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ABSTRACT

        The restriction fragment length polymorphisms distri-
bution  and frequency  of dystrophin gene in Chinese were
studied by using 14 subclones of the entire 14kb cDNA for
the dystrophin as hybridization probes.  Allelic  fragments
were detected  in hybridization  patterns of PvuII/la, Taq
I /2b-3,  Taq I/5b-7, arid Xba  l /10.  Among them, the allelic
fragments (26kb and 3.8kb)  in PvuII/2b-3  pattern and the
allelic fragments (10.0kb and 8.4kb)  in Taq I/5b-7 patterns
had  never been  reported  previously.  Compared with the
data from Caucasians and Japanese, it indicated that there
was a significant difference (P<0.01) of the allelic fragment
frequency  in  Taq  I/2b-3  and  Xba  I/10 patterns between
Chinese  and Caucasians.   The frequencies  of allelic frag-
ments  A2   (5.6kb)   in  Taq  I/8   and  A2  (10.7kb ) in  EcoR
V/9  were high  in Caucasians,  yet  had not  been detected
in Chinese, the differences were also highly significant.  But
in Chinese and Caucasians, the B1B2 allelic frequencies in
Taq I/5b-7 are the same.  As to the frequency of the allelic
fragments  A1A2 and B1B2 in Pvu II/la, there was no sig-
nificant difference between Chinese and Japanese.
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INTRODUCTION

 Dystrophin gene is a huge gene with a  length of about 2,300kb,  and  has  been
mapped  on the  Xp21.1-21.3 [1].   The  cDNA  coding  for the  protein dystrophin is
composed of 13,973bp [2]. Dystrophin is a kind of rod-shaped cellular skeletal pro-
tein (427kd) distributed on the inner surface the cytoplasmic membrance of skeletal
muscle cells,  cardiac muscle cells and brain  cells[3-7].    When deletion  and /or  du-
plication take place in the coding sequence  of  the  gene, the normal  structure and
function  of  the gene  on  the membranes  will  be altered[8] and will bring about  a
severe X-linked recessive disease (Duchenne muscular dystrophy, DMD) with an in-
cidence of approximately 1 in 3,500 newborn males. The affected boys are crippled
and usually die in their juvenile life.  The mutated dystrophin gene also can bring
about another allelic phenotype, that is Becker muscular dystrophy (BMD) with a
similar syndrome but a much longer life span.
 Since  the full-length cDNA  coding for dystrophin was cloned in 1987, probing
the molecular structure of the dystrophin gene had become one of the most attrac-
tive research subjects  in the  field of human molecular genetics.  The purpose of the
present  paper is to  reveal the genetic  polymorphism  of  dystrophin  gene at  DNA
level.   Different  fragments  of dystrophin  cDNA   were  prepared  and  used  as  probes
to hybridize with genomic DNA  isolated from Chinese individuals . The allelic fre-
quency of dystrophin gene in Chinese population was measured and then compared
with those in Caucasian and Japanese populations.

MATERIALS AND METHODS

Samples
       Peripheral blood samples were obtained from 100 unrelated Chinese (60 males and 40 females).
They were adult students and voluntary donators.
   

 Tab 1.   The probes of dystrophin cDNA used in this study
                    Order       Name of      Restriction enzymes  used      Length(kb)      Orignal subclones*

probe    for preparing probe            of probe               of probe 

  1  la EcoR I + BamH I  0.40 cDMD 1-2a
  2   2b-3 EcoR I  1.15 cDMD 2b-3
  3  4-5a EcoR I  1.85  cDMD 4-5a
  4  5b-7 EcoR I  2.50  cDMD 5b-7
  5   8 EcoR I  0.90  cDMD 8
  6   9 EcoR I +  BamH I  1.20 cDMD 9-14
  7  9-10a EcoR I + Hind III  1.27  cDMD 9-14
  8   10 EcoR I + BamH I  0.71  cDMD 9-14
  9   10b-11 Hind  III +  Hinc II  1.19  cDMD 9-14
 10  12a Hind  III +  Hinc II  0.61  cDMD 9-14
 11   12 Bgl II + Xba I  0.96  cDMD 9-14
 12  12b-13 Hind  III +  Hinc II  1.46  cDMD 9-14
 13   13-14 EcoR I +  Xba I  1.88  cDMD 9-14
 14  14 EinR I +  Hind III  1.00  cDMD 9-14                       

