Li et al. BMC Proceedings 2014, 8(Suppl 6):S3
http://www.biomedcentral.com/1753-6561/8/56/S3

BMC
Proceedings

Characteristics of equipartition for RNA structure

Hengwu Li'*", Daming Zhu? Caiming Zhang?, Huijian Han', Keith A Crandall®

From Great Lakes Bioinformatics Conference 2014
Cincinnati, OH, USA. 16-18 May 2014

Abstract

is an important issue.

to natural folding.

Background: With the continuous discovery of novel RNA molecules with key cellular functions and of novel
pathways and interaction networks, the need for structural information of RNA is still increasing. In order to predict
structure of long RNA and understand its natural folding mechanism, exploring the characteristic of RNA structure

Methods: The real RNA secondary structures of all 480 sequences from the database of RNA strand, validated by
nuclear magnetic resonance or x-ray are selected. For one sequence with multiple domains, the length ratios of
these domains to the sequence are computed. For one sequence with one domain and multiple sub-domains, the
length ratios of these sub-domains to the domain are computed. Then the ratios are compared and analyzed to
seek the partition characteristic of domains and subdomains.

Results: For most RNAs, the length ratios of multiple domains to its sequence are close to equal, and those of
sub-domains to its domain are also nearly identical. Most RNAs with multiple domains have two domains, so the
length ratios of the domains to its sequence are close to 0.5. For sequence with one domain and no sub-domain
or one sub-domain, the centre of domain and sub-domain is close to that of the sequence.

Conclusions: A novel finding is given that RNA folding accords with the characteristic of equipartition based on
statistical analysis. The characteristic reflects the folding rules of RNA from a new angle, which maybe more close

Background
RNAs are versatile molecules. To understand fully the var-
ious functions of RNAs, we need to first understand their
structures [1]. Experimental test of RNA tertiary structure
is too expensive and time consuming to meet practical
need, so predicting RNA structure by computer becomes
a basic method and issue in computational biology [2].
RNA is folded as the process of transcription into RNA
from DNA. In order to predict RNA structure, a case may
be made that the natural folding process of RNA and the
simulated folding of RNA using an evolutionary algorithm,
which includes intermediate folds, have much in common
[3]. So exploring the characteristic of RNA structure is
an important issue to understand its natural folding
mechanism.
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We compare the structures of the test set of all
480 sequences from RNA STRAND [4], validated by NMR
or X-Ray, and give a novel finding that RNA folding
accords with characteristic of equipartition based on
statistical analysis on real RNA secondary structures.

Methods
Let sequence s=s1s,...5,, be a single-stranded RNA mole-
cule, where each base s; € {A,U,C,G}, 1 < i < n. The
subsequence s; ; = s; 8;,1. . . §;is a segment of s, 1 <i<j< .
If s; and s; are complementary bases (A&U, C&G, U&G),
then s; and s; may constitute a base pair (j, /). A secondary
structure S on s is a set of base pairs S={(i, j)}, where
i,j €{1,2,---,n}, that satisfies the following conditions.
(No sharp turns.) The ends of each pair in S are sepa-
rated by at least four intervening bases; that is, if (i,j) € S,
then i < j-3.
For any pair (j, j) in S, (i.j) € (4, U). (C,G), (U, G), (U.4), (G, C), (G, L)),
S is a matching: no base appears in more than one pair.
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(The non-crossing condition.) If (i, j) and (k, [) are two
pairs in S, then they are compatible, that is, they are juxta-
posed (e.g. i <j < k < [) or nested (e.g. i < k < [ <j).

If (5, j)and (i + 1,j — 1) € S, base pairs (;, j) and (i+1, j-1)
constitute stack (i, i+1: j-1, j), and m(>1) consecutive stacks
form the helix (i, i+m: j-m, j) with the length of m+1.

If base pairs (i, j) and (k, /) are incompatible, they form a
pseudoknot (e.g. i < k < j < [). More complex pseudoknots
may occur if three or more base pairs cross each other.

