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ABSTRACT: CSFIPO is one of the thirteen core loci used for the
CODIS database, and alleles reported for this short tandem repeat
(STR) locus contain from 6 to 15 repeats of the tetranucleotide
AGAT. Screening of DNA from 76 individuals by gel elec-
trophoresis and silver stain detection yielded one sample that con-
tained a rare, off-ladder CSF1PO allele; an allele larger than
CSF1PO,5 was detected in a heterozygote that also contained a
CSF1PO, allele. Capillary electrophoresis analysis using Gene-
Scan™ software demonstrated that the variant allele contained four
bases more than CSF1PO;s. Following agarose gel electrophoresis
to separate the two alleles of the heterozygote and cycle sequencing
using dye terminators, sequence analysis showed that the variant,
which was otherwise identical to the CSF1PO GenBank sequence,
contained exactly 16 AGAT repeats. These results demonstrate the
existence of an additional CSF1PO allele, a previously unreported
size variant, CSFIPO .
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Tandemly repeated DNA sequences are common in the human
genome and show considerable variability among individuals.
Such polymorphisms have become useful tools for DNA analysis
and typing, and are currently employed for human identification,
paternity testing, and genetic mapping (1-3).

Short tandem repeats (STRs) contain tandemly repeated DNA
sequences ranging in length from about two to seven base pairs
(3-5). Of the STR loci used in identity testing, most have tetranu-
cleotide repeats and allele sizes between 100 and 350 base pairs.
STR alleles are defined and named by the number of repeated se-
quences they contain, and as more samples and populations are be-
ing examined, the number of reported alleles is increasing. (For re-
cent published and unpublished updates on STR alleles, see Ref 6.)

The locus CSF1PO (7) (proto-oncogene for CSF-1 receptor
gene) is included in the thirteen core loci used by the FBI for the
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Combined DNA Index System (CODIS) database. Reported alleles
of this STR locus contain 6 to 15 repeats of the tetranucleotide
AGAT. Herein, we describe our finding of a novel CSF1PO allele.

Materials and Methods

DNA was extracted from a 3 mm? cutting from each bloodstain
following modifications of the Chelex method of Walsh et al. (8)
as described in Ref 9. The final supernatant was used directly for
PCR.

Initially, bloodstain samples from 76 random individuals were
screened for STRs at the DNA Identification Laboratory of the
Philadelphia Police Department. Silver stain detection of CSF1PO,
TPOX, and THOI alleles utilized the GenePrint™ STR System
(Promega, Madison, WI) and polyacrylimide gel electrophoresis.
The manufacturer’s Technical Manual (9) was followed and Proto-
col 2 was used for PCR (96°C for 2 min; 10 cycles of 94°C for 1
min, 64°C for 1 min, and 70°C for 1.5 min; 20 cycles of 90°C for
1 min, 64°C for 1 min, and 70°C for 1.5 min). Amplification prod-
uct (2.5 pL per sample mixed with an equal volume of STR 2X
loading solution) was electrophoresed at 1500 V for 1.5 hina 19.5
cm by 32 cm, 0.4 mm thick denaturing polyacrylamide gel. Alleles
were determined by visual comparison of band positions with those
of the allelic ladder run next to each sample lane, after silver stain-
ing the gel. All further DNA characterizations were performed by
capillary electrophoresis at John Jay College of Criminal Justice
using the ABI Prism™ 310 Genetic Analyzer (PE Applied Biosys-
tems, Division of Perkin Elmer, Foster City, CA).

For GeneScan™ analysis, approximately 1.0 to 2.0 ng of DNA
was amplified in 50 p.L reaction volumes using the AmpFISTR™
Green I PCR Amplification Kit (Perkin Elmer), following the man-
ufacturer’s protocol for PCR (10) (95°C for 11 min; 29 cycles of
94°C for 1 min, 59°C for 1 min, and 72°C for 1 min; then 60°C for
30 min). Where possible, DNA was quantitated spectrophotomet-
rically (i.e., 1 OD unit = 50 pg/mL).

