
3 Discussion 

Over the past 40 years, many of the important eco- 
nomic porcine traits have been genetically improved to 
quite a large extent, such as lean meat rate and backfat 
depth; however, the genetic improvement of litter size is 
very limited, mainly because of its low heritability (about 
0.1) and sex-limited expression[61. Both FSHP and ESR 
have been verified as the major genes controlling litter 
size in pigs, but the distribution frequencies of these two 
genes between foreign commercial pig breeds and Chi- 
nese native pig breeds are quite distinct, especially for the 
FSHP gene which shows extremely asymmetrical distri- 
bution. Among the foreign commercial pig breeds, the BB 
genotype of FSHP is quite frequent, while it is very rare in 
the Chinese native pig breeds. One could speculate that 
the long-term selection for litter size traits (especially for 
Yorkshire breeds) has led to the accumulation of favorable 
B allele at FSHP locus in foreign commercial pig breeds. 

The effects of combined genotypes on pig reproduc- 
tive traits are not the simple summation of the isolated 
genotypes, but they will be a little greater than the better 
one between the two isolated genes, therefore the result 
could have significant impacts on the Marker-assisted 
selection (MAS). The combined genotypes effect could 
become a criterion in evaluating the genetic improvement 
of pig breeds or populations, meanwhile the distribution 
frequency of the combined genotypes, as an important 
factor, will also be considered. The effects of the geno- 
types of FSHP, ESR or combined genotypes on pig litter 
size traits could be varied in different pig breeds, because 
each pig breed has its own genetic background, and the 
pig litter size is a quantitative trait, which could be con- 
trolled by many other genes, besides ESR gene and FSHP 
gene[71. 

The effects of genotypes and combined genotypes 
are also varied among different parities, and it is usual that 
the effect on first parities will be greater than that on the 
later parities. Because there is no genetic interaction be- 
tween FSHP gene and ESR gene, the litter size traits could 
be ranked according to the combined genotypes in pig 
selection. The FSHP gene and ESR gene have been ap- 
plied to the selection and breeding of Chinese-Super- 
Yorkshire pig and the remarkable improvement among the 
generations already observed. 
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Abstract To gain information on the integration pattern of 
pMThGH-transgene, 50 transgenes were recovered from F4 
generation of pMThGH transgenic common carp (Cyprinus 
carpio L.) and 33 recovered genes were analyzed. The re- 
striction maps of these recovered genes were constructed by 
digestion with five kinds of enzymes. These transgenes can 
be classified into 4 types according to their restriction maps. 
Only one type of transgenes maintains its original molecular 
form, whereas the other three types are very different from 
the original one and vary each other on both molecular 
weight and restriction maps. This implies that the sequences 
of most transgenes have been deleted andlor rearranged 
during integration and inheritance. The results of PCR am- 
plification and Southern blot hybridization indicate that 
MThGH in Type I transgene keeps intact but most of its 
sequence has been deleted in other three types. All these re- 
sults suggest that transgenes in F4 generation of transgenic 
carp are highly polymorphic. Two DNA fragments concern- 
ing integration site of transgenes were cloned from recovered 
transgenes, and found to be homologous to the 5'UTR of 
p-actin gene of common carp and mouse mRNA for receptor 
tyrosine kinase (RTK), respectively. 

Keywords: transgenic common carp, integration pattern, trans- 
gene recovery. 

The introduction of recombinant DNA into the blas- 
tocyst cavity of animal to produce transgenic animals be- 
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comes a more and more important technique in biological 
study. Transgenic technology offers exciting possibilities 
to generate precise animal models for human genetic dis- 
eases, to revolutionize animal breeding and to produce 
large quantities of economically important proteins by 
means of farming transgenic animals. On the other hand, 
the molecular mechanisms of transgene integration and 
inheritance are still not fully understood, so it is difficult 
for researchers to introduce foreign gene into a specific 
site on the host genome and to control its proper expres- 
sion in founder transgenic animal produced by microin- 
jection. Southern blot hybridization['], genomic screen- 
ing[z.3] , and in situ hybridizationL4. 51 have been used to 

study the integration pattern of transgenes in host animals. 
Moreover, the integration copies and level of transgene 
expression in transgenic offsprings have been intensively 
studied recentlyL6]. The major conclusions are summarized 
as follows: ( i ) Transgenes always integrate as concate- 
mers in a head-to-tail manner. ( i i )  There is no regularity 
on the number and location of integration sites, except 
that a few homologous recombination. (iii) Nucleotide 
sequence of transgene may be deleted, rearranged and 
disturbed with the host sequence. Nonetheless, little is 
known about how exactly the gene integration occurs, 
whether there is any inevitability on the integration events 
of transgene, and what the inheritance of transgene be- 
haves like via reproduction. These questions await further 
study. 

