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SYNOPSIS

Misidentification of cultured cell lines results in the generation of erroneous scientific data.
Hence, it is very important to identify and eliminate cell lines with a different origin from that
being claimed. Various methods, such as karyotyping and isozyme analysis, can be used
to detect inter-species misidentification. However, these methods have proved of little
value for identifying intra-species misidentification, and it will only be through the
development and application of molecular biological approaches that this will become
practical. Recently, the profiling of microsatellite variants has been validated as a means of
detecting gene polymorphisms and has proved to be a simple and reliable method for
identifying individual cell lines. Currently, the human cell lines provided by cell banks
around the world are routinely authenticated by microsatellite polymorphism profiling.
Unfortunately, this practice has not been widely adopted for mouse cells lines. Here we
show that the profiling of microsatellite variants can be also applied to distinguish the
commonly used mouse inbred strains and to determine the strain of origin of cultured cell
lines. We found that approximately 4.2% of mouse cell lines have been misidentified; this is
a similar rate of misidentification as detected in human cell lines. Although this approach
cannot detect intra-strain misidentification, the profiling of microsatellite variants should be
routinely carried out for all mouse cell lines to eliminate inter-strain misidentification.

Mouse Cell Lines

Human Cell Lines

Simple Sequence Length
Polymorphism Analysis
With 6 sets of Mouse
Mapping Primers (Life
Technologies)

Elimination of Misi ed Cell Lines

An SSLP analysis using the 6 MIT markers described in this study was sufficient to
distinguish the common and popular inbred mouse strains such as C57BL/6,
BALB/c, C3H/He, 129/Sv and DBA/2. Although this approach cannot detect intra-
strain misidentification, it should be routinely carried out for all mouse cell lines to
eliminate inter-strain misidentification.

Short Tandem Repeat
Polymorphism Analysis
With PowerPlex 1.2
System (Promega)

Keywords: cell bank, cross-contamination, microsatellite polymorphism, misidentification,
quality control, short tandem repeat polymorphism, simple sequence length polymorphism
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Introduction

Cultured cell lines have proved a valuable resource in all fields of
the life sciences and have been utilized in many types of biological
study. Currently, however, stringent analyses to check the identity
of a cell culture are not always included as part of the culture
protocol routine. This has led to misidentification or cross-
contamination of cell lines going undetected. As a result, the
published literature contains a number of reports that are based on
wrongly identified cell lines'. Despite numerous publications
warning of inter- and intra-species misidentification of cell lines?®,
the problem of misidentification continues to occur at an extremely
high rate”™. Therefore, articles pointing out misidentification of cell
lines continue to be published™ ™.

Inter-species contamination can be detected by various methods,
such as karyotyping and isozyme analysis. However, it was not
possible to detect intra-species misidentification prior to the
development of molecular biology techniques that make use of the
genetic differences between cell lines to facilitate their identification.
One such method makes use of microsatellite polymorphisms to
develop diagnostic profiles for cell lines™. Microsatellite
polymorphisms result from differences in the numbers of a
repeating unit of 1-7 base pairs; these variants are also called short
tandem repeat (STR) polymorphisms or simple sequence length
polymorphisms (SSLPs). These polymorphisms have been
extensively used in forensic science. Gene profiling using STR
polymorphisms (STR profiling) has been shown to be an efficient
and reliable means for identifying individual human cell lines'®**” and
is now performed routinely in the major cell banks around the world.
What about mouse cell lines; do they also suffer from problems of
misidentification? This question prompted us to establish a method
to authenticate the identities of mouse cell lines.

Results and Discussion

The mouse genome possesses a huge number of microsatellite
polymorphisms, similarly to the genomes of humans and other
mammalian species. The so-called MIT markers developed at the
Massachusetts Institute of Technology (MIT) Whitehead Institute’® in
the mouse have been extensively developed and utilized in various
fields of research. Information on microsatellite polymorphisms,
including data on MIT marker sizes in 47 mouse strains, is publicly
available on the Center for Inherited Disease Research Web site
(http://www.cidr.jhmi.edu/mouse/mouse __resources.html). It is
possible to amplify a number of polymorphic microsatellite loci using
commercially available sets of primers. The PCR products are
analyzed simultaneously with size standards using automated
fluorescent detection techniques. The result is a simple numerical
code that corresponds to the lengths of the PCR products amplified
at each locus, and is accurate to less than one base pair.