             * These subclones were named  by the American  Type Culture  Collection
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 cDNA  probes
  Six dystrophin cDNA subclones 1-2a, 2b-3, 4-5a, 5b-7, 8 and 9-14 were obtained from the Amer-
 ican Type Culture Collection.  They were constructed on the bluescribe SK or bluescript KS vectors
 (M13 derivatives) by Dr.  L. M.  Kunkel. Some probes were prepared on the basis of the restriction
 map [9] of dystrophin cDNA in our laboratory. The probes were listed in Tab 1.
 
 DNA analysis
  Genomic  DNA  was  prepared  according  to  Kunkel,s  method[10]  and  low-melting-temperature
agarose embedding method.   DNA was released from leucocytes in  0.5% low  melting temperature
agarose  blocks  and cleaved with restriction enzymes according to  the manufacturer,s instructions.
The digested DNA  was run on 0.8%  agarose gel (GIBCO-BRL), denatured in 0.5  M  NaOH /1.5  M
NaCl for   1   h,   neutralized  in  1  M  Tris.   HCl /1. 5   M  NaCl   for  1   h   and   blotted onto  nitrocellulose
membrane (Schleicher and Schuell)  or Nylon  membrane (Boehringer-Mannheim).  After baking the
membranes  at  80- 85℃  for  2 h,  DNA  was hybridized  to 32p  labeled  probes.  The  membranes were
washed   with  1×SSC / 0.1%SDS,  and   autoradiography  was performed  with  intensifying  screens  at
-70。C for several days.

 Statistical analysis
  The data from Japanese and Caucasians were quoted respectively from papers published by Deng
et  al[11]; Darras et  al[12]   and  Gallati et al[13]. The comparison of  the allelic frequency between ei-
ther Chinese and Japanese or Chinese and Caucasians was carried out by χ 2 test with fourfold table.

RESULTS
 The RFLPs detected in Chinese

  As shown in Tab 2,  the 6  pairs of  allelic fragments were recognized  in the hy-
bridization patterns of Pvu II/la, Taq I/2b-3, Pvu II/2b-3, Taq I/5b-7 and XbaI/10
(Fig  1-4, 6).   Among them, the allelic fragments (A1=26.0 kb,  A2=3.8 kb) in Pvu
II/2b-3 pattern and those (A1=10.0 kb,  A2=8.4 kb)  in Taq I/5b-7  pattern had
never been reported before, and  Mendelian inheritance  was demonstrated in  one
two-generation informative family, respectively.
  In addition to the allelic fragments mentioned above, a new constant band with a
length of 2.4 kb was identified in Xba I/10 hybridization pattern (Fig 6).  The probe
in revealing that new fragment was just the same one used in studying the Western
populations.
  The size of 5th hybridizing  band in  Taq  I/8  pattern was 2.0 kb, and was  not
2.3 kb as reported previously  in  Western populations.    By  studying  Taq I/8  and
Hind III/8 patterns of 10 DMD patients  who  have  different  deletions  in the region
corresponding  to cDMD8, such as deletion 3.7  kb-3.2  kb,  4.5 kb-3.2 kb, 3.7 kb-3.2
kb-4.5 kb, 6.5 kb-2.0 kb (-3.0 kb/cDMD9), and  4.5 kb, we preliminarily confirmed
that the order of the 5 constant bands in Taq I/8 pattern was 3.7 kb-3.7 kb-4.5 kb-
6.5 kb-2.0 kb and represented the exons No.47, 48, 49,  50+51, 52 of  the dystrophin
gene.
  The hybridization results  from Taq I/8  (the pattern  photo was not  shown here)
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and EcoR V/9 (Fig  5)  indicated .that  the allelic  fragments  reported  abroad [11-12]
have not been detected in the 86 X-chromosomes and the 44 X-chromosomes tested
respectively.
 The hybridization patterns from EcoR  V/ 5b-7, EcoR V/11b-12a, EcoR V/12b-
13, Pvu II/4-5a, Pvu II/10, Pvu II/14, Taq I/4-5a, TaqI/12-13, Xba I/2b-3, Xba
I/5b-7, Xba I/8, Xba I/9, Xba I/12 and  Xba I/12a-13 did not show any RFLPs in
the 15-30 X-chromosomes tested respectively.

