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Abstract. For chromosomal localization of the hFVIII 

human transgene in F2 and F3 generation of trans-

genic rabbits, FISH-TSA was applied. A short cDNA 

probe (1250 bp) targeted chromosomes 3, 7, 8, 9 and 

18 of an F2 male (animal 1-3-8). Two transgenic off-

spring (F3) revealed signal positions in chromosome 

3 and chromosomes 3 and 7, respectively. Sequenc-

ing and structure analysis of the rabbit orthologous 

gene revealed high similarity to its human counter-

part. Part of the sequenced cDNA (1310 bp) served 

as a probe for FISH-TSA analysis. The rabbit gene 

was localized in the q arm terminus of the X chromo-

some. This result is in agreement with reciprocal 

chromosome painting between the rabbit and the hu-

man. The presented FISH-TSA method provides 

strong signals without any interspecies reactivity.

Introduction

Transgenic rabbits are widely used as bioreactors in 
producing recombinant proteins and in the study of hu-

man diseases (Bozse et al., 2003). In addition, rabbit has 
become a favorite model organism for the study of gene 
expression and regulation of human recombinant pro-
teins (Fan and Watanabe, 2003). One of these is human 
coagulation factor VIII. This protein is deficient in 
X-linked bleeding haemophilia A, occurring in one of 
10,000 males. The condition is treated by supplying hu-
man plasma pooled hFVIII concentrates or applying 
 rhFVIII protein obtained through recombinant tech-
niques. Besides cell culture systems producing trans-
genic protein into the cultivation medium, a method 
 employing transgenic animals producing hFVIII via 
mammary gland into pig, sheep, mouse and the already 
mentioned rabbit milk has been recently established 
(Paleyanda et al., 1997; Niemann et al., 1999; Chen et 
al., 2002; Chrenek et al., 2005). In comparison with 
large domestic animals, rabbit is a promising alternative 
thanks to its short reproduction cycle and easy milking 
of the protein-rich milk. 

On the other hand, there are many factors influenc-
ing the efficiency of transgenic rabbit production. 
One of the most important obstacles is the low rate of 
transgene incorporation into the genome of the micro-
injected embryos and the stability of the transgene 
transmission to next generations. Our previous studies 
(Chrenek et al., 2005; 2007) confirmed vertical trans-
fer of the hFVIII transgene through two generations 
(F2 and F3) by PCR, Southern blotting, real-time PCR 
and Western blotting. However, these methods are not 
capable of determining the number of transgene copies 
in the genome or their positions in particular chromo-
somes. 

In the present study we introduced fluorescence in 
situ hybridization coupled with a tyramide amplification 
step (FISH-TSA) using a short cDNA probe in order to 
identify chromosomal position(s) of the hFVIII gene in 
transgenic rabbit genomes of F2 and F3 generation.
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Material and Methods 

Animals
Transgenic founders with the WAP-hFVIII gene were 

produced as described by Chrenek et al. (2005). In our 
experiments we used a transgenic male parent (F2 gen-
eration) and two offspring (F3 generations). Randomly 
selected non-transgenic rabbits of the same breed were 
used as a control. 

Chromosome sample preparations
Fixed cell suspension for preparation of metaphase 

spreads was obtained from venous blood samples ac-
cording to Parkányi et al. (2004). Dropping and slide 
pretreatment prior to FISH hybridization was done ac-
cording to Krylov et al. (2007).

Sequencing of the rabbit FVIII gene
Primers for RT-PCR of the rabbit FVIII gene were 

designed on the basis of ENSOCUT00000000145, frag-
mented sequence obtained from the Ensembl database. 
Seven cDNA amplificates, covering 6667 bp of a partial 
coding sequence, were cloned using a TOPO XL clon-
ing kit (Invitrogen, Carlsbad, CA). The sequencing was 
done with AGOWA (Berlin, Germany). 