Our aim was to establish a simple method that can be used for
routine analysis in our cell bank work. Thus, we sought to establish
a method using the smallest practical number of polymorphic loci.
First, we screened more than 500 microsatellite primers covering
the autosomes and the X chromosome and selected the 24 MIT
markers that exhibited the most distinct differences between inbred
mouse strains (Figure 1, Table 1), mostly larger than 10 bp on
electrophoretic patterns®®. We then performed an SSLP analysis of
40 mouse strains using the 24 selected MIT markers (Table 1) and
concluded that 6 MIT markers would be sufficient to distinguish the
common and popular inbred strains such as C57BL/6, BALBI/c,
C3H/He, 129/Sv and DBA/2 (Figure 2, Table 2).

An SSLP analysis, using the 6 MIT markers described above, has
now been adopted by the Cell Engineering Division of the RIKEN
BioResource Center (RIKEN Cell Bank) to exclude misidentification

among the cultured mouse cell lines that we currently provide.
However, this analysis can detect inter-strain but not intra-strain
misidentification.

The screening of the RIKEN Cell Bank indicated that 97.7% (334
lines out of 342 lines) of the mouse cell lines were derived from

A
L]
1RIENIEIEI
() () () > ()
88 B8 84 {2 28
() (a>) >
B0 §d 88 86 ¢
> C 12D > (@)
TERIER I B I
L o> > M <> > > )
B
D1iMitd11.1 DZMr D3Mits1.1 “ g
D‘\ ;SS 1 D‘m;ﬁ 1 DJNEZO 1 D4MIit196.1 @
> 2D (ot > 3> 3D
S O
L ib AL 4L L8
[} [} [« :>) (e}
R & $ & K @
2$"@§'4%L I @é? ——
C
48 22 a0 A R4
ﬁ@ - - o - — 9
> 3> > (-}
8% Rt 88 {2 4a¢
() <T> <,
86 #d 88 g8 #¢
A, () 5>
88 22 %d 82 B e
16 D a7 > . 9> XD <

Figure 1. Distribution of the analyzed simple sequence length
polymorphisms (SSLPs) loci in the mouse genome. (A) Karyotype of the
mouse, 40XY. (B) The chromosomal distributions of the screened 24 loci are
indicated. (C) The 6 loci selected as being sufficient for identification of common
inbred mouse strains are indicated by the red background.

www.ibc7.org

Volume 2 | Article no. 0014

Page 2 of 9


http://www.cidr.jhmi.edu/mouse/mouse%20resources.html

$T00 "OuU dPIMY | Z dwn|oA

6 40 ¢ abed

640" Z2g1I"MMM

*10]09 awes ayl Aq parealpul are Yibua| Jejiwis jo sjuawbely ‘(snooj aiydiowAjod yoes je) uwnjod yoes uj