In the past domains have been described as units of:
compact three-dimensional structure, folding, function
and evolution [5]. A domain is a conserved part of a given
sequence and structure that exists independently of the
rest of the chain, and often can be independently stable
and folded. The majority of domains have less than 200
residues with an average of approximately 100 residues [6].

A domain D(i’, j’) consists of all (7, j') that satisty, (7, j) €
D(j, j) then i < i’ < j’ < j. Each base pair and each helix is
placed uniquely in one domain [7].

A domain is closed by a helix or pseudoknot, as
Figure 1. One sub-domain is an independently stable part
of one domain. If the closed helix or pseudoknot of one
domain is deleted, its sub-domain will become domain.

By convention, single strands of RNA sequences are
written in 5’-to-3’ direction. RNA is folded as the process
of transcription into RNA from DNA. The subsequence s;;
begins to transcribe from the 5’-end s;. It terminates tran-
scription at the 3’-end s;, as Figure 1. The helix (i, i+m:
j-m, j) is totally folded after transcription of s;.

For purpose of understanding the natural folding
mechanism and pathway of RNA, we selected the real
structures of all 480 sequences from RNA STRAND with
secondary and pseudoknotted structures, validated by
NMR or X-Ray, non-fragment and non-redundant
sequences, and analyzed their domains and sub-domains.

If the structure of RNA has multiple domains, we com-
puted R as the ratios of 3’-end of domains to the length of
sequence. Let L is the length of sequence. The ratio of the
3’-end of the helix (i, i+m: j-m, j) and the domain D(j, j) to
the length of sequence s; ; is the ratio of j to L, that is
R=j/L. We compute and analyze the value of R, and seek
the partition characteristic of domains.

If the structure of RNA has only one domain, we com-
puted SR as the length ratios of its sub-domains to the
domain. If the domain D(;, j) is closed by a helix (i, i+m:
j-m, j), then its internal length is j-i-2m-1, and SR is equal
to (g-p+1)/(j-i-2m-1) for the sub-domain D(i+p, i+q) with
j-m-i>q>p>m. We compute and analyze the value of SR,
and seek the partition characteristic of sub-domains.

Results and discussion

Characteristic of equipartition for synthetic RNA

rWe compare the structures of all 248 sequences of syn-
thetic RNA. The results of statistical analysis on these
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structures are shown in Figure 1, Figure 2, Table 1
Table 2 and Table 3.

Table 1 shows the distribution of multi-domains for
synthetic RNA with more than two domains.

There are 12 sequences with more than two domains
as Table 1 and Figure 1. Sequences PDB_00195,
PDB_00262, PDB_00754 and PDB_01250, have three
domains. Their domains are 0-0.33L, 0.33L-0.66L and
0.66L-L as Table 1 and Figure 1A, which completely fits
the characteristic of equipartition. Sequence PDB_01060
has three domains, 0.25L-0.5L, 0.5L-0.75L and 0.75L-L,
but we can divide the sequence into four domains, 0-
0.25L, 0.25L-0.5L, 0.5L-0.75L and 0.75 L-L, then it also
conforms to the characteristic of equipartition.

Sequences PDB_00175, PDB_00873, PDB_00447 and
PDB_00340, have four domains. Their domains are 0-
0.25L, 0.25L-0.5L, 0.5L-0.75L and 0.75L- L as Table 1
and Figure 1B, which completely fits the characteristic
of equipartition.

Sequences PDB_01061 and PDB_00370 have five
domains. Their domains are 0-0.2L, 0.2L-0.4L, 0.4L-0.6L,
0.6 L-0.8L and 0.8L-L as Table 1 and Figure 1C, which
completely fits the characteristic of equipartition.

Only sequence PDB_01249 has six domains 0-0.17L,
0.17L-0.33L, 0.33L-0.5L, 0.5L-0.67L, 0.67L-0.83L and
0.83L-L, which is completely fits the characteristic of
equipartition, as Table 1 and Figure 1D.