Transgenic fish have a direct application in fish ge- 
netics and breeding, meanwhile it can serve as an animal 
model for studying the integration and inheritance behav- 
ior of transgene. The integration and germ line transmis- 
sion of t r a n ~ ~ e n e ' ~ ]  has been proved. In a recent report, 
integration of foreign gene was observed at as early as the 
blastula stageLg1. The F4 generation of pMThGH-trans- 
genic common carp was obtained by self-breeding from 
the first generation to the next one. As far as we know, 
whether transgene existence is stable and whether its 
sequence has been changed in the host genome through 
several generations have not been reported. In this note 
we try to gain insight into the detailed mechanisms of 
transgene integration and inheritance by recovering trans- 
genes from F4 generation pMThGH-transgenic fish and 
analyzing them with a modified plasmid rescue technique. 

1 Materials and methods 

( i ) Production of F4 pMThGH-transgenic fish. 
Recombinant plasmid of pMThGH was constructed 

by capping a mouse metallothionein-1 gene promoter to 
human growth hormone gene sequences, and then inserted 
into pBR322 at the EcoR I site (fig. 1). DNA of 
pMThGH was linearized by digestion with BamH I and 
microinjected into the fertilized eggs of common carp to 
produce the founder transgenicsL7]. After being confirmed 

by dot blotting or PCR, transgenic fishes were naturally 
mated and gave birth to their offspring and then led to the 
F4 generation. At the age of two months old, the average 
body weight for 17 F4 transgenic individuals was 7.59 g. 
The largest one (26.35 g) was selected for analysis. 

Fig. 1. Structure of transgene pMThGH and linearized DNA for 
microinjection. Location of PCR primer P1, P2 and MThGH probe used 
for this study are also shown in the diagram. 

( i i )  Restriction digestion with BamH I and deter- 
mination of the enriched region of pMThGH-transgene. 

Genomic DNA was extracted from the liver of 
transgenic fish. 10 pg of DNA was completely digested 
with restriction endonuclease BamH I , and separated by 
0.8% agarose gel electrophoresis. Southern blotting 
against ~-"P-~cTP labeled pMThGH robe was carried 
out as described by Maniatis et al.". The molecular 
weight of transgene in single copy was figured out by the 
location of hybridization band. 

(iii) Recovering pMThGH-transgene 
(1) Partial digestion. One of our aims in this note 

is to clone the host sequences flanking transgene or the 
sequences of integration sites. By partial digestion with 
BamH I , host sequence joining the linear transgene at its 
end with BamH I site may be cloned. 40 pg of genomic 
DNA were digested with BamH I for the varied period 
of time. The procedure can be briefly described as follows: 
115 volume of total reaction solution were taken out at 
intervals of 2nd, 5th, loth, 15th, 30th min, then the reac- 
tion was stopped by adding EDTA to a final concentration 
of 0.05 moVL. 

(2) Recovery of DNA fragments. The result of 
Southern blot hybridization shows that the molecular 
weight of single pMThGH-transgene released from con- 
catemer is 7.5-8.0 kb (data not shown). Considering part 
of transgenes may have changed in sequence length after 
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several generations, DNA fragments ranging from 5 to 10 
kb were recovered and purified from low-melting agarose 
gel. Recovered DNA was diluted in 100 pL TE buffer (10 
mmol/L Tris HCl, 1 mmol/L EDTA, pH 8.0) at a concen- 
tration of 40 pg1mL. 

(3) Circularization of recovered DNA fragments. 
A modified method"01 for DNA circularization was em- 
ployed here. 200 pL DNA fragments at a final concentra- 
tion of 2 pg/mL were self-ligated with 1U T4 ligase at 
16°C for 8 h. The circularized DNA was extracted with 
phenol-chloroform, precipitated by ethanol and re- sus- 
pended in 10 pL TE buffer (10 mmol/L Tris HC1, 
1 mmol/L EDTA, pH 8.0). 

