I'd

Molecular Binlogy, Vol. 34, No. 4, 2000, pp. 468-473. Translated from Molekulyarnaya Biologiya, Vol. 34, No. 4, 2000, pp. 553-559.

Original Russian Text Copyright © 2000 by Korotkov, Korotkova, Rudenko.

UDC 577.1

MIR: Family of Repeats Common to Vertebrate Genomes
E. V. Korotkovl, M. A. Korotkoval, and V. M. Rudenko?

! Bioengineering Center, Russian Academy of Sciences, Moscow, 117312 Russia;
E-mail: katrin22 @mtu-net.ru
2 Moscow Institute of Engineering and Physics, Moscow, 115409 Russia
Received December 10, 1999

Abstract—We studied the occurrence of mammalian interspersed repeats (MIRs) in DNA and RNA of verte-
brates, invertebrates, and bacteria using the data from GenBank. A special algorithm based on a weight position
matrix with optimal alignment using dynamic programming was developed to search for the traces of MIR dis-
semination. This allowed us to search for highly divergent MIRs carrying deletions and insertions. MIRs were
detected in genomes of various fishes, including Latimeria. This suggests that the origin of MIRs dates back
more than 400 million years. The method to search for similarity between highly divergent sequences may be
used to find the genome fragments from various ancient repeat families and from various gene families.
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INTRODUCTION

Mammalian interspérsed repeats (MIRs) are a very
ancient repeat family of the SINE type. This family at
present remains rather poorly known, though in the
human genome it is represented by several thousand
copies [1-7] found in coding regions of many human
genes [8]. These repeats were detected in genomes of
many mammals [5-7] and in genomes of birds [8],
therefore, they originated more than 180 million years
ago. Considering that the MIRs are highly divergent
and may show no obvious homology, a large part of
them would not be revealed by the methods of exper-
imental biology based on DNA hybridization. Stan-
dard algorithms basing on the search for homologies
between symbolic sequences of the FASTA type [9]
are also unsuitable for MIR search. Special algorithms
should be developed to detect the divergent MIR
sequences in the data banks. The aim of this work was
to study MIR dissemination in vertebrate genomes
and to develop new programming algorithms to search
the data banks for MIRs and other highly divergent
sequences. Earlier we detected the MIRs using the
method of enlarged similarity of the DNA nucleotide
sequences with introduction of certain weight func-
tions based on the available MIR set [4, 8, 10]. How-
ever, these approaches failed to detect the highly
divergent MIR copies carrying deletions or insertions.
Introduction of a weight position matrix for the MIRs
using the method of enlarged similarity with further
optimal alignment by dynamic programming allowed
us to detect the MIRs in some fish genomes. We
showed that some of the known fish repeat families
had originated from the MIR.

The study of MIRs is important for better under-
standing the mammalian genome evolution. It should
allow one to reproduce the evolution history for vari-
ous genomes. The developed algorithms may be used
to detect and analyze any other highly divergent gene
families or any other sequences.

»

METHODS

Earlier we used the method of enlarged DNA
nucleotide sequence similarity [10, 11] to find 49 MIR
fragments (MB1 sequences) of about 150 bases [4]. At
this step the method of enlarged similarity is essential,
because it allows one to detect highly divergent MIR
copies and generate a representative training MIR set.
The presence of highly divergent MIR copies in the
human genome is related to the long time of MIR
existence [8]. Since it was shown that MIRs are 260
bases long [6], we completed each of the found MIRs
to 260 bases adding 55 bases from each 3' and 5' end.
This MIR set was used as a training set to calculate the
weight of each nucleotide for all MIR positions, for
further application of the weight function method [38]
to create a more representative MIR set. For the train-
ing set of 49 MIR sequences the weight v(i, ) was cal-
culated as

v(i, j) = fG HIn{fG )p}, e))

where iisabase (a, t,c,g)andj= 1,2, ..., 260, fii, )
shows the frequency of the base i in position j, p(i) is
a frequency of the base i in all set of the 49 sequences.
Searching for the MIRs in the human genome clones
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we calculated the total weight of a subsequence with
coordinates k + 1, ..., k + 260 as:

V(k)- Y v(S(j +k), j+k), )

J

where j varies from 1 to 260; k from 1 to L — 259; L is
the length of the sequence from GenBank; S(j + k)
shows the appearance of the base in position j + k of
the studied sequence. In order to estimate statistical
significance V(k) we used Z = (V,,— V)/o(V), where V,,
and o(V) are the mean and the standard deviation of
V(k) for the set of random nucleotide sequences with
base composition corresponding to that in human
DNA. Analyzing DNA sequences of the primates
from GenBank, we selected the cases when Z was
higher than 6.0. The number of such MIR sequences
was over 2-10%,

