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1. ABSTRACT 2. INTRODUCTION

Human and chimpanzee introns contain Mattick (/-4) and colleagues have postulated
numerous sequences strongly related to known microRNA that introns constitute the basis for genetic regulatory
hairpin structures. The relative frequency is precisely networks. We previously demonstrated that complete
maintained across all chromosomes, suggesting the intronic sequences transfected into human cells result in
possible co-evolution of gene networks dependent upon intron-specific gene expression patterns (5). However,
microRNA regulation and with origins corresponding to the expression of conventional microRNAs, small 22 nt
advent of primate transposable elements (TEs). While the sequences classically cleaved by Drosha from larger,
motifs are known to be derived from transposable elements, hairpin-containing DNA motifs, could not account for
the most common are far more numerous than expected these earlier observations. MicroRNA expression clearly
from the number of TEs and their paralogous sequences, contributes to gene network organization, but the extent
and exhibit striking conservation in comparison to the and impact of microRNAs on mRNA expression, primate
surrounding TE sequence context. Several of these motifs development and evolution remain to be determined. For
also exhibit structural complimentarity to each other, example, environmental perturbations such as hypoxia
suggesting a pairing function at the level of DNA or RNA. dramatically alter genome-wide microRNA profiles, but
These “pseudomicroRNAs,” in semblance to pseudogenes, the changes show limited concordance (and poorly
include hundreds of thousands of vestigial paralogs of predict) overall shifts in the mRNA transcriptome (6).
primate microRNAs, many of which may have functioned
historically or remain active today. Rodriguez et al (7) noted that among a well

814



Conservation of intronic microrna sequences

described cohort of 232 mammalian microRNAs, more
than half were found in introns. These same
investigators observed that expression of many
mammalian microRNAs may be directly linked to
transcription of the surrounding DNA sequences (both
protein-coding and noncoding RNAs). Others (8) have
suggested that introns are the result of the propagation of
replicative transposons or retrotransposons and that
introns are, in fact, “broken” transposons. This latter
assertion is compatible with the finding that 60% of
transposable elements in both human and mouse are
found in introns (9), and that a number of human
microRNAs have originated from transposable elements
(10). However, the bioinformatic connections between
intronic DNA, the prevalence of microRNA hairpin
structures in both human and nonhuman primates, and
the relationships of these microRNA signatures with
regard each other or to the transposable elements
from which they derive, have not been assessed in
detail.

Ruby et al (11) identified sequences from
introns that resemble microRNA hairpins and showed
that these “mirtrons” can sometimes be processed in
the absence of Drosha, the enzyme that typically
cleaves the microRNA hairpin at its base. In their
model, splicing defines pre-microRNAs in a fashion
similar to the classical means of cleaving microRNA
hairpins from a larger RNA sequence. In the present
work, we provideevidence for many hundreds of
thousands of genomic sequences that may in fact be
functioning (or have functioned evolutionarily) as
microRNAs. The finding of a massive number of
microRNA related hairpins (“pseudomicroRNAs”)
suggests a critical role during establishment of primate
evolutionary diversity, and may represent the same
sort of historical record attributable to pseudogenes. In
this report, we describe a relative frequency profile of
the 10-12 most common of these sequences in human
and chimpanzee. This profile is essentially the same
in both species and is strikingly maintained across all
chromosomes irrespective of chromosomal size. The
two most common pseudomicroRNAs have been
maintained at an approximate 1:1 ratio despite a
twenty-one-fold difference in the number of copies of
transposable elements from which the sequences were
derived.

3. MATERIALS AND METHODS

All intronic sequences from human and
chimpanzee genomes were obtained from the UCSC Table
Browser using hgl8/NCBI Build 36.1 (32). Intronic
sequences were individually used as queries in a BLAST
(version 2.2.16) (33) search against both the microRNA
hairpins and the mature microRNAs from the miRBase
database (/2). We then developed Java servlets to convert
results of the BLAST searches into a relational database
using Microsoft Access. The resulting database was
filtered by using a number of SQL queries. The results of
the initial BLAST search were filtered to yield only those
matches in which there were at least 18 identical
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nucleotides and a maximum E-value of 1 x 10,
4. RESULTS