Comparison of the RFLPs between Chinese and Japanese
 As shown in  Tab 3,  the Pvu II/la hybridization patterns (Fig.1) from 43 unre-
lated Chinese were studied.  In 57 X-chromosomes, the low-frequency allelic frag-

       Tab 2.    The RFLPs detected with dystrophin gene in Chinese population

      *  the 2 new allelic fragments  detected in this study are demonstrated with Mendelian segregation.

       

               Tab  3.  Comparison of 2 RFLPs of dystrophin gene between Chinese
                                              and Japanese populations
        

   cDNA  Restriction  Fragments Frequency and  (No.  of  X-chromosome) X2 P
                                                                             probe   enzyme   length(kb) Chinese   Japanese

      
       

la   Pvu II   A1 20.0 1.00(57)  0.97(85)   1.29  ＞0.05
      A2   5.8 0.00 ( 0 )  0.03( 3)

      B1 15.0 0.35(20)  0.43(38)   0.68 ＞0.05
      B2   8.0 0.65(37)  0.57(50)

 c DNA       Restriction          Allelic fragments                     No. of                 Expected     Females  detected
                                                                                                                    X-chromosome      heterozygote             heterozygote
probe   enzyme         Length(kb)   Frequency               tested                 frequency           Number    frequency   

  la  PvuII        Bl   15.0 0.35  57  0.46  14 0.57 
        B2   8 0  0.65  

 2b-3  TaqI  A1   3.4 0.04  27   0.08  10 0.10  

        A2    3.2 0.96

          PvuII  A1  26.0* 0.06  17  0.11  5 0.20

        A2   3.8 0.94        

 5b-7  TaqI  A1  10.0* 0.02  46  0.04  9 0.11

        A2   8.4 0.98 

        B1   3.2 0.35  46  0.46  9 0.67
        B2   1.6 0.65 

  10  XbaI  A1   7.4  0.41  80  0.48  27 0.52

        A2   6.7 0.59
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ments  A1A2 (A1=20.0 kb; A2=5.8 kb)  found in Japanese [11] were not detected,
while the high-frequency allelic fragments B 1B2  (B1=15 kb, 0.43; B2=8.0 kb, 0.57)
were similar to  those in Japanese.  The difference  of  the  allelic frequencies between
Chinese and Japanese was not significant (P>0.05) by  χ 2  test.

Comparison of the RFLPs between Chinese and Caucasians

 As shown in Tab 4, 3 allelic fragments (Taq I/2b-3:  A1=3.4 kb, A2=3.2  kb;  Taq
I/5b-7: B1=3.2 kb, B2=1.6 kb; Xba I/10:  A1=7.4 kb, A2=6.7 kb) were detected in
unrelated Chinese, while 2 other from EcoR  V/9 and Taq I/8 were not found in these
Chinese individuals.   The results of  statistical  analysis for  the 5  allelic frequencies
showed that  between Chinese and  Caucasian populations,  the difference of allelic
frequencies from Taq I/2b-3,  Taq I/8, EcoR  V/9 and Xba I/10 was quite significant
(P<0.01).  However that  from Taq  I /5b-7  (B1B2)  showed no statistical significance
(P>0.05).