Since MIR represent a very ancient repeat family
aging more than 180 million years, it is reasonable to
expect, beside nucleotide substitutions, the presence
of various deletions and insertions. To search for MIR
carrying deletions and insertions we developed an
algorithm combining the weight position matrix [12]
and dynamic programming methods [13]. The
obtained sample of 2-10* MIRs was used to generate
a new weight function wes(i, j) as the weight of nucle-
otide i (i = a, t, ¢, g) in position j (1 £ < 260). This
weight is introduced according to (1), but for the MIR
set of more than 20- 10%. Using (1) to introduce weight
functions appears reasonable, since more frequent
nucleotides have higher weights. For example, if

p()) =0.2, fii, )) = 0.4. In this case wes(i, j) = 0.41log 2.

In case where p(i) = 0.1, i, )) = 0.2 wes(i, j) = 0.2 log 2,
i.e. two times less. On the other hand, if one intro-
duces the weights as suggested earlier [33], these
weights would be equal. It is more logical to consider
higher weight for more frequent nucleotides.

At the same time, using (1) has a drawback: rare
nucleotides would have almost zero weight. In order
to avoid this, we found the mean weight w4(7) for
each position j corresponding to one nucleotide, and
then used the modified weight as w(i, j) = wes(i, j) —
LIwgie(P). In this case even very rare nucleotides
would have negative weight according to (1), though
the function w(i, j) at small frequencies f{i, j) is some-
what nonmonotonous.

The resulting weights for each base in the set of
2-10* sequences are shown in the figure. Then we
applied the dynamic programming algorithm [13] to
fill the matrix F(k, j), where k shows the number of the
nucleotide in subsequence S of the analyzed 280-sym-
bol DNA, j shows the position of the relative matrix W,
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elements of which are the weights w(i, ) calculated as
above. We consider fik, j) as an element of matrix F:

fl, j) = max{f(k-1,j) - vy &
J
fle, j=1) - vy flk=1,j—-1) +w(s(k), j); 0.0}

Zero column and zero row may be defined as f{k, 0) =
f0,0)-kvy; O, j) =0, 0) - jv,. Element £0, 0) = 0.0.
The weight of the deletion v, was taken to be —0.3,
equal to the mean weight w(i, j). In the process of cal-
culations we fill completely the matrix F(k, j), and
then find its maximal element f,,,(k,, j,). Depending
on the f,.,, position we determine, as earlier [13], the
optimal alignment as the way from the maximal ele-
ment to the first zero with coordinates (kg, ji). This
allows us to find the “maximal subsequence” [13]. As
a result, an alignment will show this maximal subse-
quence S, and the location of the related W matrix
will be marked by the nucleotides of higher weight. In
order to speed up the calculation, we considered the
maximal nucleotide subsequence with [(k — ;)| < 10.
This limits the possible number of insertions and dele-
tions, but allows one to run the calculation more than
10 times faster as compared with the F matrix.

The sequence S may be considered as a window.
Analyzing a DNA sequence from data bank we move
this window with a step of ten bases to obtain a profile
of the analyzed sequence as function F_,(k). The
length of the sequence S (window) was considered to
be 280 bases to allow search for maximal subsequence
S,, considering the possibility of insertions and dele-
tions in the query sequence S.

To estimate the statistical significance of the opti-
mal alignment, the alignment matrix F’ is filled using
the formula:

flk, j) = max{fi(k—1,j)-vy
flej-1)—vg fk-1,j-1)+w(s(k), ) }.

Then we find d = f'(k,,, j») —f ko, Jo)- If we use (4), the
distribution of d is close to normal for the given coor-
dinates of the start and the end of the maximal subse-
quence [14]. We confirmed this using the Monte Carlo
method on 5-107 randomly generated sequences. The
result is true for any coordinates of the start and the
end of the maximal subsequence if |(k — j)] < 10 and
{(kp — ko)*+ (G = Jo)*} > 3600. This allows one to esti-
mate the statistical significance of the maximal subse-
quence using Z = (d — d)/o(d). The values of d,, and
6(d) may be found applying the Monte Carlo method
to randomly generated DNA sequences with the same
frequencies and triplet correlation of the bases as in a
human DNA sequence from GenBank.