Table 2 shows the distribution of domains for syn-
thetic RNA with two domains. There are 48 sequences
with two domains as Table 2 and Figure 2. The domains
of 29 sequences are just 0-0.5L and 0.5L-L, and those of
13 sequences are close to 0-0.5L and 0.5L-L, which fits
the characteristic of equipartition. The domain is
formed by parallel helixes or pseudoknots as Figure 1E
and 1F. But there are some exceptions, the domains of
sequence PDB_00196 are 0-0.33L and 0.33L-L, those of
sequence PDB_00868 are 0-0.39L and 0.39L-L, those of
sequence PDB_00709 and PDB_00710 are 0-0.4L and
0.4L-L, those of sequence PDB_00971 are 0-0.57L and
0.57L-L, and those of sequence PDB_01138 are 0-0.58L
and 0.58L-L. It can be thought as the combination of
some domains, and they close to 0.33L, 0.4L and 0.6L.
For example, we can regard sequence PDB_00196 as
three domains 0-0.33L, 0.33L- 0.66L and 0.66L-L, then
0.33L-0.66L and 0.66L-L combines into domain 0.33L-L.

The rest of 188 sequences have one domain or one
pseudokont, and the centre of domain is basically same
as that of its sequence. In common, their sub-domains
can be divided into three classes, no sub-domain in 157
sequences as Figure 1G, one subdomain with the centre
is close to that of its sequence as Figure 1H, and multi-
ple and nearly equal sub-domains as Figure 1L

For Sequence with one domain and no sub-domain,
the centre of domain is close to that of the sequence.
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Figure 1 Structures of different domains and sub-domains. (a) Structure of three domains. (b) Structure of four domains. (c) Structure of five
domains. (d) Structure of six domains. (e) Structure of two parallel domains formed by helixes. (f) Structure of two parallel domains formed by
pseudokonts. (g) Structure of one domain with no sub-domains. (h) Structure of one domain with one sub-domain. (i) Structure of one domain
with multiple sub-domains.
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Figure 2 Distribution of ratios for synthetic RNA with two domains. (a) For all validated by NMR or X-Ray, non-fragment and non-
redundant 48 synthetic RNA sequences with two domains from RNA STRAND, the length ratio of 3-end of domains to its sequence is
computed and the summarization is shown. The first ratio centres on 0.5, and the second ratio is 1.0. (b) The x-axis represents the sequence, and
the y-axis represents length ratio of the 3-end of domain to the sequence.
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Table 1 Distribution of domains for synthetic RNA with more than two domains

Sequences L D1 D2 D3 D4 D5 D6 R1 R2 R3 R4 R5 R6
PDB_00195 84 1-28 29-56 57-84 033 0.66 1.0

PDB_00262 48 1-16 17-32 33-48 033 0.66 1.0

PDB_00754 55 1-17 18-37 38-54 0.32 0.69 1.0

PDB_01250 156 15-52 53-104 105-156 032 0.69 1.0

PDB_01060 64 17-32 33-48 49-64 05 0.75 1.0

PDB_00175 96 1-24 25-48 49-64 65-96 0.25 05 0.75 1.0

PDB_00873 96 1-24 25-48 49-64 65-96 0.25 05 0.75 1.0

PDB_00447 120 1-30 41-60 71-90 101-120 0.25 0.5 0.75 1.0

PDB_00340 140 1-35 36-70 71-105 106-140 0.25 05 0.75 1.0

PDB_01061 80 1-16 33-48 49-64 65-80 0.2 04 0.6 0.8 1.0
PDB_00370 175 1-35 36-70 71-105 106-140 141-175 0.2 04 0.6 0.8 1.0
PDB_01249 150 1-25 26-50 51-75 76-100 101-125 126-150 0.17 033 0.5 067 0.83 1.0

L is the length of the sequence, D1-D6 are the domains of the sequence, R1-R6 are the ratios of 3'-end of domains to the length of sequence. The domain is

expressed as the 5'-end and 3'-end.

