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Abstract

The pla=:
gene reguizs

approach «

sznome has conserved s~ non-coding mictoRNAs {miRNAs) genes about 23—24 nucleondes long. They play a vital role in the
x4 at various stages of plzzt life. Their conserved nature among the various crganisms not only suggests their carly evolution in
eukarvotes 7 aiso makes thern a gooZ source of new miRNA discovery by homology sez-

ch using bicinformatics tools. A systematic search

=z used for interspecies oni2logues of miRNA precursors, from known sequen:zs of Gossypium in GenBank. Ttz study resulted in -

22 miRXNAs ==longing to 13 families. Wz found 7 miRNA familiss (miR160, 164, 827, 826. 236, 845 and 865) for the first tir2 in cotton. All 22
miRNA prersiors form stable minimurs free energy (mfe stem loop structure as their orthelogues form in Arabidopsis and the mature miRNAs

reside in th: stem portion of the atem

op structure, Fiftzen mi®NAs belong to the worii's most commercial fiber producing upland cotton

{Gossypiur: ~.»sutum), five are from Goisspium raimondii and one each is from Gossypium. zerbaceum and Gossypium arboreum. Their targets

consist of cizscription factors, cell dnvs

o0 regulating proveins and virus response gzne. Tw: diccovery of 22 miRNAs will b=

= helpful in foture

for detectic <f precise function of ezcz miRNA at a pardcular stage in life cycle of comon.
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1. Introduction

Micro RNA genes that encode miRNAs reside in a specific
genomic region. The non-coding RNA such as miRNA,

Abbrevia. g ath, Arabidopsis thaliarz. BY AST, basic locz! alignment
search tool: utio, core hairpin ratio; DCL dicer-like enzyme: dsRNA. dou-
ble-stranded *.NA; ESTs, expressed sequence tags; ghr, Gossypiam hirsutum,
2r RNA: MIR, micro-RNA. miRNAs, microRNAs: mfe, min-
pre-miRNAs. miRNAs trecursor; NCBI, Natronal Center
for Biotechnooey Information; osa. Onvze suivas Ple, Populus trichocarpa,
Pin, positior = tzrminal nucleotide: Pfn. poiition of the first nucleotide: pri-
miRNAs, pr—ary transeripts of mature mRNAs: rRNA, ribosomal RNA;
RISC, RNA iniuced silencing complex: tRNA transfer RNA; UTRs, untrans-
lated regions.
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transfer RNA (1RNA) and others coustitute 3% out of the total
5% of the funcdonal genome [i]. miRNAs are endogenous,
non-coding. small RNAs about 20—24 nucleotides long [2]
and are conservad in plants and animals [3.4]. They have a cru-
cial role in pos:-transcriptional gene regulation [5,6]. Maturs
miRNAs are produced by a chain of reaction with the help
of enzymes [77. Primary transcripts of mature miRNAs (pri-
miRNAs) fold into a siable stem loop structure forming
miRNA precursor (pre-miRNA). The loop of pre-miRNA is
cleaved, produsing a short double-stranded RNA (dsRNA);
a single strand of the dsRNA acts as mature miRNA [8].
The processing occurs in nucleus and is processed by a special
RNaselll-like eadonuclease, Drosha and Dicer in animals [9]
and Dicer-like enzyme (DCL) in plants [10], that also predom-
inantly incorponute the mature miRNA into the RNA induced
silencing compiex (RISC) [8]. The RISC complex negatively
regulates gene expression cither by inhibiting translation
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Fig.'1. Schematic representation of the cotton pre-miRNA search procedure used to identify homologues of known Arabidopsis “aliana pre-miRNAs.

elongation or by triggering messenger RNA (mRNA) destruc-
tion on the basis of the degree of complementarity of miRNA
within its target [11,12]. Most animal-mRNA targets have
many weak miRNA complementary sites, so miRNA impet-
fectly complement these sites and suppress gene expression
(6,13}. The plant mRNA targets have single and perfect or
near perfect miRNA complementary sites, so corresponding
miRNAs perfectly complement these sites and trigger the
mRNA degradation [14]. Usually the 3' untranslated regions
(UTRs) of the mRNA targets contain the miRNA complemen-
tary sites [6].

The first finding of miRNA in lin4 and let-7 muiants of
Caenorhabditis elegans 115,16] has helped in the discovery
of miRNAs in plants [17] and animal-species [18].

