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Abstract

Background:

MicroRNAs (miRNAs) are 20 to 24 nucleotides short RNAs involved in posttranscriptional regulation in

plants and animals. MiRNAs are processed from larger precursors with extensive secondary structure.

In plants, a total of 286 miRNA genes in Arabidopsis, rice and maize had been identified by March

2005, clustered in 43 families.

Results:

Here, we report the bioinformatic identification of 200 members of the 43 miRNA families in the

genomes of maize, sorghum, medick and poplar. Furthermore, we report evidence for expression of

37 miRNA precursors that are present in EST collections of soybean and sugarcane. We have used

the enlarged data set to systematically analyze several parameters of the plant precursors including

stem length, conservation of the precursors and variation in the secondary structure of the miRNA

along the precursor.

Conclusion:

Based on this 83% increase in available miRNA precursor sequences, we present an improved view of

phylogenetic distribution, positional nucleotide preference, structural features and conservation of

miRNA genes. Our results suggest that there are two different classes of plant miRNA precursors. The

most abundant class includes precursors that have only two strongly conserved regions,

corresponding to the mature miRNA and its complementary sequence. A less frequent class, which

includes the miRNA families miR159/319 and miR394, displays two additional conserved sequence

blocks. These precursors have larger stems with more extensive secondary structure.
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Background

MicroRNAs (miRNAs) are products of endogenous non-coding RNA genes that perform recently

appreciated regulatory roles in plants and animals. MiRNAs are typically 20 to 24 nucleotides in length

and exhibit different degrees of sequence complementarity to target RNAs, which they regulate at the

posttranscriptional level [1]. Effectively, miRNAs confer guidance specificity to an effector complex that

negatively regulates expression of these target mRNAs. In animals, miRNAs usually recognize several

target sequences in the 3' UTR and cause translation inhibition, while plant miRNAs often recognize

one target site in the coding region and guide the mRNA to cleavage. It is thought that the higher

degree of complementarity between plant miRNAs and their targets favors the latter mechanism.

MiRNA biogenesis starts with the transcription of a large primary transcript, which is typically RNA

polymerase II dependent and may be spliced. The mature pri-miRNA transcripts is capped and

polyadenylated. Within this transcript the pre-miRNA is found as part of a fold-back structure in which

the miRNA is located as part of the stem. The region of the precursor that pairs to the miRNA is called

the miRNA*. While primary transcripts in animals can contain several different miRNA precursors,

plant transcripts usually contain a single pre-miRNA. The function, if any, of these larger transcripts is

currently unknown. MiRNA precursors are processed by ribonuclease III enzymes (Drosha and Dicer

in animals and DICERLIKE1 in Arabidopsis) to release the mature miRNAs. MiRNAs are subsequently

incorporated into an RNA induced silencing complex (RISC) on which they confer sequence specificity

to the scanning of target mRNAs.

More than two hundred human miRNAs and one hundred Arabidopsis sequences are annotated in the

current edition of the miRNA registry (http://microrna.sanger.ac.uk/registry/). Plant miRNAs have been

identified using one of three primary strategies. The first relies on the direct cloning of small RNAs.

Several labs have prepared small RNA libraries from Arabidopsis and one from rice including different

tissues and conditions [2-4]. A second approach is based on the extensive conservation of the

miRNAs during evolution. 20mers that are conserved between Arabidopsis and rice with surrounding

sequences that are able to form fold-back structures have allowed the identification of several new

miRNAs and the postulation of many others [5, 6]. A third approach has been the identification of
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miRNAs through forward genetics, an approach that led to the first identification of small RNAs in

animals [7]. Although there have been a few cases thus far where a miRNA family is unique to

Arabidopsis or rice, the majority of validated plant miRNAs are largely conserved across the plant

kingdom.

Plant miRNAs are usually encoded by small gene families of up to 14 members [8]. A miRNA family

usually includes several mature miRNAs of identical or nearly identical sequence. In general, at least

one member of each family has been validated experimentally, while the others have often been

obtained as bioinformatic predictions based on sequence similarity of the miRNA and the ability of the

surrounding region to adopt a fold-back structure. In most of the cases, there is some heterogeneity in

the ends of miRNAs belonging to the same family. It is still not known whether these differences reflect

functional specialization. The fold back structures, which are the key structural feature of the miRNA

precursors, are thought to contain spatial cues that direct the appropriate miRNA processing.

