived from SCNT 
cloned Jin Hua pigs at a dose of 0, 1, 2.5 or 5% for 28 days.  No abnormal findings due 
to administration of the meat powder from the clones were observed in the performance 
status, body weight, organ weights and pathological examination (Ref. 118). 

 
(2) Milk 

A repeated dose study was conducted in SD rats aged 5 weeks (10 males and 10 females 
in a group) receiving diets containing freeze-dried milk powder derived from SCNT 
cloned cows at a dose of 0, 2.5, 5 or 10% for 14 weeks.  No abnormal findings due to 
feeding with the milk powder from the clones were seen in the systemimc condition, 
body weight, food consumption, functional observational battery, sensory reflex function, 
landing foot splay, grip strength, estrus cycle, urinalysis, blood test, organ weights and 
pathological examination (Refs. 66, 220). 
A repeated dose study was carried out in Wistar rats (8 animals in a group, gender 
unknown) receiving milk-based diets prepared from SCNT cloned cows for 21 days.  No 
abnormal findings due to administration of the milk from clones were observed in food 
consumption, body weight gain, organ weights, fasting blood sugar level and levels of 
IgG, IgA, IgM and IgE (Ref. 228). 

 
A 12-month repeated dose/reproduction test was conducted in SD rats aged 5 weeks (12 
males and 12 females in a group) receiving freeze-dried milk powder derived from 
progeny of SCNT cloned cows at a dose of 2 or 10%.  The repeated dose study had no 
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abnormal findings due to feeding with the milk powder from the progeny of clones in the 
systemic condition, body weight, food consumption, functional observational battery, 
sensory response function, landing foot splay, grip strength, ophthalmologic examination, 
urinalysis, blood test, organ weights and pathological examination.  The reproductive 
and developmental test showed that the administration of the milk powder had no 
abnormal effect on the fecundity of parental animals or development of offspring (Refs. 
223, 229). 

 
4. Allergenicity tests  

(1) 21-day multiple dose study 
The repeated dose study was carried out in Wistar rats (8 animals in a group, gender 
unknown) receiving meat-based diets prepared from SCNT cloned cattle for 21 days.  
The blood levels of IgG, IgA, IgM and IgE as well as food consumption, body weight 
gain and organ weights were examined, and there were no abnormal increases in any 
antibody levels due to the administration of meat from the clones (Ref. 228). 

 
The repeated dose study was carried out in Wistar rats (8 animals in a group, gender 
unknown) receiving milk-based diets prepared from SCNT cloned cows for 21 days.  
The blood levels of IgG, IgA, IgM and IgE as well as food consumption, body weight 
gain and organ weights were examined, and there were no abnormal increases in any 
antibody levels due to the administration of milk from the clones (Ref. 228). 

 
(2) Intraperitoneal administration studies in mice 

1) Beef and pork 
ddY male mice aged 5 weeks were sensitized to a saline extract of freeze-dried meat 
powder derived from SCNT cloned cattle aged 28 months by intraperitoneal injection.  
They received a challenge dose of meat extract to the abdominal wall after intravenous 
injection of Evans blue solution Day 14 after sensitization.  The diameter of the dye 
leakage spot at the injection site was measured, and there were no significant 
differences in the diameter between meat from the clones and that from cattle produced 
by the conventional ARTs (Ref. 220). 

 
ddY male mice aged 5 weeks were sensitized to a saline extract of freeze-dried meat 
powder derived from progeny aged 28 months of SCNT cloned cattle by 
intraperitoneal injection.  They received a challenge dose of meat extract to the 
abdominal wall after intravenous injection of Evans blue solution Day 14 after 
sensitization.  The diameter of dye leakage spot at the injection site was measured, 
and there were no significant differences in the diameter between meat from the 
progeny of clones and that obtained from cattle produced by the conventional ARTs 
(Ref. 223). 
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ddY male mice aged 5 weeks were sensitized to a saline extract of freeze-dried meat 
powder derived from SCNT cloned Jin Hua pigs by intraperitoneal injection.  They 
received a challenge dose of meat extract to the abdominal wall after intravenous 
injection of Evans blue solution Day 14 after sensitization.  The diameter of the dye 
leakage spot at the injection site was measured, and there were no significant 
differences in the diameter between meat from the clones and that obtained from Jin 
Hua pigs produced by the conventional ARTs (Ref. 118). 