4.1. Genome-wide analysis of DNA hairpin sequences

The complete sets of known human and
chimpanzee intronic sequences were used as queries
against the Sanger microRNA hairpin database and the
mature microRNA database (/2). The result of the initial
BLAST search for microRNA hairpins was filtered to yield
only those matches in which there were at least 18 identical
nucleotides and an E-value < 1 x 10™. There were 698,069
hairpin hits that matched these criteria across the human
genome and 762,787 across the chimpanzee genome. The
distribution of hairpins by chromosome is depicted in Table
1 for human (and Table 2 for chimpanzee). Human and
chimpanzee E-values ranged from 10 to 4 x 107 and 1 x
10*t0 9 x 10, respectively.

Table 3 depicts the percentages of significant
BLAST hits against a subset of the most common
microRNA hairpins for each human chromosome, and for
the entire genome (Table 4 provides the corresponding data
in chimpanzees). The relative proportion of hits for each of
the hairpins is remarkably similar and strongly conserved
across every chromosome. Notably, each of the
microRNAs presented in Table 3 is listed as occurring only
once in the Sanger hairpin database (i.e. at a single
chromosomal location) when a standard microRNA search
was conducted, despite the presence of hundreds of
thousands of closely related sequences throughout both
primate genomes. The authentic frequency of these related
sequences, therefore, could be missed using standard
methodologies to query genomic data repositories.

4.2. Genome-wide mature microRNA analysis

A BLAST search against the Sanger mature
microRNA database yielded 1,661 exact microRNA
matches (E-value <= 0.0001) in the human genome and
2,003 in the chimpanzee genome. This represents a more
conventional accounting of microRNAs than the hairpin-
based search shown above. None of the most numerous
mature microRNAs corresponded to the frequent hairpin
sequences described in Table 1, and are therefore likely to
represent functionally and/or evolutionarily distinct entities.

4.3. Analysis of microRNA-related hairpins in the
human and chimpanzee genomes

The most common microRNA hairpin database
sequences resulting from BLAST hits against the Sanger
database are shown in Figure 1. There was no strong
preference for the plus or minus strand among the intronic
sequences. A subset of the frequently occurring human
intronic hairpin sequences (colored) versus complete
microRNA hairpin sequences obtained from the Sanger
database is depicted, with representative alignments of
known microRNAs to numerous pseudomicroRNAs. The
sequences corresponding to mature microRNAs are
highlighted in yellow. Figure 2 represents a summary of
multiple sequence alignments (/3) of twenty-five hsa-mir-
566 homologs with the most significant BLAST E-values



Conservation of intronic microrna sequences

Table 1. Distribution of microRNA hairpin BLAST hits across human chromosomes

OBS/EXP (% | OBS/EXP (% | No. unique
% No. % % bp) genes) microRNA

Chromosome | Mbp genome bp | genes genes | BLAST HITS | BLAST HITS | BLAST HITS* BLAST HITS* hairpins’
1 247 8.02 3186 9.69 | 46511 6.66 0.83 0.69 150