Precursors are quite uniform in length among animal miRNAs (around 70 nucleotides), but are

variable in plants (ranging from 50 to 500 nucleotides). Interestingly, engineering the miRNA sequence

of the Arabidopsis miR171 has successfully led to an artificial miRNA that can guide cleavage of an

arbitrarily chosen foreign target, suggesting that the specific determinants of the position of the miRNA

sequence along the precursor are located only in the fold-back structure and not in the sequence of

the miRNA itself [8]. Two recent reports have shown different evolutionary patterns for miRNA

precursors in plants. Reinhardt et al. [3] reported for many families that only the mature miRNA and

the miRNA* was significantly conserved between Arabidopsis and rice for several miRNAs. In

contrast, Palatnik et al. [7] found extensive conservation of the miR319 precursor between dicots and

monocots.

As most of the information regarding plant miRNAs has been based on the two model species

Arabidopsis and rice, we decided to extend the systematic identification of miRNAs to other plant

species. Therefore we have performed a thorough search based simultaneously on sequence

similarity and precursor structure. To date, a total of 286 plant miRNAs in the dicot Arabidopsis and

the monocots rice and maize have been identified and deposited in the miRNA registry [9] responsible

for name assignment. These miRNAs cluster into 43 families, based on sequence identity (or very

close similarity) of the mature miRNA. At least one representative of each family has been
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experimentally verified - whereas other family members have often been identified by computational

approaches. Here, we report on the identification of 237 additional miRNAs, all homologous to

members of published families, based on a stringent sequence similarity search in combination with a

structural filter for hairpin structures and manual inspection. We provide an overview of characteristics

referring to the conservation and divergence of miRNAs in plants as provided by the now enlarged set

of miRNA sequences.

Results and Discussion

Computational identification of miRNA homologs

In order to identify miRNA genes from different species we used the set of 286 plant miRNAs (112

from Arabidopsis, 134 from rice and 40 from maize) available from the miRNA registry [9] Release 5.1

(March 2005) as query set. We used NCBI BLAST [10] with an E-value cutoff of 10 for a similarity

search against the available genomic sequences of sorghum, maize, medick and poplar, as well as all

NCBI EST databases. Of the four species used for genomic DNA searches, only poplar has been

completely sequenced. It has been estimated that about two thirds of the genic fraction of the sorghum

and maize genomes has been obtained [11, 12]. All BLAST hits were folded using RNAfold from the

Vienna RNA package [13] and checked for adoption of a stem-loop-stem structure. We also applied a

second structural filter and required that the newly identified sequences are similar in the miRNA-

miRNA* region to the one described in RFAM. To this end, we required that at least the same number

of interacting bases between the miRNA and miRNA* are found in the different miRNAs. All miRNA

candidates that passed this test were manually inspected for homology with the query.

Using this strategy we were able to identify 237 new miRNA genes, 200 of them from the available

genome sequences and 37 from expressed sequences (Figure 1a, Supplementary table S1) - thus

increasing the number of available miRNA genes by roughly 83%. The strategy used to generate a set

of miRNA homolog candidates is mainly based on sequence similarity by BLAST, with an E-value
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cutoff of 10. In order to validate this approach we wanted to compare the similarity inside one family

and across different families. We started our search with all precursors deposited in RFAM. There is

some heterogeneity in the sequences outside the miRNA-miRNA* for different precursors. In some

cases the sequences deposited with the miRNA registry end immediately beyond the miRNA

sequence; in other cases they continue for an arbitrary number of nucleotides, since the actual length

of the transcribed miRNA precursor is in many cases not known. To standardize our parameters, we

decided to only take into account the miRNA/loop/miRNA* portion of each miRNA precursor and to

normalize the scores when conducting pairwise blast comparisons to avoid any bias introduced by

differential family size. As depicted in Figure 1b, the pairwise BLAST scores vary across families, but

we obtained at least a pairwise comparison score of 25 points for any pair of miRNAs within a family.

As a control we shuffled the nucleotides of each precursor and did not get any significant scores (data

not shown).

Arabidopsis microRNAs for which we did not detect homologs in other species by our approach likely

reflect two scenarios. One possibility is that these miRNAs have recently appeared in Arabidopsis, as

was shown for miR161 and miR163 [14]. A second alternative is that the original Arabidopsis

sequences do not constitute bona fide miRNAs, since DICER-LIKE1 dependent biogenesis has not

been determined for all small RNAs in the miRNA registry.