In order to reveal nonrandom maximal subse-
quences, it is essential to find Z;, providing <5% prob-
ability to randomly find a sequence with Z > Z; in the
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Weight functions of nucleotides a, t, c, and g for the MIR, bases 1-260.

whole text (a sequence from vertebrate genome). To
do this, one should analyze the distribution of d =
ks jm) = f'(ko» jo) for a sample of more than 10'2, a
very laborious procedure. Alternatively, we found Z,
applying the Monte Carlo method to a random text of
600 mln symbols, about 20 times more than the total
size of the vertebrate DNA sequences presented in
GenBank. The random text was generated using base
frequencies and triplet correlation as in the vertebrate
sequences GenBank. For this sample we found no
cases of similarity at Z > 7.0. We also analyzed bacte-
rial sequences of more than 150 min symbols total
length, without MIR. No similarity was found at Z; >

7.0. Therefore, we assume that this Z; value is critical
and consider that we find MIRs in a vertebrate
sequence from GenBank, if Z obtained for alignment
is >7.0. The software to search for the MIR written in
Fortran-77 as available at E-mail request to:
katrin2 @mail.ru.

RESULTS AND DISCUSSION

In this work we showed the presence of MIRs in
various vertebrate genomes. Most of the results was
obtained at a significance level Z > 8.0. Importantly,
we confirmed the presence of MIRs in the chicken
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Table 1. Coordinates and significance level Z for vertebrate and invertebrate sequences from GenBank

N GZ?(E]E‘:EISEZ?S' Posﬁﬁ; n %);;IUBO:HLH 4 Species and sequence type Reference
.11 AB001865 135-6 621-756 7.4 | Coregonus lavaretus, noncoding region 15
2| AB009705 51-120 213-280 7.4 | Tropheus moorii, AFC repeat, 144-472 16
31 AB016549 41-120 54-129 8.0 |Julidochromis transcriptus, AFC repeat, 1-333 17
4| AB016567 37-150 51-173 8.5 | Julidochromis transcriptus AFC repeat, 1-376 17
S| AF061275 17-124 | 5305-5416 8.7 |lIctalurus punctatus, noncoding region 18
6| AOIRHODOPS | 1234 90959210 10.6 | Anolis carolinensis, intron 19
7| AOCIRHODOPS | 22341 63046488 7.3 | Anolis carolinensis, intron 19
8 | CCJAKI1S07 3-137 | 2945-3081 7.8 | Cyprinus carpio, intron 20
9| CHKFASA 57-181 42304342 10.0 | Gallus gallus, noncoding region 21
10| FHUS59833 13211 211-401 8.4 | Fundulus heteroclitus, noncoding region 22
11 [{GGU46503 152-66 1663-1744 8.3 | Gallus gallus, noncoding region 23
12 | LCU08034 71-144 | 8330-8410 7.2 | Latimeria chalumnae, intron 24
* 13]0GU34716 1-147 707-853 8.2 | Oncorhynchus gorbuscha, intron 25
14 | ONHHPAF 7-148 79-220 7.3 | Oncorhynchus keta, repeat Hpa I, 79-264 26
15| ONHSINESS 7-147 169-314 7.1 | Oncorhynchus kisutch, repeat Hpal 163372 27
16 | ONHSINESD 1-148 56-203 8.4 | Oncorhynchus gorbuscha, repeat Hpal, 55-240 28
17 | AF036751 7-64 32-88 7.5 |Schistosoma mansoni, RNA polymerase III-binding 29

sites, boxes A and B, 3149, 74-85

18 | BFY 18367 1424 13895-14026 9.7 | Branchiostoma floridae, noncoding region 30
19| PV14GENE 43-178 | 2296-2423 12.9 ' | Plasmodium vivax, noncoding region 31
20| PVPVAL 170-20 336477 12.1 | Plasmodium vivax, noncoding region 32

genome [8] (Table 1, nos. 9, 11). We also detected
MIRs in the genome of Latimeria (Table 1, no. 12).
This suggests that the MIRs may originate as early as
in Devon, more than 400 million years ago. The long
existence of MIRs is confirmed by their presence in the
genomes of various fish species (Table 1, nos. 1-5, 8§,
10, 13-15) and lizard Anolis carolinensis (Table 1,
nos. 6, 7). Interestingly, repeat families AFC and Hpal
from fish genomes are similar to MIR. This suggests
the origin of these families and the MIR family from
the SINE repeat family, which existed in the common
ancestor of the studied species.