The miRNAs perform versatile functions in plant and ani-
mals, e.g. in development [19], organ morphogenesis
(14,19], signaling pathway [20], transgene repression [21],
abiotic stresses [22,23), disease progression [24], and parasit-
ism for the host cell invasion by viruses [25].

Most miRNAs are conserved in animals and plants and
from animals to plants [4,17,26], suggesting early develop-
ment of the miRNAs in the evolution. The conserved nature
also indicates their conserved function in different organisms.
The coliserved nature of these miRNAs becomes a powerful
strategy for identification of new orthologues by homology

Table 1

Raw sequences accession numbers, nature, maximun score of homology with
known Arabidopsis thaliana pre-miRNAs and E-veues

Arabidopsis Raw sequences

rhfthana pre- Accession # Nalture of Max E-value
miRNA nucleotidz score -

alh-MIR 156¢ BV679360 DNA 72 Se-12
ath-MIR157a CO076888 EST 62 4e-09
ath-MIR157a CO082782 EST 62 4e-09
ath-miR 160b BQ40139§ EST 40 0.001
ath-miR160b CO095743.1 EST 40 0.001
ath-miR164c DR461140 EST 40 0.001
ath-MIR 166e DQ908436 DNA 33 0.006
ath-miR17]a C0129257 EST 42 4e-04
ath-MIR390a DW238152 EST 64 le-09
ath-MIR390a DW518163 EST 64 le-09
ath-MIR 399 AY632360 DNA 44 0.001
ath-MIR399f AY632359 DNA 44 0.001
ath-miR827 DW476866 EST 40 0.001
ath-miR&29 DX525305 DNA 40 0.002
ath-miR829 DX531919 DNA 40 0.002
ath-miR829 DX53349 DNA 40 0.002
ath-miR 8§29 DX541807 DNA 40 0.002
ath-miR829 DX545537 DNA 40 0.002
ath-miR829 DX546324 DNA 40 0.002
ath-miR836 DX561980 DNA 38 0.006
ath-miR845a ACI197184 DNA 38 0.006
ath-miR865-5p DX543587 DNA 38 0.006




search in other species. Weber found 35 new human and 45
new mouse miKNAs 2y homology search [4]. miRNAs are
non-coeding mRNAs, 25 introns or complementary strand of
mRNAs, so they may be present in expressed sequence tags
(ESTs). Zhang et al. identified 481 miRNAs belonging to 37
miRNA families in 7! different plant species from EST se-
quences in plants by homology [27). Qiu et al. [28] and Zhang
et al. [29] reported 37 and 30 miRNAs belonging to 21 and 22
miRNAs families in cotton with similar approach.

»ghr-MIR156
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Here we report 22 putative miRNAs, belonging to 13 miRNA
families, by a systematic search of the known cotton ESTs and
genomic sequences, using the strategy described by Zhang =t al.
[27] with slight modifications as illustrated in Fig. 1. The ssven
miRNAs families are reported for the first time in cotton. In the
22 new miRNAs, 15 miRNAs belong to the world’s most com-
mercial fiber producing upland cotton (Gossypium hirsurm),
five are from Gossypium raimondii, one is from Gossypium
herbaceum and one from Gossypium arboreum.
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Fig. 2. Coron pre-miRNAs sacbndary structures showing the mature miRNAs in stem portion, highlighted in red and italic.
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Fig. 2. (continue2.

2. Methods
2.1, Identification of raw sequences

The same methodology described by the Zhang et al. [27]
with medifications such as additional sequence and structural
features filter, as illustrated in Fig. 1, was used. We used Ara-
bidopsis thaliana pre-miRNAs instead of mature sequences.
The pre-miRNA length (90—-140 nt) i; 5—7 times more than
the mature miRNA length (20—24 nt). Consequeatly, use of
known pre-miRNAs in alignment would bring more precision

in ccthologue sequence ideatification. We identifiad raw se-
queaces, ESTs and genomic sequences containing candidate
pre-miRNAs, of cotton by uking previously known Arabidop-
sis shaliana pre-miRNAs from the microRNA Registry Data-
base (version Rfam 9.1, released February 2007 znd release
118, April 2008) [28] and BLAST against publicly available
comon ESTs and genomic sequences at hitp:/cozondb.org/
blast/blast.htm! using blasm. Adjusted blast parameser settings
were as follows: expected values were set at 1000: low com-
plexity was chosen as the sequence filter; and all other pararfx—
eters were used as defauli. The FASTA formarts of all the

e ]
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Fig. 2. (continues .

sequences having maximum E-values were saved. The ESTs
created from the same mRNA were found by BLAST against
the cotton ESTs Database usirz blastn with default parame-
ters. The repeated ESTs from the same gene were removed
and created a single tone EST.