2 243 7.89 2093 6.36 | 49282 7.06 0.89 1.11 106

3 200 6.5 1638 4.98 | 41555 5.95 0.92 1.2 153

4 191 6.2 1300 3.95 | 27192 3.9 0.63 0.99 117

5 181 5.88 1448 4.4 33556 4.81 0.82 1.09 140

6 171 5.55 1843 5.6 31602 4.53 0.82 0.81 62

7 159 5.16 1722 5.24 | 41466 5.94 1.15 1.13 144

8 146 | 4.74 1162 3.53 | 25699 3.68 0.78 1.04 47

9 140 | 4.55 1394 4.24 | 30173 4.32 0.95 1.02 303

10 135 | 438 1259 3.83 | 38813 5.56 1.27 1.45 89

11 134 | 435 2000 6.08 | 30904 4.43 1.02 0.73 82

12 132 | 4.29 1509 4.59 | 36777 5.27 1.23 1.15 76

13 114 3.7 611 1.86 | 12519 1.79 0.48 0.96 20

14 106 | 344 1420 4.32 | 25285 3.62 1.05 0.84 42

15 100 | 3.25 1143 3.48 | 26836 3.84 1.18 1.1 71

16 89 2.89 1270 3.86 | 28495 4.08 1.41 1.06 48

17 79 2.57 1650 5.02 | 42490 6.09 2.37 1.21 101

18 76 2.47 480 1.46 | 12950 1.86 0.75 1.27 84

19 64 2.08 1861 5.66 | 35475 5.08 244 0.9 138

20 62 2.01 824 2.51 | 20880 2.99 1.49 1.19 126

21 47 1.53 386 1.17 | 9657 1.38 0.9 1.18 93
22 50 1.62 812 2.47 | 18684 2.68 1.65 1.08 61

X 155 5.03 1529 4.65 | 29173 4.18 0.83 0.9 140

Y 58 1.88 344 1.05 | 2095 0.3 0.16 0.29 11
genome 3079 32884 698069

*Frequency of BLAST hit observations normalized to the expected number if all BLAST hits were distributed evenly among all
chromosomes or known genes. T Total number of unique microRNA related hairpins (with distinct mi croRNA identification

(ID) numbers) matched by BLAST search

(<1 x 107, and indicates a much higher degree of
conservation among hsa-mir-566 hairpin homologs versus
either upstream (5”) or downstream (3’) DNA.

A high degree of similarity between the most
common intronic hairpin sequences and corresponding,
previously established microRNAs was observed. The
two most prevalent, but previously unappreciated
microRNA-related motifs represent over 280,000
occurrences of hsa-mir-566 or hsa-mir-619 paralogs in

the human genome, and more than 290,000 in
chimpanzee.
As an additional test of the prevalence and

conservation of a specific microRNA hairpin, the first
sequence of Figure 1 (sub-sequence of hsa-mir-566;
occurring 19,521 times) was used as a query to retrieve
common and related motifs. The fifteen most frequent
among 10,861 resulting human sequences are shown in
Table 5. All of these are essentially the same except for
minor base substitutions. The most prevalent (which
occurs 362 times) was aligned with hsa-mir-566 (Figure
3). The region includes a sub-sequence that differs from
the mature hsa-mir-566 by only three bases. When the
same procedure was used to retrieve common intronic
sequences similar to hsa-mir-619, the fifteen most
common (of 783 intronic sequences) again exhibited
only minor base substitutions (not shown).
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5. DISCUSSION

Although once viewed as irrelevant, intronic
DNA is presently known to serve a number of crucial
functions (/4-25). Among these is a role for introns and
their imbedded transposable elements as a repository for
DNA variation (7,9,10). For example, the microRNA hsa-
mir-566 is derived from Alu Sg and found on human
chromosome 3. Hsa-mir-619 occurs on chromosome 12,
and is derived from the more ancient Alu Sx and the LINE,
LIMC4. Alus Sx and J, the earliest ancestors of all Alus,
had their period of greatest amplification around 55 million
years ago (mya) at which time approximately 850,000
thousand copies are thought to have appeared during the
initial stages of the primate radiation. Approximately
40,000 copies of Alu Sgl, a descendant of Alus Sx and J,
appeared later - around 35 mya (26). Although an
approximately twenty-one fold difference exists in the
amplification of these two Alus during the primate
radiation, the ratio of microRNA-related hairpin sequences
derived from these retrotransposons (hsamir-619 and hsa-
mir-566) has been maintained at a constant ratio (1.1:1.0)
across every chromosome of both the human and
chimpanzee genome. The explanation for this remarkable
degree of conservation among hsa-mir-619 and -566 is not
known (Table 3 and Table 4). However, the ratio of
sequences similar to known microRNAs is clearly a
function of both the invasive success of the transposons,
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Table 2. Distribution of microRNA hairpin BLAST hits across chimpanzee chromosomes

OBS/EXP | OBS/EXP
% % (% bp) (% genes) No. unique
genome No. % BLAST BLAST | BLAST BLAST microRNA
Chromosome | Mbp bp genes | genes HITS HITS HITS* HITS* hairpins’

