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Introduction

Inbred strains of rat (Rallus norvegicm) are

widely used in biomedical research (Gill 8!
a1. 1989). The importance of genetic quality

control of inbred strains has been demon-
strated by Fesling (1982), Groen (1977),

Hoffmann (1978). The penalty for not con-

ducting a careful genetic monitoring pro—
gram has recently been reported (Lezin et

a]. 1994), The development of an efficient

genetic monitoring program involving the
establishment of a unique genetic profile for
every strain, is a prerequisite for the re-

sponsable use of genetically defined animals.

Until now biochemical and immunogenetic
markers, have proved to be of great value

(Hedrich & Kluge 1985, Kluge & Hedrich

1985, Gill et al. 1989, Hedrich 1990, Bender

et al. 1994). However, only a limited num-

ber of these markers is available. and many

of these require the application of laborious

techniques, several markers require the ani-

mal to be killed.

The introduction of DNA markers and in
particular of microsatellite markers has had
a major impact on the genetic characteriza—

tion of inbred strains. Recently, Olsen et al.

(1995) presented a study on the genetic cha—

racterization of 61 rat inbred strains, using

37 microsatellite markers. Each of the 61

' strains could be provided with a unique ge-

netic profile using. these 37 microsatellite
markers. However, for microsatellite typing,

information about the genomic nucleotide

sequences is necessary. Here we describe the

use of the AFLPTM technique for characte—
rization of rat inbred strains (AFLPTM is a
lrade-mark filed by Keygene N.V., Wage-

ningen. The Netherlands). The technique

was originally developed for use in plant

species, but it was shown that the technique

could be applied to almost any DNA (Za-

beau & V05 1993).
The AFLP technique is based on the com-

bined use of restriction enzymes and selec-
tive PCR primers. Adapters with known se-

quences are ligated to the ends of the restric-
tion fragments. The sequences of the adap-
ters serve as primer binding sites for sub-
sequent PCR. Because of selective nucleoti-

des which are added to the 3’ ends of the
PCR primer, only a subset of the restriction

fragments will be recognized for amplifica—

tion. Both the restriction enzymes and the

selective nucleotides at the 3’ end of the

primers can be varied. Therefore a huge
amount of new genetic markers can be gene-

rated. This technique has a wide potential
application. In this study, we describe the

genetic characterization of 12 rat inbred
strains, using four enzyme/‘primer combina—

tions. The genetic profiles are also used for

the estimation of genetic relationship be-
tween the 12 strains.

Materials and methods

DNA ofanimals from 12 different rat inbred

strains was isolated from liver using a stan-

dard isolation procedure (Ausubel er al.

1987). The origin of thc inbred strains and
the collection of the samples are described
by Olsen 91 a1. (1995). In the present study,
we used the original template preparation

protocol described by Zabeau & V05 (1993).

Total genomic DNA was digested using two

restriction enzymes: Ssel (CC’l‘GCA/GG),

and Msel (T/TAA). Adapters were ligated to

the ends of the restriction fragments. The

Ssel adapter carries a biotin label at the 5’

end. The adapters are designed as follows:
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Ssel adapter:
5’-biotin— CTCGTAGACTGCGTACATGCA

CATCTGACGCATGT - 5’

Msel adapter:
5’- GACGATGAGTCCTGAG

TACTCAGGACTCAT - 5’

After ligation of the adapters, the complex-

ity of the fragment pool was reduced by iso~

lating the biotinylated fragments (Ssel—Msel
and Ssel—Ssel fragments) using streptavidin
coated Dynabeads (Dynal), according to the

manufacturers protocol.

The fragment amplication took place in two
consecutive steps. The first amplification
step (preamplification) was a non-radioac-

tive PCR. Both primers contained only one

selective nucleotide

Ssel primer:

5'— GACTGCGTACATGCAGG | . — 3'
$01: A

Msel primer:

5'- GATGAGTCCTGAGTAA | . - 3’
M02: C

PCR reactions were performed in a PE-9600

thermal cycler (Perkin Elmer) and were star-

ted at a relatively high annealing tempera-
ture (65°C), to obtain optimal primer selec-

tivity. 1n the following steps the annealing

temperature was gradually lowered to a tem-

perature at which efficient primer binding

occurs (56“C). This temperature was main-

tained for the remaining cycles.

For the second amplification step one of the
primers was labelled with 7—33P-ATP. We
had two different Ssel primers each with one
extra selective nucleotide added to the 3’
end and three different Msel primers each

with two extra selective nucleotides.

Ssel primers:

5'- GACTGCGTACATGCAGG | . . - 3’
512: AC
813: AG

Msel primers:

1 5’- GATGAGTCCTGAGTAA I. . . — 3'

M51: CCA

M61: CTG

M62: CTT

Four different Ssel—Msel primer combina—

tions were made out of these five primers.

The PCR program used for the second step

amplification was identical to that used for
preamplifieation.

The amplification products were analyzed

on standard 5 0/0 denaturing polyacrylamide
gel. The AFLP patterns were visualized
using a phosphor-imager (Fuji Bas 2000)

Table I . Strain distribution pattern of the polymorphic bands of the four primer combinations tested in 12
rat inbred strains. X stands for presence of a specific band (indicated by their length in bp), while an
empty compartment denotes absence of that band.
 