2.2. Prediction of initial candidate’s pre-miRNAs
in cotton

Each Arabidopsis thaliana pre-miRNA was aligned against
the corresponding raw sequences, genomic sequences and
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single tone ESTs using Clustal W (1.83). a multiple sequence
alignment tool with default parameters, publicly availab.e at
http://www.e>i.ac.uk/clustalw/. The aligned portion o the
raw sequence was considered as an initial candidate miRNA.
The initial candidate cotton miRNAs were copied from the
raw sequences and saved in FASTA format, and checkad for
mature sequences with their orthologues of Arabidopsis thali-
ana in the range of 0—4 mismatches.

2.3. Validarion of cotton miRNAs as a non-protein
encoding sequences

- The miRNA validation as non-protein encoding sequences
&

important  criterion  for  bioinformatics  based

‘7 2 {continued).

identification of miRNAs. For this purpose a homology base
search of cotton pre-miRNAs with known protein sequences
is required. We use the sequences of our identified cotton
pre-miRNAs for protein homology search. The predicted
pre-miRNA sequences in FASTA format were BLAST against
protein database at NCBI using blastx with default parameter
(30].

2.4. Generation of hairpin structures

The hairpin structure of the initial candidate’s sequences
w2 generated using the Zuker folding algorithm with MFOLD
(version 3.2) {31], publicly available at http:llwww.bioinfo:rpi.
edu/applications/mfold/ma/forml.cgi. The parameters were

ey e rERe
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adjusted as RNA sequence (linear), folding temperature
(37 °C), ionic condition (1 M NaCl with no divalent ions), per-
cent suboptimility number (5); maximum interior/bulges loop
size (30), and all others with default values. The lowest free en-
ergy structures were selected for manual inspection, as de-
scribed by Reinhart et al. [17]). The threshold values used to
select a miRNA were same as described by Zhang et al. [27].
The stem portion of the hairpin were checked for the mature
sequences with at least 16—17 base pairs involved in War-
son—Crick or G/U base pairing between the mature miRNA
and the opposite strand (miRNA¥*).

2.5. Sequence and structural features filtration

For the sequence and structural features filter, the GC con-
tent, core mfe, hatrpin mfe and ch_ratio were calculated as de-
scribed by Li et al. [32] with a little modification for core mfe
calculation, as the mature miRNA sequences in plant pre-miR-
NAs were located away from the Pfn-24 and Pin+26, so, they
were included in the core portion of the hairpin structure. The
mfe for core and hairpin structures were calculated by
MFOLD (version 3.2) [31], publicly available at http://www.
bioinfo.rpi.edu/applications/mfold/rna/form1.cgi. The parame-
ters were adjusted the same as described earlier. For ch_ratio
calculation, we divided the core mfe by the hairpin mfe, and
the quotient is referred to as the ch_ratio.

Fig. 2. (continued).

2.6. Conservation analysis of cotton miRVAs

The conserved nature of miRNAs makes them a bioin-
formatics resource for orthologue discovery. Consequentlv
we also analyzed the cotton miRNA conservation with
their orthologues. The consetvation of miRNAs was
analyzed by ferching the FASTA format of pre-miRNAs
'sequences for Arabidopsis thaliana. rice (Oryza sativa)
and Populus trichocarpa, from the micccRNA Registry Da-
tabase (versionRfam 9.1, released Febraary 2007) (33} and
aligned with coron miRNAs using Clustal W, as described
earlier. The resulis of Clustal W wa= saved. For more
stringent analysis of cotton miRNAs conservation the raw
sequences were BLAST at NCBI usi~g blastn [30] with

default parameters as described earlizz. The results were
saved.