 
2) Milk 

ddY male mice aged 5 weeks were sensitized to saline extract of freeze-dried milk 
powder derived from 3 SCNT cloned cows by intraperitoneal injection.  They 
received a challenge dose of milk extract to the abdominal wall after intravenous 
injection of Evans blue solution Day 14 after sensitization.  The diameter of dye 
leakage spot at the injection site was measured, and there were no significant 
differences in the diameter between milk from the clones and that from cows produced 
by the conventional ARTs (Ref. 220). 

 
ddY male mice aged 5 weeks were sensitized to saline extract of freeze-dried milk 
powder derived from 3 offspring of SCNT cloned cows by intraperitoneal injection.  
They received a challenge dose of milk extract to the abdominal wall after intravenous 
injection of Evans blue solution Day 14 after sensitization.  The diameter of the dye 
leakage spot at the injection site was measured, and no significant differences were 
found in the diameter between milk from the offspring of clones and that from cows 
produced by the conventional ARTs (Ref. 223). 

 
The method of Kataoka et al. used above (Ref. 230) does not assess IgE-mediated 
allergenicity by oral sensitization and evaluates the antigenic level of foreign protein. 

 
Since the nuclear DNA sequences of SCNT cloned cattle and pigs are theoretically identical 
to those of donor animals, new proteins becoming allergens could not be produced.  There 
have been no reports indicating significant differences in allergenicity between foods from 
SCNT cloned cattle and pigs and those from cattle and pigs produced by the conventional 
ARTs. 

 
5. Protein digestability tests 

(1) Beef 
An in vitro digestion test was carried out in simulated gastric juice for 0, 0.75, 1.5, 6 and 
12 h and in simulated intestinal juice for 0, 1.5, 3 and 6 h using meat from SCNT cloned 
calves (4 days after birth).  As compared with meat from calves produced by the 
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conventional ARTs, the digestibility of meat from the clones was slightly lower in the 
simulated gastric juice for 0.75 h and slightly higher in the simulated intestinal juice for 
1.5 h.  There were no differences in the digestibility for other incubation times (Ref. 
220). 
SD male rats aged 26 weeks received diets containing freeze-dried meat powder derived 
from SCNT cloned cattle aged 28 months (protein content: 13.09%).  The total nitrogen 
level in feces for 3 days was measured to compare the digestibility.  There was no 
significant difference in the digestibility between the meat from the clones and that 
obtained from cattle produced by the conventional ARTs (Ref. 220). 

 
SD male rats, aged 39 weeks, received diets containing freeze-dried meat powder derived 
from progeny, aged 28 months, of SCNT cloned cattle (protein content: 13.09%).  The 
total nitrogen level in feces for 3 days was measured to compare the digestibility.  There 
was no significant difference in the digestibility between the meat from the progeny of 
clones and that obtained from cattle produced by the conventional ARTs (Ref. 223). 

 
(2) Milk 

SD male rats, aged 26 weeks, received diets containing freeze-dried milk powder derived 
from SCNT cloned cows (protein content: 13.09%).  The total nitrogen level in feces for 
3 days was measured to compare the digestibility.  There was no significant difference in 
the digestibility between the milk from the clones and that from cattle produced by the 
conventional ARTs (Ref. 220). 

 
SD male rats aged 39 weeks received diets containing freeze-dried milk powder derived 
from progeny of SCNT cloned cows (protein content: 13.09%).  The total nitrogen level 
in feces for 3 days was measured to compare the digestibility.  No significant difference 
was found in the digestibility between the milk from the progeny of clones and that from 
cows produced by the conventional ARTs (Ref. 223). 