(4) Transformation into E. coli. 10 pL of circulariz- 
ed DNA was used to transform 100 pL of DHSa compe- 
tent cell using CaC12 treatment procedure. Transformed 
cells were spread on LB plates with 50 pglmL ampicillin. 
pMThGH DNA was transformed as the positive control. 

(iv) Classification of recovered transgenes. 50 
clones were obtained and 33 clones were randomly picked 
up for further analysis. To classify these clones, plasmid 
DNA were mini-prepared, and doubly digested with 
EcoR I and BamH I . Classification was performed ac- 
cording to the electrophoresis patterns of restriction frag- 
ments resulting from double digestion. 

( v ) Mapping. Recovered plasmid DNA were 
firstly digested with BamH I and Hind 111, respectively. 
113 of each linear DNA continued to be digested with 
EcoR I , Bgl I1 or Kpn I . Digestion DNA fragments 
were separated by 1.0% agarose gel electrophoresis, 
stained with ethidium bromide and visualized under UVP 
GDS8000 system (UVP Ltd., UK). Restriction maps for 
five kinds of restriction endonucleases were constructed 
on the basis of digestion fragment sizes. 

(vi) Detection for MThGH fragment in recovered 
transgenes by PCR amplification and Southern blot hy- 
bridization. The detection of MThGH fragment by 
PCR was performed using the method described by Zhao 
et al."'. Sense primer PI and anti-sense primer P2 were 
located at the MT-1 promoter and hGH sequence, respec- 
tively (fig. 1). The expected size of PCR product was 450 
bp. For Southern blotting, various recovered transgenes 
digested with BamH I were separated by 0.8% agarose 
gel electrophoresis, and transferred onto nylon membrane. 
DNA hybridization against DIG-labeled MThGH and de- 
tection were carried out according to the user's manual 
(DIG DNA Labeling and Detection Kit, Boehringer 
Mannheim). 

(vii) DNA sequencing of the regions flanking the 
recovered transgenes. To confirm that recovered 
transgenes had trapped the host DNA sequences at their 
ends, two DNA fragments, B/H (1 kb) on the left side of 
Type 11 transgene and B/B (0.5 kb) on the right side of 

Type I11 transgene, were subcloned into the appropriate 
sites on pUC18. Recombinants were named BS(B-H) and 
B6(B-B '), respectively. DNA sequences of these two 
subfragments were determined using the dideoxy 
sequencing method. The data collection was automatically 
performed on the ABI 310 Genetic Analyzer (PE Applied 
Biosystems). Searching for homologous sequences to the 
determined sequences in nucleotide sequence database 
(GenBank+ EMBL+ DDBJ) were carried out using 
database search program "BLAST 2.0". 

2 Results 

( i ) Recovery of transgene. 50 ampicillin-resistant 
colonies were recovered from genomic DNA of a F4 
transgenics. 33 colonies were randomly selected for 
analysis. The 33 transgenes can be classified into four 
types according to the results of double digestion (fig. 2). 
Detailed classifying results are shown as follows. Type I : 
Nos. 2, 15, 16, 19, 21, 26 (6 in total, 18.0%), their elec- 
trophoresis patterns were the same as that of pMThGH; 
TypeII: Nos. 1, 3-5, 8, 10, 12-14, 17, 18, 20, 23-25, 
27, 28, 30-33, (21 in total, 63.6%); Type 111: Nos. 6, 7; 
Type IV: Nos. 9, 11,22,29. 

Fig. 2. The electrophoresis pattern of plasmid DNA of recovered colo- 
nies after double digestion with EcoR I and BamH I . P, pMThGH; 
1-33, recovered colonies. 

( ii ) The restriction maps of recovered transgenes. 
The restriction maps for four types of recovered trans- 
genes were constructed by digestion with BamHI, HindIII, 
EcoR I , Bgl I1 and Kpn I (fig. 3). The map for Type I 
is the same as that for pMThGH, maps for the other three 
are very different from that for Type I . 