2.7. Prediction o cotton miRNA targets

We predict the cotton miRNA targets using the miRU soft-
ware publicly available at http:/bicinfo3.nobie.org/miRNA/
miRU.htm [34}. The parameters were afjusted as: Score for
each 20 nucleotides (3), G:U Wobble pers (6), Inde! (0) and
Other Mismatches (3 Arabidopsis thalicna is used as a refer-
ence organism for the gene function conservation. The results
were saved.
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Cotion pre-miRNAs length, mfe, mature seq, mature seq: arm, homology, mature seq: length and nucleotides difference with Arabidopsis orthologues

Cotton miRNAs

Length

mfe

Mature seq’ Mature Homelogy Mature Nt
seq arm {%) seq: fength diff:
ghr-miR156a 117 —499° UGACAGA AGAGAGUGAGCAC 5 100 20 Nil
gra-miR157a 101 —44.8 UUGACAGAAGAUAGAGAGCAC -4 100 21 Nil
gra-miR157b 91 —44.5 UUGACAGAAGAUAGAGAGCAC 5 100 21 Nil
gab-miR160 91 —23.6 UGCCUGGCUCCCUGUAUGCCU 5 95 21 1
gar-miR 160 124 —30.0 UGCCUGGCUCCCUGUAUGCCU 5 95 21 1
ghr-miR 164 104 —43.1 UGGAGAAGCAGGGCACGUGCA 5 95 21 1
ghr-miR166 115 —48.2 UCGGACCAGGCUUCAUUCCUC ¥ 95 21 1
gra-miR171 145 —42.0 UGAUUGAGCCGCGCCAAUAUC s 100 21 Nil
ghr-miR390a 124 —54.4 AAGCUCAGGAGGGAUAGCGCC 5 100 21 Nil
ghr-miR390b 132 -54.1 AAGCUCAGGAGGGAUAGCGCC 5 100 21 Nil
ghr-muR399a 124 -39.3 CGCCAAUGGAGAUUUGUCCGG 3 85 21 3
ghr-miR399b 128 —47.3 CGCCAAUGGAGAUUUGUCCGG ¥ 85 21 3
gra-miR827 195 —61.2 UUAGAUGACCAUCAACAAACA ¥ 95 21 1
ghr-miR8292 218 -474 AGCUCUGAUACCAAAUGAUGUGAU ¥ 9t 24 2
ghr-miR829%b 127 -323 AGCUCUGAUACCAAAUGAUGUGAU 5 91 24 2
ghr-miR829¢c 146 -354 AGCUCUGAUACCAAAUGAUGUGAU 5 91 24 2
ghr-miR829d 149 -38.3 AGCUCUGAUACCAAAUGAUGUGAU 5 91 24 2
ghr-miR829e 204 =297 AGCUCUGAUACCAAAUGAUGCGAU ¥ 91 24 2
ghr-miR§29¢ 150 —36.2 AGCUCUGAUACCAAAUGAUGGAGA ¥ 91 24 2
ghr-miR836 135 -225 CCAGGUGUUUCCUUUGAUGCGUGU § 80 24 4
ghr-miR845a 120 -24.6 CGGCUCUGAUACCAAUUGAGA Ly 91 21 2
ghr-miR 865 151 —-24.7 UAGAAUUUGG AUCUAAUUGAG § 91 21 2

2.8. Minimizing false positives

Minimizing false positives is a compulsory practice for val-
idation of novel miRNAs; identified on bioinformatics basis.
We also have taken various steps to remove false positives, as
described by Zhang et al. [27]. In the first step we used known
pre-miRNAs for orthologue discovery. The long length of pre-
miRNAs made them more suitable for the new miRNAs ortho-
logue identification on conservation basis with the mature
sequences in a range of 0—4 mismatches. In the second step
we removed the repeated ESTs from the same gene to obtain

a single representative from a gene. In the third step we removed -

the protein coding cotton pre-miRNAs. In the fourth step we
used the sequence and structure filter to validate them as candi-
dates of pre-miRNAs in cotton. In the fifth step we used the hair-
pin structure parameters as described earlier {3,4,27]. All these
steps were taken to remove the false positives and confirm the
real nature of our identified miRNAs in the cotton life.