The number of miRNA family members varies greatly across families. In some cases, like miR162,

there are only two members in Arabidopsis, while there are 14 members in the miR169 family. Thus,

we decided to ask whether the number of family members also varies across species or between

monocot and dicot clades. We plotted the number of miRNA members in each family found in the

sequenced (or almost fully sequenced) genomes from dicots and monocots. From dicots we used

Arabidopsis and poplar, and from monocots we used rice, sorghum and maize. Surprisingly, we found

that the number of miRNA genes is conserved in each family of miRNAs. This is interesting because

the genome size of monocot species is often much larger than for dicots. Importantly, none of the

families analyzed behaves as an outlier (Fig. 1c and Fig. 2).
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Conservation and divergence of miRNA precursors

MicroRNAs in plants and animals have distinct structural features and differ, for example, in the length

of their precursors. The fold-back of a miRNA precursor in animals is usually around 70 nucleotides in

length, while in plants it can be anywhere between 50 and 500 nucleotides [1]. In a first step to

characterize the plant precursors, we looked at the length distribution across miRNA families. We

found that several miRNA families such as miR164 or miR408 have variable fold-back sizes (Fig. 2b).

Other miRNAs families, such as miR319, showed little variation (Fig. 2b). These results suggest that

distinct plant miRNAs may be subject to different structural constraints.

Next, we analyzed in more detail the structural conservation of plant miRNA precursors. We compared

the sequences from different miRNAs belonging to the same family across different species. For this

analysis we used only those enlargeable miRNA precursors for which the segment 50 nucleotides

upstream and downstream of the miRNA and miRNA* was available. To compare the miRNA

precursors we used the multiple alignment program T-Coffee [15] for alignment of this segment and for

visualization of conservation at each position. As expected, the miRNA sequence itself shows extreme

evolutionary conservation in all families. We found maximally 2 nucleotide deviations from the

consensus sequence for a miRNA family. The miRNA* sequence is second best in conservation,

being constrained by the necessity to form a double stranded RNA intermediary together with the

miRNA sequence. Compensatory mutations due to wobble pairing and mutations at bulge positions

are tolerated.

The very interesting result was derived from an analysis of the conservation of the miRNA precursor

segment located between the miRNA and miRNA*, termed the loop. In most cases, such as miR160

and miR164, we found that there was essentially no conservation of this sequence between different

species (Fig. 3a and 3b). Astonishing exceptions to this divergence pattern are the families miR159,

miR319 and miR394. In these families we found that the loop region of the fold back displays an

unusual amount of conservation. Especially in the families miR159 and miR319 there were two distinct
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other conserved blocks that gave signals similar to that of the miRNA and miRNA* (Fig. 3c and 3d). In

the case of miR159 and miR319, this interesting, shared pattern of conservation might not be

accidental, since the mature miR159 and miR319 sequences are also closely related, even though

they appear to have largely non-overlapping targets [7, 16, 17]. Next, we decided to use the precursor

sequence without the miRNA/miRNA* to avoid any bias due to these sequences and we performed a

BLAST search against our miRNA precursor database. When we used the sequence of the miR319

precursor as our query, we found that the best pairwise hit is a miR159 and vice versa. An alignment

of all enlargeable miR159 sequences together with all enlargeable miR319 sequences yielded the

same conservation pattern with four distinct conserved blocks (Fig. 3e). Taking into account the

conservation of the miRNA sequence and the extraordinary conservation pattern in the fold-back

precursor, we conclude that these miRNAs most likely have a common ancestor.

Why do the miR159/319 and 394 families have additional blocks of conserved sequence in their

precursors? One possibility is that these segments code for a second miRNA, but this seems not very

likely, as the sequence conservation is lower than found for authentic miRNA/miRNA* pairs. In

addition, a search for putative target mRNAs using previously established rules [18] yielded no

promising candidates. Furthermore, the few hits obtained in other species were not in orthologous

genes. A more likely possibility may be that these segments are required for adequate miRNA

biogenesis and therefore have a structural function.