(iii) Results of PCR amplification and Southern blot 
analysis for MThGH fragment. PCR products with 450 
bp in length did not appear in all types of transgene except 
for Q p e  I as revealed on electrophoresis gel (fig. 4), 
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while all recovered transgenes could hybridize against 
MThGH probe (fig. 5). These results indicated that the 
sequences of most transgenes were quite different from 
their original form. The fact is ha t  the analyzed 450 bp 

I kb - 
BL B K ~g r:llna 

Type I 7.9 kb 
Ba H EBg Bg Ba 

I I 

Type 11 7.1 kb 

H 
TypeIII 6.5 kb 

BaH Bg Ba 
I I I 

Type n' 7.7 kb 

Fig. 3. Restriction maps of recovered transgenes. Type I , Original 
form; Types 11-N, deficient form. Ba, BamH I ; E, EcoR I ; K, Kpn I ; 
Bg, Bgl I1 ; H, Hind 111. 

Fig. 4. Detection for MThGH in recovered transgenes by PCR and 
confirmation by Southern blotting. DIG-labeled MThGH and hDNA 
were used as probes. M, hDNA (Hind IIIIEcoR I ); P, plasmid of 
pMThGH; Type I , original form; Types I1 -IV, deficient forms. 

fragment changed significantly while those regions re- 
sponsible for plasmid replication and E. coli ampicillin 
resistance still kept intact. 

(iv) Sequencing results of DNA fragments at the 
flanks of two transgenes. 470 bp of DNA sequence from 
the BamH I to Hind 111 sites on Type11 transgene was 
determined. The homology between its 438 bp and the 
promoter or 5 ' untranslation region (5 'UTR) of common 
carp pactin gene on the piscine GFP expression vector 
FRMwg (accession number in GeneBank: AF1709151) 
was pronounced (98% identity, fig. 6). The full length of 
B/B fragment in TypeIII transgene was sequenced and 
509 bp was determined. The blast research result showed 
that the homology between DNA sequence of B/B frag- 
ment and mouse mRNA for receptor tyrosine kinase (ac- 
cession number in DBJ: D13738.1) was significant. 288 
bp of the former sequence (base positions 33 - 320) 
matched the latter with base identity of 99% (fig. 7). 

Fig. 5. Southern hybridization 
analysis of recovered trans- 
gene. DIG-labeled MThGH and 
hDNA were used as probes. M, 
hDNA (HindIIIIEcoR I ); P, 
plasmid of pMThGH; Type I , 
Original form; Types I1 - IV , 
deficient forms. 

Fig. 6. Nucleotide sequence comparison between B/H fragment in the flank of Type I1 transgene and the promoter or 5 ' 
UTR of common carp pactin gene on the piscine GFP expression vector FRMwg. Restriction site at the end of fragment is 
underlined. Base difference and gaps are indicated by asterisks. 
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NOTES 

Fig. 7. Nucleotide sequence of BIB fragment on the flank of Q p e  111 transgene and alignment of its 288 bp with the se- 
quence of mouse mRNA for receptor tyrosine kinase. Restriction sites are underlined. The single difference base is indi- 
cated by an asterisk. 

3 Discussion 

( i ) The polymorphism of transgene in transgenic 
fish. The restriction maps for these four types of 
transgenes showed that only a few transgenes maintained 
their original construction for the founder transgenics, 
most transgenes are totally different from their original 
form in product sizes and endonucleases recognition sites 
in sort, number and location. This may imply that part of 
the sequences in most transgenes have been deleted and/or 
rearranged during the course of integration and inheri- 
tance, and appear to be very polymorphic. 

Sequencing results confirm that some sequences in 
recovered transgenes Type I1 and Type I11 not only were 
deleted, but also were interrupted by host sequences. 
Similar evidence was also found in the early reported case. 
In the case of early postimplantation embryo lethality due 
to DNA rearrangements in a transgenic mouse strain 
(HUGHI3), approximately five copies of transgenes were 
arrayed in tandem but interrupted at least twice by mouse 
cellular sequences [21. These results lead us to propose that 
multiple copies of transgenes may not be simply arranged 
in tandem and directly inserted into the chromosome at 
integration site, the course of integration may involve 
homologous and/or illegitimate recombination between 
transgene and transgene, and between transgene and ge- 
nome. Some transgenes sequences will be deleted, ar- 
ranged and/or interrupted by host sequences. Whether 
matters involving the polymorphism of transgenes take 
place in founder transgenics, or during the inheritance to 
the following generations, or in both of case, needs further 
studies. 

Due to the complex composition of fragments in 
digested genomic DNA, it is very inefficient to self-ligate 

these fragments and then transform circularized trans- 
genes into E. coli cell despite target fragments being en- 
riched. The recovered transgenes are only a fraction of 
transgenes with molecular weight ranging from 5 to 10 kb, 
and those regions responsible for ampicillin selection and 
plasrnid replication are intact. These results strongly sug- 
gest that transgenes in F4 transgenics are highly polymor- 
phic. 

