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ABSTRACT Linkage mapping of quantitative trait loci
requires analysis of a large number of animals. Although
genetic markers isolated by representational difference anal-
ysis (RDA) and its modifications meet the needs, the number
of these markers has been limited. In the present study, we
established the arbitrarily primed (AP)-RDA method to
isolate virtually an unlimited number of the high throughput
genetic markers. A representation of the genome, an AP-
amplicon, was prepared by AP-PCR with a single primer or
with a combination of primers using genomic DNA of the
ACI/N (ACI) or BUF/Nac (BUF) rat as a template. By
subtracting the AP-amplicon of ACI from that of BUF, a total
of 40 polymorphic and independent markers were isolated in
seven series of AP-RDA using a single primer. Two series of
AP-RDA with primer combination yielded seven additional
independent markers. All of the markers gave clear positive/
negative signals by hybridization of a filter where AP-
amplicons from F; rats of ACI and BUF were dot-blotted at a
high density without any concentration or purification. All of
the 47 independent markers were mapped to unique chromo-
somal positions by linkage analysis, even though some arbi-
trary primers had very similar sequences. The markers were
also informative between other strains of rats. Simultaneous
hybridization of multiple filters made it possible to genotype
a large number of rats simultaneously for multiple genetic
loci. The AP-RDA method promises isolation of a large
number of high throughput genetic markers in any species and
is expected to facilitate linkage mapping of subtle quantitative
trait loci.

Linkage mapping of quantitative traits, such as blood pressure,
blood glucose level, and cancer susceptibility, is a growingly
important issue. However, linkage analysis using human fam-
ilies is facing an increasing problem because less and less
samples are available because of decreasing family sizes. In this
sense, linkage analysis using laboratory animal models offers
a great advantage for the mapping of genetic loci controlling
a quantitative trait (quantitative trait loci) (1). We can use
enough animals to obtain statistically significant results. How-
ever, genotyping of a large number of animals with microsat-
ellite markers is labor-intensive and costly. It is necessary to
perform PCR as many times as the product of the number of
samples and the number of loci to be typed and to run gels at
least as many times as the number of loci to be typed (2, 3).

From this point of view, we have been isolating genetic
markers that are suitable for genotyping of a large number of
animals by using a subtraction technique, representational
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difference analysis (RDA) (4, 5). In RDA, subtractive com-
petitive hybridization is performed by using representations
(“amplicons”) of the whole genome but not the whole genome
itself. The amplicon is composed of various DNA fragments
that were prepared by restriction digestion of the genomic
DNA, ligation of a universal adapter to the total restriction
fragments, and PCR using a primer based on the adapter
sequence. The differential products obtained by the following
subtractive competitive hybridization using two amplicons are
derived from DNA fragments that were present in one am-
plicon but not in the other. Therefore, these differential
products (RDA markers) give positive and negative signals on
the two amplicons, meaning that the amplicons can be dot-
blotted and genotypes can be determined by analyzing the
presence or absence of hybridization signals. By increasing the
density of dot blots, a greater number of animals can be
genotyped by hybridizing a small piece of filter. One amplicon
can be used for 10-30 RDA markers.

However, preparation and concentration of amplicons are
still labor-intensive. Namely, we must purify DNA by phenol-
chloroform extraction after restriction digestion, and the PCR
product must be concentrated by ethanol precipitation before
being dot-blotted to a filter. This is why we developed CAAT-
RDA (3), in which a primer based on the CAAT box sequence
was used for PCR to prepare amplicons (CAAT-amplicons),
and isolated 12 CAAT-RDA markers for the rat. Because the
CAAT-amplicon was prepared by performing PCR directly
with the genomic DNA, it was not necessary to purify DNA to
prepare the amplicon. Because the DNA fragments present in
the CAAT-amplicon were highly enriched, we did not need to
concentrate the PCR solution before dot-blotting. We also
applied interspersed repetitive sequence (IRS)-RDA, which
originally was developed in the mouse (6), to the rat. We were
able to isolate 48 rat IRS-RDA markers that were polymorphic
between two rat laboratory strains, ACI/N (ACI) and BUF/
Nac (BUF) (7), and all of these 48 markers shared the useful
feature of CAAT-RDA markers. The major limitation of the
CAAT-RDA and IRS-RDA method is that the number of
markers that can be isolated is not sufficient (3, 6, 7). Because
the genomic regions represented by CAAT-PCR and IRS-
PCR are limited by the primer sequence, a limited number of
polymorphic fragments exist in the represented genomic re-
gions.