Sequence signals

Some primary sequence bias in miRNAs has been detected, with U being the most common base at

the extreme 5' end. Having this now-enlarged set of miRNA precursors at hand, we constructed

position-weight-matrices (PWM) for all mature miRNA (miRNA*) sequences of length 21 for which 50

nucleotides upstream and downstream of the mature miRNA (miRNA*), respectively, were available

[19]. We first analyzed the 307 miRNA enlargeable precursors (out of the 523 overall) with a 21

nucleotide mature sequence and graphed nucleotide bias per position (Fig. 4a), confirming the clear U

preference at the first position. To exclude the possibility that this result is influenced by different

miRNA family sizes, we repeated this exercise after having selected only one enlargeable

representative per family at random and constructing a PWM for this set of 35 representatives (Figure
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4c). Note that the G and C preferences at positions 8 and 19, respectively, visible in Figure 4a are

mostly due to the bias introduced by the large families miR169 and miR166, and they disappear after

using only a single representative per family (Fig. 4a, 4c). We found weak sequence signatures that

have not been reported before, such as a pyrimidine preference at the first position downstream of the

mature miRNA and a thymine preference at the fifth position downstream of the mature miRNA,

although these signals were much weaker than the previously described U at position 1. Figure 4b and

4d show analogous PWMs for enlargeable miRNA* sequences of length 21, using all 187 available

sequences and the 28 sequences derived by selecting one representative per family at random,

respectively.

We next analyzed the secondary structure of the miRNA and miRNA*. We scored the strength of the

bond at each position of the miRNA and the miRNA*, scoring each from its 5' end, respectively, to

compensate for variation in miRNA length and the effect of asymmetric bulges. We gave different

values to the possible base pairs: GC a score of 3; AU, 2; GU, 1; unpaired nucleotides scored 0 at that

position. We found that the 5' nucleotide of the miRNA scores an average strength of roughly 1.6,

while the 5' nucleotide of the miRNA* scores on average a bond strength of about 2.4. This result

indicates that the first nucleotide of the miRNA is more likely to be unpaired than the first nucleotide of

the miRNA*. This finding is consistent with previous reports in animals which claimed that the protein

complex in charge of loading RISC can discriminate the miRNA from miRNA* on the basis of the

different stability of the 5' end. This strand selection theory is consistent with our results in plants.

Conclusions

Employing a similarity search of genomic and EST sequences with subsequent structural verification,

we have been able to increase the number of plant miRNAs by 83% to 523 miRNA genes. Our

analysis of this enlarged set has led to the following conclusions:

1. In contrast to animals, plant miRNA precursors were already known to be more variable in

length. While we can confirm that there is size variation both across and between families, we also

found that not all families are equally variable. In some families, all members are uniform in size. This

phenomenon might reflect evolutionary trajectories and/or differential functional constraints.
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2. The distribution of miRNA families is similar between monocots and dicots.

3. There is no obvious sequence bias within the primary sequence of different miRNAs, with the

exception of the already known U in the first position. Consistent with the strand selection model for

miRNA incorporation into RISC, we observe a bias in bond strength between the 5' end of the miRNA

and 5' end of the miRNA*.

4. It seems that there are two classes of precursors with different structural properties. The most

abundant class includes precursors that have only two strongly conserved regions or blocks

comprising the miRNA and miRNA*. The foldbacks of these precursors contain a short stem consisting

mainly of the miRNA/miRNA duplex. A second and less frequent class, which includes the miRNA

families miR159/319 and miR394, display four conserved sequence blocks. This is reflected in the

secondary structure of these precursors, which typically contain two adjacent, strongly paired stem

segments. This likely reflects a processing mechanism that requires two consecutive steps by DICER-

LIKE enzymes, in a similar way to the progressive action of DICER in siRNA production.

Materials and methods

For the genomic homology search we used the following sequences: the poplar (Populus trichocarpa)

genome was downloaded from the DoE Joint Genome Institute and Poplar Genome Consortium web

page at http://genome.jgi-psf.org/Poptr1/Poptr1.download.html on 10
th

of March 2005 (Version 1.0

preliminary draft). The maize (Zea mays) genome was downloaded from the MAGI website of the Iowa

State University on 10
th

of March 2005 (MAGI Version 3.1 Contigs w/ Non-repetitive Singletons) [20].

The sorghum (Sorghum bicolor) genome was downloaded from the MAGI website of the Iowa State

University on 10
th

of March 2005 (SAMI Version 2.0 Contigs w/ Singletons) [11]. The genomic medick

sequences were downloaded on 10
th

of March 2005 from the NCBI Genome Survey Sequence

database at ftp://ftp.ncbi.nih.gov/blast/db/ (Files "gss.0X.tar.gz"). For the homology search in EST

sequences we used the NCBI EST database [21], downloaded on 10
th

of March 2005.

