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A Séquence in M13 Phage Detects Hypervariable 
Minisatellites in Hviman and Animal DNA 

GILBERT VASSART, M I C H E L GEORGES, RITA M O N S I E U R , 
H u G U E T T E BROCAS, A N N E S O P H I E LEQUARRE, DANIEL CHRISTOPHE 

The term "DNA fingerprint" has been used to describe die extensive restriction 
fragment length polymorphism associated with hypervariable minisatellites présent in 
the human génome. Until now, it was necessary to hybridize Southern blots to spécifie 
probes cloned from human genomic DNA in order to obtain individual-sp>ecific 
restriction pattems. The présent study describes the surprising finding that the insert-
free, wild-type M13 bacteriophage detects hypervariable minisatelUtes in human and in 
animal DNA, provided no competitor DNA is used during hybridization. The eflFective 
séquence in M13 was traced to two dusters of 15—base pair repeats within the protein 
III gene of the bacteriophage. Thls unexpected use of M13 renders the DNA 
fingerprinting technology more readily available to molecular biology laboratories. 

E
XTENSIVE RESTRICTION F R A G M E N T 

length polymorphism (RFLP) asso-

ciated with moderately repeated sé-

quences has recendy been described in the 

human génome (1-4). The hypervariable 

nature of thèse "minisatellites" has been 

exploited as a means of developing a power-

ful fingerprinting technique with applica-

tions in patcrnit}' testing, forensic medicine, 

and mapping of the human génome (5, 6). 
The probes used in such déterminations 

were originallv derived from segments of 

DNA discovered bv chance within anony-

mous (3) or gene-associated pièces of geno-

mic DNA (i, 4, 7). We report here that a 
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séquence présent in the protein III gene of 

the vvidely used MIS bacteriophage vector 

(8) iillows détection of a distinct set of 

hypervariable minisatellites in human and 

animal DNA. 

In the course of a systematic search of 

RJFLPs associated with the thyroglobulin 

gene, we observed that a set of probes 

corresponding to DNA segments subcloned 

in the bacteriophage M13 gave différent 

results when used in the classical hybridiza-

tion mixture [Denhardt's médium plus her-

ring sperm DNA {9)] or in a milk-ba.sed 

cocktail [Blotto médium (10)]. A complicat-

ed and highly polymorphic pattern was sys-
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FIg. 1. H\penariabic poKmorphic pattems detected in human D N A with wild-type M 1 3 D N A as 
probe. Individuals 1 to 9 arc unrelated Caucasians; 10 and 11 are monozygotic twins. Hae III—digested 
D N A (5 jjLg) from whitc blood cells was separatcd in a 1% agarose gel in 4 0 mAf tris-acetate, I mM 
EDTA,/>H 7.7, at a constant voltage of 9 V/cm for about 4 hours. The gels were soaked in 1.5M NaCl, 
Q.5M NaOH (2 x 30 minutes) foUowed by équilibration in IM NH4 acétate, 0.03M NaOH (2 x 30 
minutes) and transfer overnight onto nitrocellulose filters (Schlcicher & Schuell) in the same solution. 
Single-stranded M13 (200 ng) was labeled with �'^P-dATP to a spécifie activity of 0.5 x lO^'* to 
1.0 X 10 ' cpm per microgram of D N A (13). After a 2-hour prehybridization, the filters were 
hvbridized overnight at 42°C in the following solutions: (A and B) 40% formamide, 6 x SSC (standard 
saline citrate), EDTA 5 mM, 0.25% dried skimmed milk; (C) same médium except that the powdered 
milk was replaced by Sx Denhardt's and denatured herring sperm D N A (100 fj.g/mlV The filters were 
ail washed under idcntical conditions: twice for 15 minutes in 2 x SSC, 0.1% SDS, room température; 
four times for 15 minutes in 2 x SSC, 0.1% SDS, 65°C; and rwicc for 30 minutes in 1 x SSC, 65°C. 
Filters were exposed to Kodak XAR-5 films at - 7 0 ° C with an intensifying screen. 

tematically observed with the enzyme Hae 

III in the latter condition. It soon became 

évident that the pattern was unrelated to the 

nature of the insert and that wild-t\'pe Ml 3 

bacteriophages gave the same results. Nine 

unrelated individuals displayed différent pat-

tems while monozygotic twins were indis-

tinguishable (Fig. 1, A and B). Similar blots 

hybridized with an M13 probe in the prés-

ence of herring sperm DNA showed no 

polymorphism (Fig. IC). 

The logical explanation for this finding 

was that a segment in M13 hybridized to a 

hypervariable minisateliite that could be 

competed for by fish DNA. If this were true. 
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FIg. 2. Identification of M 1 3 séquences hybridiz-
ing to herring sperm D N A . M 1 3 RF D N A was 
digested with Xmn I (lanes 1 and 4), BstN I (lanes 
2 and 5), and Cla I (lanes 3 and 6). T w o identical 
blots were prepared and hybridized to a total 
M13 probe (A) or to M 1 3 séquences selected by 
hybridization to herring sperm D N A (B). M 1 3 
RF D N A (200 ng) was digested with restriction 
endonucleases and identical blots were prepared 
as described (Fig. 1). (A) The filter was hybrid-
ized to a total ^P-labcled M 1 3 probe. (B) The 
filter was hvbridized to labeled M 1 3 séquences 
that had been seleaed by hybridization to herring 
sperm DNA. A 100-cm^ nitrocellulose filter was 
saturated with herring sperm D N A bv soaking it 
for 30 minutes into NH4AC LW-NaÔH Q.Om 
containing 2.5 mg/ml denatured herring sperm 
D N A and baked at 80°C for 2 hours. The filter 
was prchvbridized for 2 hours in 40% formamide, 
6 x SSC,' 5mM EDTA, 0.25% powdered milk at 
42°C, and hybridized overnight to a total '^P-
labeled M 1 3 D N A probe. After washing, the 
affinitv-purified M 1 3 séquences were eluted by 
boiling the filter for 10 minutes in 10 ml of 10 
mAI tris HCl pH8,lmM EDTA. About 0.1% of 
the input radioactivity was recovcrcd. Hybridiza-
tion and washing of filters was as described in Fig. 
lA. 
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Consensus 
séquence 

