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Abstract

Previously we successfully produced a group of EGFP-expressing founder transgenic pigs by a
newly developed efficient and simple pig transgenesis method based on cytoplasmic injection of
piggyBac plasmids. In this study, we investigated the growth and reproduction performance, and
characterized the transgene insertion, transmission and expression patterns in transgenic pigs
generated by piggyBac transposition. Results showed that transgene has no injurious effect on the
growth and reproduction of transgenic pigs. Multiple copies of monogenic EGFP transgene were
inserted at noncoding sequences of host genome, and passed from founder transgenic pigs to their
transgenic offspring in segregation or linkage manner. The EGFP transgene was ubiquitously
expressed in transgenic pigs, and its expression intensity was associated with transgene copy
number but not related to its promoter DNA methylation level. To the best of our knowledge, this
is first study that fully described the growth and reproduction performance, transgene insertion,
expression and transmission profiles in transgenic pigs produced by piggyBac system. It not only
demonstrates that piggyBac transposition-mediated gene transfer is an effective and favourable
approach for pig transgenesis, but also provides scientific information for understanding the
transgene insertion, expression and transmission patterns in transgenic animals produced by
piggyBac transposition.
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Introduction

The horizontal transfer of genetic material into animals known as transgenesis has been
around since 1980 [1]. However, the success rate of producing transgenic animals (TAs) was
low. Therefore, improvements in animal transgenesis methods have been made since 1980,
to facilitate more efficient and effective generation of TAs. The first new method developed
to supplement the early transgenesis approach of pronuclear microinjection (PNI) [1] was
intracytoplasmic sperm injection-mediated transgenesis (ICSI-Tr) [2] which was described
in 1999. This method, like PNI, is a passive transgenesis technique and its main advantage
over PNI is that it is possible to obtain TAs from individuals that have fertility issues. For
example, if an animal has non-motile and therefore non-viable sperm, it is still possible to
produce TAs if the sperm is complexed with linear transgene DNA and then microinjected
into metaphase Il (MII1) arrested oocytes during ICSI-Tr. The ICSI-Tr procedure also allows
the microinjection of very large transgenes into oocytes [3], which proves cumbersome
when attempted with traditional PNI. ICSI-Tr, like PNI transgenesis, uses the oocyte DNA
repair machinery to integrate the linear transgene into the genome of the host cells [4] and
hence often results in concatemerised transgene insertions, just as PNI [5]. The efficiency of
both ICSI-Tr and PNI was low, in the region of at best 5% (TAs/micromanipulated oocytes
or embryos). In pigs the success rate of PNI was much reduced to around 1% [6]. For ICSI-
Tr in pigs the efficiency also plummeted to 0.14% in some experiments [7]. The extremely
low efficiency associated PNI and ISCI-Tr has prevented the application of these techniques
in generation of transgenic pigs.

A lentivirual vectors-based efficient transgenic method, which was the first active
transgenesis procedure, was introduced in 2002 [8]. This method was initially developed in
rodents and then extended to farm animals [9,10]. While efficient in germline transgenesis,
this method is not commonly used for production of transgenic founder animals, as a large
number of treated embryos (~73%) die before implantation. Use of lentiviral vectors in
transgenesis also cause other issues or concerns that are well documented elsewhere [11,12].

Currently mobile genetic elements known as transposons have emerged as an alternative
active transgenesis technique [13,14], which was first implemented in rodents and now
applied to pigs [15,16]. The transposases currently in use for these active transgenesis
techniques are piggyBac (PB) and Sleeping Beauty (SB), which are Class Il cut and paste
transposase enzymes [14,17,18]. Both PBand SB transposase systems are highly efficient in
producing transgenic pigs at a rate around 8% (TAs/micromanipulated embryos), which is
much higher than the rates of PNI and ICSI-Tr. Furthermore, it has been shown that
transgenic pigs produced by SB system exhibit normal fecundity, and germline transmission
of the transgene [17,19].

Previously we have firstly employed PB transposition plasmids to successfully generate
transgenic pigs via the cloning technigue [20]. In a recent report [16] we also produced
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EGFP-expressing founder transgenic pigs at a high success rate of 6% (TAs/
micromanipulated embryos), by the simple cytoplasmic injection (CPI) technique in
combination with efficient gene transfer method mediated by a proprietary self-inactivating
PBvector pmGENIE-3, which has been proven efficient for mouse transgenesis [21,22]. In
the present study we investigated the growth and reproduction performance, and
characterized the profiles of transgene integration, expression and transmission in transgenic
pigs produced in our previous experiments by PB transposition [16].