3. Results and discussion
3.1. Cotion miRNAs
Arabidopsis thaliana pre-miRNA sequences from the

miRNA Registry (versionRfam 9.1, released February 2007
and release 11.0, April 2008} [33], were submitted to a basic

local alignment search tool (BLAST) search against the known
expressed sequence tags (ESTs) and genomic sequences of the
cotton publicly available at http://cottondb.org/blast/blast.
htmi/. The raw sequences (cotton ESTs and genomic se-
quences) with minimum E-values, as shown in Table 1, were
aligned with corresponding Arabidopsis thaliana pre-miRNAs
using the multiple sequence alignment tool Clustal W to
obtain the candidate cotton pre-miRNA. The major steps are
summarized in Fig. 1, and the process is described in detail
in Section 2.

Twenty-two new cotton pre- miRNAs were identified after
filtration and completion of the process. The 22 potential coz-
ton miRNAs belong to 13 families (miR15§, 157, 160,
164,166, 171, 350, 399, 827, 829, 836, 845 and 865) of miR-

- NAs. We found seven miRNA families (miR160, 164, 827,

829, 836, 845 and 865) for the first time in cotton. The other
miRNA families (miR156, 157, 166, 171, 390 and 399) are
also reported in cotton by Zhang et al. and Qiu et al.
[28.29]. All 22 novel cotton miRNAS were considered as valid
candidates after satisfying the empircal formula for biogene-
sis and expression of the miRNAs, suggested by Ambros et al.
{35]. Nine of the 22 cotton pre-miRNAs satisfied the criteria
B, C and D; the remaining 13 pre-miRNAs confirmed the cri-
teria C and D. According to Ambros et al. [35] only the crite-
rion D is enough for homologous sequences to validate new
miRNAs in different species.

Table 3

Comparison of cotton Arabidopsis and Li et al. Reference values of GC-content, core mfe, hairpin mfe and ch_ratio

Reference GC content Core mfe Hairpin mfe ch_ratio

Li et al. [32] 30—60 (93%) —42 to —17 (99%) —50.2 10 —24.2 (99%)} 50~96 (99%)
Cotton miRNAs 38.5-51.2 —45 to —26.4 —854 10 —39.3 51-92
Arabidopsis homologues 36.4-51.1 ~542 10 ~23.5 ~79.4 to —48.3 42-93




The newly identified cotton pre-miRNAs have miniraum

folding free energies (mfe), with an average of about
~40.0 kcal mol™", according to MFOLD [35,36}, this is al-
most equal to the values of Arabidopsis thaliana precursor
miRNAs and much lower than folding free energies of
(RNA (—275kcalmol™') and ribosomal RNA (rRNA)

(=33 kcal mol ") [37]. All the mature sequences of cotton

miRNAs are in the stem portion of the hairpin structures, as
shown in Fig. 2. Our findings are same as those described
by Zhang et al. [27]. Table 2 summarizes the minimum free
folding energies (mfe), pre-miRNA length, mature miRNAs,
and percent identity with Arabidopsis thaliana homologues
and number of nucleotides difference.

The length of identified cotton pre-miRNAs ranges from
91 to 218 nt and mature sequences range from 20 to 24 nt.
The six mature miRNA sequences in newly identified cotton
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miRNAs are perfecily {!%%) matched with the correspond-
ing homologues of Arabidopsis thalianu, wheréas the remain-
ing i6 mature cotton miRNA sequences differ by 1 10 4
nuclcotides from their homologues. The result is same as
those of Weber [4] and Zhang et al. |27], where the mature
sequences have a difference of 4 nucleotides. Fifteen of the
22 cotton pre-miRNAs have mature sequences at the 5'
arm, while the remaining seven pre-miRNAs have 3’ arm se-
quences as illustrated in Fig. 2. This firiding is similar to that
of Reinhart et al. [17]. The predicted miRNA hairpin struc-
tures show that there are at least 12—21 nucleotides engaged
in Watson—Crick or GfU base pairings between the mature
miRNA and the opposite arms (miRNAs*) in the stem re-
gion, and the hairpin precursors do not contain large internal
loops or bulges. These findings-are the same as those of
Zhang et al. [27].