In this study, we used the arbitrarily primed (AP)-PCR
method (8, 9) to prepare representations of the genome

Abbreviations: RDA, representational difference analysis; AP, arbi-
trarily primed; IRS, interspersed repetitive sequence; ACI, ACI/N rat;
BUF, BUF/Nac rat.
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AP-amplicon. The advantage of the AP-amplicon is that
various portions of the genome can be potentially represented
by using different arbitrary primers and that, theoretically, an
unlimited number of polymorphic markers can be isolated.

MATERIALS AND METHODS

DNA Samples. ACI and BUF rats were purchased from
Japan Clea (Tokyo); Donryu rats were from Charles River
Japan (Yokohama, Japan); Brown Norwegian and Fischer 344
rats were from Charles River Italia (Calco, Italy); Lewis rats
were from Harlan Olac (Bichester, U.K.); and Sprague—
Dawley (SD) from Charles River Laboratories. F, intercross
rats were produced by sister-and-brother mating of (ACI X
BUF)F; rats (10). Genomic DNA was extracted from the liver
of individual rats by the phenol and chloroform extraction
method as described (11).

Preparation of AP-Amplicon. Primers were purchased from
Sawady Technology (Tokyo). Genomic DNA (100 ng) was
used for amplification by PCR in a reaction mixture of 400 ul,
consisting of 300 uM each dNTP, 67 mM Tris-Cl (pH 8.8), 4
mM MgCl,, 16 mM (NH4)>SO4, 10 mM 2-mercaptoethanol,
100 pg/ml of BSA, 1 uM primer, and 15 units of Tagq
polymerase (Amersham Pharmacia). PCR amplification was
carried out in a Perkin—-Elmer/Cetus thermal cycler under the
following conditions: for initial denaturation, 3 min at 94°C
followed by 35 cycles of denaturation for 1 min at 94°C,
annealing for 1 min at 40°C, and extension for 2 min at 72°C.
The PCR product (AP-amplicon) was purified by phenol
extraction and ethanol precipitation for RDA analysis. For
genotyping by dot-blot analysis, PCR was performed in a 40-ul
reaction, and the solution was used without any further
purification.

Competitive Hybridization and Selective Amplification. Am-
plicons of both tester and driver were digested with BamHI
endonuclease (New England Biolabs). Restricted terminals of the
amplicon were removed by gel-filtration chromatography (cDNA
spun column, Amersham Pharmacia). The solution after gel-
filtration was quantified and used for the following procedures.
Two series of primer sets described previously (4), J and NBam
series, were used as adapters or primers for RDA in this study. To
1 pg of the tester amplicon, 500 pmol of J adapter was ligated with
T4 DNA ligase. The tester DNA (200 ng) with the J adapter at
both ends was mixed with 40 ug (200-fold in excess) of the driver
DNA. After ethanol precipitation of the DNA mixture, the pellet
was dissolved in 4 pl of 3X EE buffer (3 mM EDTA/3 mM
N-[2-hydroxyethyl]piperazine-N'-[3-propanesulfonic acid], pH
8.0). The mixture was denatured at 96°C for 10 min and was
reannealed at 67°C for 16—36 hours in the presence of 1M NaCl.
One-tenth of the reannealed product was subjected to amplifi-
cation by PCR with the JBam24 oligonucleotide as a primer for
10 cycles. DNA fragments that had been linearly amplified,
existing as ssDNA, were digested with 100 units of Mung-Bean
nuclease (New England Biolabs,), and 1/10 of the remaining
dsDNA again was amplified by PCR for 20-30 cycles with
JBam24 oligonucleotide.