Materials and methods

Ethics statement

Animals

This study was carried out in strict accordance with “The Instructive Notions with Respect
to Caring for Laboratory Animals”, issued by the Ministry of Science and Technology of
China. The animal experimental protocol was approved by the Institutional Animal Care and
Use Committee of South China Agricultural University. All efforts were made to minimize
animal suffering.

The wild-type sows (Yorkshire), Fq transgenic boars (Duroc) and their wild-type littermate
boars (Duroc), and F; transgenic pigs and their wild-type littermates used in the present
study were raised in a same pig farm of Guangdong Wen’s Group located in Yunfu City,
Guangdong Province, China.

Measurement of growth performance

Two growth traits, including average daily gain (ADG) and feed conversion efficiency
(FCE), were measured during the growth period between 30-100kg of wild-type and
transgenic pigs. The pigs were raised in a pen equipped with a Feed Intake Recording
Equipment system (FIRE®; Osborne. Industries, Inc., KS, USA), which can pick up the ID
signal transmitted from the electronic ear tag carried by the pigs when they come to feed.
The system can automatically record the feed intake, body weight increment and days of
measurement of each pig. At the end of the measurement, the ADG and FCE data for each
pig were calculated by the system.

Measurement of reproduction performance

The farrowing rate, total born per litter and born alive per litter of sows mated by transgenic
and wild-type boars, were measured. Farrowing rate was defined as number of farrowed
sows/number of mated sows. Total born per litter was defined as number of live-born piglets
and stillborn piglets/number of litters. Live-born per litter was defined as number of born
alive piglets/number of litters.

Artificial insemination

Semen was collected from transgenic and wild-type boars at the age of 10 months, and
diluted into multiple doses. Each dose contains 3 billion spermatozoa in 80 mL of semen
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extender. Sows showing sign of spontaneous estrus were artificially inseminated 3 times
with 3 doses of semen, and with an interval of 12 h between each insemination.

Observation of EGFP expression in transgenic pigs and their organs

Transgenic pigs and their organs or tissues expressing EGFP were visualized by the Living
Organism’s Fluorescent Protein Observation System, consisting of a blue light lamp with
maximum excitation at 488 nm and goggles with light filters (Model: FBL, BLS Ltd.,
Hungary). Photographs of transgenic pigs, wild-type pigs, and their organs and tissues were
taken under blue light or bright light by a camera equipped with and without light filters.

Analysis of EGFP expression in spermatids

Fo transgenic boars and wild-type boars were sacrificed at the age of 12 months. Their testis
tissues were quickly removed, fixed in 4% paraformaldehyde, and embedded in paraffin.
Embedded tissues were cut into sections and stained with hematoxylin and eosin. Stained
sections were analyzed under fluorescence microscopy and photos were taken by a camera
connected to the microscope.

Southern blot analysis

The Southern blot was performed as previously described [16]. Briefly: ear genomic DNA
(10 pg) from each piglet was restriction digested with Hind 111, purified by ethanol
precipitation, and then separated by electrophoresis in a 0.80% agarose gel. The DNA was
subsequently transferred to a nylon membrane (GE Life sciences, Shanghai, China) by the
capillary transfer method. The membrane was prehybridized for 1 h and then hybridized
overnight at 55°C with an EGFP gene probe labeled with DIG by using a PCR DIG Probe
Synthesis Kit (Roche Applied Science, China). Hybridization and washing were performed
with DIG-High Prime DNA Labeling and Detection Starter Kit 11 (Roche Applied Science,
China). After hybridization, the membrane was incubated for 30 minutes in blocking
solution and subsequently incubated for 30 minutes in anti-DIG-AP antibody solution. The
membrane was next treated for 5-20 minutes following incubation with 1 ml of CSPD
ready-to-use solution, and a Southern blot photograph was captured with an EC3 imaging
system (UPA, CA, USA)

