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Summary. A total of 120 human samples of blood, saliva 
and semen stains, hair roots, bone and skin fragments,  
obtained f rom 30 males and 16 females were analyzed in 
Southern blots with probe  cY97. Only the male samples 
gave a specific band of 5.7 kb. In dot blot, under high 
stringency conditions, male D N A  gave signals equiva- 
lent to a quantity of female D N A  eight times higher. 
Probe cY97 did not react with 9 different ver tebrate  
species but gave a signal for monkey  D N A  when used at 
low stringency. The advantage of using a probe  specific 
for the centromeric region for sex determination and 
species exclusion is discussed. 
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Zusammenfassung. Insgesamt wurden 120 menschliche 
Blutproben,  Speichelproben und Spermaspuren,  Haar-  
wurzeln,  Knochen  und Hautpar t ike l ,  welche von 30 
mfinnlichen und 16 weiblichen Personen erhalten wur- 
den, in der Southern-Blot-Technik analysiert mit  Hilfe 
der Probe cY97. Nur  die m~innlichen Proben gaben eine 
spezifische Bande von 5,7 Kb. Im Dot-Blot ,  unter hoch- 
stringenten Bedingungen,  ergab die m~innliche D N A  Si- 
gnale, welche einer 8-fach h6heren Menge yon weiblicher 
D N A  entsprachen. Die Proben cY97 reagierte nicht mit 
9 verschiedenen Wirbeltierspezies, abet  sie ergab ein Si- 
gnal fiir Af fen-DNA,  wenn unter geringen Stringenzbe- 
dingungen hybridisiert wurde. Der  Vorteil des Gebrauchs 
einer Probe zur Geschlechtsbest immung und zum Spe- 
ziesausschlug, welche spezifisch fiir die Cent romer-Re-  
gion ist, wird diskutiert. 

Schliisselw6rter: Geschlechtsbestimmung - Speziesaus- 
schlul3 - Southern-Blot  - Dot-Blot  - cY97 

Introduction 

In criminal cases, it is relevant to determine the species 
and the sex of the donor of biological samples found at 
the crime scene. Usually morphological ,  histological, 
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cytological and immunological methods are used [1]. In 
recent years recombinant  D N A  techniques have been 
adopted to resolve forensic casework such as paternity 
determination,  personal identification and sex determi- 
nation. 

Positive identification of males is generally based on 
D N A  probes recognizing repeated sequences of the het- 
erochromatic  region of the Y chromosome long arm [2- 
7]. Sometimes,  these probes can give false negatives be- 
cause the long arm of the Y chromosome can be lost 
without affecting the normal  male phenotype [8, 9]. 

In this paper  we report  a method for species exclusion 
and positive human Y chromosome identification using 
the probe  cY97 on samples typically investigated in fo- 
rensic medicine. The probe  recognizes the centromeric 
alphoid repeats and gives a 5.7 Kb band specific for the 
human Y chromosome [10-14]. 

Materials and methods 

DNA extraction and purification. Known quantities (1, 2, 5, 10, 
20 gl) of blood of human male and female, monkey (M. rhesus, 
female), dog, cat, horse, cow, pig, rabbit, mouse, chicken and sar- 
dine were spotted onto cloth and air dried. DNA was extracted 
and purified as reported by Gill [3]. DNA was also extracted from 
human semen and saliva stains, hair roots, skin and bone frag- 
ments. When extracting small amounts of DNA, glycogen was 
added before the ethanol precipitation [15]. DNA was quantitated 
with the fluorescent dye Hoechst 33258 and the fluorometer Hoefer 
TKO 100. 

Controls were carried out on the human Y chromosome bear- 
ing somatic hybrid 3E7 and on the revertant 7/2 which has lost the 
Y chromosome [16]. 

