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Abstract In order to evaluate the forensic applicability of .
the STR locus D20S161 and construct a preliminary datroduction

base, the genotype distributions and allele frequencies in ,

five populations from three main ethnic groups were invedalysis of short tandem repeat (STR) loci has been
tigated, including Germans, Slovakians, African Ame,ﬁhown' to be both robust and rgproduuble for use in foren-
cans, Japanese and Chinese. A total of 512 samples feifmScience. However, there is a need to develop more
unrelated individuals and 85 confirmed father/mothep/! R markers, because the discriminating power of each
child triplets were analyzed by PCR and allele determina] R locus is limited. When a new STR marker is chosen,
tion was carried out by comparison with a sequenced §3Me COOSIderatlons are required. Firstly, d|nuc!eot|de or
man allelic ladder. The results showed that D20S161 tygnucleotide repeat markers should not be considered be-
ing was both precise and reliable. A total of 7 alleles Wa@USe of stutter bqnds for the former and the potential risk
found in these populations and no evidence of deviatihdynamic mutation for the latter. Secondly, the elec-
from Hardy-Weinberg equilibrium was observed. PairwidgPPhoretical behavior of the PCR products has been
comparisons between populations showed that there wiggonstrated to give problems in typing some STRs (Gill
significant differences in the distributions of the allele fr&t &l- 1994; Kimpton et al. 1995; Pestoni et al. 1995).
quencies among the three main ethnic groups. No mutatlglirdly, the distribution of allele frequencies in different
events were observed from the confirmed father/moth8HNiC groups should be investigated to construct an ap-
child triplets. With a maximum likelihood method, the mJ2ropriate database (Brinkmann et al. 1996). Fourthly, the
tation rate was indirectly estimated as .50 These re- mutation rate of STR markers should be estimated. Ac-

sults suggest that D20S161 is a useful marker for forerg@ding to those considerations, we describe a tetranu-

casework and paternity analysis. cleotide repeat marker D20S161(GenBank Accession
number L16405), which was initially isolated as a simple
Key words Short tandem repeats - D20S161 - sequence repeat containing sequence tagged site (STS)
Polymerase chain reaction - Genetic polymorphism - rom the human genome and named as Human chromo-
Mutation rate - Forensic haemogenetics some 20 STS UT1674 by the Utah marker development

group (1995).
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Materials and methods

Population samples

e-mail: rechtsme@wcums.edu.cn Blood samples were obtained from 100 Germans (Bremen), 173
Fax +86(28)5583252 Chinese (Chengdu), 99 Japanese (Yamanashi) and 90 Slovakians
H. Walter (Bratislava), which were unrelated donors from blood banks. Ethnic
Department of Human Biology, University of Bremen origin was determined by self declaration. The 50 bloodstains from
D-28332 Bremen, Germany ' ’ African Americans were taken from bodies delivered to the Office of

' the Chief Medical Examiner of New York City at time of death. Eth-
A. Kido nic origin was determined by skin color and country of birth.

Department of Legal Medicine, Yamanashi Medical University,
409-38 Yamanashi-ken, Tamaho, Japan

M. Prinz
Department of Forensic Biology, OCME, 520 First Avenue, A total of 255 blood samples was collected from 85 confirmed fa-
NY 10016, New York, USA ther/mother/child triplets of Chinese living in Chengdu.

Family samples
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Experimental details trophoresis. This STR locus amplified authentically and

DNA was extracted using the Chelex method (Singer-Sam etprlowded easily interpretable results. The amplified frag-

1989). PCR amplification was carried out using the primers 5-C ent size rang_ed fro’.“ 156 bp to 187 bp, while the num-
CTTCAACTTGTCAGC-3 and 5-TCCTTCCAACTGGTATCTTG- ber of core motifs varied from 14 to 22. There was a good
3 according to the Utah marker development group (1995). Egarallel relationship between the amplified fragment size
PCR reaction contained 2-40 ng human genomic DNA,Teq and the number of repeat motifs when a nondenaturing

buffer, 1.5 mM MgC}, 200uM each nucleotide, 1.5 U Taq poly- ; ; ~
merase (Promega), 0.2/ each primer in a total volume of 37'5polyacrylam|de gel electrophoresis was employed to ana

ul. A total of 28 cycles was carried out in a thermocycler (BiometrdjZ€ the PCR products. Also, the phenotypes at this locus
with denaturation for 1 min at 94°C, annealing for 1 min at 58 °€an be determined easily with the denaturing gel elec-

and extension for 2 min at 72°C. The PCR products were ana|yt_|€t§bhoresis described by the Utah marker development

using nondenaturing polyacrylamide gel electrophoresis with a dis- ich initi i .
continuous buffer system (Allen et al. 1989; Hou et al. 1994a; H uOUp’ which initially sequenced this locus (1995). There

and Walter 1996) and the gels were silver stained. Ol::Ie1 typing for D20S161 is to be both precise and reli-
aple.