Inverse PCR analysis

One microgram of genomic DNA from TG7 boar was digested with Hind I11. The digestion
product was purified by a DNA purification column (Qiagen) and eluted with 100 pL of
ddH,0. After adjustment with ddH»O and T4 ligase buffer to a finally required volume prior
to ligase enzyme addition, T4 ligase was added with a final concentration of 10 U/uL to the
1000 pL final ligation mixture. The ligation reaction was allowed to proceed overnight by
incubation at 16°C and ligated DNA was purified via a Qiagen DNA purification column,
and 100 pL of ddH,0 was used to elute the purified DNA from the column. A 2 L elution
aliquot was used as template for the PCR reaction, with primer sets: P13+P14 (for primer
sequences see Li et al., 2014 [16]). The resulting PCR products were cloned by ligation into
a TA vector (Life Technologies, Carlsbad, CA, U.S.A) and then sequenced. The obtained
sequences were blasted against the sequence of the transgene vector p/mGENIE-3-EGFP and

Anim Biotechnol. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeng et al.

Page 5

the Sus scrofa (pig) genomic DNA sequence database (Build Sscrofal0.2) on NCBI BLAST
website to find out the integration sites of the PB transposon.

Promoter DNA methylation analysis

The CAG promoter sequence of EGFP transgene was submitted to the website (http://
cpgislands.usc.edu) for CpG islands search. Primer sequences for amplification of a selected
CpG island were designed at website (http://www.urogene.org/methprimer). Genomic DNA
was extracted from tissues by using E.Z.N.A. ® Tissue DNA Kit (Omega Bio-Tek).
Extracted DNA was eluted into 200 pl elution buffer, and its concentration was measured by
using NanoDrop 2000 (Thermo). Approximately 500ng purified genomic DNA was treated
with sodium bisulfite to convert all unmethylated cytosine into uracil by using EZ DNA
Methylation-Gold™ Kit (Zymo Research, Orange, CA) according to manufacturer’s
recommendations. Bisulfite modified DNAs were amplified by PCR with primers (Forward:
5’-ATACATAACCCATATTACAATCC-3’; Reverse: 5~
TTAATAATTGATTAATAATTATTATTAGTT -3, Nested PCRs were run by using
HotStarTaq plus DNA polymerase (Qiagen) with 25~30 cycles for the first amplification
reaction and 45 cycles for the second amplification reaction. The amplified PCR products
were verified by electrophoresis on 3% agarose gels and then purified by using E.Z.N.A.®
Gel Extraction Kit (Omega Bio-Tek). Purified PCR products were cloned into TA cloning
vector pTZ57R/T (Fermentas). Positive colonies were confirmed by colony PCR and sent
for sequencing. Sequences were analyzed by local BiQ Analyzer software and bead-diagram
was plotted on the web site at http://big-analyzer.bioinf.mpi-inf.mpg.de/tools/
MethylationDiagrams/index.php.

Statistical analysis

Results

All the data were analyzed using SPSS version 17 software (SPSS Inc., Chicago, IL, USA).
T-test was used to compare difference in ADG, FCE and litter size between two groups,
while chi-square analysis followed by Fisher’s exact test was used to determine difference in
farrowing rate between the two groups.

Comparison of growth and reproduction performance between transgenic and wild-type

pigs

To investigate whether transgenic expression of EGFP gene integrated by PB transposition
affects the growth performance of transgenic pigs, the average daily gain (ADG) and feed
conversion efficiency (FCE) of four wild-type boars, and two EGFP-expressing transgenic
littermate boars (TG7 and TG8 in reference [16]) generated by cytoplasmic injection of
pmGENIE-3 constructs were measured. The results (Table 1) indicated that founder (Fg)
transgenic boars and their wild-type littermate boars have no significant (P>0.05) difference
in ADG as well as FCE. Furthermore, the growth traits between transgenic and wide-type
offspring of TG7 and TG8 also were compared. The results (Table 2) showed that Fq
transgenic pigs and their wild-type littermates also exhibit similar performance in ADG and
FCE. This suggests that the insertion and expression of the EGFP transgene did not affect
the growth of transgenic pigs.
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To investigate whether the transgenic boars and wild-type littermate boars are different in
fecundity, they were mated to wild-type sows by artificial insemination. The results (Table
3) indicated that the farrowing rate, total born per litter, and born alive per litter were not
significantly different (P>0.05) between the two groups of sows mated by transgenic boars
and wild-type boars. This suggests that integration and expression of the EGFP transgene
did not change the reproduction performance of these genetically modified boars.