Digestion and Southern blot hybridization. The samples were di- 
gested with EcoRI, PstI, RsaI, HinfI, MspI and HindlII according 
to the manufacturer's recommendations. Electrophoresis was car- 
ried out for 18 h at 50 V in 0.7% agarose gel in TBE (90 mM Tris, 
9raM boric acid, 2mM NazEDTA). Standard procedure was 
adopted for the Southern blots [17]. The 2.6 and 2.9kb EcoRI 
Y-specific fragments were purified from cosmid cY97 [11] and 32p 
dCTP labelled by random primed DNA synthesis [18] to obtain a 
specific activity of 3 x 109 cpm/gg. Prehybridization (60 rain in 7% 
SDS, 0.5M phosphate buffer pH 7.2, lmM Na2EDTA, 0.1% 
BSA) and hybridization (overnight in 1 x SSC. 6% PEG MW 
6,000) were performed at 65°C [19]. The filters were then washed 
in 0.5 x SSC, 0.1% SDS at 65°C. 
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Dot blots. DNA was denatured and spotted onto Hybond-N 
(Amersham) according to the manufacturer's recommendations. 
The probe was labelled and hybridized as reported above. The fil- 
ters were washed in 1 x SSC, 0.1% SDS at 65°C and exposed for 
6-24h without drying at -70°C with intensifying screens. After 
the first exposure the filters were washed again at higher stringency 
(0.1 x SSC) and exposed for 1-7 days. To check for the presence 
of DNA on the filters they were stripped and reprobed with probe 
lambda 33.6 [20] which detects the minisatellite DNA in all verte- 
brates so far tested. 

Some experiments were also carried out using the digoxigenin- 
ll-UTP DNA labelling and detection kit (Boehringer). 
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Results 

The probe cY97 detected a 5 .7kb fragment  in human 
male D N A  and in the hybrid 3E7 D N A  digested with 
EcoRI .  This fragment  was never observed in human 
female D N A  and the revertant  7/2 gave no signal (Fig. 
1). The 5.7 kb Y specific fragment  could also be detected 
in PstI, RsaI,  MspI ,  HindI I I  digests and in the widely 
used HinfI  digest. All Southern blots were hybridized 
under low stringency conditions to obtain a typical a- 
satellite ladder as positive signal even from female DNA.  

Scalar quantities of D N A  were loaded onto a gel to 
evaluate the resolution limit of the system. An unam- 
biguous signal of 5.7 kb was detectable in male D N A  
samples of 50 ng and less (Fig. 2). 

A total of 120 human samples of blood, saliva and 
semen stains, hair roots, bone and skin fragments were 
analyzed (Fig. 3). The results were always in agreement  
with the known sex of the donors (30 males and 16 fe- 
males). 

Under  high stringency conditions the dot blots gave 
strong signals for human males only and weak or no sig- 
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Fig. 1. Southern blot of D N A  
extracted from: cell hybrid 3E7 
(lane 1), cell hybrid revertant 7/2 
(lane 2), human male (lane 3) and 
human female (lane 4). The 
samples were digested with EcoRI 
and probed with cY97 under low 
stringency conditions (0.5 x SSC, 
65°C). The arrow indicates the 
5.7 Kb band 

Fig. 2. Southern blot of scalar quantities (800; 400; 200; 100; 50 ng; 
from lane I to lane 5 respectively) of human male (M) and female 
(F) DNA. The samples were digested with EcoRI and probed with 
cY97 under low stringency conditions (0.5 x SSC, 65°C) 

nal for females (Fig. 4A).  Interpretable  results were ob- 
tained f rom a total of 143 samples (blood stains, hair 
roots, saliva stains, etc.). The same difference between 
male and female D N A  was obtained when some of these 
samples were tested with the nonradioactive labelling 
system reported in materials and methods (Fig. 5). In 
this case the sensitivity of the test was slightly reduced. 

Strong signals, irrespective of the sex, were obtained 
in dot blots of human and monkey  samples under low 
stringency conditions whereas the other vertebrates tested 
(dog, cat, horse, cow, pig, rabbit,  mouse,  chicken and 
sardine) gave no signal (Fig. 4B). The same filters, strip- 
ped and reprobed with the minisatellite probe lambda 
33.6, gave a strong hybridization signal for all the sam- 
ples tested (Fig. 4C). 

The discrimination limits of cY97 in dot blot was 
tested comparing scalar quantities of female and male 
DNA.  Equivalent  signal intensities were obtained when 
the amount  of female D N A  was roughly 8 times the 
amount  of male D N A  (Fig. 6B). The same filter was re- 
probed at low stringency (Fig. 6A) to check that the 
amount  of female and male D N A  loaded was the same. 