1 230 7.25 2771 9.82 70777 9.28 1.28 0.94 320
2A 224 3.59 962 341 27838 3.65 1.02 1.07 64
2B 250 7.88 951 3.37 27175 3.56 0.45 1.06 115

3 204 6.43 1606 5.69 44871 5.88 0.91 1.03 216

4 195 6.14 1220 4.32 28434 3.73 0.61 0.86 129

5 184 5.80 1320 4.68 37180 4.87 0.84 1.04 193

6 174 5.48 1542 5.47 33809 4.43 0.81 0.81 90

7 160 5.04 1471 5.21 42844 5.62 1.11 1.08 175

8 145 4.57 1027 3.64 27782 3.64 0.80 1.00 82

9 139 4.38 1159 4.11 31331 4.11 0.94 1.00 346
10 135 4.25 1118 3.96 40126 5.26 1.24 1.33 106
11 134 4.22 1591 5.64 31724 4.16 0.99 0.74 102
12 135 4.25 1436 5.09 42097 5.52 1.30 1.08 115
13 116 3.65 522 1.85 11523 1.51 0.41 0.82 26
14 107 3.37 925 3.28 25414 3.33 0.99 1.02 64
15 100 3.15 877 3.11 28515 3.74 1.19 1.20 93
16 91 2.87 1115 3.95 31406 4.12 1.43 1.04 75
17 83 2.61 1490 5.28 50315 6.60 2.53 1.25 129
18 77 243 483 1.71 13590 1.78 0.73 1.04 107
19 64 2.02 1629 5.77 37419 4.91 2.43 0.85 112
20 62 1.95 728 2.58 21553 2.83 1.45 1.10 156
21 46 1.45 319 1.13 10476 1.37 0.95 1.22 105
22 50 1.58 586 2.08 19692 2.58 1.63 1.24 75
X 155 4.88 1198 4.25 25760 3.38 0.69 0.79 178
Y 24 0.76 165 0.58 1136 0.15 0.20 0.26 8

genome 3174 28211 762787

*Frequency of BLAST hit observations normalized to the expected number if all BLAST hits were distributed evenly among all
chromosomes or known genes. fTotal number of unique microRNA related hairpins (with distinct microRNA identification (ID)

numbers) matched by BLAST search

and the degree to which the associated microRNAs have
diverged from a common founder sequence. In some cases
(e.g. hsa-mir-566), the sequence of a mature microRNA has
been highly conserved within numerous introns. In others,
such as those related to hsa-mir-619, the transposon-
derived intronic sequences do not resemble known mature
microRNAs, but maintain strong homology to a microRNA
hairpin, and have their ancestral basis in a microRNA
paradigm. Notably, despite common origins within
transposable elements, the hairpins themselves are much
more highly conserved than surrounding DNA sequence, a
finding that supports evolutionarily preservation
specifically of the hairpin related motifs, rather than nearby
sequences within the ancestral Alu or other repetitive
elements.

The finding that hundreds of thousands of
microRNA sequences have expanded in concert with the
primate radiation, and persist as a predominant feature of
the genome, may have significant implications with regard
to the evolution of human DNA. For example, it is
reasonable to imagine that a diaspora of transposable
elements encoding microRNAs capable of gene network
regulation might promote substantial organism diversity
(and complexity), despite a comparatively modest number
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of discrete genes. High level sequence conservation (Table
3, Figure 1) and stoichiometry (Table 3) among microRNA
hairpins suggest a recondite selective advantage important
to maintenance or evolution of the primate genome. Stem-
loop models of the most prevalent hairpins support the
notion that hsa-mir-566 and hsa-mir-619 form structures
that expose complementary bases to each other (as well as
to their respective reverse complements; an example is
provided for hsa-mir-566 in Figure 4). Such structures
could promote RNA binding interactions, such as an
adaptive role silencing transposable element expression (/0).
On the other hand, this sort of stem-loop complementarity
might instead contribute to chromosomal pairing during
meiosis as proposed earlier by Forsdyke (75, although the
circumstances under which this might occur are not known
with certainty). The relative paucity (by 3-15 fold; Table 1) of
microRNA-related hairpin sequences on the Y chromosome
(which does not extensively pair during meiosis) could be
compatible with the latter interpretation. In either case, the
observation that legions of microRNA-related hairpins occur in
the primate genome, including tens of thousands that encode a
mature microRNA, will need to be reconciled with current
models of transcriptional regulation and specificity. This is
especially true given recent evidence for nonconventional
pathways that process microRNAs, such as those that do not
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Table 3. Percent of total BLAS