We failed to detect MIRs in other vertebrate spe-
cies. This may be explained by an insufficient number
of the available sequences, on the one hand, and by the
high nucleotide divergence in the present traces of the
MIR dissemination, on the other. One may also sug-
gest that the MIR originated only in those species of
the ancient vertebrates which gave rise to modem
mammals and primates. These possibilities may be
tested when a sufficient number of sequences is avail-
able and when better algorithms allowing detection of
more divergent copies of the DNA sequences originat-
ing from a common ancestor are developed.

2000

MOLECULAR BIOLOGY Vol. 34 No. 4

We have also analyzed the occurrence of the MIRs
in invertebrate genomes. Similarity with MIRs was
revealed for the satellite DNA containing binding sites
for RNA polymerase III (Table 1, no. 17) and for the
genomic sequence of Branchiostoma floridae (Table 1.
no. 18). Similarity of the MIRs and the region of RNA
polymerase III binding is well explained by homology
of the first 70 nucleotides of the MIR with the genes
encoding tRNA and transcribed with RNA poly-
merase III. The presence of the MIR-like sequence in
the genome of Branchiostoma floridae may indicate
that the MIR family is even more ancient. However,
this should be proved by finding at least some more
MIR copies in invertebrate genomes. This would be
possible when a greater number of sequences is avail-
able from the invertebrates. We also detected MIR in
the genome of Plasmodium vivax. Earlier, Alu repeats
were found in P, vivax [32]. Probably in this case there
was a transfer of genomic material from human to
P. vivax, because P. vivax exists for a long time within
the human organism. The transferred DNA fragment
probably contained both the Alu repeat and MIR.

In all cases, similarities were found within the
most conserved MIR fragment (bases 85-155) and
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within the tRNA-like MIR fragment (bases 1-85)
[4, 6]. One may suggest that the cases of similarity are
related to the RNA polymerase III-binding sites. In
this case, similarity would be detected mainly in the
bases 1-85 of the MIR. To test this, we calculated the
weight function w(i, j) only for nucleotides 1-85 from
the MIR sample of 2-10* sequences. Then we applied
our algorithm to all sequences where traces of MIR
dissemination had been detected (Table 1). Similarity
was observed at Z < 6.0. This indicates that vertebrate
MIRs have retained both the tRNA-like part and the
most conserved MIR part starting from base 85
(Table 2).

In conclusion, we have shown that the MIRs form
a repeat family aging about 400 million years. To our
present knowledge, MIR is the only repeat family so
widespread in the vertebrate genomes. The algorithms
described in this work may be used to analyze any
other family of the repeats as well as any family of
genes to find similarity between distinct sequences
that originated hundreds of millions years ago.

REFERENCES

1. Degen, S.J. and Davie, EW., Biochemistry, 1987,
vol. 26, pp. 6165-6167.

2. Donehower, L.A,, Slagle, B.L., Wilde, M., Daglington, G.,
and Buted, J.S., Nucleic Acids Res., 1989, vol. 17,
pp. 699-722.

3. Korotkov, E.V., Dokl. Akad. Nauk SSSR, 1990, vol. 311,
pp. 238-242.

4. Korotkov, E.V.,, Mol. Biol., 1991, vol. 25, pp. 250-263.

5. Korotkov, E.V., Izv. Akad. Nauk SSSR, Ser. Biol., 1992,
no. 4, pp. 660-672.

6. Smit, A.FA. and Riggs, A.D., Nucleic Acids Res., 1995,
vol. 23, pp. 98-102.

7. Jurka, ], Zietkiewicz, E., and Labuda, D., Nucleic AcidSs
Res., 1995, vol. 23, pp. 170-175.

8. Tulko, J.S., Korotkov, E.V., and Phoenix, D.A., DNA
Sequence, 1997, vol. §, pp. 31-38.

9. Pearson, W.R. and Lipman, D.J., Proc. Natl. Acad. Sci.
USA, 1988, vol. 85, pp. 2444-2448.

10. Korotkov, E.V. and Korotkova, M.A., DNA Research,
1996, vol. 3, pp. 157-164.

11. Korotkov, E.V., DNA Sequence, 1994, vol. 4, pp. 411-
413.

12. Gribskov, M., McLachlan, A.D., and Eisenberg, D.,
Proc. Natl. Acad. Sci. USA, 1987, vol. 84, pp. 4355-
4358.

2000

MOLECULAR BIOLOGY Vol. 34 No. 4

ld

473

13. Waterman, M.S., Introduction to Compurational Biol-
ogy. Map Sequences and Genomes, London: Chapman
and Hall Press, 1995.