T T TTT T T TET TT ZET T 2T & The 3 T T =4 BT B j
_mVN_ ED ] ED vz D Tm_ ] 5 ED e —@ NE|—|mE @e [ T8e B e Tr B [EEE
EET TIT 1T FeT i ST TZT [T T Eig FTT TE i T FeT TET e L8 V] E! mﬂ_“
et T T FET md Tt it [ 13 <7 FET LS T i3 FIT T% [ T =T T 143 & T B [ECECER:
|t 533 (x4} [} I il [ ] FIT 148 g Far 218 I 9 it k] 13 T 4 5 g8 ELR
= B D [ rmu|a’2 5T |08 T [E21 1 ¥E [ Iz |ogz  [oor  |sor  |see [ |ogz B ¥z |90r 321 Ell TH-2A N
T T T Tl 3 T 3 3 FIT 1343 it Far oIt T ;g T Tt k] G 3 0T BRI
FET L] T i T, ITT FIT 7 FIT 1T =T TZT TeT e T 3 T i & T 5 EE)S ER
13 LT T T 3 T i i3 FIT T T 13 9T 3 g T ]S RS g3 [ 5 FET ECEDTe
EH8 —M_ @l |5at e [ED a8 |08 D [SET =) 1ot Bl [ |EE ]S Y i [ [T Y |522 T Tlm_ E7| 37159,
T T T T T T T 71T BT T T AT T 3 i3 T k] 3 i [ k] e Eigs E]
T ST FeT Eid) & TET i {113 1543 T T&T EL1s ]S 33 [ 3 T ar T T ] ra_ Y
T 248 T PES) TET 1] 1143 IFT TaT EI1S s I 3 E188 i ar i T T 5 TET E
3 B =] ZE1 [ [EES 02 2 (43 £ (8 13 [ED i 07 Far E Iz I TEF E
] zat (] IE]S EH 113 02 3L TSr E 181 EIS [ED £ e Far E Iz IED 07 FNIEEL &i
T T T TET 5T 9 T TET TET EI1]8 T j i 7T
T T T T T&T T 8 7 T ] i T7aq
21 B (] £51 vz ] W 88 Y8 i 181 1z ETIS D [6F2 war 02 EZ| EITaE
T ET T Fis) i [FET i 58 pids TET T ]S g 113 8 43 T [ ¥ 7T
T £13 FeT T_ [ [FET [} Tt E:ids T&T T ]S 173 113 FiT T TET T LD
52T 5T T i SET 37 TCT Fids TET 0T L] T T 3 FoT T i) T
3 [Est ZEl r|m_ Fez D EH 3L B i 181 JES FE[S 6£2 e i B HEH ar TEF ELl FR5 /6T
T 248 T 93 i T 0] 1143 BT TaT EI1S E1S 9 I EI1S T ar i T T 1 T U3,
T Tl T T i ST i TZT T TET T T g s T ar i T T T _.Q V] T
T £13 T T T Eli 1543 338 T&T EL1s i 113 T ar i FeT T T T TT TR e
21 zak (] [ S |Zz8 |a0e 23 93 r_i 181 EIS 03t e ¥ i3 ik (I 20l [ rzr [ a B8 B T3H/HE!
T T T i [FET a 37 BT & T £ 113 Far T k] ar TaT T 5 ) 797
T T iF [FET 3 1543 i7s T8T EL1s E1S 113 3] T i ar i T T 3 g3 FNEFTTE
T T i [FET Eli TCT pids TET 0T T i T Eig T iZ T T P 7T V] AT
E58 zat EE] B3 FEz GET 5t 9z EST g [ RS (=D £ 207 E3 D BT B 952 SET Iz I B £ ra/va
EHl8 zat FE] 51 Fez (D <0t 3L EST T 181 £01 (=D e 0z i3 For IEE Tor A SET e 3 o Ell :}M
58 T T T i 9 TZT BT TET T g T T k] Tar T T 5 s T/
2T 143 T i FET T [11s T T T&T LS T 113 T E] T i T T ar T 7]
EHlS 15T i} 18 i [FET 8 TaT EI1S [ I ) 3 (08 T 7 (48 T 5 Fgs 7S
| E58 [ES Z=l 51 FEz [FEL 02 (I8 EEI ET [ 301 [ED 172 EE] 3 D 92z art Wz |68 Iz Far 502 Ell USG5
EHlS 248 T PES) i [FET 1] 8 IF ) 3 (08 T 7 (48 T 18 T T HE TS
| 8 [Est ZEl IS Fez [FEr EH (I8 EST E 3 6l 3 For B art e I HH ar 02 E ELERES
£ Il T P i [FET i E:78 T 1T ET 152 13 FoT T [ [ T T T T 737 TLE
T ST T T i [FET i 78 T L33 ST 153 3 08 T i 48 T Far [ ¥ TS
=t [EST ] FE} i [FET [ (1] EET 7 102 (113 8 (574 ] (3 Far e art [ 8 e ar i EL[ETRENS
FHEET 4 L3N L3 LR Pad PUZbT 3 A1 ILE LN 4 FUEFT LLEEH 3 T P FERT AR 3 +7 PG T CETTT T PRI 3 4] RLELEL SN UTE LY

gt aInbi4 Ul payealpul 190] 2 8yl Buisn suresls asnow paiqul O JO sasAjeue 4SS oyl Jo synsay ‘T a|gel