The second cycle of competitive hybridization was per-
formed by switching the adapter used in the first cycle of
competitive hybridization to a new adapter (NBam). Tester
DNA (40 ng) was mixed with 40 pg (1,000-fold in excess) of
driver DNA. Denaturing, reannealing, and selective amplifi-
cation of the self-annealed product were performed in the
same manner as in the first cycle. The PCR products after first
and second competitive hybridization (C1 and C2, respec-
tively) were ligated into the BamHI site of pBluescript II
KS(+) phagemid vector (Stratagene). After transformation of
XLI1Blue-competent cells, insert-positive phagemid clones
were selected by PCR amplification of the inserts by using T3
and T7 primers and restriction digestion of the PCR product
with BamHI.
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Southern Blot Analysis and Dot-Blot Analysis. For Southern
blot analysis, designated amounts of DNA were run in 1.2%
agarose gel (FMC). After denaturation in 0.4 M NaOH, the gel
was blotted onto a nylon filter (HyBond-N, Amersham Pharma-
cia). For dot-blot analysis of the isolated clone and amplicon, 10
wl of PCR solution was mixed with an equal volume of denaturing
solution (0.8 M NaOH/50 mM EDTA) and was arranged in a
96-well format. Approximately 1 ul aliquot of each solution was
dot-blotted in two positions by using a Kriplanker device (J.
Kreitler, Washington University, St. Louis).

Prehybridization and hybridization were performed as de-
scribed (5). Approximately 10-50 ng of probe was labeled with
[@-3?P]dCTP by using a random labeling kit (MultiPrime,
Amersham Pharmacia). After washing the filters four times in
2X standard saline citrate (SSC), the filters were exposed to
Kodak XAR films for 10 min to 3 days at —80°C.

Linkage Mapping and Nomenclature. A multipoint linkage
analysis was performed with MAPMAKER/EXP software (12). A
total of 205 anchored loci, including microsatellite markers and
RDA markers, were used for genotyping of the 105 F, rats
(5, 10).

RESULTS

Establishment of the AP-RDA Method. Sequences of the
primers used are listed in Table 1. The primer AP-3 (13-mer)
is an arbitrary primer containing a BamHI site that is necessary
for the following RDA procedures. AP-4 (15-mer) and AP-5
(17-mer) were designed by adding randomly selected nucleo-
tides to the 5" of AP-3 sequentially. AP-PCRs with these
primers were performed by using the genomic DNA of ACI
and BUF rats as templates, and the gel-electrophoretic pat-
terns of the AP-PCR products (the AP-amplicons) were
visualized by ethidium bromide staining. All of the AP-
amplicons prepared with the three different sizes of primers
displayed patterns of multiple bands (Fig. 1).

By using the AP-3 amplicon from BUF as the tester and that
from ACI as the driver, two cycles of competitive hybridization
and selective amplification were performed (Fig. 24, lanes 3
and 4). The product of the first cycle of competitive hybrid-
ization and selective amplification (C1) presented a limited
number (~10) of bands. However, in the product of the second
cycle (C2), an intensive band in C1 disappeared, and some
selected bands were visualized. The product of C2 was cloned
into a vector, and each clone was tested by cross hybridization
for independence by dot-blot analysis. Of the 69 clones tested,
22 (32%) were found to be independent. Each independent
clone was tested for polymorphism by examining positive or
negative signals on the dot blot of amplicons from BUF and
ACI rats. Of the 22 independent clones, 7 (32%) were poly-
morphic, meaning that 10% of the total clones analyzed were
independent and polymorphic (Table 2).