14. Seledtsov, I.A., and Kolpakov, F.A. in Proc. First Int.
Conf. on Bioinformatics, Novosibirsk: Inst. of Cytology
and Genetics SO RAN Press, 1998, pp. 301-304.

15. Hamada, M., Kido, Y., Himberg, M., Reist. ., Cao, Y.,
Hasegawa, M., and Okada, N., Genetics, 1997, vol. 146,
pp. 355-367.

16. Takahashi, K., Terai, Y., Nishida, M., and Okada, N.,
Mol. Biol. Evol., 1998, vol. 15, pp. 391-368.

17. Terai, Y., Takahashi, K., and Okada, N., Mol Biol. Evol.,
1998, vol. 15, pp. 1460-1471.

18. Xia, Z.F,, Patino, R., Gale, W.L., Maule, A.G., and Dens-
more, L.D., Gen. Comp. Endocrinol., 1998, vol. 113,
pp- 360-368.

19. Kawamura, S., and Yokoyama, S., Gene, 1994, vol. 149,
pp. 267-270.

20. Chang, M.S., Chang, G.D., Leu, J.H., Huang, FL.,
Chou, C.K,, Huang, C.J,, and Lo, T.B., DNA Cell Biol.,
1996, vol. 15, pp. 827-844.

21. Kasturi, R., Chirala, S., Pazirandeh, M., and Wakil, S.J.,
Biochemistry, 1988, vol. 27, pp. 7778-7785.

22. Schulte, PM., Gomez—Chiarri, M., and Powers, D.A.,
Genetics, 1997, vol. 145, pp. 759-769.

23. Lin, A.-W., Chang, C.C.. and McCormick, C.C I, Biol.
Chem., 1996, vol. 271, pp. 11911-11919.

24. Betz, U.A.K., Mayer, W.E,, and Klein, J.. Proc. Natl.
Acad. Sci, U.S.A., 1994, vol. 91, pp. 11065-11069.

25. Miller, K. M., and Withler, R.E., Immunogenetics, 1996,
vol. 43, pp. 337-351.

26. Murata, S., Takasaki, N.. Saitoh, M., Tachida, H., and
Okada, N.. Genetics, 1996, vol. 142, pp. 913-926.

27. Murata, S.. Takasaki, N., Saitoh, M., and Okada, N.,
Proc. Natl. Acad. Sci. USA, 1993, vol. 90. pp. 6995-
6999.

28. Takasaki, N., Park, L., Kaeriyama, M., Gharrett, A.J.,
and Okada. N., J. Mol. Evol., 1996, vol. 42, pp. 103-116.

29. Ferbeyre, G., Smith, J.M., and Cedergren, R.. Mol. Cell.
Biol., 1998, vol. 18, pp. 3880-3888.

30. Boeddrich. A., Burgtorf, C., Francis, F, and Lehrach, H.,
ftp://www.nbci.nih.gov/genbank/gbvrt.seq.Z

31. Gupta, S. and Sharma, Y.D., ftp://www.nbcinimnih.gov/
genbank/gbvrt.seq.Z

32. Dhar, A., Gupta, S., and Sharma, Y.D., FEBS Lett., 1998,
vol. 423, pp. 193-197.

33. Karlin, S. and Altschul, S.F,, Proc. Natl. Acad. Sci. USA,
1990, vol. 87, pp. 2264-2268.




KOROTKOV et al.

472

883 18ve—v183101-0100 11— 1Fv-01008eT 1010 100ve ) 10 119ee0d—-83 110ov81813 1080 Jov ) 10ED
388 10ee0e18808©051001102110010100318 199010088 1118035031833 100ee 183 1210003080 108D

4!

1918008911-201880181818e00313880ve8 17807 188001010158 F9019eF 111901081015 1eEER 153330 100 0N
e3eo33 18eveede 1-8000081103vv0003 1008 jeeeeeeeeSededeoeded joveeofe—je—e—v10)1-080 1B IR ])

108 18eve 19 18-08e 1ee 11883 10—R 11238818 1-1311883e 1801008 1908 150 Je—0 )RR 183333 JRERR 13—
108 1—eee 1818112110118 1efeeeeeoe 118121811888 110011 jeeeoREdRdRod 10— 11818 1eS03-3Re