GAGGGTGGTGGCTCT 
GAGGGTGGCGGTTCT 
GAGGGTGGCGGTTCT 
GAGGGTGGCGGTaCT 

I 
18' 

GGcGGCGGCTCT 
GGTGGTGGTTCT 
GGTGGCGGCTCT 

GAGGGTGGTGGCTCT 
GAGGGTGGCGGTTCT 
GAGGGTGGCGGCTCT 
GAGGGaGGCGGTTCc 

GGTGGTGGCTCT 
GGT t cCGGT 

I 
2401 

IGAGGGTGGXGGXTCT| 

( G luGlyGlyGlySe r )n 

F i g . 3 . (A) M 1 3 restrict ion m a p . T h e thick l ines s h o w the restriction f r a g m e n t s that were preferential ly 

recogn ized by the aff ini tv-puri f ied M 1 3 séquences . T h e o p e n boxes g i v e the local izat ion o f the t a n d e m 

repeats. ( B ) A l i g n m c n t o f t a n d e m repeats présent in the prote in III g e n e o f M 1 3 . T h e coord inates are as 

descr ibed in (14). 

A 12 13 

F i g . 4 . Hypervar iab le p o l y m o r p h i c patterns de tec ted in h u m a n ( A ) and bovine ( B ) D N A by 

hybr id izat ion t o a t a n d e m repeat présent in M 1 3 (15). (A) Indiv iduals 12 t o 1 7 are m e m b e r s o f a 

Caucasian ped igree , 1 8 a n d 1 9 are m o n o z y g o t i c tw ins ; (B) 1 and 2 are m o n o z y g o t i c twins o b t a i n e d by 

e m b r y o transfer o f a surgical ly b i sected b o v i n e morula ; bov ines 3 t o 8 are unrelated animais f r o m the 

"Belgian W h i t e and E l u e " breed . T h e 2 8 0 - b p M I S H a e I l l - C l a I restrict ion fragment w a s o b t a i n e d 

after agarose ge l e l e c t r o p h o r e s i s and e lec troe lut ion . T h e f ragment ( 1 0 0 n g ) w a s labeled w i t h ^^P t o a 

spécifie activit)' o f 0 . 5 x 1 0 " ' t o 1 x 1 0 ' c p m per microgram o f D N A (13). T h i s probe w a s u s e d in 

S o u t h e r n b l o t t i n g e x p e r i m e n t s as descr ibed in t h e l egend t o Fig . 1 w i t h the mi lk-based cocktai l for 

hvbridizat ion. 

it should be possible to affinity-purify the 

bacteriophage séquence involved by a round 

of hybridization-selection to herring sperm 

DNA. A radioactively labeled M l 3 probe 

was purified in this way and hybridized to a 

Southern blot containing restriction frag-

ments of the replicative form of M13 (Fig. 

2B). Total, unpurified MIS was used as a 

control on a replicate blot (Fig. 2A). The 

results indicated that the affinity-purified 

probe was enriched in séquences corre-

sponding to a région between coordinates 

1013 and 2528 on die MIS map (Fig. SA). 

Inspection of this région of the phage sé-

quence revealed the présence of a 15-bp 

motif repeated in tandem at two places in 

the protein III gene and corresponding to 

(Glu, Gly, Gly, Gly, Ser)„ (Fig. 3B). A 280-

bp fragment essentially made of one of the 

repeat clusters was purified and used as a 

probe on a Southern blot of human DNA 

cleaved with Hae 111. A typical hyperpoly-

morphic pattern was obtained (Fig. 4A). 

The pattern was clearly différent from that 

obtained with Jeffreys' probe (5, 6) under 

similar conditions. Highiy polymorphic pat-

terns were also obtained with DNA of bo-

vine (Fig. 4B), equine, murine, and canine 

origin (11), which extends the useflilness of 

the MIS to pedigree analyses in animal 

breeding. 

Our results lead to the surprising conclu-

sion that one of the most commonly used 

DNA vectors is able, by itself, to detect 

hypervariable minisatellites in a variety of 

mammals. The observation that fish DNA, 

which is frequently added in excess to hy-

bridization mixtures, competes for the 

probe explains why this phenomenon had 

remained unnoticed. It also suggests that 

omission of carrier DNA during hybridiza-

tion should help in fînding additional 

probes of this type. Finally, the wide conser-

vation of séquences showing cross-hybrid-

ization with the M13 repeat poses the ques-

tion of their putative rôle or mechanism of 

maintenance during évolution. An interest-

ing due may be found in the récent discov-

ery that another highiy conserved minisatel-

lite is associated with transposable éléments 

(72). 
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