     Tab  4.  Comparison of 5 RFLPs of dystrophin gene between Chinese
     and Caucasian populations

cDNA Restriction Fragments Frequency  and ( No.  of  X-chromosome) X2 P
probe  enzyme length(kb) Chinese Caucasians

 2b-3     Taq I A1 3.4 0.04(1）  0.26(11) 5.59  ＜0.01
      A2 3.2 0.96（26）  0.74（32）

 5b-7    Taq I B1 3.2 0.35(16)  0 .36(14) 0.01 ＞0.05

      B2 1.6 0.65(30)  0 .64(25)

    8    TaqI A1 6.5 1.00(86)  0 .92(36)  6 .74 ＜0.01

      A2 5.6 0.00（0）  0.08（3）

   9  EcoR V A1 11.8 1.00(44)  0 .72(43)  14.90 ＜0.001

      A2 10.7 0.00（0）  0. 28（17）

   10     Xba I  A1 7.4 0.41(33)  0.71(54) 14.00 ＜0.001

      A2 6.7 0.59（47）  0 . 29（22）

            

DISCUSSION

Two new RFLPs
 In dystrophin gene, so far there have been over 30 RFLPs  revealed by genomic
 DNA probes and over 20 RFLPs  by  cDNA  probe.  However those RFLPs markers
 are still far from enough to complete the molecular structure analysis for the huge
 gene. For instance, there are a number of DMD/BMD  families  (about 30%-40% of
 total cases) having no detectable  deleted or duplicated mutations.  Therefore, the 2
 new RFLPs found in Pvu II/2b-3 and Taq I /5b-7 hybridization patterns described in
 the present paper could enrich the boundary markers within the dystrophin gene. It
 would definitely be beneficial for carrying out the genetic linkage analysis for DMD
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or, BMD families.

 A new 2.4 kb constant band in Xba I/cDMD10

  The hybridization  pattern  and allelic fragments  of  the  Xba  I / 10  were first re-
ported  by Gallati et al[13].   There  are  5  constant hybridization bands  8.3 kb, 6.0
kb,  4.2 kb, 2.5  kb, 2.0  kb and  one allelic fragment  (7.4  kb or  6.7 kb).   However,
7  constant Hind III  bands  were  found   by  Darras et al [12] with the same  probe.
Because there were no Hind III site and Xba I site in the sequence of probe 10, thus,
the difference between the number of Hind III bands and Xba I bands implied that a
certain Xba  I/10 hybridization  band may  contain 2 Hind  III bands.  However, when
both  of  the electrophoretic  time and  the gel size were  lengthened  in this  study, a
new 2.4 kb band (Fig.  6) could be resolved preceding the 2.5 kb band of Xba I /10
constant pattern.  This new discovery further supported the viewpoint that cDMD
10 involved at least 7 exons.

The size of 5th band in Taq I/cDMD8 pattern

  The hybridization pattern of  Taq I/8 reported  by Daxras et  al[12] consisted of
4 constant bands and a  pair of  allelic fragments.  The position of the 5th band de-
scribed as 2.3 kb [12] was parallel to that  of the 6th band  of lambda bacteriophage
DNA/Hind III in all of the 10  autoradiograph films we made. The size of that band
we measured was similar to  that of  1.9 kb  band in  Taq I/8 hybridization  pattern
reported  by Zhao,  et al[14].  Furthermore,  by using the isosceles triangle radiation
comparison method, the molecular weight  of the  band  from the  photo  of Darras, et
al[12] and that of  ours were compared.  The result indicated  that the position and
size  of both  bands were identical.  Hence,  we inferred  that  the size difference was
not a real polymorphism between Chinese and Caucasians, but might be an error in
measurement or printing.

 The 5 allelic frequencies between Chinese and Caucasian

  The allelic frequency of  5 RFLPs  from Taq  I/2b-3,  Taq  I/5b-7,  Taq I/8, EcoR
 V/9 and Xba  I/10  hybridization reported  by Darras et al[12] and Gallati et al[13]
 was compared  with  that of  ours  in present  study.   The results  showed  that there
 was a significant difference (P<0.01) in the frequency  of EcoR V/9, Taq I/2b-3, Taq
 I/ 8 and  Xba I /10 between  the Chinese  and Caucasian populations. In Chinese, the
 allelic frequency  of Taq I/2b-3, Taq I/ 8 and EcoR  V/9  was low,  but  that of  Xba
 I/10 was high.  The difference between 2 races may be resulted from different neutral
 mutation rates within introns during evolution.  If  this kind  of molecular variation
 of dystrophin gene was a common phenomenon  in the human genome, we suggested
 that  the testees  of“human  genomic  mapping  and  sequencing  pro ject”[15] should
 include the genomes of the main ethnic populations worldwide.
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 Potential applications of the RFLPs