 

 

    

$12M51 S11M62 S13M51 S13M61

STRA'” §3§§3 §3§§§§3§§§§§~§§3553g§§§§§§§53§§§§

ACI/A XXXXXX X X X X XX X XX XX X

AGUSIOlaHsd X X XX X X XXX X X X X XX X X

AUGIOlaHsd x x x x x x x x x x x x x x x
HNIM XX XX X XX X XXX XXXX X XX XX X

sum“ xxx xx xxx x xx x xx x x
cop/OIaHsd xxxlx x xxx xx xxxxxx x x xxxxx
DNHan xxxxxxxxx x x xx x xx x
FMHan xxx x xxXX x xxx xx xx xx x x
LEWIM xxx x x x xxxxx xxx xx x
PVGIOIIHId XXX X X X XXX XXXX XX XX X

WFIHnn xxx xx xxx xxxx xxxxx xxx x xx
WKY/OIDHSd XX XXX X XXX X XXXXXX XX X XX  
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after o/n exposure of the gel to a phospho-

imaging screen.

Genetic similarities between inbred strains

were calculated using the NTSYS computer-

package of Applied Biostatisties. The con-

struetion of the rat inbred strains dendro-

gram is based on the UPGMA method (Net

1987, R0/z/f1989)

Results and discussion
The four different primer combinations used

in this study are: Ssel+AC/Mse1+CCA

(SlZ/MSI); Ssel+AC/Mse1+CTT (SlZ/M62);
Sse1+AG/Mse1+CCA (Sl3/M51); Ssel+AG/

Msel+CTG (Sl3/M61). Selection procedures

resulted in AFLP-pi‘ints which all contained
50 to 100 bands within the range 01'450 to
75 bases. The polymorphisms were predo-
minantly based on the presence/absence of a
specific band, which is typical for dominant

markers. The polymorphisms are scored for

all four primer combinations tested and the

results are summarized in Table l. Markers
are indicated by the symbols of their primer
combinations and lengths (in bp) of the spe—

cific bands. Polymorphisms are indicated
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with an X for presence and an empty com»

partment for absence.
All four primer combinations revealed iden-

tical patterns when tested in animals of the

same strain, thus indicating the stability of

AFLP-markers within strains. The high de-
gree of inter-strain variation and the fact
that the patterns are highly reproducible
indicate that this type of marker provides a

useful. contribution to the genetic quality
control programs of rat inbred strains.

The AFLP profiles were used to estimate the

genetic relationship between the 12 rat in-
bred strains. In Table 2 the similarity matrix
between all 12 strains is given, whereas

Figure 1 shows a relationship dendrogram of

these inbred strains. Knowledge of such in-

formation can be helpful in selecting strains

for comparative testings, The NTSYS com-
puterprogram (Rohlfl989) was used to eal-

Culate genetic similarities, which are indica-

ted as percentages of sharing alleles between

pairs of strains (Table 2). The rat inbred
strain dendrogram as presented in Figure l

is based on the unweighted pair group me-
thod with arithmethic mean (UPGMA).

Table 2. Similarity matrix between 12 rat inbred strains. The calculated percentages are based on 39
polymorphic AFLP loci.
 

 

 

 

 

 

 

 

 

 

 

 

 

       

1 2 3 4 5 6 7 8 9 10 11 12
1 ACI/A "

2 AGUS/OlaHsd 65 '

3 AUG/OlaHsd 81 52 ‘

4 BN/M 72 65 68

5 BUF/Han 67 55 71 59 "
6 COP/OlaHsd 73 67 62 76 60 *

7 DNHan 88 69 72 72 71 69 "
8 F344/Han 73 59 82 65 88 63 69 "

9 LEW/M 69 63 61 69 64 63 69 71 *

10 PVG/OlaHsd 76 69 77 75 71 69 8O 81 '78 "

11 WF/Han 73 78 62 79 68 73 73 70 78 73 '

12 WKY/OlaHsd 64 69 64 82 63 79 60 69 73 68 79 "         
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Figure 1. Dendrogram illustrating the relationships between 12 rat inbred stiains based on alleles at the
39 polymorphic AFLP loci

This method employs a sequential clustering

algorithm in which local topological rela-
tionships are identified in order of similarity

(Nei 1987). As yet we do not know the chro-
mosomal locations of the AFLP markers
used in this study. Therefore the present
data on strain relationships need still to be
interpreted with some caution. A linkage
study for the genetic mapping of the AFLP
markers is in progress.
In conclusion, the AFLP technique seems to
be most suitable for genetic Characterization
of rat inbred strains. The technique is effi-
cient because each primerset generates va-
rious polymorphic loci simultaneously.
Furthermore, sequences for primers need
not to be determined in advance. No data-
base searches or scanning of genomic libra-
ries is necessary. AFLP also provides an
effective tool for the study of genetic rela—
tionships and for the construction of a phy-

logenetic tree,

Summary

The AFLPTM technique is a novel DNA techno-
logy which generates AFLP markers. The techni-
que is based on the combined use of restriction
fragments and selective PCR primers Because
both the restriction fragments and the selective
primers can be varied, many new genetic markers
will become available. We have used four en»
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zyme/primer combinations for the genetic charac-
terization of 12 rat inbred st1ains.A11 these strains
could be provided with their own unique genetic
profile using these four combinations. No varia-
tion was found within the individuals of the same
strain. This indicates that AFLP markers are
stable and useful for genetic monitoring of strains
and for linkage analysis.