trons

T hits among hairpins commonly observed in human in
— T — — —

Chromosome | h ir- | h - - hsa- - - - | hs - | hsa- hsa- hsa- hsa-
619 566 548d-2 mir- 548d-1 548a-1 548a-2 548a-3 mir- mir- mir- mir-

548¢ 645 548b 603 570
1 52.68 4531 0.40 0.32 0.28 0.15 0.14 0.12 0.06 0.05 0.03 0.02
2 51.72 44,98 0.67 0.61 0.50 0.31 0.20 0.24 0.06 0.11 0.07 0.09
3 51.36 44.98 0.66 0.66 0.56 0.29 0.22 0.22 0.05 0.13 0.07 0.09
4 50.88 45.13 0.75 0.72 0.57 0.33 0.22 0.31 0.07 0.13 0.11 0.07
5 51.62 45.33 0.62 0.63 0.45 0.27 0.19 0.20 0.04 0.10 0.04 0.07
6 51.45 45.11 0.68 0.65 0.52 0.32 0.28 0.25 0.05 0.10 0.07 0.11
7 50.96 4541 0.69 0.63 0.55 0.34 0.23 0.22 0.07 0.09 0.03 0.05
8 51.38 44.59 0.85 0.79 0.67 0.35 0.29 0.34 0.09 0.12 0.07 0.09
9 50.48 44.44 0.63 0.63 0.52 0.28 0.15 0.18 0.04 0.05 0.03 0.10
10 51.79 44.74 0.66 0.68 0.54 0.20 0.24 0.27 0.04 0.15 0.10 0.10
11 51.85 45.19 0.53 0.50 0.42 0.24 0.20 0.17 0.06 0.08 0.05 0.07
12 52.53 44.97 0.54 0.45 0.40 0.27 0.16 0.15 0.07 0.07 0.08 0.05
13 51.04 45.08 0.80 0.83 0.57 0.40 0.35 0.35 0.06 0.10 0.14 0.18
14 52.56 44.98 0.53 0.54 0.40 0.24 0.17 0.20 0.03 0.02 0.05 0.09
15 52.29 45.60 0.41 0.44 0.33 0.18 0.15 0.12 0.03 0.06 0.04 0.04
16 52.86 45.20 0.37 0.43 0.28 0.16 0.13 0.12 0.05 0.06 0.05 0.04
17 51.33 46.86 0.33 0.32 0.26 0.13 0.01 0.11 0.03 0.05 0.02 0.03
18 50.75 44.14 0.97 1.00 0.85 0.52 0.36 0.35 0.06 0.16 0.10 0.09
19 52.22 46.15 0.18 0.15 0.14 0.10 0.10 0.09 0.01 0.06 e
20 51.91 4531 0.44 0.40 0.34 0.16 0.13 0.08 0.03 0.12 -—-- 0.03
21 48.45 46.44 0.61 0.68 0.50 0.24 0.17 022 | ----- 0.12 0.10 0.19
22 51.95 46.71 0.21 0.18 0.13 0.08 0.07 0.04 004 | - | --eme- 0.03
X 49.53 45.94 0.82 0.78 0.62 0.37 0.25 0.30 0.03 0.10 0.13 0.15
Y 51.65 47.06 0.29 0.29 0.24 0.14 0.14 0.05 0.05 | --—-- | -—--- 0.05
genomeavg. | 5].59 45.34 0.56 0.54 0.44 0.25 0.19 0.19 0.05 0.09 0.07 0.06

Table 4. Percent of total BLAST hits among hairpins commonly observed in chimpanzee introns
hsa-mir- | hsa-mir- | hsa-mir- hsa-mir- hsa-mir- hsa-mir- hsa-mir- hsa-mir- hsa-mir- hsa-mir-
619 566 548d-2 548¢ 548d-1 548a-1 548a-2 548a-3 548b 603
chromosome