 
6. Summary of foods derived from cattle and pigs produced with SCNT and their 

offspring 
Generally, some proteins contained in foods derived from mammalian livestock may cause 
allergy in humans, but components of the foods are not known to be toxic or pathogenic to 
humans when the foods are ingested. 
Since genes are not modified in SCNT cloned cattle and pigs, new biomolecules that do not 
exist in conventionally bred cattle and pigs are not produced in the clones. 
The nuclear DNA sequences of animals produced with SCNT are theoretically identical to 
those of donor animals, and therefore proteins produced form SCNT cloned animals that 
grew healthily would be identical to those from donor animals. 
On the basis of current data on meat and milk from SCNT cloned cattle and pigs and their 
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offspring, we compared meat and milk from SCNT cloned cattle and pigs and their 
offspring with those from cattle and pigs produced by the conventional ARTs, and evaluated 
potential differences in nutrient components and the results of studies, including 
micronucleus test, subchronic/chronic toxicity study in rats and mice, and allergenicity test.  
The obtained results showed no differences causing safety problems. 
Although no detailed data on foods other than meat or milk from the clones have been 
obtained, new biomolecules are not produced in SCNT cloned cattle and pigs as stated 
above.  It is unknown that when foods derived from cloned mammalian livestock are 
consumed, the components have toxicity and pathogenicity to humans.  There were no 
differences causing safety problems between milk and meat from SCNT cloned cattle and 
pigs and their offspring and those from conventionally bred cattle and pigs.  Considering 
these findings, foods other than meat and milk derived from healthy SCNT cloned cattle and 
pigs and their offspring would not differ in safety from those from cattle and pigs produced 
by the conventional ARTs. 
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VII. Safety assessment of food 
The safety of foods derived from SCNT cloned cattle and pigs and their offspring were 
evaluated on the basis of data and published scientific papers provided by MHLW. 
In the safety assessment of the foods from the clones and their offspring, it was basically 
evaluated, on the basis of current scientific findings, whether foods derived form SCNT cloned 
cattle and pigs and their offspring have equivalent safety as those from cattle and pigs 
produced by the conventional ARTs (e.g., AI). 
In SCNT cloned cattle and pigs, the stillbirth rate and the rate of died shortly after birth were 
higher before and after birth, as compared with those produced by the conventional ARTs.  
The mortality rate in SCNT cloned cattle tended to be higher during the juvenile period, but 
the cloned cattle healthily grew up after about 6 months as in cattle produced by the 
conventional ARTs.  These results may be attributed to the iintegrity level of totipotency of 
reconstructed embryo made using somatic cells, and the causes of death themselves have been 
found in the conventional ARTs.  Although the physiological parameter values after birth and 
during the juvenile period may be different between the cloned cattle and pigs and pigs and 
cattle produced by the conventional ARTs, but the values recovered with growth and the 
clones became healthy. 
Progeny of SCNT cloned cattle and pigs are produced via fertilization with the conventional 
ARTs such as AI.  F1, offspring of clones at the first generation, had no abnormalities found 
in SCNT cloned cattle and pigs during the perinatal and juvenile periods and the health profile 
of F1 did not differ from that of cattle and pigs produced by the conventional ARTs.  
Therefore, there would be no differences in health profile between offspring of the clones in 
the second and later generations produced via fertilization and cattle and pigs produced by the 
conventional ARTs. 
These results showed that the health profile of cattle and pigs produced with SCNT and their 
offspring, which could be used as food, is not different from that of cattle and pigs produced 
by the conventional ARTs. 
 
With recent advances in the embryologic studies, including epigenetics, it has been 
demonstrated that genetically identical cells can differentiate into somatic cells with different 
roles and traits by normal expression regulation of essential genes. 
Several studies on various processes involved in the production of SCNT cloned animals 
indicated that there were differences in epigenetic modification and gene expression profiles 
between SCNT cloned animals and animals produced via normal fertilization.  Normal 
epigenetic modification would be a main cause of abnormal development and differentiation in 
SCNT cloned animals. 
In progeny of SCNT cloned animals, the cell nucleus would be reprogrammed via germ cells, 
as in animals conventionally produced via fertilization.  Therefore, the regulation of 
epigenetic modification in progeny of the clones would be similar to that in offspring produced 
via fertilization with the conventional ARTs. 
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Since the nuclear DNA sequences of SCNT cloned cattle and pigs are theoretically identical to 
those of donor animals, any new biomolecules that do not exist in donor animals and cattle and 
pigs produced by the conventional ARTs are not produced in the clones.  Generally, some 
proteins contained in foods derived from mammalian livestock may cause allergy in humans, 
but components of the foods are not known to be toxic or pathogenic to humans when the 
foods are ingested. 
Meat and milk from SCNT cloned cattle and pigs and their offspring were compared with 
those from conventionally bred cattle and pigs. There were no differences causing safety 
problems in nutrient components, and the results of studies, including micronucleus test, 
subchronic/chronic toxicity study in rats and mice, and allergenicity test. 
 
No detailed data on foods other than meat or milk from clones have been obtained. However, 
any new biomolecules are not produced in SCNT cloned cattle and pigs as stated above, and 
there were no differences causing safety problems between foods from SCNT cloned cattle 
and pigs and those from conventionally bred cattle and pigs.  Considering these findings, 
foods derived from SCNT cloned cattle and pigs would not differ in safety from those from 
cattle and pigs produced by the conventional ARTs. 
 
The risk assessment based on current scientific findings showed that foods derived from 
SCNT cloned cattle and pigs and their offspring would have equivalent safety as those derived 
from cattle and pigs produced by the conventional ARTs. 
Since SCNT is a new technique, it is necessary to continue to collect data on the safety of 
foods derived from SCNT cloned cattle and pigs in the risk management institution. 
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