Germline transmission of EGFP transgene in transgenic pigs produced by piggyBac
transposition

As shown in Table 4, four sows mated by transgenic founder boars delivered in total 42
piglets, of which 31(73.8%) were expressing EGFP that was observable on their bodies and
their internal organs under blue light excitation (Fig. 1). This validates that the EGFP
transgene was successfully transmitted from founder transgenic boars to their progeny.
However, spermatozoa in semen collected from the two founder transgenic boars did not
demonstrate EGFP expression under fluorescence excitation (data not shown), which might
be due to the transcriptionally silent characteristic of mature sperm [23,24]. To test this
point, testis sections of the two founder transgenic boars were used to analyze whether
EGFP is expressed in the premature sperm cells, the spermatids, which usually are active in
transcription and translation [23,24]. The results indicate that EGFP is expressed in
transgenic founder boars’ spermatids (Fig. 2). This observation demonstrates that the EGFP
transgene was inherited from transgenic founder boars to their offspring by germline
transmission.

Transmission of the monogenic piggyBac transposon from Fq to F; transgenic pigs by
segregation or linkage manner

The Southern blot analysis result (Fig. 3) not only confirmed that the EGFP-expressing Fq
piglets carry the transgene inherited from their fathers, but also indicated that the integrated
transposons did not change their genomic location when they were transmitted from Fq
transgenic pigs to F; transgenic offspring, because the size of EGFP probe-reactive bands
shown in Fq transgenic pigs is the same as that of corresponding bands shown in TG7. This
suggests that no genomic insertion of an active PB transposase gene had occurred in
transgenic founder TG7’s genome, and no endogenous PB-like transposase gene is present
in the porcine genome, both of which will result in translocation of the transposon
(transgene). Furthermore, Fig. 3 demonstrated that the four copies of monogenic PB
transposons integrated in the genome of transgenic founder TG7 were transmitted to its
transgenic progeny according to segregation and linkage rules. The #1 and #2 copies of
transposons were always passed together to the transgenic progeny of founder TG7, as were
the #3 and #4 copies of transposons (Fig. 3). Therefore, it is probable that #1 and #2 copies
of transgenes were inserted in nearby loci of a same chromosome, while #3 and #4 copies of
the transgene were inserted in another chromosome of transgenic founder TG7, and were
linked together to be transmitted to next generation. To test this hypothesis, the transgene
insertion sites in the genome of founder TG7 were detected by inverse PCR. As shown in
Fig. 4, two copies of transgene were inserted on chromosome 3 while the other two copies of
transgene were integrated on chromosome 7 of TG7 founder pig. This result confirms our
hypothesis that two copies of transgenes were located on one chromosome while the other
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two copies of transgenes were linked on another chromosome in the genome of TG7
founder.

Luckily, the blast results indicated that founder TG7 carries 3 copies of transgene inserted at
the noncoding intergenic sequences and 1 copy of transgene integrated at the noncoding 8t
intron of the methymalonyl-CoA mutase (MCM) gene (Fig. 4), and founder TG8 also carries
3 copies of transgenes that were integrated at 3 noncoding intergenic regions by monogenic
pattern (Figure 5). Studies have shown that functional mutation in the MCM gene will cause
methylmalonic aciduria disorder (MMA\) in human and mouse [25]. To investigate whether
the transgene insertion at the 8t intron of MCM gene will cause MMA in transgenic pigs,
we measured the urinary methylmalonic acid level, which is the diagnosis index for MMA,
in 4 wild-type pigs and 4 transgenic pigs carrying a mutated MCM gene with EGFP
insertion at its 8! intron. However, wild-type pigs and transgenic pigs showed no significant
(P>0.05) difference in urinary methylmalonic acid level (data not shown). We also measured
the MCM mRNA expression level in the kidney and liver tissues of 3 wild-type pigs and 3
transgenic pigs carrying the mutant MCM gene, but no significant (P>0.05) difference in
MCM gene expression was found between transgenic pigs and their wild-type littermates
(data not shown). These results suggest that transgene insertion at the noncoding 8t intron
did not affect the expression and function of MCM gene in transgenic pigs.