918519051118801903e8191-29100ee 1108118080835 1105881815183 1081108058 10195—99918835113955 1001 1088eo—o3e33 1-2103-Feoeogedee 1198 15¢e
9089 195— 1089-593 118380 1008R 1 }0008BREROF RS 1-00-218-8—3—19—101098 JoroLIL90 1080 11888 10— 119808 10015 18110808 1 1wodede— 1388 18¢

01

3e81811811888e182100u 150018 1ve 181103888 JeRRR 1810101091118 801958e-81919109811108118889838 1190081513 108w 1081198093 191088000 18R
fedel1189)-88e-e0100uv 1018088 188 1—08~885 1eREL 1819180005 1118v010080081-18150—1189-188veo2 1811119518 1-1-8-1080-0193F 191128197180

6

2)F1091w0)-00 1 11f
v111e101805088 1-

©912988-8101010508e 1100 1130e0338 11008818 1-8 1030 108 1-101903 1919889512835 11385 1983 1088—e—003€35 101038 eoeodede—r 1183 15e je08e - 150
©119-3e13 10B00008REOOEI3T vEOT RS 1100081833 10— 0v0018ee830088851513¢8 111833 1—3 1135ee 10008 190 1088—1115eSeSe 1139 15 19035 1003130

8

31018051888 1108er1000080191825191 1091880~ 1-31818v001-18880ved 1100
10191983 e-s0rved 1 10eFedeoled 10811801 1eedoTee 1900000 e eo-ud-udeid e

18B935191918-889210881~110910v1018 jev—ee 13338~ 00— JRR 10T L5080 1oL 18838115119 15e85e 1~ 1eee 1563 1 1R 1800 13 1eRed 190 1188 e~00ud 1990
©338383e3883 1013181328 121308 1e8wor 1011109100 8817180 1-8 1900eREORR 15 1—19 1 18R IBR 119011 JBOR 1B 18— 100—11-05 19eeR 1105 18%E 1090 1 1 108033

g1e1e301183 183 1103030008385 19183e800088018091888 11538ve 100088019189080118—9518F013 15180511833 0veT 11800 18EI01019138F0o10u8
03 18908OE 118D 1RRE—I }0BOBRID 8L 1991388859 10185 10990ved 1112333 118281088 1210111588 1800080133 vw 008 1 1085 18— 1-9-vTee33 10858 10

9

18891-2503e8109109100-8vR 1108118082833 119988 13—-13108v 108 ) 198298 19103e0091veT511338 1—098 10T 05388 10~ 1083e—oe05eTEE 113
18208©9955395101091%€1190188ee08e8511083885 318 10—v203 108 ee008908v0RvEO0D0ERED 1 1598809188 0vT o 1-88—~ 10011838 11808-8ee 118

yee—1e8833 1ee~€R 18 10— 1-80—100111880-1058eT 1919 1908e ) 1981 13Le2353 119988 18-19 105-1 108 1108008 1-0—1088590 1850 115-35 1008 10vFeooTe
1eed 1eed 151288 1215188 10808902908 188011098 1-19989951 1119803520383 11501818119908 111180988903 1€9019-292018880119033 1-1338ewSuoove

14

10082 110-19100uv 1100 118ev0883 1100131818 108w 1981101958 151098800018e80 113380953 10v8e
1098— 102190010 1 1ovoedees883115913181198-918891918e083911098300958e3911383—5031133¢

(a2

1008e8 10-10100rR 1108113082833 110098818 181-0-8e 108 1—108998 151988995 188851158
10098 1—~10810-501111080e3ee2333110918181-1821881001810-19-1038810951-e8011838

[4

eviedoeied 1831 1ee
1e1088e103e08E )}

Fedovo-v83010138e800-08v-0185018388 1108ev 10008010 19-0000 1 )—vo—— 1u-80)9-13 1800 1183 0ved 1 1wo ) 180010 1-018e80-0 108811100 108—1019
a8 1eea008-810v118e0 11 100ee 18e—-008vREs 1188801080180 10180100 ) e jeaves InovadTTero 108110181900 1198-8e 1 1e~voded-Groe 1- 1988 13 s8wo

1

douanbag

N

1 219., 01 3uIpIodoe palaquinu a1k SYJIA Y, "uonisod yoea je 1yS1om [eurxew Jo saseq ay) Yim
9ouanbas YN paresdaul ay) moys saul] 1emo ‘(seul] seddn) yueguan wioly SOWIOUT SILIGILIAAUT PUL NLIGINISA SNOLIBA Ul punoj seouanbas apnosjonu YA *Z 2lqel

2000

MOLECULAR BIOLOGY Vol. 34 No. 4