Amplification products were electrophoresed on the ABI
Prism™ 310 Genetic Analyzer following manufacturer’s recom-
mendation (10). Briefly, 1 wL of PCR product, or AmpFISTR™
Green [ allelic ladder, was combined with 18 pL of deionized for-
mamide and 1 pL ROX-500 size standard. Following denaturation
(2 min at 95°C and immediate chilling on ice) samples were loaded
and run using Module GS STR POP4 A (10). Results were ana-
lyzed using GeneScan™ Analysis Software, Version 3.1 using de-
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fault parameters with the exception of the following: range 2950 to
10 000, minimum peak half width — 3 pts., and no split peak cor-
rection.

Prior to cycle sequencing, PCR was carried out as described for
the AmpFISTR™ Green I Kit above (10). The same reagents and
quantities were utilized except for unlabeled, custom synthesized
forward and reverse primers (final concentration of 1 pmol/wL
each, in 11 pL). CSF1PO primers (Custom Oligo Synthesis Ser-
vice, PE Applied Biosystems) were as follows: Forward: AACCT-
GAGTCTGCCAAGGACTAGC; Reverse: TTCCACACACCA
CTGGCCATCTTC (GenBank accession #X14720). Ampli-
fication parameters were as described above.

The PCR product was purified using the QIAquick™ PCR Pu-
rification Kit (Qiagen, Valencia, CA) following the manufacturer’s
instructions. For the separation of the two CSFI1PO alleles, the
samples were subjected to agarose gel electrophoresis using a 3%
agarose gel (Agarose for the Separation of GeneAmp PCR Prod-
ucts; Perkin Elmer, #N930-2774) in Tris-borate EDTA buffer
(TBE, 89 mM Tris, 89 mM borate, 2 mM EDTA pH 8.0) contain-
ing ethidium bromide (final concentration 0.5 pwg/mL in gel and
buffer). PCR products (20 L), containing about 0.1 to 2.0 pg of
DNA, were combined with 3 pL gel loading buffer per lane and run
on a mini gel (5.5 by 9 cm, about 3 mm thick) at 200 volts for 1.25
h at room temperature.

Bands comprising the 10 repeat and 16 repeat were cut out of the
gel and purified using the QIAquick™ Gel Extraction Kit (Qiagen)
following the manufacturer’s instructions. Purified band DNA was
then either used directly for cycle sequencing, or subjected to an-
other round of amplification and purification as described above.

Cycle sequencing of DNA used PE Applied Biosystem’s
BigDye Terminator Cycle Sequencing Ready Reaction Kit follow-
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ing the manufacturer’s directions (11). Briefly, 20 p.L reaction vol-
umes containing 8 L Reaction Mix, 3.2 pmol of CSF1PO forward
or reverse primer, and about 30 to 90 ng of purified DNA were am-
plified (25 cycles of 96°C for 10 s, 50°C for 5 s, and 60°C for 4
min; then 4°C) using rapid thermal ramp (1°C/s) for temperature
changes. Extension products were purified using the DyeEx™ Spin
Kit (Qiagen) following manufacturer’s directions.

Samples were electrophoresed on the ABI Prism™ 310 Genetic
Analyzer following rapid sequencing instructions (11). Briefly, pu-
rified samples were dried (SpeedVac; medium, 20 min), resus-
pended in 18 pwL Template Suppression Reagent, denatured,
loaded, and run using Module Seq POP6 (1 mL) Rapid E. Results
were analyzed using ABI Prism™ DNA Sequencing Software,
Version 2.1.1. Sequence Navigator Software, Version 1.01, was
used to compare and align sequences and to obtain reverse
complements.

Results and Discussion

DNA samples were initially screened for alleles of the STR loci
CSF1PO, TPOX, and THO1 by a silver stain detection method. As
determined by a visual comparison of sample band positions rela-
tive to those of known allelic ladders (not shown), the allele bands
for all samples matched those of the standard alleles for TPOX and
THOI1, while for CSF1PO, bands for all samples except one
matched the standards. The CSF1PO variant was found in a het-
erozygote, which, in addition to a CSFI1PO,, allele, appeared to
contain an allele that was larger than the 15 repeat which is the
largest in the CSF1PO ladder.

These observations were confirmed by capillary electrophoresis
using the ABI Prism™ 310 Genetic Analyzer. Figure 1 illustrates
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FIG. 1—GeneScan™ electropherograms of THO1, TPOX, and CSF1PO alleles. In both panels, peaks produced by ROX-500 size standards are shown

in gray at 150, 160, 200, 250, 300, 340, and 350 base pairs.