Table 2 Distribution of domains for synthetic RNA with two domains

sequences L H1 H2 D1 D2 R1 R2
PDB_00483 58 1-29  30-58 1-29  30-58 0.5 1.0
PDB_00816 46 1-23  24-46 1-23  24-46 0.5 1.0
PDB_00924 86 1-43  44-86 1-43 44-86 0.5 1.0
PDB_00942 31 1-15 17-31 1-15 16-31 048 1.0
PDB_00963 28 1-15 16-28 1-15 16-28 054 10
PDB_00964 36 1-19  22-34 1-19  20-36 0.53 1.0
PDB_00965 21 2-10 13-21 1-11 12-21 0.52 1.0
PDB_00966 23 2-10 13-23 1-12 13-23 0.52 1.0
PDB_00970 34 1-17 20-32 1-17 18-34 0.5 1.0
PDB_00971 30 1-17 18-30 1-17 18-30 0.57 1.0
PDB_00973 27 2-14 1527 1-14 15-27 0.52 1.0
PDB_00974 28 1-15 16-28 1-15 16-28 054 10
PDB_00979 154 3-77  80-154 1-77  78-154 05 1.0
PDB_01035 56 1-26  27-56 1-26  27-56 046 1.0
PDB_01130 60 1-30  31-60 1-30  31-60 0.5 1.0
PDB_01135 29 1-15 17-29 1-15 17-29 0.52 1.0
PDB_01136 30 2-14 17-29 2-14 15-29 0.5 1.0
PDB_01138 26 1-15 18-25 1-15 16-26 0.58 1.0
PDB_01145 40 1-20  21-40 1-20  21-40 0.5 1.0
PDB_01164 56 1-26  27-56 1-26  27-56 046 1.0
NDB_00010 8 1-4 5-8 1-4 5-8 0.5 10
NDB_00037 8 1-4 5-8 1-4 5-8 0.5 1.0
NDB_00048 56 1-28  29-56 1-28  29-56 0.5 1.0
PDB_00104 36 1-18 19-36 1-18 19-36 0.5 1.0

sequences L H1 H2 D1 D2 R1 R2
PDB_00123 92 1-46  49-92 1-46  47-92 05 10
PDB_00196 57 1-18  20-57 1-19  20-57 033 1.0
PDB_00236 48 1-24 2548 1-24 2548 05 1.0
PDB_00254 24 1-12 13-24 1-12 13-24 05 1.0
PDB_00264 48 1-24  26-48 1-24 2548 05 10
PDB_00709 40 1-16 17-32 1-16 17-40 04 1.0
PDB_00710 40 1-16 17-32 1-16 17-40 04 1.0
PDB_00868 52 1-19  21-39 1-20 21-52 039 1.0
PDB_00663 44  2-19  26-41 1-22 2344 05 1.0
PDB_00682 32 1-16  17-32 1-16 17-32 05 1.0
PDB_00688 40 1-20  21-40 1-20  21-40 05 1.0
PDB_00724 66 1-32 34-65 1-33 3466 05 1.0
PDB_00866 19 29 11-19 1-10 11-19 053 1.0
PDB_00871 48 1-24  25-48 1-24 2548 05 1.0
PDB_00874 44 1-20  23-42 1-22 2344 05 1.0
PDB_00886 92 1-46  47-92 1-46  47-92 05 1.0
PDB_00892 72 1-36 48-61 1-36 37-72 05 1.0
PDB_00929 40 1-20  21-40 1-20 21-40 05 10
PDB_00960 29  2-13 18-29  2-15 16-29 052 1.0
PDB_01017 30  2-15 17-30  2-15 16-30 05 1.0
PDB_01019 30  2-15 17-30  2-15 16-30 0.5 1.0
PDB_01156 88 1-43  45-87 1-44  45-88 05 10
PDB_01219 44 1-21 23-44 1-22 2344 05 10
PDB_00945 31 2-14 1530 1-14  15-31 048 1.0

L is the length of the sequence, H1-H2 are the helixes of the sequence, D1-D2 are the domains of the sequence, R1-R2 are the ratios of 3-end of domains to the
length of sequence. The helix data is the closed base pair in helix or the start and end bases in pseudokont. The domain is expressed as 5-end and 3'-end.