Nomenclature

Allele determination was carried out by comparison with a s'g-OpUIat'on genetics

quenced human allele ladder according to the recommendations of ) )
the International Society of Forensic Haemogenetics (DNA Coi-total of seven alleles was observed in these population

mission of the ISFH 1994; Bar et al. 1997). The allele classificatigamples. No evidence of deviation from Hardy-Weinberg
for the D20S161 locus was based on the number of repeat moméquilibrium in these populations was observed by the

modifiedx?-test (Hou et al. 1994b). Pairwise comparisons
Statistical calculations between populations show that the distribution of allele

A modified xtest (Hou et al, 1994b) was used to verify Whethfrequencies is significantly different among the main eth-
the genotype distribution conformed to Hardy-Weinberg equili‘g[IC groups. In Asian pODUIat'O_nS most of the possible 28
rium predictions. The expected heterozygosity was calculated @8N0types were observed, while only 16 out of the possi-
cording to the equation h = 2ngIXi?)/(2n-1) (Nei 1978). The mu- ble 28 genotypes appeared in European populations. The
tation rate at the D20S161 locus was estimated directly from faffrican American population from New York revealed

ily studies and indirectly using a maximum likelihood metho, ;
(Chakraborty and Neel 1989). The power of discrimination and QOther pattern. The allele 14 was frequently observed in

chance of exclusion were calculated as described by Fisher (1951 Population but not in Asian and European populations
and Ohno et al. (1982), respectively. (Table 1). This means that there is a population substruc-

ture at D20S161 in humans.

Results and discussion
Mutation rate
Typing for D20S161
. . ) ) Before applying this marker in paternity analysis, it is im-
Figure 1 displays a representative result of typing f@értant to evaluate the mutation rate. A total of 85 con-
D20S161 with nondenaturing polyacrylamide gel elegrmed father/mother/child triplets was analyzed but no

mutation events were observed. Although the number of

Table 1 Allele frequencies of D20S161 in five populations

D20S161 Chinese Japanese Germans Slovakians African

Americans
14 0 0 0 0 0.1100
| 16 0.0491 0.0253 0.0200 O 0
17 0.2254 0.1313 0.1750 0.1778 0.1400
18 0.3237 0.4293 0.5100 0.4778 0.2300
19 0.1532 0.1313 0.2050 0.2222 0.2600
; 2 20 0.1301 0.1515 0.0600 0.0889 0.1800
1 2 3 4 5 6 7 8 9 10 11 12 13 21 0.0983 0.0909 0.0250 0.0278 0.0600
22 0.0202 0.0404 0.0050 0.0055 0.0200
Fig. 1 Typing for D20S161 with nondenaturing polyacrylamid&ample size 173 929 100 90 50
gel electrophoresis Lanes 1, 5, 9, 13: Allele ladder including alle-
les 14, 16, 17, 18, 19, 20, 21, 22 Lane 2:14-18, lane 3:16-18, |
4:18-20, lane 6:17-20, lane 7:17-19, lane 8:18-19, lane 10X%°8, 21.3225 13.0692 6.9474 9.9177 17.4808
lane 11:18-21, lane 12:18-22. The sequence of allele 19 as aniex- 19 14 6 7 13
ample is given as follows: ccccttcaacttgtcatjaatgataaagaaata-p P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

cgggtgtagaaaagttaagtgatttgtccaccatgaca (taga)3(tagg)4(taga)l2tgg-
aataaatgattataggg caagataccagttggaagga HWE: Test for Hardy-Weinberg equilibrium
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Table 2 Forensic values for D20S161 based on data from five
populations References

D20S161 Chinese Japanese Germans Slovakians AfricanAllen RC, Graves G, Budowle B (1989) Polymerase chain reaction
Americans amplification products separated on rehydratable polyacryl-
amide gels and stained with silver. Biotechniques 7:736—-744
H(obs) 0.7514 0.7677 0.7300 0.6778 0.8800 Bar W, Brinkmann B, Budowle B, Carracedo A, Gill P, Lincoln P,
H(exp) 0.7938 0.7515 0.6659 0.6858 0.8196 Mayr W, Olaisen B (1997) DNA recommendations: further re-

SE 00308 00434 00472 00489 00544 BT e DN LN Ol el Mod 11075176
CE 0.5973 0.5488  0.4287  0.4431 0.6257 Brinkmann B, Sajantila A, Goedde HW, Matsumoto H, Nishi K,
bp 0.9276 0.9079  0.8427  0.8534 0.9378 Wiegand P (1996) Population genetic comparisons among eight
. populations using allele frequency and sequence data from
H: heterozygosity; obs = observed; exp = expected three microsatellite loci. Eur J Hum Genet 4:175-182
SE: standard error Chakraborty R, Neel JV (1989) Description and validation of a
CE: chance of exclusion method for simultaneous estimation of effective population
DP: discrimination power size and mutation rate from human population data. Proc Natl