Correlation between transgene expression level and transgene copy number or
transgene’s promoter DNA methylation level

Although all F; transgenic piglets expressed observable EGFP on their bodies and tissues,
the intensity of the fluorescence chromophore seemed to have a positive correlation with
transgene copy number. For example, F1 transgenic pigs number 5 and number 6 carrying
four copies (4C) of transgene displayed stronger EGFP expression than number 4, number 3
and number 12 F4 transgenic pigs, all of which carry only two copies (2C) of transgene (Fig.
6). Although most of the F4 transgenic pig’s organs expressed EGFP, they expressed various
level of EGFP (Fig. 7). To investigate whether the EGFP transgene expression level is
related to its promoter DNA methylation degree, six different tissues (including tongue,
muscle, heart, kidney, lung and liver) expressing different EGFP expression levels were
obtained from two F; transgenic pigs. Genomic DNA was extracted from these individual
tissues for analysis of DNA methylation levels of the CAG promoter driving EGFP
transgene expresion. The results (Fig. 7) demonstrated that the CAG promoter DNA
methylation level is low in the lung tissue (8.16-10.71%) expressing very weak EGFP, while
the CAG promoter is hypermethylated in the kidney tissue (54.29-61.68%) expressing
moderate level of EGFP. This suggests that EGFP transgene expression level is not
associated with the DNA methylation degree of its promoter.

The CAG promoter DNA methylation level in each organ showed in Figure 7 actually
represents the average DNA methylation level of two copies of CAG promoter integrated at
two different sites (#1 site and #2 site, see Fig. 3) in the genome of TG7 and TG8 of Fy
generation. These two copies of CAG promoter might be different in DNA methylation level
due to influence from integration locus. To test this hypothesis, we measured #1 site’s and
#2 site’s CAG promoter methylation degree in two different tissues of F1-TG7 and F1-TG8

Anim Biotechnol. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeng et al. Page 8
by using integration site-specific PCR primers. The results (Fig. 7) indicated that in the heart
tissue the CAG promoter methylation levels at #1 site and #2 site are similar, yet in the liver
tissue, #1 site’s CAG promoter methylation level is much higher than that at #2 site. This
suggests that the DNA methylation degree of inserted CAG promoter could be affected by
integration site.

Discussion

The genetic engineering of livestock is a costly and difficult task. It has been proven
inefficient and expensive when attempted with passive transgenesis techniques in the past.
The recent advances in genomic manipulation with transposase enzymes [15,16] and
endonucleases such as clustered regularly interspaced short palindromic repeat (CRISPR)/
Cas9 nuclease [26] promise better outcomes for the efficient production of transgenic
livestock.

In our experiments we have demonstrated that p/mGENIE-3 plasmids containing a 10.5 kb
transposon can contribute to the generation of transgenic founder pigs (Fg) by active
transgenesis, at higher efficiencies than that reported with traditional transgenic methods
[16]. The monogenic transgenes observed in the Fg founders were still active when
hemizygous lines (F1) were created by breeding Fq transgenic male pigs to wild type
females, with no observation of hopping, silencing or variegated expression of transgene.
There was no reduction in growth and reproduction performance when transgenic pigs were
compared with their wild type littermates. Our results demonstrate that A8 transposase-
catalyzed integration of foreign gene into the expression permissive loci of porcine genome
is a viable approach for production of genetically modified pigs.

Through inverse PCR, we were able to identify the specific chromosomal locations of all
inserted copies of transgene in founder TG7’s and TG8’s genome. The results demonstrated
that all monogenic PB transposons were integrated at noncoding DNA sequences. This
seems to imply that PB transposon prefers to insert at noncoding regions of mammalian
genome. Yet this in fact may result from the “preselection” during production of founder
transgenic pigs, since functional mutation caused by PB insertion at coding sequences may
has injurious effects on transgenic pig development and usually only those transgenic
founder pigs carrying foreign gene inserted at noncoding region will be born and survive.

Our data showed that the EGFP transgene expression level differs among different
transgenic pigs and it is positively correlated with the copy number of transgene. This result
is consistent with that reported by others [17,27]. However, a study [27] demonstrated that
different tissues from the same transgenic pig express various level of EGFP, which has
significant negative correlation with the transgene promoter methylation degree. Similar
result was not found in the present study. Since other types of epigenetic modification such
as histone methylation and acetylation also can affect gene expression, the variation of
EGFP transgene expression level among different tissues from a same transgenic pig could
be caused by histone modification rather than DNA methylation.
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Conclusions