[euinor mainay uadQ ‘ssa29y uado

20!
1oday ||n4



Full Report ‘

ih € Interdisciplinary Bio Central

Open Access, Open Review Journal

Applied
Biosystems (56)090521
GeneMapper v3.7
Sample File Sample Name | Panel [ Marker Os [sHP|OBA [SPA[SP [BIN [PHR|LPH[SPU/AN [BD [DP [NB 'CC [OVL GQ
A115..Mfsa |56-06 Group1 [D13Mitzs61-11Y [ B [ W [ B [ B [ M E B [ ] @
= D13Mit256.1-11Y ]
80 150 210 270 330 390
1400
700+
0 - = A
Iy T
[sz100.11]
-06 [Nvafnafna | @
[ DA7Mit51.1-15Y ]
90 150 210 . 270 ) 330 390
800+
0 { L
[sz156.91)
A11 5_Mfsa |56-06 | Group1 | D1Mit159.1- AN IR BN BN IENENE BN BN BN RN ®
[ DIMit159.1-1G |
9‘0 150 210 2?0 330 390
1100 !
olA s!bb{ A
sz 202.89
A11 5.Mfsa | 56-06 [ Group1 [ D2Mit395 1- [NA [NA [Na | @
[ D2Mit395.1-28 ]
90 150 210 2?0 330 390
2100
pla A
[sz12052]
C3 5- AM.fsa | 56-06 [Group3[Damit1701-238 [ [ [ B [ W [W[ [V W Wi E[E[w W]l @
[ DAMit170.1-238 ]
90 . 150 210 2?0 330 3?0
2600
oll 5 = A
|sz225.95
[C3s AMfsals606  [Groups[psmit2011-46 [A[A[ATATATATATATATATATATATATAT m
[ D5Mit201.1-4G ]
90 150 210 270 330 390
800
400 J
ol .. A A
sz 98.57
Thu May 21,2009 11:50AM, JST Printed by: cellbank Page 1 of 1
1

CH12F3-2A (RCB2809), C57BL/6

Figure 2A. Representative results from SSLP analyses using the 6 selected loci. (A) The CH12F3-2A cell line that is derived from the C57BL/6 mouse

strain.
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SP-2 (RCB3012), BALB/c

Figure 2B. Representative results from SSLP analyses using the 6 selected loci. (B) The SP-2 cell line that is derived from the BALB/c mouse strain.
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L929 (RCB2619), C3H/He

Figure 2C. Representative results from SSLP analyses using the 6 selected loci. (C) The L929 cell line that is derived from the C3H/He mouse strain.
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Table 2. SSLP analysis of 5 common and popular mouse strains
using the 6 selected loci indicated in Figure 1C

Table 4. SSLP analysis of a mouse cell line derived from a
(BALB/c x C3H/He) F; Mouse

Sample ; D1 ; D2 ; D4 ; D5 .D13 F)17
Mit159.1 Mit395.1 Mit170.1 Mit201.1 Mit256.1 Mit51.1

C57BL/6  203.2 129.7 226.0 98.9 100.3 157.3

BALB/c 141.8 135.5 242.5 94.9 88.3 155.1

C3H/He 185.1 123.8 236.4 92.5 78.4 140.1

129/Sv 1915 157.3 226.1 94.8 76.6 163.7

DBA/2 141.8 135.3 242.6 92.6 76.5 155.2

Sl Mit?.;Q.l Mit[;;S.l Mit[]).;‘o.l Mitggl.l MitDZJ:’G.l M:?;Z.l
BALB/c 141.8 135.5 242.5 94.9 88.3 155.1
C3H/He 185.1 123.8 236.4 92.5 78.4 140.1
UV.CC3  142.0 135.5 242.6 048 88.4 155.2
-11.1 185.2 123.9 236.4 78.5 140.2

the common inbred strains (e.g., Table 3); the remaining 2.3%
appeared to be derived from non-inbred mice. Cell lines derived
from an F1 hybrid of two different strains show different alleles at
each locus that correspond with those of their parental strains
(Table 4). With regard to the cell line UV.CC3-11.1 (RCB2074),
which was established from an F1 hybrid from the cross BALB/c x
C3H/He, only the BALB/c allele at the D5Mit201.1 locus could be
detected (Table 4). The C3H/He allele has been replaced by the
BALB/c allele during culture, i.e., so-called loss of heterozygosity
(LOH) appears to have occurred.

For some cell lines of uncertain provenance, we were able to
identify the originating strains by SSLP analysis. For example, we
found that LLC?, PU5-18%, and MBT-2?? were derived from the
C57BL/6, BALBJ/c, and C3H/He strains, respectively (Table 5).
Interestingly, the LLC cell line had a deletion mutation at the locus
D13Mit256.1 and only this mutated allele was detectable.

Presumably, LOH had occurred subsequent to the deletion mutation.