ghr-MIR390a -~--UGGAAGAAUCUGUU|AAGCUCAGGAGGGAUAGCGED AUG-—————- GAUGA--
ghr-MIR390b -GUAUGGAAGAAUCUGUU | AAGCUCAGGAGGGAUAGCGC] AUG-——-——- GAUGA--
ptc-MIR390a ————=—mm AGAAUCUGUU | AAGCUCAGGAGGGAUAGCGC] AUGAGC—AUGAC
ptc-MIR390c —————--- AGGAUCUGUU | AAGCUCAGGAGGGAUAGCGCH AUGAGCUGAUGAUAAptc—
pPte-MIR390b -——=---- AGAAUCUGUU | AAGCUCAGGAGGGAUAGCGC] CUAAG-—-—- GAUAA---
pto-MIR390d ----—--- AGAAUCUGUU| AAGCUCAGGAGGGAUAGCGCY CUAAG-——~-- GAUAA-—-
“'ﬂgéh:ﬁzaasob ---~-GAGAAAUAGCUAUA| AAGCUCAGGAGGGAUAGCGCTE AUG-—~—=~= GCUCA—-
osa-MIR390 GGUAUGGAACAAUCCUUG| AAGCUCAGGAGGGAUAGCGEE UCG-——————— A-ARA-----
ath-MIR390a GUAGAGAAGAAUCUGUA| AAGCUCAGGAGGGAUAGCGCT AUG--—————— AUGA--—-
- ' hhhkkkkhkdhhhhhdhhhdhdkhd
pPtc-MIR156a ————====n AAAGAAAGAC | UGACAGAAGAGAGUGAGCACAC] ACGAAAGUAUAUG-GUAUG
o (P -1 SR — AGAGAAAGAC | UGACAGAAGAGAGUGAGCACAC| ACGARAGCUAAUU-GUAUG
ghr-MIR156d ---———-—==-= AGAGGUV | UGACAGAAGAGAGUGAGCACAC| GC--AGGCAGAUU-GUAUG
ptc-MIR156e ————m-cau CAUUAGAAAU | UGACAGAAGAGAGUGAGCACAC| AG--AGGCAUAUUUGUAUA
0sa-MIR156e ---=—————n GGCGCGAGS | UGACAGAAGAGAGUGAGCACAC| GGccaaaeausacsGeAce

osa-MIR156d GGAGAAGCUCUCAUGAGAU |UGACAGAAGAGAGUGAGCACAC| GGCGUGAUG-GCCGGCAUA

ghr-MIR156a ——=—=——==== AAGGGAGG |UGACAGAAGAGAGUGAGCACAC] AGGGUACUUUCUU-GCAUG
ath-MIR156e —~—-———-m=uac. AGGAGG |UGACAGAAGAGAGUGAGCACAC| AUGGUGGUUUCUY-GCAUG
ghr-MIR156b ----v———vve—ua GGAGG |UGACAGAAGAGAGUGAGCACAC| AGGGUACUUUCUU-GCAVUG

Ahkhkhktrdkdkhhdddddhhhhn

Fig. 3. Conservation of cotton miRNAs. Alignment of pre-miRNAs of Populus trochorpa, Arubidopsis thaliana, rice (Oryza sativa) and cotton (Gossupium
hirsurum), using Clustal W (a multiple sequence alignment tool) showing conserved nature of mature sequence {underlined).
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The relationship between predicted novel miRNAs and
known protein is very crucial to validate them as strong candi-
dates of miRNAs. The cotton pre-miRNAs BLAST against the
protein database at the NCBI using blastx found no homology
with known proteins. This result has confirmed our identified
pre-miRNAs as strong candidates in cotton.

3.2. Sequence and structural features filter

The sequence and structural features filter was introduced
by Li et al. {32]. It is useful to discriminate valid candidates
from false positives. The filter is composed of four indices,
namely GC content, core minimum free energy (mfe), hairpin
mfe and the ratio of core mfe to hairpin mfe (ch_ratio).

As presented in Table 3, identified miRNAs of cotton have
a range of GC content (~38.5—51.2), core mfe (~—45 to
—26.4 kcal mol™"), hairpin mie ( ~ —85.4 to —39.3 keal mol™')
and ch_ratio (~0.51 to 0.92). The GC content and ch_ratio are
within the range given by Li etal. [32], but the lowest mfe ranges
for core mfe and hairpin mfe exceed the values reported by Li
et al. Basically the sequence and structure features filter devel-
oped by Liet al., based on the finding of Zeng et al. {38] that Dro-
sha, a RNA-III like endonuclease. recognizes and cleaves the
pri-miRNA at 22 nucleotides upstream from the position of
the first nucleotide (Pfn — 22) and the 24 nucleotides down-
streamn the terminal nucleotide (Ptn + 24) to produce pre-
miRNA. As the animal pre-miRNA fength (60—70 nt) is shorter
- than plant pre-miRNA (90—140), in plant pre-miRNAs ihe ma-
ture sequence lies far away from the Pfn — 22 and Ptn + 24. In
this regard, we made a modification in the Li et al. [32] calcula-
tion of core mfe by including the mature sequence in the core
portion. The modification resulted in more base pairing, so the
values of the Jowest mfe exceeded the values of Li et al. We
also implemented the filter with modification on the ath-miRNA
homologues of the cotton and found a similar result.