To the best of our knowledge, this is first study that fully characterized the growth and
reproduction traits, transgene insertion, expression and transmission profiles in transgenic
pigs produced by piggyBac transposition. The herein demonstrated normal growth and
reproduction performance, harmless genomic insertion, stable transmission and expression
of transgene in transgenic pigs generated with the PB transposase, together with the ability
of the PB, TolZand SB transposases in integrating large size of bacterial artificial
chromosome (BAC) constructs into TAs genomes [28-30], makes the transpositional “active
transgenesis” an exciting method for production of TAs.
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Figure 1.
EGFP transgene expression in F4 transgenic piglets and their internal organs and tissues.
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Fluorescence

Figure 2.
Analysis of EGFP transgene expression in spermatids of Fg transgenic boars. Red Box

represent spermatids inside the yellow square frame zoomed out to a larger magnification.
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Figure 3.
Southern blot analysis of Fq transgenic boar TG7 and its Fq offspring’s genomic DNA. A.

The location of probe and enzyme digestion sites for southern blot analysis in the transgene
plasmid. pB 3’ TRE, piggyBac transposon 3" terminal repeat element. pB5"TREB,
piggyBac transposon 5” terminal repeat element. B. Southern blot analysis results.
M=Marker; P(1C)=Positive control carrying 1 copy of EGFP gene, which was prepared by
mixing 10pg of wild-type pig’s genomic DNA with 2.6 x107° ug of a 9.0kb plasmid DNA
fragment containing a EGFP gene; N=Negative control (Wild-type pig); TG=transgenic;
WT=Wild-type; The Fq transgenic boar TG7 carries 4 copies (#1-#4) of EGFP transgene/
piggyBac transposon.
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Figure 4.

Identification of transposon (transgene) insertion sites in the genome of TG7 founder

TTAA border

. T
smsee 22239 MUY oozsese
CACAATATGATTATCTTTCTAGOGRTE AmmmmmmmammAG@G{;%
3TRE of inserted pb Chromosome 3 sequence

Mool iV M e

TTAA border

Sus scrofa breed mixed chromosome 7, Sscrofa10.2
Se: >: refINC_O' n: 134764511 Mumber of Matches: 38

TTCTGTCAGTGATGCATATGGAGA A G ATATETE
Chromosome 7 sequence

WV VAVAWNNW

Page 14

transgenic pig. A. Blast result and sequencing result of the first insertion site, which was at

the non-coding intergenic sequences between nuclear receptor coactivator 1gene and

collagen alpha-1 (I) chain-like gene on chromosome 3. B. Blast result and sequencing result
of the second insertion site, which was at the non-coding intergenic sequences between two
individual copies of beta-1,3-N-acetylglucosaminyltransferase lunatic fringe isoform X2
gene on chromosome 3. C. Blast result and sequencing result of the third insertion site,
which was at the noncoding 8t intron of methymalonyl-CoA mutase gene on chromosome
7. D. Blast result and sequencing result of the fourth insertion site, which was at the non-

coding intergenic sequences between signal sequence receptor alpha gene and cancer-

associated gene 1 protein gene on chromosome 7. The PB 3’-TRE sites are flanked by the
chromosomal sequences where the transposon inserted. The TTAA sequence on the border
signifies transpositional integration of the PB transposon.
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Figure 5.

Identification of transposon (transgene) insertion sites in the genome of TG8 founder

Page 15

transgenic pig. A. Blast result and sequencing result of the first insertion site, which was at
the non-coding intergenic sequences between the leucine-rich repeat-containing protein 4C
gene and the V(D)J recombination-activating protein 2 gene on chromosome 2. B. Blast

result and sequencing result of the second insertion site, which was at the non-coding

intergenic sequences between the BMP/retinoic acid-inducible neural-specific protein 3 gene
and the BTB/POZ domain-containing protein KCTD3-like gene on chromosome 10. C.
Blast result and sequencing result of the third insertion site, which was at the noncoding

intergenic sequences between the activin receptor type-2A precursor gene and the zinc
finger E-box-binding homeobox 2 gene on chromosome 15. The PB 3’-TRE sites are

flanked by the chromosomal sequences where the transposon inserted. The TTAA sequence

on the border signifies transpositional integration of the PB transposon.
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Figure 6.