The course of concentration of a polymorphic clone, AP3-
G7, is shown in Fig. 2B. When the signal intensities in Fig. 2B,

Table 1. Sequences of the primers used to prepare AP-amplicon

Primer name Length, mer Sequence,* 5’ to 3’
AP-3 13 AGGATCCGTGAAC
AP-4 15 ACAGGATCCGTGAAC
AP-5 17 TGACAAGGATCCGTGAAC
AP-6 13 AGGATCCAACGCC
AP-7 13 CGGATCCTCAGTG
AP-8 13 CGGATCCCTAAAG
AP-9 13 AGGATCCGTGAGC
AP-10 13 AGGATCCGCGAAC
AP-11 13 AGGATCCAACCAT
AP-12 13 AGGATCCGGCCAT
AP-13 13 AGGATCCGAATGG

*BamHI site is in boldface type.
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Fic. 1. Comparison of the pattern of amplicons produced by
AP-PCR using the primers AP-3 (13-mer), AP-4 (15-mer), and AP-5
(17-mer). PCR products were analyzed on a 2% NuSieve gel. Lanes:
A, ACI; B, BUF; M, Haelll digest of $X174 DNA. Sizes (bp) are
indicated to the right.

lanes 4, 5, and 6 are compared, a stepwise enrichment of the
clone after each cycle of competitive hybridization can be
observed (note that a half amount of DNA was applied in Fig.
2B, lane 5, compared with lane 4). When hybridization signals
in the amplicons were compared, only BUF but not ACI
emitted a strong signal, indicating that this clone can detect the
presence or absence of polymorphism between ACI and BUF
by using AP-amplicons (Fig. 2B, lanes 3 and 4). In contrast, the
probe detected a band of the same size and intensity in the
genomic DNA of ACI and BUF (Fig. 2B, lanes 1 and 2).
Genotyping Using the AP-RDA Marker. To see whether the
polymorphic clones obtained by AP-RDA are really suitable
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F1G. 2. Actual course of AP-RDA using the AP-3 primer. (A4)
Ethidium bromide staining. Electrophoresis was performed at 100 V
for 3 hours. (B) Probed with a polymorphic clone, AP3-G7. Lanes: 1
and 2, BamH]I-digested genomic DNAs from ACI and BUF rats; 3 and
4, amplicons of ACI and BUF; 5 and 6, C1 and C2 products of
AP-RDA using AP-amplicon from BUF as the tester and that from
ACI as the driver. M1 and M2, A/HindIII and ¢X174/Haelll DNA
size markers. The arrow on the right shows a polymorphic band
detected by AP3-G7 clone. The arrowhead shows hybridization of the
genomic DNAs of ACI and BUF with this probe.

Proc. Natl. Acad. Sci. USA 96 (1999)

markers for large-scale genotyping, AP-amplicons were pre-
pared from 105 F; intercross rats, inbred ACI and BUF rats,
and the amplicons were dot-blotted onto a filter. By hybrid-
izing the filter with an AP-RDA clone, AP3-G7, individual rats
gave clear positive or negative signals (Fig. 3). In the case of
F, intercrosses, rats with genotypes AB and BB gave positive
signals. Although BB homozygotes should give signals twice as
dense as those of heterozygotes (AB), both were typed as a
single group to avoid misreading. The reproducibility of the
signal with all of the markers isolated in this study was verified
by hybridizing different filters prepared from different ampli-
cons using the same F, intercross rats (data not shown).

Primer Length and Yield of Markers. To clarify the effects
of the primer length on the yield of markers, AP-RDA using
AP-5 (17-mer) was carried out by using the amplicon from
BUF as the tester and that from ACI as the driver. Among the
43 clones examined, which were obtained from C2, four clones
(9.3%) were independent and polymorphic (Table 2). Two of
these four clones were common to those obtained with the
AP-3 primer, but the remaining two clones were different.
There was no significant difference between the numbers of
polymorphic clones yielded by AP-3 (13-mer) and AP-5 (17-
mer). In this study, we adopted several other 13-mer primers
for further characterization of the AP-RDA method besides
AP-5.