There are 11 sequences with one pseudoknotted
domain. Sequences PDB_01040, PDB_00020,
PDB_01165 and PDB_01194 have one pseudoknot with
three helixes, and the helix (2,8:18,24) and (26,32:42,48)
in PDB_01040, (1,5:15,21) and (22,27:35,40) in
PDB_00020, (1,9:12,20) and (23,31:34,42) in PDB_01165,
(1,5:12,16) and (17,21:28,32) in PDB_01194, meet the

characteristic of equipartition. PDB_00053, PDB_00209,
PDB_00134, PDB_00842, PDB_01059 and PDB_00124
have one pseudoknot with two helixes, and the centre of
the pseudoknot is same as that of its sequence.
PDB_00759 has two pseudoknots with three helixes, and
the centre of helix (3,4:13,14) is basically same as that of
its sequence.
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Table 3 Distribution of multiple sub-domains for synthetic RNA with one domain

Sequences L H1 H2 H3 SD1 SD2 SD3 D R1 R2 R3
PDB_01111 75 7-38 40-68 7-38 39-68 7-68 0.52 048
PDB_01112 75 7-39 41-68 7-39 40-68 7-68 0.53 047
PDB_01114 76 7-39 41-69 7-39 41-69 7-69 0.52 048
PDB_01115 74 7-36 40-66 7-36 37-67 7-67 049 0.51
PDB_01116 69 7-37 39-62 7-37 38-62 7-62 0.55 045
PDB_00522 48 8-18 19-32 34-43 6-18 19-32 33-44 6-44 033 0.36 0.31
PDB_00750 155 5-19 21-32 35-151 5-20 21-34 35-151 5-151 0.1 0.1 0.79

L is the length of the sequence, H1-H3 are the helixes of the sequence, D is the domain of the sequence, SD1-SD3 are the sub-domains of the domain, R1-R3 are
the length ratios of SD1-SD3 to D. The helix data is the closed base pair or the start and end bases in pseudokont. The domain is expressed as 5'-end and 3’-end

of the internal section except of closed helix or pseudokont.

As Table 3 shows the distribution of sub-domains for
synthetic RNA with one domain and multiple sub-
domains. There are 7 sequences with one domain and
multiple subdomains, as Table 5. The sub-domains of
six sequences also conform to the characteristic of equi-
partition, with only one sequence exception.

Characteristic of equipartition for tRNA
We compare the structures of all 46 sequences of tRNA.
The results of statistical analysis on these secondary
structures are shown in Table 4 and Table 5.

Table 4 shows the distribution of domains for tRNA
with multiple domains. There are 17 sequences with

two domains. The domains of 8 sequences are just 0-
0.5L and 0.5L-L, and those of 7 sequences are close to
0-0.5L and 0.5L-L, which fits the characteristic of equi-
partition. But there are some exceptions, the domains of
sequence PDB_00681 are 0-0.33L and 0.33L-L, those of
sequence PDB_01162 are 0-0.61L and 0.61L-L. It can
also be thought as the combination of two domains, and
they close to 0.33L and 0.66L.

There are 3 sequences have three domains. Their
domains are close to 0-0.33L, 0.33L -0.66L and 0.66L-L,
which fits the characteristic of equipartition.