Discussion 

As previously reported [10-14], probe  cY97 showed a 
male specific band of 5.7 kb in Southern blots which al- 
lows positive identification of human males. Females can 
be positively identified by the typical ladder of bands of 
the alpha satellite which is obtained at low stringency 
conditions. The sensitivity of the test is high and a signal 
can be obtained f rom less than 50ng of undegraded 
D N A  corresponding to less than i gl of blood or to a 
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Fig, 3. Southern blot of DNA ob- 
tained from: male skin fragment, 
15 gg (lane 1); 2 and 1 male hair roots 
(lanes 2 and 3 respectively); 2 and 4 
female hair roots (lanes 4 and 5 re- 
spectively); female saliva stain of 10 gl 
(lane 6); male bone fragment (lane 7); 
male bloodstains (20, 10, 5, 2, 1 ~tl, 
lanes 8-12 respectively); female 
bloodstains (1, 2, 5, 10, 20gl, lanes 
13-17 respectively); semen stain 2 gl 
(lane 18). The samples were digested 
with EcoRI and probed with cY97 
under low stringency conditions 
(0.5 × SSC, 65°C), the 5.7Kb band is 
indicated by an arrow 
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Fig. 4 A - C .  Dot blot of human male, human female and DNA 
from 10 other vertebrate tested with probe cY97 (A and B) and 
probe lambda 33.6 (C). The same filter was initially tested under 
low stringency conditions B, then under high stringency A and fi- 
nally stripped and reprobed with the minisatellite lambda 33.6 C. 
The DNA was extracted from 5 gl bloodstains 
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Fig. 5. Dot blot (high stringency) detected with a non-radioactive 
method with probe cY97. M: male samples. F: female samples. 
The DNAs were extracted from 1-4 hair roots as reported in the 
figure 

single hair roo t  [21]. The  same sensitivity was repor ted  
by Tho  et al. [10]. 

A n o t h e r  advantage  offered by the p robe  cY97, even 
when used at low stringency, is the possibility of  exclu- 
sion of  the ver tebra te  species tested here.  Most  p robab ly  
all ver tebra te  species except higher  pr imates,  can be ex- 
cluded, but an extensive screening of  all vertebrates would 
be beyond  the limits of  this research.  

The  identification of  sex in dot blots at high stringency 
requires some precaut ions  because  the signal given by a 
male D N A  can be mistaken for the signal given by an 8 
times excess of  female D N A .  In  this case the minisatel- 
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Fig. 6A, B. Quantitative comparison of human male (M) and 
female (F) DNA. The samples were tested with probe cY97 under 
low stringency A to check that the amounts of male and female 
DNA loaded on the filter were roughly the same. When the same 
filter was reprobed under high stringecy B with probe cY97 it 
showed a stronger signal for male DNA 

lite l a m b d a  33.6 was used  to quan t i t a t e  the  D N A  and  to 
pos i t ive ly  conf i rm the  p re sence  of  D N A  on the  fi l ter ,  
even  if n o n - h u m a n  D N A  is p r e sen t  [22]. Because  of  the  
complex i ty  of  r e f e rence  cont ro ls ,  we th ink  tha t  the  do t  
b lo t  m e t h o d  is m o r e  useful  for  species  exclus ion r a the r  
than  for  sex d e t e r m i n a t i o n .  

Unt i l  now sex d e t e r m i n a t i o n  by  D N A  analysis  has  
been  car r ied  out  main ly  wi th  p robes  recogniz ing r e p e a t e d  
sequences  of  the  Y q  a rm [2-7] .  This  a rm can be  r e d u c e d  
and even  lost  w i thou t  affect ing a n o r m a l  ma le  p h e n o t y p e  
[8, 9] and  in 1 ou t  of  3,000 n o r m a l  females  it  is ca r r i ed  as 
a t r ans loca t ion  [23]. This  will cause at  least  a co r re spond-  
ing p robab i l i t y  of  false pos i t ives  and  of  false negat ives .  
Since p r o b e  cY97 recognizes  the  c e n t r o m e r i c  sequences  
of the Y chromosome,  false posi t ives and negat ives should 
be  l imi ted  only  to X X  males  and  X Y  females  whose  inci- 
dence  is r a the r  low. Neve r the l e s s  all these  gene t ic  anom-  
alies could  be  cove red  by  the  c o m b i n e d  use o f  a rm spe-  
cific p robes  and of  a c e n t r o m e r i c  specific p r o b e  such as 
cY97. 

Acknowledgements. We thank A. J. Jeffreys, University of Leices- 
ter (UK) for the kind gift of lambda 33.6. The research was carried 
out with funds of Ministero Universit~ Ricerca Scientifica e Tec- 
nologica granted by the University of Trieste to G. Graziosi and to 
B, M. Altamura. 