The 286 available plant miRNA sequences used as queries for our search were downloaded on 10
th

of

March 2005 from the miRNA registry [9] at http://microrna.sanger.ac.uk/sequences/index.shtml

(Release 5.1). All miRNA homologs identified in this approach have been deposited with the miRNA

registry (Suppl. table S1).
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For the pairwise BLAST comparisons we normalized the scores by setting a virtual (effective)

database size equal to the length of the current NCBI NR/NT database (13,371,533,914 nucleotides).

We find this useful since the BLAST E-value and score are directly related to the effective database

length and omitting this would introduce a bias in similarity due to differential family size.
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Figure captions

Figure 1. Overview of microRNA families.

(a) Number of microRNA genes per family. Blue indicates genes described in the RFAM microRNA

registry (Release 5.1) and used as starting query, red indicates newly identified genes in different

genome sequences and yellow newly identified genes obtained from expression sequence databases.

(b) Pairwise BLAST score of each stem-loop precursor sequence (miRNA + loop + miRNA*) compared

to the different members of the same family. Each data point is plotted in black. Statistical symbols are

drawn in gray: maximal and minimal values by horizontal marks, first and 99
th

percentile by crosses,

mean value by a square. A gray box covers the range from 25% to 75% with whiskers extending to

10% and 90%.

(c) Histogram of microRNA genes (dicots: greenish/blue, monocots: reddish/yellow)

Figure 2. Conservation.

(a) Number of monocot family members (rice, maize and sorghum) plotted against number of dicot

family members (Arabidopsis, poplar).

(b) Stem-loop length variation for different microRNA families. Statistical symbols as in Fig. 1b.

Figure 3. Alignments of selected microRNA families.

Alignments of microRNA genes are displayed. The alignment software used, T-Coffee, provides an

algorithm and a coloring scheme to indicate degree of conservation: red/yellow/green/blue color

symbolizes excellent/good/average/bad conservation, respectively. The mature microRNA is marked

by a red rectangle and the sequence segment pairing to the microRNA is marked by a blue rectangle.

The alignments have not been curated manually.

(a) Alignment of members of the miR160 family.

(b) Alignment of members of the miR164 family.

(c) Alignment of members of the miR319 family.

(d) Alignment of members of the miR159 family.

(e) Alignment of members of the miR159 together with members of the miR319 family.
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Figure 4. Sequence logos.

Position weight matrices (PWMs) of miRNA genes are displayed using the software WebLogo. The y-

axis indicates the total number of informative bits [19] for each position. Within each column, the

fraction of height covered by each nucleotide is equal to its fraction of occurrences at the

corresponding position.

(a) and (c) display sequence logos of the mature miRNA plus 50 nucleotides 5’ and 3’ across all

microRNA families and across one randomly chosen representative for each family, respectively. The

mature miRNA is underlined with a red bar. Only miRNA precursors that could be extended by 50

nucleotides to 5’ and 3’ of the mature miRNA and yield a mature miRNA of length 21 have been used

for this analysis.

(b) and (d) display sequence logos of the miRNA* plus 50 nucleotides 5’ and 3’ across all miRNA

families and across one randomly chosen representative for each family, respectively. The miRNA* is

underlined with a blue bar. Only miRNA precursors that could be extended by 50 nucleotides to 5’ and

3’ of the miRNA* and yield a miRNA* of length 21 have been used for this analysis.

Figure 5. Bond strength of miRNA and miRNA*.

The average score (as described in the text) for the hydrogen bonds at the first 10 positions of the

miRNA and the miRNA*, respectively, is displayed in blue and green. In red, the difference between

the score for the miRNA and the miRNA* is plotted.