Sequence PDB_00998 has four domains 0-0.18L,
0.18L-0.34L, 0.34L-0.5L and 0.5L-L. They can be thought

Table 4 Distribution of domains for tRNA with multiple domains

Sequence ID L N D1 D2 D3 D4 D5 R1 R2 R3 R4 R5

PDB_00307 150 2 1-75 76-150 0.5 1.0

PDB_00421 152 2 1-75 76-152 049 1.0

PDB_00472 147 2 1-73 74-147 0.5 1.0

PDB_00475 148 2 1-74 75-148 0.5 1.0

PDB_00593 152 2 1-75 76-152 0.5 1.0

PDB_00648 42 2 1-20 21-42 048 1.0

PDB_00649 39 2 1-21 22-39 0.54 1.0

PDB_00681 51 2 1-17 18-51 033 1.0

PDB_00722 152 2 1-76 77-152 0.5 1.0

PDB_00891 44 2 1-23 24-44 0.52 1.0

PDB_00904 152 2 1-76 77-152 0.5 1.0

PDB_00980 150 2 1-75 76-150 0.5 1.0

PDB_00981 150 2 1-74 75-150 049 1.0

PDB_00994 146 2 1-72 73-146 049 1.0

PDB_01054 154 2 2-77 78-154 0.5 1.0

PDB_01074 75 2 1-37 38-75 049 1.0

PDB_01162 56 2 1-34 35-56 061 1.0

PDB_00637 69 3 1-26 27-46 47-69 038 067 10

PDB_00732 78 3 1-25 26-51 52-78 0.32 0.65 1.0

PDB_00733 77 3 1-26 27-51 52-77 0.34 0.66 1.0

PDB_00998 145 4 1-26 27-49 50-73 4-145 0.18 0.34 0.5 1.0

PDB_00398 380 5 1-76 77-152 153-228 229-304 305-380 0.2 04 06 08 10

PDB_01000 148 6 1-26 27-50 51-74 75-100 101-124 0.18 0.34 0.5 0.68 0.83
125-148 1.0

L is the length of the sequence, N is the number of domains in the sequence, D1-D5 are the domains of the sequence, R1-R5 are the ratios of 3-end of domains

to the length of sequence. The domain is expressed as 5-end and 3’-end.
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Table 5 Distribution of sub-domains for tRNA with one domain and multiple sub-domains

Sequences L H1 H2 H3 SD1 SD2 SD3 D R1 R 2 R3
NDB_00051 75 10-25 26-44 48-64 8-25 26-44 45-64 8-64 032 0.33 0.35
PDB_00045 76 10-25 26-44 48-65 8-25 26-45 46-65 8-65 0.31 0.34 0.34
PDB_00070 76 10-25 26-44 48-65 8-25 26-45 46-65 8-65 0.31 0.34 0.34
PDB_00095 75 10-25 26-43 48-64 8-25 26-44 45-64 8-64 032 033 035
PDB_00229 75 10-24 25-43 48-64 8-24 25-44 45-64 8-64 0.30 0.35 0.35
PDB_00244 73 10-25 26-44 48-64 8-25 26-44 45-64 8-64 032 0.33 0.35
PDB_00259 72 10-25 26-44 48-64 8-25 26-44 45-64 8-64 032 033 0.35
PDB_00313 74 10-24 26-42 47-63 8-25 26-44 45-63 8-63 032 0.34 034
PDB_00376 73 9-23 24-42 46-62 7-23 24-42 43-62 7-62 0.30 0.34 0.36
PDB_00426 74 9-23 24-41 47-63 7-23 24-43 44-63 7-63 0.30 0.35 0.35
PDB_00903 76 10-25 26-44 49-65 8-25 26-45 46-65 8-65 0.31 0.34 0.34
PDB_00999 70 10-26 27-45 50-64 5-26 27-47 48-67 5-67 035 033 032

L is the length of the sequence, H1-H3 are the helixes of the sequence, D is the domain of the sequence, SD1-SD3 are the sub-domains of the domain, R1-R3 are
the length ratios of SD1-SD3 to D. The helix data is the closed base pair or the start and end bases in pseudokont. The domain is expressed as 5'-end and 3’-end

of the internal section except of closed helix or pseudokont.

as two groups, one is 0-0.5L, and the other is 0.5L-L,
which fits the characteristic of equipartition. For the
group 0-0.5L, it is divided into three domains, 0-0.18L,
0.18L-0.34L and 0.34L-0.5L, it also fits the characteristic.