Approximately 4.2% (14 lines out of 334 lines) of the mouse cell
lines derived from common inbred strains were misidentified (Table
6), i.e., the strains were different from those claimed by the
depositors of the cell lines. This rate of misidentification is similar to
that reported for human cell lines”. As an example of
misidentification, the cell line TSt-4 was registered as being
C57BL/6-derived; however, SSLP analysis indicated that the cell
line was derived from the BALB/c strain (Table 7). LOH following a
deletion mutation was detected at the D17Mit51.1 locus of the TSt-4
cell line. Similarly, LOH following a deletion mutation was also
detected in the MC3T3-E1% cell line at locus D1Mit159.2 (Table 8).
In general, it is inevitable that aberrations such as point mutations,
deletion mutations and LOHs accumulate in cell lines following long
term culture. Thus, the optimum strategy is to culture the cell for as
short period as possible not only in the cell bank but also for
ordinary laboratory work.

Table 3. SSLP analysis of three C57BL/6-derived cell lines, Bé6mt-
2, MEDEP-BRC5, and UV.B6-4.1 and three BALB/c-derived cell
lines, RAW264, J774.1, and UV.BAL-7.1

At locus D5Mit201.1 only the allele corresponding to that of BALB/c was detected.

Table 5. SSLP analysis of the LLC, PU5-18, and MBT-2 mouse

cell line

EEEIE MitIJD.;Q.l Mit['a?Ez)S.l Mit[]).;‘o.l Mitg(s)l.l MitDZJ;’S.l M:?;Z.l
C57BL/6  203.2 129.7 226.0 98.9 100.3 157.3
LLC 203.4 129.7 226.1 98.4 98.5 157.0
BALB/c 141.8 135.5 242.5 94.9 88.3 155.1
PU5-18 141.5 135.0 242.5 94.2 87.6 155.0
C3H/He 185.1 123.8 236.4 92.5 78.4 140.1
MBT-2 184.7 123.2 236.3 92.2 77.8 139.8

atmgls Mi1[1)519.1 Mit§§5.1 MitI::L)?O.l Mit[z)csu.l Milt:)21536.1 Mli:l);z.l
C57BL/6 2032 1297  226.0 989 1003  157.3
Bomt2 2032 1298  226.0 987 1003  157.0
M 2032 1300 2260 989 1006  157.0
UVB% a036 1301 2260 98.9 1008  157.4
BALB/c 1418 1355 2425 949 883 1551
RAW264 1418 1353 2425 946 883 1550
7741 1422 1357 2426 944 885 1548
WBAL 1418 1353 2424 946 882 1551

The mouse strains from which the cell lines originated were not registered by the
depositors. The SSLP analysis indicated that they were derived from C57BL/6,
BALB/c, and C3H/He, respectively.

Table 6. List of cell lines that the strains were different from those
claimed by the depositors of the cell lines

RCB No. Cell Name Reglstgred Result Comment
Strain
RCB0792 T88-M DBA/2J C3H/He Providing
RCB1144 DA-3 BALB/c DBA/2 Providing
RCB2116  TSt-4 C57BL/6 BALBI/c Providing
RCB2117  TSt-4/G C57BL/6 BALB/c Providing
RCB2118  TSt-4/G-DLL1  C57BL/6 BALB/c Providing
RCB2119  TSt-4/N C57BL/6 BALBI/c Providing
RCB2120  TSt-4/N-DLL1  C57BL/6 BALB/c Providing
RCB2633 MM46 CEA-2 C3H/He Unknown Providing
MM46-APR- . -
RCB2634 MUCT cl.1 C3H Swiss Providing
RCB2195 FVB-2 Swiss FVB  129/Sv Sitagee
provision
Stopped
RCB2196 ICRmt-1 ICR Unknown provision
RCB2617 MM46 C3H Swiss Stopped
provision
BALB/3T3AP Stooped
RCB2632 R-MUC1 BALB/c Swiss pp
clone 16 provision
RCB2647  BALB/3T3 BALB/c Swiss Stopped
provision
Table 7. Misidentification of a cell line identified using SSLP
analysis
Sample D1 D2 D4 D5 D13 D17
P Mit159.1  Mit395.1  Mitl70.1  Mit201.1  Mit256.1  Mit51.1
C57BL/6  203.2 129.7 226.0 98.9 100.3  157.3
TSt-4 142.0 135.5 242.7 94.5 88.4 152.3
BALB/c  141.8 135.5 242.5 94.9 88.3  155.1

The analyses authenticated the oriains of the six cell lines.