References
Ausubel FM, R Brent, R}? Kingston, DD Moore,

JG Spidman, JA Smith & K Struhl: Current
Protocols in Molecular Biology. Green Pub-
lishing Associates and Wiley-lnter-Sciencc.
New York 1987, pp. 22.1—22.3.

Bender K, P Balough, MF Bertrand, M Den Bie-
man 0 Von Deimlmg, GA G112mam.HJ Heel»
rich, S Eghtessadz SVHum, R Kluge K Mal-
sumoto DH Moralejo, M Nagy], 4 Portal
C-M Prokap RT Se1berl & LEW Van Zul-
phert Genetic chaiacterization of inbred
strains of the rat (Rattus narvcgicus). J. Exp
Anim. 1994, 36. 151—165.

Festing MF & K Bender: Genetic relationships
between inbred strains of rats. An analysis
based on genetic markers at 28 biochemical
loci Genet Res. Camb. 1984, 44, 271-281

Fasting MF Genetic contamination of laboratory
animal colonies: an increasingly serious pro-
hlem ILAR NEWS XXV 1982 (4) 6—10.

(it'll TJ, (Ll Smith, RW Wissler & HW Kim:
The rat as an experimental animal. Science
1989 245 269—276

Groen A.1dcntification and genetic monitoring of
mouse inbred strains using biochemical poly-
morphisms. Laboratory Animals 1977,11,
209—214.



IIedric/z H.) & R Kluge: Genetic quality assurance
for inbred strains of rats: present state of gene-
tic monitoring, 81h ICLAS/CALAS Symposi-
um Vancouver, Supplement, pp. 1—11, Gustav
Fisher Verlag, Stuttgart, New York 1985.

Hedrich HJ: Inbred strains in biomedical rese~
arch. In: Hedrich HJ (ed): Genetic monitoring
of inbred strains of rats, pp. 1—7, Gustav Fisher
Verlag, Stuttgart 1990.

Hafjinan HA: Genetic quality control of the labo-
ratory mouse (Mus musculus). In: Morse M
(ed): Origins of inbred strains, pp. 217—234,
Academic Press, New York 1978.

Kluge R & HJ Hedrzch. Tools for geneting moni—
toring of inbred strains of rats: biochemical
genetic markers. 8th lCLAS/CALAS Sympo-
sium Vancouver, Supplement, pp. 15—27, Gu—
stav Fisher Verlag, Stuttgart, New York 1985.

Lezin E11151, 114 Pruvenec, A Wang, J—AJ Wang,
SN Alerrioum. DE Stec, RJ Roman, D Lam,

Seund.J.Lab. An1111.Sci.No. 1 . 1996 . Vol. 23

RC Morris & TW Kurtz: Genetic contamina—
tion of Dahl SS/Jr rats. impact on studies of
salt-sensitive hypertension. Hypertension
1994, 23, 786—790.

N91 M: Molecular evolutionary genetics. Colom-
bia University Press, New York 1987.

Olsen M, M Den Bieman. HJ Jacob, J 52171-
rer, C Szpirer, K Bender & LFM Van Zuz-
phen. Use of simple sequence length poly-
morphisms for genetic characterization of rat
inbred strains. Mammalian Genome 1995, (1
595—601.

Rohlf F]. NTSYS—PC Numerical taxonomy and
multivariate analysis system, Version 1.50
New York Exeter Publishing Ltd. 1989.

Zabeau M & P V03: Selective restriction frag-
ment amplification: a general method for
DNA fingerprinting. European patent Appli-
cation, publication number EP 0534858.
1993.

 

The Total Solution for the Handling of Animal BeddinfirgiMaterial
 

Removal of waste material and measured

filling of new material into animal tray -
DUST FREE - with a Dustcontrol totally
enclosed extraction system.

The Dustcontrol System
- Reduces allergy exposure

0 Eases handling of new and waste
materials

Saves valuable floor space

Gives accurate material dispensing
Makes facilities cleaning easy and

efficient

 

AUTOMATIC ' EvtP'mNn
1551mm; puma
EisPENsE:  

 

\4ATFR1A1
CONTANEF    

 . 11*.(7‘: A

 

 

\ Sweden
/' Dustcontrol AB

DUSthenTeioa.1—,31 860 60
§ Fax 08-531 703 05

 

Kumla Gérdst‘rag14- 8—1 45 63Norsborg

Denmark Norway Finland
4a en 9105 salg 23/5
TeI7S-151122
Fax 75-15 82 69

 
T6110 Norge A/S
T01032782 30 35
Fax 032782 14 20

STC—Industrial Oy
Tel 0-67 31 22
Fax 0-67 34 86

15