References 

1. Poison CJ (1982) The essentials of forensic medicine. Perga- 
mon Press, Oxford 

2. Tyler MG, Kyrby LT, Wood S, Vernon S, Ferris JAJ (1986) 
Human blood stain identification and sex determination in 

P. Fattorini et al.: Sex and species identification 

dried stains using recombinant DNA techniques. Forensic Sci 
Int 31 : 267-272 

3. Gill P (1987) A new method for sex determination of the 
donors of forensic samples using a recombinant DNA probe. 
Electrophoresis 8 : 35-38 

4. Fukuschima H, Hasekura H, Nagai K (1988) Identification of 
male bloodstains by the dot blot hybridization of human Y 
chromosome-specific deoxyribonucleic acid (DNA) probe. J 
Forensic Sci 33 : 621-627 

5. Kobayashi R, Nakauchi H, Nakahori Y, Nakagone Y, Mat- 
suzawa S (1988) Sex determination in fresh blood and dried 
bloodstains by a nonisotopic DNA technique. J Forensic Sci 
33 : 613-620 

6. Querci V, Fiori MP, Panichi A, Sancasciani A, Comanducci M 
(1988) Determinazione del sesso su sangue mediante sonde di 
DNA specifiche per il cromosoma Y. Riv It Med Legale 10: 
226-231 

7. He ZN, Jiang XH, Lu SH, Wang GL, Zhu YW, Wang SW, 
Shen Y, Gao QS, Liu JZ, Wu GY (1989) A study of sex iden- 
tification of trace, dried bloodstains using a Y-chromosome- 
specific deoxyribonucleic acid (DNA) probe. J Forensic Sci 
34:346-351 

8. Bobrow M, Pearson PL, Pike MC, E1-Alfi DS (1971) Length 
variation in the quinacrine-binding segment of human Y chro- 
mosomes of different sizes. Cytogenetics 10:190-198 

9. McKay RDG, Bobrow M, Cooke HJ (1978) The identification 
of a repeated DNA sequence involved in the karyotypic poly- 
morphism of the human Y chromosome. Cytogen Cell Genet 
21 : 19-32 

10. Tho SPT, Behzadian A, Byrd JR, McDonough PG (1988) Use 
of human alpha-satellite deoxyribonucleic acid to detect Y- 
specific centromeric sequences. Am J Obstet Gynecol 159: 
1553-1557 

11. Stalvey JRD, Erickson RP (1987) An improved method for de- 
tecting Y chromosomal DNA. Hum Genet 76: 240-243 

12. Stalvey JRD, Erickson RP, Dasouki M, Glover T, Shokir M 
(1988) Clarification of chromosomal abnormalities associated 
with sexual ambiguity by studies with Y-chromosomal DNA 
sequences. Cytogen Cell Genet 47 : 140-143 

13. Witt M, Erickson RP (1989) Determination of the sex of origin 
of blood and bloodstains using recombinant DNA techniques. 
In: Lee HC, Gaensslen RE (eds) Advances in forensic science, 
vol 3. Year Book Medical Publisher, Chicago, pp 178-203 

14. Wolfe J, Daring SM, Erickson RP, Craig W, Buckle VJ, Rigby 
PW, Willard HF, Goodfellow P (1985) Isolation and charac- 
terization of an alphoid centromeric repeat family from the 
human Y chromosome. J Mol Biol 182 : 477-485 

15. Helms C, Graham MY, Dutchik JE, Olson MV (1985) A new 
method for purifying lambda DNA from phage lysates. DNA 
Cell Biol 4: 39-49 

16. Marcus M, Trantawali R, Dev JG, Miller DA, Miller OJ 
(1976) Human-mouse hybrid with human multiple Y chromo- 
some. Nature 262 : 262-263 

17. Maniatis T, Fritsch EF, Sambrook J (1982) Molecular cloning: 
a laboratory manual. Cold Spring Harbor Laboratory, Cold 
Spring Harbor 

18. Feinberg AP, Vogelstain B (1984) A technique for radiolabel- 
ling DNA restriction endonuclease fragments to high specific 
activity. Anal Biochem 137 : 266-267 

19. Budowle B (1988) A simple RFLP technique for detection of 
small quantities of DNA, vol 3, p 17. XIV Meeting of the In- 
ternational Academy for Legal Medicine and Social Medicine. 
Liege, Belgium 

20. Jeffreys AJ, Wilson V, Thein SL (1985) Hypervariable mini- 
satellite regions in human DNA. Nature 314:67-73 

21. Higuchi R, Von Beroldingen CH, Sensabaugh GF, Erlich HA 
(1988) DNA typing from single hairs. Nature 332 : 543-546 

22. Jeffreys AJ (1987) Highly variable minisatellite and DNA 
fingerprints. Biochem Soc Trans 15 : 309-317 

23. Cooke HJ, Noel B (1979) Confirmation of Y/autosome trans- 
locations using recombinant DNA. Hum Genet 50: 39-44 