Efficiency of C1 and C2 for Marker Isolation. To know the
efficacy of one- and two-cycle competitive hybridization, C1
and C2 products were cloned from four series of AP-RDA by
using AP-3, AP-5, AP-6, and AP-7 (Table 2). Totals of 241 and
270 clones were picked up from the products of C1 and C2,
respectively. As for C1, 125 clones (51%) were independent,
and 21 of them were polymorphic. As for C2, 69 clones (26%)
were independent, and 22 of them were polymorphic. Al-
though there was no significant difference in the yield of
polymorphic clones between C1 and C2, there was a significant
difference when the fraction of polymorphic clones among
independent clones was compared (17% in C1 and 32% in C2).
We adopted two-cycle competitive hybridization for the sub-
sequent series of AP-RDA because the fraction of polymor-
phic clones among independent clones greatly affected the
amount of experimental work (see Discussion).

Effect of Primer Sequence. The effect of the primer se-
quence on the yield of polymorphic markers was tested. Eight
new 13-mers (AP-6, -7, -8, -9, -10, -11, -12, and -13), which
included the BamHI recognition sequence at the nucleotide
position two to seven, were designed randomly by changing
sequences at the remaining seven positions (Table 1), and the
electrophoretic pattern of the PCR product of each primer was
tested. Five amplicons prepared by using AP-6, -7, -9, -11, and
-12 showed smear-like patterns (Fig. 4) and were used to
isolate polymorphic clones. They yielded 6, 5, 4, 1, and 6
polymorphic markers in C2, respectively. All were suitable for
dot-blot analysis of the amplicons. Although the primers AP-3
and AP-9 differed by a single base in the second position to the
3’ end, the markers isolated by AP-3 did not hybridize with any
of those isolated by AP-9.

Combination of Primers. It was expected that a combination
of two primers would enhance the yield of polymorphic
markers as a result of an increase in the kinds of DNA
fragments amplified in the AP-amplicon. To clarify this pos-
sibility, AP-3 and AP-6 were used in combination to prepare
an amplicon (Table 2). Of the 45 clones picked up from the C2
product, six were independent and polymorphic. Among these
six clones, three turned out to have already been isolated by
AP-RDA using AP-6 only, but the other three new clones were
unique to the amplicon from the combined primers. Another
combination, primers AP-7 and AP-8, yielded five polymor-
phic clones that were identical with those isolated by using
AP-7 only and four new clones. Three of these four hybridized
with an AP-7 amplicon, and the remaining one hybridized with
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Table 2. Yield of AP-RDA markers (BUF-ACI)
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No. of clones

Independent (% total

1 0y
Polymorphic (% No. of clones

Total clones) independent clones) isolated in both No. of independent
Primer name C1 C2 C1 C2 C1 C2 Cl and C2 markers
Single primer
AP-3 34 69 22 (65) 22 (32) 5(23) 7(32) 45f 8
AP-5 40 43 23 (58) 5(12) 5%(22) 41 (78) 3 4
AP-6 87 79 34 (39) 26 (33) 5(15) 6% (23) 2 9
AP-7 83 79 46 (55) 16 (20) 6 (13) 58 (32) 3 8
Subtotal 241 270 125 (51) 69 (26) 21 (17) 22 (32) 12 29
AP-9 39 15 (38) 4(27) 4
AP-11 66 21 (32) 1(5) 1
AP-12 73 37 (51) 6 (16) 6
Subtotal 178 73 (41) 11 (15) 11
Combination
AP-3 + AP-6 45 14 (31) 6% (43) 3
AP-7 + AP-8 107 17 (16) 98 (53) 4
Subtotal 152 31 (20) 15 (48) 7
Total 241 600 125 (51) 173 (29) 21 (17) 48 (28) 12 47

*One clone repeatedly was isolated from C1 and C2 of AP-3 amplicon and C1 of AP-5 amplicon.