Sequence PDB_00398 has five domains 0-0.2L, 0.2L-
0.4L, 0.4L-0.6L, 0.6L-0.8L and 0.8L-L, which completely
fits the characteristic of equipartition.

Sequence PDB_01000 has six domains 0-0.18 L, 0.18
L-0.34L, 0.34L -0.5L, 0.5L-0.68 L, 0.68L-0.83L and 0.83L-
L, which is also fits the characteristic of equipartition.

The rest of 23 sequences have one domain or one
pseudokont, and the centre of domain is basically same
as that of its sequence. There are 12 sequences with one
domain and multiple sub-domains as Table 5 and their
sub-domains all close to 0 - 0.33L, 0.33L-0.66L and
0.66L-L, which conforms to the characteristic of
equipartition.

Characteristic of equipartition for other RNA

We compare the structures of all 49 sequences of Other
RNA, 6 sequences of Ham Ribozyme and 9 sequences
of Viral & Phag.

The results of statistical analysis on these secondary
structures are shown in Table 6. For Other RNA, there are
7 sequences with two domains, and the domains are just
0-0.5L and 0.5L-L, which completely fits the characteristic
of equipartition. There are 3 sequences have three
domains. The domains of PDB_00626 and PDB_00739 are
just 0-0.33L, 0.33L-0.67L and 0.67L-L, which fits the char-
acteristic of equipartition. Sequence PDB_01261 has three
domains. They can be divided into two groups, one is
0-0.5L, and the other is 0.5L-L. Then the domain 0.5L-L
is divided into 0.5L-0.75L and 0.75L-L. Sequence
PDB_001261 and PDB_00985 has four domains. Their
domains are close to 0-0.25L, 0.25L-0.5L, 0.5-0.75L and
0.75L-L, which fits the characteristic of equipartition.

Sequences PDB_01061 and PDB_00370 have five domains.
Their domains are 0-0.33L, 0.33L-0.66L and 0.66L-L,
which completely fits the characteristic of equipartition.

For Viral & Phage, only one sequence PDB_00743 has
two domains 0-0.52L, 0.52LL, which fits the characteris-
tic of equipartition, as Table 6. The rest of 8 sequences
have only one domain and no sub-domain, and three of
them exist as two pseudoknotted helixes. The domains
all fit the characteristic of equipartition.

For Ham Ribozyme, only one sequence PDB_00157 has
two domains 0-0.5L, 0.5L-L, which completely fits the
characteristic of equipartition, as Table 6. The rest of
5 sequences only have one domain with two sub-domains,
and their sub-domains also conform to the characteristic
of equipartition.

Characteristic of equipartition for other ribozyme

We compare the structures of all 18 sequences of Other
Ribozyme. The results of statistical analysis on these
secondary structures are shown in Table 7.

Sequence PDB_00805 have 8 domains, and they can be
divided into four groups 0-0.25L, 0.25L-0.5L, 0.5-0.75L
and 0.75L-L, which conforms to the characteristic of
equipartition. Sequence PDB_00176 has four domains,
and they meet the character of equipartition. Sequence
PDB_01187 has four domains, and they can be divided
into two groups 0-0.5L and 0.5L-L, which conforms to
the characteristic of equipartition. There are 11 sequences
with two domains. They fit the character of equipartition
with three exceptions.

There are 4 sequences have only one domain.
PDB_00088 has one domain with no sub-domain,
PDB_00142 has one domain with one sub-domain, and
they also fit the characteristic of equipartition. Sequence
PDB_00078 has one pseudokontted domain with four sub-
domains 0-0.36L, 0.36L-0.48L, 0.48L-0.86L and 0.86L-L.
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Table 6 Distribution of domains for Other RNA, Viral Phage and Ham Ribozyme with multiple domains
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Sequence ID Type L N D1 D2 D3 D4 R1 R2 R3 R4
PDB_00308 Other RNA 150 2 1-75 76-150 0.5 1.0

