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Abstract To gain information on the integration pattern of
pMThGH-transgene, 50 transgenes were recovered from F,
generation of pMThGH transgenic common carp (Cyprinus
carpio L.) and 33 recovered genes were analyzed. Therestric-
tion maps of these recovered genes wer e constructed by diges-
tion 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 and/or 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 transgenesin F, 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 &-
actin gene of common carp and mouse mRNA for receptor
tyrosinekinase (RTK), respectively.
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human growth hormone gene sequences, and then inserted
into pBR322 at the EcoR | site (fig. 1). DNA of
PMThGH was linearized by digestion with BamH [ and
microinjected into the fertilized eggs of common carp to
produce the founder transgenicd”. After being confirmed
by dot blotting or PCR, transgenic fishes were naturally
mated and gave birth to their offspring and then led to the
F, generation. At the age of two months old, the average
body weight for 17 F,transgenic individuals was 7.59 g.
Thelargest one (26.35 g) was selected for analysis.
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Fig. 1. Structure of transgene pMThGH and linearized DNA for micro-
injection. Location of PCR primer P1, P2 and MThGH probe used for this
study are also shown in the diagram.

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

Genomic DNA was extracted from the liver of trans-
genic fish. 10 i g of DNA was completely digested with
restriction endonuclease BamH [ , and separated by 0.8%
agarose gel electrophoresis. Southern blotting against a-
ZP-dCTP labeled pMThGH probe was carried out as de-
scribed by Maniatis et a.®l. The molecular weight of
transgene in single copy was figured out by the location of
hybridization band.

(iii) Recovering pM ThGH-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 1 , host sequence joining the linear transgene at its
end with BamH | site may be cloned. 40 ng of genomic
DNA were digested with BamH [ for the varied period of
time. The procedure can be briefly described as follows:
1/5 volume of total reaction solution were taken out at
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intervals of 2nd, 5th, 10th, 15th, 30th min, then the reac-
tion was stopped by adding EDTA to afinal concentration
of 0.05 mol/L.

(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
severa generations, DNA fragments ranging from 5 to 10
kb were recovered and purified from low-melting agarose
gel. Recovered DNA was diluted in 100 nL. TE buffer (10
mmol/L Tris HCIl, 1mmol/L EDTA, pH 8.0) at a concen-
tration of 40 ng/mL.

(3) Circularization of recovered DNA fragments.

A modified method*® for DNA circularization was em-
ployed here. 200 nL DNA fragments at a final concentra-
tion of 2 ng/mL were self-ligated with 1U T, ligase at 16
'C for 8 h. The circularized DNA was extracted with phe-
nol-chloroform, precipitated by ethanol and re- suspended
in 10 m. TE buffer (10 mmol/L Tris HCl, 1 mmol/L
EDTA, pH 8.0).

(4) Transformation into E. coli. 10 nL of circulariz-
ed DNA was used to transform 100 i L of DH5a compe-
tent cell using CaCl, trestment procedure. Transformed
cells were spread on LB plates with 50 ng/mL ampicillin.
pPMThGH 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 1 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 | and Hind LI, respectively.
1/3 of each linear DNA continued to be digested with
EcoR 1, BglIl or Kpn1. 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 a.®. Sense primer P, and anti-sense primer P, 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 [ were separated by 0.8% agarose
gel electrophoresis, and transferred onto nylon membrane.
DNA hybridization against DIG-labeled MThGH and &
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tection were carried out according to the user’ s manual
(DIG DNA Labeling and Detection Kit, Boehringer
Mannheim).

(vi) DNA sequencing of the regions flanking the
recovered transgenes. To confirm that recovered trans-
genes had trapped the host DNA sequences at their ends,
two DNA fragments, B/H (1 kb) on the left side of Type
Il transgene and B/B (0.5 kb) on the right side of Type
[T transgene, were subcloned into the appropriate sites on
pUC18. Recombinants were named B5(B-H) and B6(B-B
"), respectively. DNA sequences of these two subfrag-
ments were determined using the dideoxy sequencing
method. The data collection was automatically performed
on the ABI 310 Genetic Analyzer (PE Applied Biosys
tems). Searching for homologous sequences to the deter-
mined sequences in nucleotide sequence database (Gen-
Bank+ EMBL+ DDBJ) were carried out using database
search program “ BLAST 2.0".