TTwo clones repeatedly were isolated from C1 and C2 of AP-3 amplicon and C2 of AP-5 amplicon.

#Three clones repeatedly were isolated from C2 of AP-6 amplicon and C2 of amplicon with AP-3 and AP-6.
§Five clones repeatedly were isolated from C2 of AP-7 amplicon and C2 of amplicon with AP-7 and AP-8.

that from the combination primer. Genotyping with all of these
seven newly isolated markers also was reproducible in two
independent experiments.

Chromosomal Mapping and Informativeness in Other
Strains. By linkage analysis using our F, mapping panel, a total
of 47 polymorphic markers isolated by AP-RDA in this study
were mapped to a chromosomal position with logarithm of
odds scores of >5.0 (Fig. 5). The markers isolated by different
primers were mapped to different chromosomal positions.
Informativeness in other strains of rats—Donryu, Brown Nor-
wegian, Fischer 344, Lewis, and SD—also were tested. Be-
tween given two strains, 23-60% of the AP-RDA markers

A B
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FiG. 3. Dot-blot analysis of F, intercross rats. (4) Hybridization
signals obtained with AP3-G7 probe (D2Ncc32). A total of 128
amplicons were prepared from 105 ACI X BUF F, rats and from 23
rats of seven inbred strains by AP-PCR. The amplicons were blotted
onto a 36- X 72-mm filter in duplicate arrangement, as shown in B, by
using a Kriplanker. Note that each amplicon gives a clear positive or
negative signal. (B) Arrangement of AP-amplicons. The 36- X 72-mm
filter was divided into four columns (1-4) and eight rows (A-H), which
was the same arrangement with one-third of a 96-well plate. Each 9-
X 9-mm square accommodated duplicate blots of four amplicons (a,
b, c, and d).

were informative. The newest information on the map posi-
tions, informativeness among rat strains and sequences of our
RDA-related markers (RDA, IRS-RDA, CAAT-RDA, and
AP-RDA markers), is available at http://www.ncc.go.jp/
research/rat-genome.

DISCUSSION

We developed the AP-RDA method to isolate genetic mark-
ers, named AP-RDA markers, polymorphic between two
inbred strains of rats. The AP-RDA markers we isolated gave
clear positive/negative signals on dot blots of AP-amplicons as
CAAT-RDA and IRS-RDA markers (3, 7). The AP-
amplicons were prepared simply by performing AP-PCR using
genomic DNA as a template. The PCR solution was blotted
simply after denaturation, without any purification or concen-
tration steps. By dot-blotting AP-amplicons at a high density,
genotyping of hundreds of animals can be performed easily.
The genotypes determined by AP-RDA markers were repro-
ducible, and 47 markers isolated in this study were mapped by
linkage analysis using our F, mapping panel.

The major advantage of the AP-RDA method over CAAT-
RDA and IRS-RDA methods is that we can isolate as many
markers as necessary with this method. Two primers, AP-3 and
AP-9, which differed only in one base, yielded totally different
sets of genetic markers, which was in concordance with the

AP-8 AP-10 AP-13 AP-6 AP-7 AP-98 AP-i1 AP-12
A B ABABABABM

A B AB AGB

F1G. 4. Pattern of AP-amplicons with AP-primers 6 to 13. Ampli-
cons with AP-6, AP-7, AP-9, AP-11, and AP-12 displayed a smear-like
pattern. Lanes: A, ACIL; B, BUF; M, Haelll digest of $X174 DNA.
Sizes (bp) are indicated to the right.