Association of expression intensity of EGFP transgene and its copy number in F4 transgenic
pigs. The number 5 and number 6 Fq transgenic pigs carry 4 copies (4C) of EGFP transgene,
while number 4, number 3 and number 12 F; transgenic pigs carry 2 copies (2C) of EGFP

transgene, as displayed in Figure 3.
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Association of expression intensity of EGFP transgene and its CAG promoter methylation in
F1 transgenic pigs. #1 site and #2 site are the two integration sites on chromosome 3 (see
Fig. 4A and 4B), which were analyzed by Southern blot and shown in Fig. 3.
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Table 1

Comparison of growth performance between Fgq transgenic boars produced by piggyBac based pmGENIE-3
transposition and their wild-type littermate boars.

Growth performance  Transgenic boars (TG7 and TG8)  Wild-type boars (n=4, Mean+SEM)

ADG (kg) 0.720 and 0.783 0.7780.024
FCE (kg/kg) 3.159 and 2.468 2.702+0.213

The four wild-type Duroc boars that are used as controls were produced in our previous study (Li et al. 2014), they are littermates of TG7 and TGS,
and should have similar genetic background with TG7 and TG8. Wild-type boars, TG7 and TG8 boars were raised under the same condition in the
same pig farm. ADG=average daily gain (kg), FCE=feed conversion efficiency (kg of feed intake/kg of body weight increment). Two group’s
values on the same row are not statistically (P>0.05) different from each other.
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Table 2

Comparison of growth performance between F; transgenic pigs and their wild-type littermates.

Growth performance F, Transgenic pigs (n=21) F; Wild-type littermates (n=9)

ADG (kg) (Mean+SEM) 0.78620.022 0.806+0.026
FCE (kg/kg) (Mean+SEM) 2.768+0.058 2.788+0.050

Transgenic and wild-type pigs were raised under the same condition in a same pig farm. ADG=average daily gain (kg), FCE=feed conversion
efficiency (kg of feed intake/kg of body weight increment). Values on the same row are not statistically (P>0.05) different from each other.
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Table 3

Comparison of reproduction performance between Fq transgenic boars produced by piggyBac based
pmGENIE-3 transposition and their wild-type littermate boars.

Reproduction performance Sows mated by 2 transgenic boars (TG7 and TG8)  Sows mated by 4 wild-type boars

Farrowing rate 100% (= 4/4) 90.05% (= 19/21)
Total born per litter (Mean+SEM) 10.50+1.32 10.926+0.864
Born alive per litter (Mean+SEM) 10.25+1.22 10.342+0.771

Page 20

Transgenic boars and wild-type boars were mated to wild-type sows with similar genetic background by the same artificial insemination protocol

and raised under the same condition in the same pig farm. Values on the same row are not significantly (P>0.05) different from each other.

Anim Biotechnol. Author manuscript; available in PMC 2017 October 01.



Page 21

Zeng et al.

Author Manuscript

“uoleNIXa JYBI| an|q Japun s|qeAIssqo souaasaloniyida Aq d493 Buissaidxa are yarym spa|bid spussaidal 4493

9T/ST (%8eL) 1€ zeioe 47 [eloL
9/9 (%9°02) 21 8/6 1T [e010nS
/e (%0°09) 9 /9 01 a
€/e (%2'58) 9 /e L 2 891
01/6 (%092) 6T YI/TT Sz [e010nS
viv (%5'19) 8 8/S €1 g
9/S (%.'16) TT 9/9 45 v 191

alews) ,d493/eeW ,d493 (%) s19161d ,d493 J0 'ON  sjewayslelN  S19161d T4 ul1oq J0 'ON  SMOS 1M JO Al sdeod 91 %4 Jo ‘ql

‘uonisodsuen £-3IN3owd Aq paanpoud sbid a1usbsueny ul auabsuell d493 ay) JO UOISSILISURI] SuljW.Ia9)

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript

Anim Biotechnol. Author manuscript; available in PMC 2017 October 01.



	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Animals
	Measurement of growth performance
	Measurement of reproduction performance
	Artificial insemination
	Observation of EGFP expression in transgenic pigs and their organs
	Analysis of EGFP expression in spermatids
	Southern blot analysis
	Inverse PCR analysis
	Promoter DNA methylation analysis
	Statistical analysis

	Results
	Comparison of growth and reproduction performance between transgenic and wild-type pigs
	Germline transmission of EGFP transgene in transgenic pigs produced by piggyBac transposition
	Transmission of the monogenic piggyBac transposon from F0 to F1 transgenic pigs by segregation or linkage manner
	Correlation between transgene expression level and transgene copy number or transgene’s promoter DNA methylation level

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3
	Table 4