2 Results

(1) Recovery of transgene. 50 ampicillin-resistant
colonies were recovered from genomic DNA of aF, trans-
genics. 33 colonies were randomly selected for analysis.
The 33 transgenes can be classified into four types ac-
cording to the results of double digestion (fig. 2). Detailed
classifying results are shown as follows. Type [ : Nos. 2,
15, 16, 19, 21, 26 (6 in total, 18.0%), their electrophoresis
patterns were the same as that of pMThGH; Typell : Nos.
1,3-5, 8,10, 1244, 17, 18, 20, 2325, 27, 28, 30 33,
(21in total, 63.6%); Type OI: Nos. 6, 7; Type I¥: Nos. 9,
11, 22, 29.
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Fig. 2. The electrophoresis pattern of plasmid DNA of recovered colo-
nies after double digestion with EcoR I and BamH [ . P, pMThGH; 1 —
33, recovered colonies.

(i) The restriction maps of recovered transgenes.
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The restriction maps for four types of recovered transgenes
were constructed by digestion with BamH [ HindII,

EcoR [, Bgl Il and Kpn [ (fig. 3). The map for Type !
is the same as that for pMThGH, maps for the other three
are very different from that for Type [ .

(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 Typel asrevealed on electrophoresis gel (fig. 4),
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 that the analyzed 450 bp
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Fig. 3. Restriction maps of recovered transgenes. Type [, Original form;
TypesIl —I[V, deficient form. Ba, BamH I ; E, EcoR I ; K, Kpn [ ; Bg,
Bgl Il ; H, Hind I11.

Fig. 4. Detection for MThGH in recovered transgenes by PCR and
confirmation by Southern blotting. DIG-labeled MThGH and | DNA were
used as probes. M, | DNA (Hind Ill/EcoR [ ); P, plasmid of pMThGH;
Type [, original form; Types Il —I[V, 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 I sites on Typell transgene was
determined. The homology between its 438 bp and the
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promoter or 5° untrandation region (5° UTR) of common
carp b-actin gene on the pscine GFP expression vector
FRMwg (accession number in GeneBank: AF1709151)
was pronounced (98% identity, fig. 6). The full length of
B/B fragment in Typell 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 mMRNA 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).

1

! !
af pMThGH; Type |
il form; Twpes [

B=Hyipl | GGATCLCTAA GOGATTTTCA TCAARATCLL TGTTTTTICT TTGLGAAGYT CAATALGTTG
I 054 CLTAA GUGATTTTOA TCAMAATCGE TGTITITTGT TTGCOAMGTT ¢ ST
B-=H (4] TTETOCOTAT TTGOGTATYT TGTTLTGATA ALGLL G AGCCTITOAA
FRMwy a9 TTTTCCGTAT TTGCOTATTT TGTIGTLATA ACLLUAAT AFCTTTE L
B5(B—1 11 AGAGOCTGTG CAAAGTOOTA GTATTRGTCA TALTGATORA CACCTCCTTO aATOUTGTOET
LA E1% AGAGUCTETG CARAGTGCTA GTATTGOTOA TAGTGATGGA LADCTCCTT: ATCCTGTGES
ERTIE S L GTGTTTACAA TCTAACACAA CAGCAGUAGD AGCFCTGTAG GTCATTTAOC TCETATTGTA
1Y ) GTGTTTACAS TCTAACACAA CAGCASCAGE AGCTCTGTAG GTUATTTACC TCTTATTGTA
* -
AS(H-% 11 TCACAATAA TLHROATAATA CTGCTCTGTES GTTATCTACE MAGTTACCAR GTACAATAGH
L 19 TTCACAATAL TOGCATAATA CTGETETGTG GITATCTALL AAG-TACCAN GTACAATALY
L '
BSR—H) 1} OOTATTITIC ATTEGARATG AGUATTAGTS ACATGATTLT ATACTIAAGL ALCAACTALL
il A0 GOTATTTTTE ATT-HGAAATG MZATTACTS ACATDATTOT ATACTTAAGH ALCAACTALL
*
WHH 161 IGLYCTOAGT TUACTAGGTR ATGTTOTOAG AGRAAGTOTA GTUAMACTTG TTAATGAATI
FRMs M TGOTCTRAGT T TLTTOTOAG AGRAAGTGTA LTGASACTTG -TAATGAATI
L] [
B 421 AG-CTTGOATT COTTGTAATT GTTAAGCTGA TTACRATTAA AATCACCALL AOTOATATTA<M0
’ 542 AGGCTTRCATT CO-TGTAMYT 0T 52l

Fig. 6. Nucleotide sequence comparison between B/H fragment in the flank of Typell transgene and the promoter or 5°
UTR of common carp b-actin 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.