PDB_00358 Other RNA 146 2 1-73 74-146 0.5 1.0

PDB_00419 Other RNA 150 2 1-75 76-150 0.5 1.0

PDB_00804 Other RNA 176 2 1-88 89-176 0.5 1.0

PDB_00967 Other RNA 156 2 1-78 79-156 0.5 10

PDB_00983 Other RNA 152 2 1-75 76-152 0.5 1.0

PDB_01274 Other RNA 152 2 1-76 77-152 0.5 1.0

PDB_00626 Other RNA 225 3 1-75 76-150 151-225 033 067 1.0
PDB_00739 Other RNA 228 3 1-76 77-152 153-228 033 067 10
PDB_01261 Other RNA 968 3 1-484 485-726 727-968 0.5 0.75 10
PDB_00985 Other RNA 248 4 1-62 63-124 125-186 187-248 0.25 0.5 0.75 10
PDB_01161 Other RNA 272 4 1-72 73-144 145-210 211-272 0.26 0.52 0.77 10
PDB_00743 Viral Phage 33 2 1-17 18-33 0.52 1.0

PDB_00157 Ham. Ribozyme 82 2 3-39 44-80 1-41 42-82 0.5 1.0

L is the length of the sequence, N is the number of domain in the sequence, D1-D4 are the domains of the sequence, R1-R4 are the ratios of 3’-end of domains

to the length of sequence. The domain is expressed as 5-end and 3’-end.

Table 7 Distribution of domains for Other Ribozyme

Sequence ID L N D1 D2 D3 D4 R1 R2 R3 R4
PDB_00078 316 1 1-115 116-151 152-273 1-311 0.36 048 10

PDB_00851 98 2 1-49 50-98 0.5 1.0

PDB_00856 98 2 1-49 50-98 0.5 1.0

PDB_00893 61 2 1-25 26-61 041 1.0

PDB_00956 61 2 1-25 26-61 041 10

PDB_01068 142 2 1-71 72-142 0.5 10

PDB_01069 141 2 1-70 71-141 0.5 1.0

PDB_01092 143 2 1-72 73-143 0.5 1.0

PDB_01255 159 2 1-112 113-159 0.7 1.0

PDB_01300 142 2 4-72 73-142 0.5 1.0

PDB_01301 141 2 2-70 71-141 0.5 10

PDB_01302 139 2 2-70 71-138 0.5 10

PDB_00176 96 4 2-24 26-48 50-72 74-96 0.25 0.5 0.75 1.0
PDB_01187 142 4 1-51 52-71 72-121 124-142 0.36 0.5 0.85 1.0
PDB_00805 968 8 1-242 243-484 485-726 727-968 0.25 0.5 0.75 1.0

L is the length of the sequence, N is the number of domain in the sequence, D1-D4 are the domains of the sequence, R1-R4 are the ratios of 3’-end of domains

to the length of sequence. The domain is expressed as 5-end and 3’-end.

They can be divided into two groups, one is 0-0.48L, and
the other is 0.48L-L, which nearly fit the characteristic of
equipartition. PDB_01185 has one pseudokontted domain
with three sub-domains, and sub-domain 0-0.52L and
0.52L-L nearly fit the characteristic of equipartition.

For 16S rRNA and 32S rRNA, they conform to other
characteristics besides the characteristic of equipartition,
it is a matter for further discussion.

Conclusions

In this paper, we give a novel finding that RNA folding
accords with the characteristic equipartition based on
statistical analysis on real RNA secondary structures of

all 480 sequences from RNA STRAND, validated by
NMR or X-Ray. For most RNA sequences, the length of
multiple domains is close to equal. For the sub-domains
of one domain, the length of them is also nearly identi-
cal. Most of multiple domains are two domains, so the
length ratio of the first domain to its sequence is close
to 0.5. The characteristic of equipartition reflects the
folding rules of RNA from a new angle, which is more
close to natural folding. Applying this characteristic,
algorithm can be designed to dynamically predict long
RNA structure, and the dynamic folding mechanism and
the relation of function, mutation and RNA structure
can be deeply understood from a new view.
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