Probe preparation and FISH-TSA
The hFVIII transgene probe was prepared by restrict-

ing the WAP-hFVIII vector with KpnI. The appropriate 
DNA fragment (1250 bp), free of any repetitive se-
quences, was isolated from the agarose gel and then pu-
rified on a column of Gel extraction kit (Qiagen, Fargo, 
ND). Labelling of 1 μg of the template DNA was per-
formed by the random primer technique (DecaLabel 
DNA labelling kit, Fermentas, Vilnius, Lithuania) with 
Dig-11-dUTP nucleotide (Roche, Basel, Switzerland), 
according to the manufacturer’s manual. Purification of 
the reaction mixture was finished on a column of Gel 
extraction kit (Qiagen). Template DNA for probe prepa-
ration of the rabbit orthologous gene was amplified by 
PCR reaction, using the sequenced cDNA clone and the 
following primers: 5´ CAAGCCGGCCATATAACATC 
3´ and 5´ TGGCATATTTGGGGATCCTA 3´. Purifica-
tion of the PCR amplificate (1310 bp) and its labelling 
was conducted according to the same protocol as for the 
human transgene probe. 

FISH-TSA was carried out according to Krylov et al. 
(2007). In brief, the chromosomes were simultaneously 
denatured under a cover glass for 5 min at 70 °C with 
approx. 30 ng of the appropriate probe in simple hy-
bridization buffer (50% formamide, 2x SSC – 300 mM 
NaCl, 30 mM sodium citrate, pH 7.0) and incubated 
overnight (12–16 h) at 37 °C. Posthybridization wash-
ing was performed three times in 50% formamide in 2x 
SSC at 42 °C, three times in 2x SSC at room tempera-
ture (RT) and one time in 1x TNT buffer (100 mM Tris/
HCl, 150 mM NaCl, 0.05% Tween 20, pH 7.5) at RT, 
each for 5 min. Visualization of the hybridized probe 
was accomplished by antidigoxigenin-POD, Fab frag-

ments antibody (Roche). Amplification of the FISH sig-
nals was carried out with a TSA-tetramethylrhodamine 
kit (NEN, Life Science, Boston, MA) according to the 
manufacturer’s manual. The slides were then mounted 
in Mowiol-DAPI (4’, 6’-diamino-2-phenylindole, 500 
ng/ml) and observed under a fluorescence microscope 
using the appropriate filters.

Images of the FISH signals and metaphase spreads 
were taken separately and merged in pseudocolours. La-
belled chromosomes were identified using the p/q arm 
ratio and their relative size, with the total length of the 
largest chromosome 1 as an internal standard. The ratios 
were calculated from DAPI-stained metaphases and 
were identical to those obtained from an ideogram pub-
lished by Hayes et al. (2002). Image merging and chro-
mosome measuring was performed using ACC (Sofo, 
Brno, Czech Republic) software for image analysis.

Results 

Identification of DAPI-stained rabbit 
chromosomes

Individual DAPI-stained chromosomes were recog-
nized by calculating the p/q arm ratio and the ratio of the 
total length of the examined chromosome and of the 
largest chromosome 1 (Table 1). Values gained from the 
R-banded rabbit ideogram (Hayes et al., 2002) served as 
the standard. The DAPI-stained rabbit karyotype with 
all the identified chromosomes is shown in Fig. 1a.
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Table 1. Identification of all rabbit chromosomes on the 
basis of p/q arm ratio and the relative length with chromo-
some 1 as an internal standard.

chromosome p/q arm ratio chromosome
  relative lengtha

1 0.84 1.00
2 0.87 0.88
3 0.63 0.72
4 0.58 0.51
5 0.87 0.34
6 0.98 0.29
7 0.43 0.80
8 0.48 0.56
9 0.73 0.53
10 0.64 0.40
11 0.56 0.36
12 0.17 0.69
13 0.25 0.71
14 0.20 0.71
15 0.25 0.59
16 0.40 0.45
17 0.33 0.48
18 0 0.42
19 0 0.30
20 0.13 0.20
21 0.23 0.21
X 0.50 0.55
Y 0.40 0.23
a ratio of the length of the examined chromosome and 
the length of chromosome 1
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FISH-TSA analysis 
FISH-TSA was performed in order to identify the 

chromosomal position of the human coagulation factor 
VIII (hFVIII) in an F2 male transgenic rabbit (animal 
1-3-8) and two offspring (F3 animals – ♂24s and ♀35s). 
In the F2 rabbit, the hybridization of the hFVIII probe 
resulted in labelling of chromosomes 3p, 7p, 8q, 9p and 
18q. Animal 24s revealed signal position in p arms of 
chromosome 3. F3 rabbit 35s had two chromosomes tar-
geted, 3p and 7p (Fig. 1b). The FISH-TSA analysis per-
formed with wild-type animals gave no specific label-
ling (not shown). To exclude the possibility that the 
probe labelled the rabbit’s orthologous gene, we se-
quenced it and made the FISH-TSA analysis. The cod-
ing sequence was uploaded and published in the Gen-
Bank database under accession number EU447260. Nu-
cleotide alignment of human and rabbit cDNA sequences  
revealed 86% identity and 21 gaps. The corresponding 
protein structure shows 78% identities and 86% posi-
tives when compared to its human counterpart. The rab-
bit cDNA probe (1310 bp) localized the gene into the q 
arm terminus of the X chromosome (Fig. 1c).