The mouse cell line TSt-4 was registered as a C57BL/6-derived cell line, but our
SSLP analysis showed it was derived from the BALB/c strain.
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Table 8. SSLP analysis of the mouse cell line MC3T3-E1

Sample D1 D2 D4 D5 D13 D17
P Mit159.1 Mit395.1 Mit170.1 Mit201.1 Mit256.1 Mit51.1
C57BL/6  203.2 129.7 226.0 98.9 100.3 157.3
MCSJ:FB- 199.4 129.6 255.9 98.4 100.4 157.0

Loss of heterozygosity following a deletion mutation appears to have occurred at
locus D1Mit159.1.

The C57BL/6N and C57BL/6J substrains were shown to have 11
single nucleotide polymorphisms (SNPs) in a study using mouse
MD Linkage Panel 1449 SNPs (lllumina)®. It is therefore possible to
distinguish cell lines derived from the C57BL/6N and C57BL/6J
substrains using these 11 SNP.

The relatively high rate (4.2%) of misidentification of cell lines
derived from common inbred mouse strains strongly suggests that
intra-strain misidentification is also likely to have occurred. For
example, although a cell line may be registered as being derived
from colon cancer cells, an error may have occurred and the cell
line was actually derived from another cancer (a similar
phenomenon also applies to human cell lines). It is impossible to
identify the originating tissue by microsatellite polymorphism
analysis. In this context, a profiling analysis based on gene
expression using many cell lines may be useful for authenticating
the originating tissues of cultured cell lines.

Conclusion and Prospects

We have established a simple and reliable method to identify the
common inbred mouse strains from which cultured mouse cell lines
are derived. With respect to intra-strain misidentification, such as
errors regarding the originating tissue type, it will be necessary to
develop other analytic techniques, for example, gene expression
profiling analysis. Other types of OMICS analysis, such as whole
genome sequencing, will also be useful for authentication of cell
lines. In this context, bioinformatics will become increasingly
important for the quality control of cultured cell lines.

Materials and Methods

Mouse cell lines

All mouse cell lines that the Cell Engineering Division of the
RIKEN BioResource Center (http://www.brc.riken.jp/lab/cell/
english/) has collected, 342 cell lines in total, were subjected to
SSLP analysis. We selected the latest preserved stock cells and
those that were preserved immediately after deposition (token stock
cells) for this analysis.

DNA preparation
DNA was prepared from approximately 2x10° cells using the
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany).

SSLP analysis

Multiplex PCR reactions for the SSLP analysis were carried out
using the following fluorescent dye-linked primers (Mouse Mapping
Primers, Life Technologies, Carlsbad, CA, USA): D1Mit159.1 (VIC)
on chromosome 1, D2Mit395.1 (6-FAM) on chromosome 2,
D4Mit170.1 (6-FAM) on chromosome 4, D5Mit201.1 (VIC) on
chromosome 5, D13Mit256.1 (NED) on chromosome 13, and
D17Mit51.1 (NED) on chromosome 17. VIC, 6-FAM, and NED are
green, blue, and yellow fluorescent dyes, respectively.

PCR was performed with 2.4 / of genomic DNA (25 ng/ /) and
1.25 units AmpliTaq Gold (Applied Biosystems, Foster, CA, USA) in
a 15 pl reaction volume using the GeneAmp PCR system 9700

(Applied Biosystems). Samples were amplified under the following
conditions: an initial incubation at 95°C for 12 min was followed by
10 cycles of 94°C for 20 sec, 55°C for 20 sec, 72°C for 30 sec, and
20 cycles of 89°C for 20 sec, 55°C for 20 sec, 72°C for 30 sec, and
finally incubation at 72°C for 10 min.

Labeled products were detected by electrophoretic size
fractionation on an ABI PRISM 310 Genetic Analyzer (Applied
Biosystems). A size control PCR was performed and the products
were subjected to electrophoretic size fractionation as an internal
control with each analysis. The end result for each cell line was an
electropherogram with each allele represented as one or two peaks.
As expected, one peak was detected at each locus in cell lines
derived from inbred mouse strains. Samples that failed to give
measurable peaks at all loci were reanalyzed using a different
concentration of DNA or using newly prepared DNA.
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