Acad Sci USA 86:9407-9411
DNA Commission of the International Society for Forensic
. . . . Haemogenetics (1994) Report concerning further recommen-
fa'ther/mothe.r/chlld triplets s_tudled is too low to draw def- dationsgof the D,E,A Cgmmgsion of the IS?:H regarding PCR-
inite conclusions, the mutation rate for D20S161 seems tobased polymorphisms in STR. Int J Legal Med 107:159-160
be reasonably low. Using data from these populations, Higher RA (1951) Standard calculations for evaluating a blood

mutation rate for D20S161 was indirectly estimated with 9"°UP nfgfgﬁrg HD‘?LleggyE&zﬁaé?szen JE. Bar W, Brinkmann B

the maximum likelihood method (Chakraborty and Ne8! Holgersson S, Johnsson V, Kloosterman AD, Lareu MV,
1989) as 2.5 10> Nellemann L, Pfitzinger H, Phillips CP, Schmitter H, Schnei-
der PM, Sternersen M (1994) Report of the European DNA
profiling group (EDNAP): towards standardisation of short tan-
. dem repeat (STR) loci. Forensic Sci Int 65:51-59
Forensic value of D20S161 Hou Y, Walter H (1996) Genetic substructure at the STR loci
HUMTHO1 and HUMVWA in Han populations, China. In:

. . Carracedo A, Brinkmann B, Bar W (eds) Advances in forensic
Table 2 displays the forensic value of D20S161 based O aemogenetics 6. Springer, Bem(n Héidelberg New York.

data from five populations. Compared with other STR pp 468-470
markers, including CYP19, FABP and TPOX loci, theou Y, Gill P, Schmitt C, Staak M, Prinz M (1994a) Population
D20S161 revealed higher values both for the power ofgenetics of three STR polymorphisms in a Chinese population.

T : ; .~ In: Bar W, Fiori A, Rossi U (eds) Advances in forensic haemo-
discrimination and the chance of exclusion in three MAaIN ¢ etics 5. Springer, Berlin Heidelberg New York, pp 508-510

ethnic groups, especially in Asian and African Americaiy v, Prinz M, Staak M (1994b) Comparison of different tests
populations. As shown in this study, all of 50 postmortem for deviation from Hardy-Weinberg equilibrium of AMPFLP

bloodstains from New York were analyzed for D20S161. population data. In: Bar W, Fiori A, Rossi U (eds) Advances in
Also, D20S161 typing was used in 34 cases in our Iabora—‘;ogflz‘si')‘; naemogenetics 5. Springer, Berlin Heidelberg New
tory in China. Both gave positive results of D20S161 tyRjmpton CP, Gill P, D'Aloja E, Andersen JF, Baer W, Holgersson
ing. Therefore, D20S161 typing revealed a high successs, Jacobsen S, Johnsson V, Kloosterman AD, Lareu MV,
rate for the analysis of difficult bloodstains. Nellemann L, Pfitzinger H, Phillips CP, Rand S, Schmitter H,

i i i i _Schneider PM, Sternersen M, Vide MC (1995) Report on the
In conclusion, D20S161 typing is both precise and re second EDNAP collaborative STR exercise. Forensic Sci Int

liable. The distribution of allele frequencies in different ;37 155
ethnic groups has been investigated and the populati@fm (1978) Estimation of average heterozygosity and genetic
data are available. The mutation rate at D20S161 locuslistance from a small number of individuals. Genetics 89:583—

seems to be reasonably low. A rather high success rate ¢t90

; ; no Y, Sebetan IM, Akaishi S (1982) A simple method for cal-
D20S161 typing for bloodstains from casework has be((-:mculating the probability of excluding paternity with any number

observed. Therefore, this study implicates that D20S1614¢ codominant alleles. Forensic Sai Int 19:93—98

is a useful marker for forensic casework and paternitg¢stoni C, Lareu MV, Rodriguez MS, Munoz |, Barros F,

analysis. Carracedo A (1995) The use of the STRs HUMTHOL1,
HUMVWAS1/A, HUMF13A1, HUMFES/FPS, HUMLPL in
forensic application: validation studies and population data for

Acknowledgements We are grateful to D. Sivakova of the Insti-  Galicia (NW Spain). Int J Legal Med 107:283-290

tute of Anthropology in Bratislava and M. Benecke of OCME ifinger-Sam J, Tanguay RL, Riggs AD (1989) Use of Chelex to

New York for their help in collecting samples. This study was improve the PCR signal from a small number of cells. Ampli-

supported by grants from the Alexander von Humboldt Founda- fication 3:11 )

tion, Germany and from National Nature Science Foundation,Tine Utah Marker Development Group (1995) A collection of or-

R. China as well as from Science Foundation of Sichuan Province dered tetranucleotide-repeat markers from the human genome.
P.R.China. Am J Hum Genet 57:619-628