Panel A: Peaks produced by allelic ladder for AmpFISTR™ Green I alleles; (shown in black) from left to right: THOI (alleles 5, 6, 7, 8, 9, 9.3, and 10),
TPOX (6, 7, 8,9, 10, 11, 12, and 13) and CSF1PO (6, 7, 8, 9, 10, 11, 12, 13, 14, and 15). (Position 300 contains peaks for both the size standard and the

CSFIPO; allele.)

Panel B: Peaks for THO1, TPOX, and CSF1PO alleles (shown in black) obtained using DNA from the individual containing the CSF1PO ;4 allele, pre-

pared for analysis as described in Materials and Methods.
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FIG. 2—Sequence layout for CSF1PO 6. Sequences were compared and aligned (and, where indicated, their reverse complements obtained) using Se-
quence Navigator Software, Version 1.01. Row 2a is the Genbank sequence for CSF1PO 4 as described in Results and Discussion. Sequences illustrated
in Rows 2b to 2e were obtained by analysis of the CSF1PO s allele contained in the sample under study, prepared using the BigDye Terminator Cycle Se-
quencing Ready Reaction Kit. The sequence running from base number 116 through 179 reflects the 16 core repeats.



two electropherograms showing the peaks produced by allelic lad-
ders for THO1, TPOX, and CSF1PO (left to right respectively, Fig.
la) and those produced by the sample which contains the CSF1PO
variant (Fig. 1b). The sample is heterozygous for all three STRs
and contains peaks that match the 6 and the 8 repeat alleles for
THOI, and the 8 and 11 repeat alleles for TPOX. For CSF1PO, one
of the peaks matches that of the 10 repeat allele, while the other
peak is larger than all alleles present in the ladder. The 15 repeat al-
lele on the allelic ladder had a size of 317.37 = 0.11 (n = 5) bases,
while that of the larger allele of the heterozygote was 321.59 *
0.12 (n = 8) bases, indicating an increase in 4 bases or one tetranu-
cleotide repeat. The size of the 10 repeat allele was similar in both
the ladder and the heterozygote, i.e., 295.85 = 0.08 (n = 5) and
295.89 = 0.05 (n = 8) bases, respectively.

Because the DNA sample containing the CSF1PO¢ allele was
that of a heterozygote, conclusive sequencing results required the
prior separation of the 10 and 16 repeat alleles by agarose gel elec-
trophoresis (see Materials and Methods). When the 16 repeat puri-
fied band was used directly in cycle sequencing, no single run of a
sample gave definitive results; however, pooling results from mul-
tiple runs of the same sample indicated that the sequence contained
16 AGAT repeats and that the portion of the gene that was se-
quenced was otherwise equivalent to the GenBank sequence for
CSF1PO.

The short reads and ambiguity encountered when purified bands
were used directly were probably due to low DNA concentrations.
By amplifying the purified band DNA prior to cycle sequencing to
increase DNA quantity, we were able to obtain unambiguous, long
sequences. Results are exactly as one would have predicted from
the GenBank sequence for CSF1PO given in Fig. 2, Row a.

Figure 2 shows a layout of sequences for the 16 repeat allele ob-
tained using the forward primer (Rows b and c), and also shows re-
verse complements of sequences obtained using the reverse primer
(Rows d and e). Taken together, these results show that the se-
quence of the 16 AGAT repeat is exactly as one would have pre-
dicted from the GenBank CSF1PO sequence (Row a).

Occasionally, analysis of specimens for various STR loci reveals
the presence of an off-ladder allele, that is, an allele banding be-
tween alleles of the allelic ladder or an allele banding higher or
lower than the upper or lower bands of the ladder (12). Where a
novel allele is detected, it is necessary to demonstrate that it is au-
thentic rather than an amplification artifact. Such alleles are, by
definition, relatively rare and therefore could have great signifi-
cance in human identification. Verification of the authenticity of a
novel allele is best demonstrated by sequencing forward and back-

MARGOLIS-NUNNO ET AL. « STR LOCUS CSF1PO 1483

ward. Our results demonstrate the existence of an additional
CSF1PO allele, a previously unreported size variant, CSF1POjs.
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