  Among  the RFLPs described  in this  paper,  Taq I /5b-7  (B1B2)  and  Xba I/10
(A1A2) are  2  flanking  markers  of  the  deletion hot spot in  the dystrophin gene.
The frequency  of  these 2 kinds of  heterozygote  ( 0.46  and  0.48) was very high in
Chinese.   In addition,  the RFLP revealed  by  Pvu  II/la was  just at  the 5’-end of
the gene with a  very high heterozygote frequency (0.46),  and is a  flanking marker
of the second deletion  hot locus.  P vu II/la, Taq I/5b-7 and  Xba I/10 could be
used as a set of molecular markers  of  the genetic  linkage  analysis  for 5’  to  3’end.
Taking together these 3  RFLPs  would be  of great  value to  the genetic counseling
and prenatal diagnosis of DMD or BMD families in Chinese population.
  The RFLPs detected by cDMD probes could be  more useful  than those by ge-
nomic DNA  in identifying  the carriers with DMD  or BMD [16-17],  because each
hybridization band represented an  exon-containing fragment and about 60% of the
patients were resulted from deletion or duplication of more than one exon.  When
the females from DMD or BMD families were analyzed by the RFLPs detected by
cDMD probes, they were also detected by dosage effect of  each band in hybridiza-
tion pattern.  This method including the analysis of the RFLPs and the detection
of deletion or duplication in  dystrophin gene  could save much material and labour
in the research.  And it  could also improve the accuracy in genetic counseling and
prenatal diagnosis.
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 Fig 1.  Pvu  II RFLP  detected  by the  dystrophin cDNA probe  la.   The allelic  fragments are
          15 kb(B1) and 8 kb(B2) in size (arrows). The constant bands are of  20 kb and 6.4
          kb.  Mendelian segregetion is demonstrated in five families.
 Fig 2. Taq I RFLP detected by the dystrophin cDNA probe 2b-3. Arrows point to the allelic
          fragments of 3.4 kb(A1) and 3.2 kb(A2).  Constant bands are shown to be of 8.6, 7.2,
         4.2, 3.3, 3.0, 2.2, 1.8 and 1.2 kb.  Mendelian inheritance is demonstrated in one family.
 Fig 3.  Pvu  II polymorphism revealed by dystrophin cDNA probe 2b-3.  Allelic fragments,
          indicated by arrows, are 26.0 kb(A1) and 3.8 kb(A2).  Constant fragments of 23.0,
          20.0, 18.0,  12.5, 10.0, 6.4,  5.5 and 4.6 kb are also indicated.  Mendelian segregation is
         demonstrated in one family.
 Fig 4. Taq  I polymorphism detected by  dystrophin  cDNA  probe 5b-7.   Arrow heads and
         arrows point to two pairs of  polymorphism  with  variant fragments  of 10.0 kb(A1)
         and 8.4 kb(A2), 3.2 kb (B1) and 1.6 kb(B2). Eight constant fragments, 6.4,  4.4, 3.6,
          2.9, 2.3, 2.1, 2.0 and 1.8 kb are also detected.  Mendelian segregation is observed in
          one family of A1A2, four families of B1B2.
 Fig 5. Normal  human EcoR  V  restriction  patterns revealed  by dystrophin cDNA probe 9.
         There is no polymorphism for  EcoR  V.
 Fig 6.  Xba I RFLP detected by dystrophin cDNA  probe 10.  Arrows point to variant allelic
         fragments of 7.4  kb(A1)  and 6.7 kb(A2) in size.  Constant  fragments  are of 8.3, 6.0,
         4.2, 2.5, 2.4 and 2.0 kb.  In six families Mendelian segregation is demonstrated.
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