3.3. Conservation of cotton miRNAs

The newly identified cotton miRNAs are conserved with
Arabidopsis thaliana, rice (Oryza sativa) and Populus tri-
chocarpa miRNAs. This finding suggests conservation of
miRNAs in dicotyledon and monocotyledon plants. The ghr-
miRNAs 156 and ghr-miRNAs 390 are more conserved than
others, as illustrated in Fig. 3. The result is similar to that of
Zhang et al. [27]. The conservation made them strong candi-
dates of miRNAs in cotton and suggests their conserved phys-
iological function.

The raw sequences of the cotton pre-miRNAs were BLAST
against the NCBI database using blastn, which found that the
majority of them have 100% homology with Arabidopsis thali-
ana, rice iOryza sativa), Populus trichocarpa and maize (Zea
mays) pre-miRNAs and no homology with protein coding
sequences. This finding strongly validated ou- identified se-
quences =35 candidate miRNAs in cotton.

34. miR>As and ESTs

In 27 ‘dentified miRNAs of cotton, nine are from the ESTs.
Zhang e al. have already reported miRNAs from the ESTs of
various rlant species [27]. A similar finding was given by Li
et al. [32] from human ESTs and Qiu et al. from cotton
ESTs {29]. The EST base identification of miRNAs is the con-

firmatioz of their expression. It also shows a link between the
miRNA:s and the tissues, organs or developmental stage of the ]

organists to which the ESTs belong. On basis of EST expres-
sion in our identified miRNAs, the miRNAs 156e, 390b and
390¢ are expressed in the meristematic region of fiber, root
and stem. miRNAs 157a and 157b are expressed at the seed-
ling stace of plant and 390a is expressed in the root of the cot-
ton plam.

Fig. 4. Illustration of intron i the mRNA. The red sequence represents cotton miRNA- 1662, grech represents consensus scquences at the 5 splice site and the ¥

ATTATTTCATTGTCACCCAAAARGGCCAAANCCCCACCACTCTCCCCA
TCTCTCTCCCCCCTCCCTTGARCAGAGGC TAAACTCTTGGGGGGGATA
AAGAGATAAGAGAGAATCCAAGCAACGCACATACACAAAACCCTTAGC
TGCCACCAAAGCCTCTTTTGAAGATATA S >ITTTTAGGGGAGCATCC
ATTCTGAGGGGAATG TIGTCTGGACCGE AR TACTIGTGTTYITAATL
CETTTTCCCTGCAATATTGTICTATTAACS I 3GGEGATCTTTATATIGC
TTATTTTTGTAATGGATTAAGGTIGTACTAZTGTCGTCGGRLCAGGCT
TCATTCCCCCCAATCATTGCTCCCATATGTAACTCCCATGGACTGCAG
CATGTAAAAAAGGTTTGGGTTGTTTTTTTGGATCATTGGGGTGTTTTA