614 Genetics: Yoshida et al.

Chr.1 Chr.2 Chr.3 Chr.4 Chr.5
R DINccds
013  D2Nces  DamMgh9 - -
r\Dngms e o r 6 DsNcet3
22 =+ D3Kyo2
174
+ merpp
283 88 3 -DNeezo 178 265
13 3 Daveeaz + Danees
o1 D oNecas, a4 D3Mi9
i . | Y 1
Yoineers 62 20 D5Necis
S T D2Nec27
189 - 221
4 D2Mghs, Cpb 241
87 T DiMght4
o I D2Nee31 + D3Ncc18, Sonzar 99
100 e Ll o T 05M0
239 =+ D2Ncet3 + Cpaz < D5Ncc1s
65
190 e T+ ™! 17
4 oncess a5
5 F Dancets, Fapr D511
147 T Fog. Piir, Fga + DaNce10, ivd ¥ DaNceo 5.4
7. 99
+4 D1Neer i
w O 2.8 D3Kyo5 + racrr T DSNeertt
+ ron, ki e
n2
X 267 + Ampp
e 31 F D2necas 61
4 o1vecss + Dznot L Dancer |
 oaneers 13
65
201 ! 20X DaNee11
- 4 Ret
oo T 02Mec8 ne 267
+ o1ncesr, a8 ss T O2Mit1s s 150
4 paw
ne Dineers - F o33 ¢ + Dancer4, 15 ¥ ez
A s F B2Necls 107
128 2Nceds, 24 w7 | P
32T D1Need9
i - pihin
85 234
e denbn, My
Foinceso
; : < Thnta £ psnecz
1 DiNecr2
65
+ onveear
165
+ D1Neeso, 29
44
4 o1nees:
136
+ o1mgnre
143
Lomurs

Proc. Natl. Acad. Sci. USA 96 (1999)

Chr.6 Chr.7 Chr.8 Chr.9 Chr.13
T Démits T D7Mit11. D7Nec23 4 4 emDBNeC 12 T D9Neer2 T D13Kyo3
80 1 “ T Dance1s 135 ”
4 peNee24 156 i
+ o7ncera
o o O73ees
+ D7Nce26 - D8Nccd 363 + Ren
258 a9
143 122
e 204
| . Y oneer ”--DaNccﬂ T D13Ncct14
5.8 1 oenees byt ?;';M’,'tg 4 D9Nce4 122
6.6 =T
6 [ e ’ s‘--Ap);cﬁ 7 | p13ncers
T D7Nec17 .
122 aa 22FDaNcet0 X bonees 175
oo O8Nee23 aa T O7Neco i i L bonces D3N
tedeeDatiecers. e 35 Lomrs 12 as | 2o ss] At
o< DeNces 2T D7Neo1s s OoMita 22 s
1o T oMz 1 +D8N136 “ DoNcet1 68 i’
1.9 4 D6Neeg Mye + D13Necs
12 pénccio 137 53 72
3 DsMghs 165 A ~+ D1aNecto
4 ap2
164 D7Mit14 & 19 DoMah2
*Fp7Ncc27 safpMyicry ee
122 +Dined 184
39.2 98
+ o7mght D9Ncc10
. 9 L Acaa 1.3 st DOMiT
- 3L DoNces
L o7neeze, B1at
434 DeMgh3
oo Doce22
DeNee21
28 1" PeNce20
70 -~ Dé6Ncc19
L ighe
Chr.14 Chr.16 Chr.17 Chr.19 Chr.20
s TE* T D16Nces s D17Nocd D1SNce3, D1oMita - D20NecS
“ X A an 2.8 “F Di7Neet1
T L orencers 4 hd
X orancer 18 5o D17Nec2 237 + p20nces
59 26 Q16Mi4 1 17wz o
Iu F br6Neers 54 Tat 1< Daaeer
a0 a7 s T O17Nec7 59 EEN 2
3o DI7Nec3 D19Nced 93
4 Dramita + D16Necd *F Chrm3 70 + Dzoneea
10.0 D19Nce2 52
17 214 DI7MIS )
239 g D17Nce12
4 prances 21 pi7nocs
J orsncerz, 14
28 L D1eNoc 13 e
78
= D16Nec19
7.7
+ Dt6Nee?
82 < D20oMmit1
L D1ences