3 Discussion

(1) 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 sequencesin most transgenes have been deleted and/or
rearranged during the course of integration and inheritance,
and appear to be very polymorphic.

Sequencing results confirm that some seguences in
recovered transgenes Typell and Type II 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
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to DNA rearrangements in a transgenic mouse strain
(HUGH/3), approximately five copies of transgenes were
arrayed in tandem but interrupted at least twice by mouse
cellular sequences 1. These results lead us to propose that
multiple copies of transgenes may not be ssimply 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.
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1 GGATCCGATT CTAGAGCGGC CGCAAGCTTA CTAGCTTTCA ACAACTCACA ACTTTGCCAL

AGCTTTCA ACAACTCACA ACTTIGCGAC

6] TTCOCGCTCG CATGGTCCAC TCGCTCTTGT TTACAAGTTG GCGGCAAGCA GAAACACCAC

MomREMA for 87K 270 TTCOCGCTCG CATGGTCCAD TCGCTCTTGT TTACAAGTTG GOGGCAAGGA GAMACACCAC

B&(B—=B") 121 AGAAGCAGGC GGTAACAGTC TCATTTCTGT CTGAGCACAG GGAGGCTTAA GTTCCTTTTT
M mRNA for RIK 210 AGAAGCAGCC GGTAACAGTC TCATTTCTGT CTGAGCACAC GGAGGGTTAA GTTCCTTTTT

B&{B—E"1 181 CCTGTTTCLT TTGCAGATTA GGATGGGAAA GGCTGTATCY TAAAGGCACT TGGTATCAGC
M. mRNAfor R7A 180 COTGTYTCCT TTGCAGATTA CGATGGGAAA NGCTGTATCT TAAAGGCACT TGGTATCAGC

*
BAB—~B) 241 AGGGCTTEGG GCATAGCGAG CCCTATCCAT CTTGCCCTTC ATCCAAGGCT TATUTTCTGL
M.omBNAfor RIK 90 AGGOCFTGGG GUAGAGUGAG CCCTATCCAT CTTGECCTTC ATCCAAGCCT TATCTTCTGC

BsB—B'j 30t TCCTBCTCCG GCTLCTGCTC CTGCCTTAAD TGGATIGTBG GUCAGAGGGA TUTTTGTTAC
M. mRKA for KiK. 30 TCCTGCTOCG GCTCCTECTC 1
B&B—~B"1 381 AMGTAAGGTC CTGGTCAGCA TTTTCAGGAA CAATAGGGCT ATCCTCTCAT AGGCCAGGAA
421 TTGAATAACA GCCCTCCACC TATGTATSCT ATGCGATGAG GACCAGOGCT TGCAGGCTAA
481 GCTGTTCTOT GGOGTGCATT TGGGATCC 509

BumH [

Fig. 7. Nuclectide sequence of B/B fragment on the flank of Type Il transgene and alignment of its 288 bp with the se-
quence of mouse mMRNA for receptor tyrosine kinase. Restriction sites are underlined. The single difference base is indicated

by an asterisk.

Due to the complex composition of fragments in
digested genomic DNA, it is very inefficient to self-ligate
these fragments and then transform circularized transgenes
into E. coli cell despite target fragments being enriched.
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 plasmid
replication are intact. These results strongly suggest that
transgenesin F, transgenics are highly polymorphic.

(ii) Function of transgenesin F, transgenics.

PCR results showed that only in Type [ 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. O 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™, drosophild®and fish!?, it has been demon-
strated that the expression level of transgene is signifi-
cantly affected by the location of transgene. Body weight
of the F, 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-
genics was due to afew intact transgenes and their proper
location on chromosomes. We believe that some transgene
integrations in this individua are genetically functiona as
described in our previous paperl?.
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(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 3. It is well known that constructing and screening
genomic DNA library are complex and expensive. It
sounds impracticable to construct genomic DNA libraries
for every transgenic individua in case that we need to
analyze the transgene integration and inheritance for sev-
eral transgenics.

It iswell believed that transgenes, arraying in a head-
to-tall manner, are integrated into host genome at random
sites. Single copy of transgene can be released from con-
catemer by digestion with proper restriction enzyme. Re-
leased transgene at both ends of concatemer aways 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 studies because the
whole vector sequence may be reserved in most cases for
purposes of properties screen and functional 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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