TTTACTGAAAT TAAGGTTGT TTGTTACTTIGCAG: TGCAATGARAAG

splice site in the pre-mRNA (GU-AG rule). and blue represents the branch site.
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Table 4
putanve HiRNA target genes in cotton
;;RJ:]A Target function in cotton Cotton TC putative Site Conserved with
Family targets . Arabidopsis
157 TC41514 11311151 Yes
Squamosa promoter binding TC34708 1219—-1239 Yes
protein-like ) :
TC35884 576—596 Yes
SBP-domain protein TC36356 510—530 Yes
TC38424 901921 Yes
C0092899 778~798 Yes
TC34910 555575
TC31499 S191-211
TC34032 1146—1166
TC37796 3101-1321
Transcription factor RAUL TC3%015 262282
BF270515 86—106
C0120687 110—130
TC32276 1-2¢
lod GrpE like protein TC39893 20—40
DTDP-glucose 4,6-dehydratase TC37141 706—726
CO109521 690—710
CO108738 214233
lob PHAVOLUTA-like HD-ZIPIII protein TC31648 29119 Yes
CO111138 453—473
CO079323 497—-517
o) Auxin response factor TC31975 214-234 Yes
Auxin response factor TC29029 1023—1043 Yes
Auxin response factor TC35005 406—426 Yes
BF275852 41—61
45 CO083727 102—122
CO076175 416—436
C0o076013 354-374
CO089849 244264
a0 CO115013 404—424
&5 Alpha-L-arabinofuranosidase TC2816!1 1809—1829
CA993632 17-37
phospholipase I} beta NP527405 24662485
TC29506 320-340
Phospholipase D beta TC33576 2839—2858
TC29893 ©103—-123
§-Adenosylmethionine decarbe:1ace TC31564 978998
proencyme 2
N CO121595 433—453
TMYV response-related gene TC28611 1358—1378
3 TC27809 56t—581
NHL-repeat containing like TC30044 49]-511
AMP-binding protein TC30011 497-517
CER3 protein TC41229 635—655
Cell division TC37093 2417-2437
protein ftsH homologue
29 CO076013 350373
C0O083727 98—121 .
COO75095 118—141
AWI187526 244267
CO089849 240263
Beta tubulin TC37321 1265—1288
336 C012274 689—712
C0128688 690713 Yes
Minor allergen TC40204 830—853
827 CO0B8990 599—619
UlsnRNP-specific protein TC35354 912-932
Myosin-like protein TC39799 992—1012
AlI731815 490-510
P23 co-chaperone TC28167 917-937
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The ESTs usuallv represent a portion of the messenger
RNA (mRNA). Here an important question arises as to how
we can predict a non-coding miRNA from a coding mRNA.
We have three hypotheses with which to answer the question.

The first hypothesis is that the miRNA is in the intronic re-
gion of the mRNA, as already described by Li et al. {32] and
Weber [4]. In the mRNA processing the poly A tail is attached
earlier than the intron removal [39], so there is a chance that

the oligo dT primed mRNA may have intronic regions. ghr- '

miRNA 166 reported by Qtu et al. [29] is an example of the
intronic region miRNA as illustrated in Fig. 4, according to
the GU—AG rule [40}.

The second hypothesis suggests the presence‘of the miRNA

on the opposite strand of the mRNA ceding (sense) strand of
DNA. Our ghr-miRNA156e and gab-miRNAI160 are the
reverse complementary sequences of the known reported
mRNAs sequences.

The third hypothesis suggests that pre-miRNAs like
mRNAs have a poly A wzil, so they pool up with oligo dT-
priined RNAs.

3.5. Prediction of cotton miRNA targets

The link berween miRNAs and their targets is an important
step for validation of muRNAs identified on basis of bioinfor-
matics. The conserved nzmure of miRNAs in different organ-
isms suggests their conserved function [27]. We used the
miRU software [30]. an :utomated on-line search of miRNA
targets in plants, to idenz1y the cotton miRNA targets using
Arabidopsis thaliana as he reference organism for the gene
function conservation. Tze conserved and non-conserved tar-
gets were obtained. as shown in Table 4. The conserved targets
between cotton and Archidopsis thaliana confirm conserved
function for orthologues of miRNAs. We found that the
miRNA 157 and 160 fzmilies are more conserved in cotton
and Arabidopsis thaliar:. The non-coaserved putative targets
may be involved in processes that are species specific or tissue
specific [22]. Most of the putative targets in cotton function as
transcription factors.

4. Conclusions

We have identified 22 novel candidate miRNAs belonging
to 13 families in coticz from ESTs and genomic sequences
based on bioinformatics. Seven families are reported for the
first time. This is the firsz step toward a description of the miR-
NAs in cotton and will znlighten the future pathway leading to
understand the functior and processing of miRNAs in cotton.
It is a bioinformatics approach for new pre-miRNAs identifica-
tion from plant species whose genome is not yet sequenced.
The use of the pre-miRNAs in homology search, the Ambros
et al. empirical formuls long with the modified sequence and
structural features filter is a suitable combination for piant
miRNA discovery in the future, The EST-based identification
is a confirmation of the miRNA expression. Our results indi-
cate the evolutionary conserved nature of miRNAs in plants.
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