1 53.64 43.40 0.46 0.42 0.35 0.20 0.21 0.16 0.09 0.05

2A 52.92 44.55 0.50 0.44 0.34 0.21 0.19 0.19 0.07 0.06

2B 52.69 43.10 0.77 0.72 0.57 0.38 0.32 0.30 0.10 0.09

3 52.51 43.28 0.66 0.69 0.55 0.29 0.27 0.23 0.11 0.09

4 52.05 43.83 0.75 0.68 0.58 0.33 0.23 0.26 0.11 0.12

5 52.58 44.14 0.58 0.60 0.42 0.28 0.19 0.18 0.12 0.07

6 52.34 43.62 0.67 0.69 0.53 0.33 0.36 0.28 0.14 0.10

7 52.14 43.95 0.74 0.67 0.59 0.30 0.23 0.22 0.09 0.05

8 52.51 43.02 0.84 0.82 0.68 0.39 0.33 0.38 0.12 0.14

9 52.01 42.63 0.69 0.63 0.54 0.29 0.22 0.21 0.08 0.06

10 53.18 43.68 0.57 0.61 0.46 0.20 0.17 0.20 0.08 0.05

11 53.07 43.54 0.51 0.54 0.41 0.27 0.24 0.28 0.10 0.09

12 53.12 43.92 0.46 0.46 0.41 0.24 0.19 0.22 0.09 0.10

13 51.98 43.77 0.86 0.75 0.64 0.39 0.41 0.36 0.15 0.21

14 53.71 43.3 0.52 0.50 0.40 0.27 0.27 0.29 0.07 0.09

15 53.65 43.82 0.42 0.40 0.30 0.17 0.20 0.17 0.08 0.04

16 54.15 43.74 0.37 0.36 0.29 0.12 0.13 0.12 0.04 0.04

17 52.03 46.05 0.28 0.31 0.23 0.11 0.12 0.11 0.05 0.04

18 51.64 42.88 0.87 0.94 0.95 0.50 0.35 0.43 0.18 0.18

19 53.45 44.75 0.19 0.19 0.16 0.11 0.14 0.13 0.07 0.02

20 52.88 43.82 0.45 0.41 0.37 0.17 0.16 0.10 0.10 0.01

21 49.74 44.76 0.59 0.73 0.45 0.26 0.26 0.30 0.14 0.16

22 52.66 45.53 0.18 0.19 0.14 0.07 0.09 0.11 0.06 0.03

X 50.27 44.23 0.83 0.09 0.62 0.36 0.27 0.32 0.19 0.12

Y 55.11 43.05 0.44 0.44 0.35 0.26 0.18 0.18 0.00 0.00

genome avg. | 52.70 43.90 0.55 0.54 0.43 0.25 0.22 0.21 0.10 0.07
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Table 5. Common human intronic sequences with similarities to hsa-mir-566 hairpin

Intronic Sequence Count
ggcgtagtggcgggcegcectgtagtcccagcetacttgggaggctgaggcaggagaatggcegtgaacccgggaggcggagcettgcagtgage 362
ggcgceggtggegggcegcectgtagtcccagctactcgggaggetgaggcaggagaatggegtgaacccgggaageggagcttgcagtgage 282
ggcgtggtagcgggcegcectgtagtcccagetactcgggaggcetgaggcaggagaatggegtgaacccgggaggeggagcttgcagtgage 102
ggcgtggtggegggcegcectgtagtcccagetactcgggaggcetgaggcaggagaatggegtgaacccgggaggceggagcettgcagtgage 78
ggcgtagtggcgggcegcectgtagtcccagetactcgggaggcetgaggcaggagaatggegtgaacccgggaggeggagcttgcagtgage 47
ggcgtggtggegggcegcectgtagtcccagcetacttgggaggcetgaggcaggagaatggegtgaacccgggaggeggagcettgcagtgage 42
ggcgceggtggegggcegcctgtagtcccagetactcgggaggcetgaggcaggagaatggegtgaacccgggaggceggagcettgcagtgage 34
ggcgtggtggcgggcegcctgtagtcccagetactcgggaggcetgaggcaggagaatggegtgaacctgggaggeggagcettgcagtgage 25
ggcgceggtggegggcegcctgtagtcccagcetactggggaggcetgaggcaggagaatggegtgaacccgggaagceggagcttgcagtgage 23
ggcgtggtggegggtgectgtagtcccagcetactcgggaggcetgaggcaggagaatggegtgaacccgggaggeggaacttgcagtgage 21
ggcgtggtggcaggtgcctgtagtcccagcecacttgggaggctgaggcaggacaatggcatgaacctgggaggcggaggttgcagtgage 20
ggcgtgatggcaggtgcctgtaatcccagctactcaggaggctgagacaggagaatcgcettgaacccaggaggeggaggattgcagtgage 20
ggcgtggtggcgagcacctgtcatcccagetgcttgggaggcetgaggcaggagaatggcettgaaccctggaggcagaggttgtagtgage 20
ggcgtggtggcgggtgectgtagtcccagctacttgagaggctgaggcaggagaatggagtgaacccaggaggcggagattgccgtgage 20
ggcgtagtggcgggcegcectgtagtcccagcetacttgggaggctgaggcaggagaatggcatgaacccgggaggcggagcettgcagtgage 19