FiG. 5. Result of chromosomal mapping of the AP-RDA markers. Three coat colors, 109 microsatellite markers reported previously, and 93
RDA-related markers were used as anchor loci. AP-RDA markers obtained in this study are indicated in boldface type.

findings in AP-PCR that even a single nucleotide substitution
in primer sequences can change the pattern of PCR products
(9). Other primers, AP-6,-7,-11, and -12, also yielded different
sets of markers, respectively. Although we have to place a
restriction site in a primer for technical purposes, the restriction
sequence can be changed for other restriction enzymes. The
length of the primers also can be changed because a 13-mer and
a 17-mer showed a similar yield of markers. Therefore, by
changing the sequence and size of the primers, as many high
throughput genetic markers as necessary can be isolated.

The efficiencies of C1 and C2 to isolate polymorphic mark-
ers were compared by using AP-3, -5, -6, and -7. The actual
numbers of polymorphic clones were similar in both C1 (21
clones) and C2 (22 clones), but the fraction of polymorphic
clones among independent clones was much higher in C2 than
in C1. Because the screening of polymorphic clones constitutes
the major task in the course of AP-RDA, we chose C2 in this
study to minimize the labor.

AP-RDA was performed by using the AP-amplicon from
BUF as the tester and that from ACI as the driver to isolate
markers that can be used for genotyping in ACI X (ACI X
BUF)F; backcross rats. This one-way subtraction yielded 33
polymorphic clones (an average of 4.7 clones per primer) in the
C2 of the “single primer” experiments (Table 2, upper half).
Therefore, we will be able to expect an average of 9.4 markers
per primer by performing AP-RDA in the reverse direction
(subtraction of ACI by BUF), which is a much better yield
compared with the conventional AP-PCR method (10). The
C2 obtained by one-way subtraction in the two “combination”
experiments yielded 15 polymorphic clones (an average of 7.5
clones per combination; Table 2, lower half). AP-RDA using
combination primers demonstrated that some markers isolated
were present only in the amplicon from the combination.
However, 11 of 15 were present in the amplicons from sole
primers. Thus, combination primers will yield some markers
that are unique to the combination, but the efficacy was low.

It is necessary to obtain more markers from single AP-
amplicons for efficient use of the markers, and the yield of
markers depends on the primer sequence.

AP-RDA markers obtained by subtraction of A strain by B
distinguish only animals with BB genotype from those with AB
or AA genotype. This leads to a loss of genotype information
in an F, population of animals. However, this loss can be
compensated by increasing the number of markers used for
genotyping, which is easy with AP-RDA markers. The
genomic information of the AP-RDA markers was obtained by
Southern blot analysis of genomic DNA and sequencing of the
markers. Southern blot analysis (Fig. 2B, lanes 1 and 2) showed
that the marker sequence (AP3-G7: D2Ncc32) was present in
the same manner in the genomic DNA of ACI and BUF and
indicated that the presence/absence of the marker in the
AP-amplicons was attributable to base substitution(s) or de-
letions in the priming sites. Sequences of six markers were
determined (data not shown), and the GenBank database was
searched with the sequences. However, no homology was
found with any registered sequences.

To facilitate mapping of quantitative trait loci in the rat, we
are making a genetic map, consisting of AP-RDA and other
RDA-related markers, that covers the entire genome of the
rat. The relationship between the RDA-related markers and
microsatellite markers also is included in the map, and the
newest version of our map is provided at http://www.ncc.
go.jp/research/rat-genome. The application of this technology
to the mouse and human genome should also make it possible
to genotype thousands of individuals, and we hope this will
open up a new field of genotype-phenotype relationship.
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