( ii ) Function of transgenes in F4 transgenics. 
PCR results showed that only in 5 p e  I transgene can 
the structure of MThGH fragment remain intact. Part of 
MThGH sequence in other three types of transgene is con- 
firmed to be lost by Southern blot. Of course, transgene 
will be expressed and results in proper biological conse- 
quences if only there are a few intact transgenes integrated 
where are suitable for expression. In the cases of trans- 
genic mouse'"], dro~o~hila[ '~]and fishf7], it has been dem- 
onstrated that the expression level of transgene is signifi- 
cantly affected by the location of transgene. Body weight 
of the Fq transgenic fish selected for this project was 3.5 
times as large as the average of 17 individuals. This fact 
argues that the dramatic fast growing effect of this trans- 
genic~ was due to a few intact transgenes and their proper 
location on chromosomes. We believe that some transgene 
integrations in this individual are genetically functional as 
described in our previous paper[71. 

(iii) The method of plasmid rescue useful to analyz- 
ing the structural feature of transgene integration site. 
To gain information on the sequences of integration sites, 
probes from transgene were used to screen genomic DNA 
library[2731. It is well known that constructing and screen- 
ing genomic DNA library are complex and expensive. It 
sounds impracticable to construct genomic DNA libraries 
for every transgenic individual in case that we need to 
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analyze the transgene integration and inheritance for sev- 
eral transgenics. 

It is well believed that transgenes, arraying in a 
head-to-tail manner, are integrated into host genome at 
random sites. Single copy of transgene can be released 
from concatemer by digestion with proper restriction en- 
zyme. Released transgene at both ends of concatemer al- 
ways traps the host sequences or sequences of integration 
site at its ends. Based on this feature, transgenes can be 
directly recovered from genome of transgenic animal. 
This method can be applied further in gene-transfer stud- 
ies because the whole vector sequence may be reserved in 
most cases for purposes of properties screen and func- 
tional sequence protection from being deleted. In this note, 
two DNA fragments concerning integration sites were 
cloned using this method, and we have demonstrated its 
usefulness. 
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Abstract The changes in telomerase activity and telomere 
length during apoptosis in HeLa cells as induced by sodium 
butyrate (SB) have been studied. After a 48 h SB treatment, 
HeLa cells demonstrated characteristic apoptotic hallmarks 
including chromatin condensation, formation of apoptotic 
bodies and DNA Laddering which were caused by the cleav- 
age and degradation of DNA between nucleosomes. There 
were no significant changes in telomerase activity of apop- 
totic cells, while the telomere length shortened markedly. In 
the meanwhile, cells became more susceptible to apoptotic 
stimuli and telomere became more vulnerable to degradation 
after telomerase activity was inhibited. All the results suggest 
that the apoptosis induced by SB is closely related to te- 
lomere shortening, while telomerase enhances resistance of 
HeLa cells to apoptotic stimuli by protecting telomere. 

Keywords: telomerase, telomere, apoptosis, sodium butyrate. 

Epidemiological studies have shown that dietary 
factors play a vital role in both the development and pre- 
vention of human cancers"]. Sodium butyrate (SB) is the 
major short chain fatty acid produced by fermentation of 
dietary fiber[2331. It is well known that SB and its more 
stable derivatives can influence several physiological 
processes, inhibit the growth of many kinds of tumors, 
including breast cancer and colorectal carcinoma, and 
induce tumor differentiati~n[~-~]. Studies using in vivo 
models have shown that dietary fiber supplementation led 
to an increased colonic SB level and these changes were 
associated with reduced colonic cell proliferation'71 and 
also lower tumor incidence"'. Recent studies have indi- 
cated that SB can induce a o tosis in colorectal carci- !f'P noma cells and lymphocytes~ .I0. Therefore, the studies on 
the mechanisms of dietary factors and the trace elements 
inhibiting tumor growth may provide new approaches for 
tumor prevention and treatment. 

Generally, tumor formation is thought to be associ- 
ated with dysfunction of apoptosis. It is also found that 
telomerase reactivation is involved in carcino ensis. The 
studies of Bodnar et al.'"' and Meyerson et al."] indicated 
that both telomere shortening and telomerase reactivation 
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