MIR Count | Length | Strand Complete microRNA hairpin sequence from Sanger database

hsa-mir-366 19521 90 M GCTAGGCGTGGTGGCGGGCGCCTGTGATCCCAACTACTCAGGAGGCTGGGGCAGCAGAATCGCTTGAACCCGGGAGGCGAAGGTTGCAGTGAGC
hsa-mir-366 16613 90 P GCTAGGCGTGGTGGCGGGCGCCTGTGATCCCAACTACTCAGGAGGCTGGGGCAGCAGAATCGCTTGAACCCGGGAGGCGAAGGTTGCAGTGAGC
hsa-mir-366 11813 67 M GCTAGGCGTGGTGGCGGGCGCCTGTGATCCCAACTACTCAGGAGGCTGGEGCAGCAGAATCGCTTGAACCCGGGAGGCGAAGGTTGCAGTGAGC
hsa-mir-619 15137 91 M CCGCCCACCTCAGUCTCCCAAAATGCTGGGATTACAGGCATGAGCCACTGCGGTCGACCATGACCTGGACATGTTITGTGCCCAGTACTGTCAGTTIGCAG
hsa-mir-619 12243 47 P CCGCCCACCTCAGUCTCCCAAAATGCTGGGATTACAGGCATGAGCCACTGCGGTCGACCATGACCTGGACATGTTITGTGCCCGTACTGTCAGTTTIGCAG
hsa-mir-619 10763 43 M CCGCCC-\CCTC-\GCC‘TCCC-\.-L-\-\TGCTGGG-\TT ACAGGCATGAGCCACTGCGGTCGACCATGACCTGGACATGTTITGTGCCCAGTACTGTCAGTTTIGCAG
hsa-mir-3484-2 183 37 P GAGAGGGAAGAT U L JGAAAGUAAUGGCAAAAACCACAGUUUCUUUUGCACCAACCUAATUAAAA
hsa-mir-3484-2 153 37 M GAGAGGGAAGAU 5 GAAAGUAAUGGCAAAAACCACAGUUUCUUUUGCACCAACCUAAUAAAA
hsa-mir-5484-2 119 74 P GAGAGGGAAGAT UUGA AACCUAATAAAA
hsa -548c 123 40 M CAUUGGCAUCTUA UU-\GGUUGGUGC AAAAGUAATUGCGGUUUUUGCCAUUACUUUCAGUAGCAAAAATICUCAATUACTUUUGCACCAACUTAAUACTT
hsa-mir-348c 117 40 P CAUUGGCAUCTUA £ LAAAGUAATUGCGGUUUUUGCCAT UUUCAGUAGCAAAAATCUCAATUACTUUUGCACCAACUTAAUACTT
hsa-mir-348c 38 44 P CAUUGGCAUCTUA -\GGUUGGUGC AAAAGUAATUGCGGUUUUUGCCAUUACUUUCAGUAGCAAAAATICUCAATTACTUUUGCACCAACUTAATUACTT
hsa-mir-548d-1 182 36 P AAACAAGUUA UGUAAAAGUAAUGGCAAAAACCACAGUUUCUUUUGCACCAGACTUAATUAAAG
hsa-mir-348d-1 147 36 M AAACAAGUUA UGUAAAAGUAAUGGCAAAAACCACAGUUUCUUUUGCACCAGACTUAATUAAA
hsa-mir-348d-1 71 37 P AAACAAGUU UGUAAAAGUAAUGGCAAAAACCACAGUUUCUUUUGC ACCAGACUAAUAAAG
hsa-mir-348a-1 26 40 P UGCAGGGAGG AAAGUAACGACAAAACTUGGCAAUUACUUUUGCACCAAACCUGGUATU
hsa-mir-348a-1 35 47 P UGCAGGGAGG CGACAAAACUGGCAAUUACUUUUGCACCAAACCUGGUATU
hsa-mir-348a-1 34 34 M UGCAGGGAG AMAAGUAACGACAAAACTUGGCAAUUACUUUUGCACCAAACCUGGUATU
hsa-mir-348a-2 70 33 P UGUGAUGU GCCGUUAAAAGUAAUGGCAAAACUGGCAAUUACUUUUGCACCAAACUAAUAUAA
hsa-mir-348a-2 47 33 M UGUGAUGU GCCGUUAAAAGUAAUGGCAAAACUGGCAAUUACUUUUGCACCAAACUAAUAUAA
hsa-mir-548a-2 36 83 P UGUGAUGU IGCCGUTMAAA GUAAUGGCAAAACTUGGCAA UUACUUUUGCACCAAACTAA UATUAA
hsa-mir-548a-3 39 84 P CCUAGAAUGUUAUIAGGICGG UGCAAAAGUAA UUGC GAG UL UACCA UTHAC UTICAA UGGCAAAACUGGCAAUUACTUULTGCACCAAC GUAA L4 CUT
hsa-mir-548a-3 32 39 M CCUAGAAUGUUAUUAGGUCGGUGC AAAAGUAATUGCGAGUUUUACCAUUACUUUCAA UG GCAAAAC UGGCAA UUACULUGCACCAACG UAA LACTUU
hsa-mir-548a-3 31 84 M CCUAGAAUGUUAUIEGGICGG UGCAAAAGTUAA TUGC GAG UL UACCA UTHC UTTCAA UGGCAAAACUGGCAAUUACTUULTUGCACCAAC GUAA U4 CUT