Discussion

The efficiency of transgenic techniques is determined 
by the number of integrated transgene copies and their 
vertical transmission to next generations. In contrast to 
standard molecular methods such as PCR, real-time 

PCR, or Southern and Western blotting, only physical 
mapping of a transgene to the chromosomes by in situ 
hybridization can unfailingly confirm these two param-
eters. Single-copy gene mapping in rabbit has been 
based on localizing the long (tens to hundreds kbp) bac-
terial artificial chromosomes (BACs) bearing the gene 
of interest by fluorescence in situ hybridization (FISH) 
(Rogel-Gaillard et al., 2001). Propagation and utiliza-
tion of the BAC library for physical mapping poses 
many obstacles, such as the loss of once produced bacte-
rial clone due to instability of large DNA constructs, or 
mapping of surrounding genes and non-coding areas in-
cluded in a particular BAC clone. Successful mapping 
of transgenes depends on the sufficient length of the 
used DNA vector or the respective transgene sequence. 
The major obstacle, low sensitivity of FISH, was over-
come by Bobrow et al. (1992). They introduced a strat-
egy called catalysed reporter deposition (CARD). The 
FISH signal is amplified by horseradish peroxidase-cata-
lysed deposition of tyramide free radicals in the vicinity 
of the enzyme. Increasing the sensitivity by tyramide 
free radical deposition allows for performing the FISH 
analysis with short probes (from several hundreds bp) 
(Speel et al., 1997; Schriml et al., 1999). Krylov et al. 
(2003) simplified this technique and mapped the first 
amphibian single-copy gene for Src tyrosine kinase 
(src-1) into Xenopus laevis chromosomes. The cDNA 
sequence was used as a probe. Thanks to the absence of 
repetitive elements, competitor DNA such as salmon 

Localization of hFVIII Transgene into Rabbit Chromosomes

Fig. 1. FISH-TSA analysis of FVIII genes. (a) DAPI-stained rabbit karyotype of a non-transgenic female. (b) Localization 
of the human FVIII transgene into rabbit chromosomes of F2 male and two F3 offspring. (c) Localization of the rabbit 
orthologous FVIII gene into the q arm terminus of chromosomes X in a non-transgenic female.
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sperm DNA, Cot-1, etc. could be avoided in the hybrid-
ization mixture without any negative effect on the sig-
nal/background ratio. Tlapakova et al. (2005) showed 
the high accuracy of this technique in mapping similar 
sequences of paralogous MDH2a and b genes in the 
same species.

In this study we used FISH-TSA for mapping the hu-
man coagulation factor VIII transgene in rabbit chromo-
somes. Identification of targeted chromosomes in DAPI-
stained metaphase spreads was done by calculating the 
p/q arm ratio and the relative length, with chromosome 
No. 1 as an internal standard. This approach simplifies 
the analysis and allows the evaluation of FISH-TSA sig-
nals without the chromosomal banding procedure. Phil-
lips and Reed (2000) identified all 25 chromosomal 
pairs in Danio rerio on the basis of size and centromere 
ratios in CMA-3-stained metaphases. Tymowska (1973) 
and Krylov et al. (2007) used p/q arm ratios for the as-
sessment of Giemsa- and DAPI-stained chromosomes 
of Xenopus tropicalis, respectively. Chromosomal lo-
calization of the human FVIII transgene in rabbits of F2 
and F3 generation clearly showed the vertical separation 
of individual loci. FISH-TSA performed with a probe 
for the orthologous rabbit FVIII gene revealed terminal 
position on the q arms of chromosome X. In human, the 
gene is localized in a similar region (Xq28). Korstanje et 
al. (1999) used reciprocal chromosome painting be-
tween the human and the rabbit. The paint for the human 
chromosome X was found to hybridize to the rabbit X 
orthologue only. This finding together with current gene 
mapping results indicates strong X chromosome conser-
vation between both species.
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