blue: hsa-mir-566 fragment*
red: hsa-mir-619 fragment*

green: hsa-mir-548d-2 fragment*

pink: hsa-mir-548¢ fragment*

italic green:  has-mir-548d-1 fragment*

light blue: hsa-mir-548a-1 fragment*®

italic red: hsa-mir-548a-2 fragment*

italic blue: hsa-mir-548a-3 fragment*

yellow: position of mature microRNA sequence

*consensus sequence obtained from Sanger hairpin database - corresponds to intronic hairpin fragment BLAST findings

Figure 1. Alignment of common human intronic hairpin fragments with complete microRNA.

require Drosha (/7). For example, although hsa-mir-566
has been implicated as contributing to human
hematopoesis, the very high incidence of paralogs
shown here has not been previously considered (27).
Similarly, hsa-mir-548 related family members are
known to regulate cancer gene expression (28). The
specificity of this observation may need to be
reevaluated in light of the thousands of genomic
paralogs described by the current report.

In summary, a massive number of under-
appreciated microRNA-related hairpin structures are
present in human and chimpanzee genomes. It is not yet
known whether these sequences played a role during

819

human evolution and are now dormant, or retain partial
activity and contribute to existing genetic networks in
man. The findings suggest an expanded role for introns
and transposable eclements as a source of microRNA,
and that variants of known regulatory RNAs may
contribute to expression on a genome-wide basis.
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Figure 2. Hairpin sequence conservation of hsa-mir-566 hairpin relative to adjacent regions.
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Figure 3. Alignment of most common intronic sequence (566 homologue) with hsa-mir-566 hairpin and mature microRNA
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