 miR156/157

 miR158 

 miR159 

 miR160 

 miR161 

 miR162 

 miR163 

 miR164 

 miR165 

 miR166 

 miR167 

 miR168 

 miR169 

 miR170 

 miR171 

 miR172 

 miR173 

 miR319 

 miR393 

 miR394 

 miR395 

 miR396 

 miR397 

 miR398 

 miR399 

 miR400 

 miR401 

 miR402 

 miR403 

 miR404 

 miR405 

 miR406 

 miR407 

 miR408 

 miR413 

 miR414 

 miR415 

 miR416 

 miR417 

 miR418 

 miR419 

 miR420 

 miR426 

10 200 30 40 50 60

 miR156/157

 miR158 

 miR159 

 miR160 

 miR161 

 miR162 

 miR163 

 miR164 

 miR165 

 miR166 

 miR167 

 miR168 

 miR169 

 miR170 

 miR171 

 miR172 

 miR173 

 miR319 

 miR393 

 miR394 

 miR395 

 miR396 

 miR397 

 miR398 

 miR399 

 miR400 

 miR401 

 miR402 

 miR403 

 miR404 

 miR405 

 miR406 

 miR407 

 miR408 

 miR413 

 miR414 

 miR415 

 miR416 

 miR417 

 miR418 

 miR419 

 miR420 

 miR426 

10 200 30 40 50 60

poplar
medick
soybean

maize
sorghum
sugarcane
rice

M
ic

ro
R

N
A

 f
a
m

ili
e
s

M
ic

ro
R

N
A

 f
a
m

ili
e
s

Arabidopsis

microRNA registry (Release 5.1)

genomic

EST

0

50

100

150

200

250

300

350

400

450

500

m
iR

1
5
6

/1
5
7

m
iR

1
5
9

m
iR

1
6
0

m
iR

1
6
2

m
iR

1
6
4

m
iR

1
6
6

m
iR

1
6
7

m
iR

1
6
8

m
iR

1
6
9

m
iR

1
7
1

m
iR

1
7
2

m
iR

3
1
9

m
iR

3
9
3

m
iR

3
9
4

m
iR

3
9
5

m
iR

3
9
6

m
iR

3
9
7

m
iR

3
9
8

m
iR

3
9
9

m
iR

4
0
8

P
a
ir
w

is
e
 B

L
A

S
T
 s

c
o
re

Number of microRNA genes

MicroRNA families

Number of microRNA genes

(a)

(b)

(c)

Figure 1



m
iR

1
5
6
/1

5
7

m
iR

1
5
9

m
iR

1
6
0

m
iR

1
6
2

m
iR

1
6
4

m
iR

1
6
6

m
iR

1
6
7

m
iR

1
6
8

m
iR

1
6
9

m
iR

1
7
1

m
iR

1
7
2

m
iR

3
1
9

m
iR

3
9
3

m
iR

3
9
4

m
iR

3
9
5

m
iR

3
9
6

m
iR

3
9
7

m
iR

3
9
8

m
iR

3
9
9

m
iR

4
0
8

0

50

100

150

200

250

300

350

400

450

500

S
te

m
-l
o
o
p

 l
e
n
g

th

MicroRNA families

0 5 10 15 20 25 30 35 40

0

5

10

15

20

25

30

35

40

N
u
m

b
e
r 
o
f 
d
ic

o
t 
m

ic
ro

R
N

A
 g

e
n
e
s

Number of monocot microRNA genes

miR319

miR396

miR164

miR159

miR172

miR167

miR399

miR171

miR160

miR156/157

miR395

miR166
miR169

(a)

(b)

Figure 2



(a)

ptc-MIR160b    ---------------A------------------TGGGT-AAGCTCTTATACA--CACGCATCCATGCTTAG---AAATGCGCTA-TA--GTCTATAAGTATAAACCATAATGCACACATATATACATGTTTTCACCACCATGCATCCATATATA--TTATATG----TGCCTGGCTCCCTGTATGCCATTT--GCAGAGCCCAA-CGGA----T--CCTC--------

------------------------------GATGGCCTCCG---TGGATGGCGTATGA-GGAGCCATGCATATT---CG-CATGTATATTATACATGGTTTAATTTTGCTCGCAGAAGGAAAATTTATTCTATCACTTTGTCCAAATTTGAAGCTTAAAAGTCT-GCAAGGGC-----AGCA---TTGTAA-------TTTTCA----ATAGA-------------

ptc-MIR160c    ---TGCATCC-ATGCAAT-----TG----TGGGCTGCAT-AAGCTCATACACA--CATGCCTGCATGCTTAG---TAATGCAATA-T----------------------AATGCATGCATACATGCATGTTTTAACCATCATGCATCCATATATA--TTATATG----TGCCTGGCTCCCTGTATGCCATTT--GCAGAGCCCAC-CGGT----T--CTTC--------

------------------------------GATGGCCTCCG---TGGATGGCGTATGA-GGAGCCATGCATATT---CA-CATGTATATA-TCCATGGTTTTC----ACTTGCAGATGGAAGATTTATACGGGCTCTTAGTCCAACTTTGAAGGCTA-GAGTCT-GCAAGGGT-----AGCA---TTGTAA-------TTTTCA----AAAGAATC------AGG-

ath-MIR160a       -------AAA-TAGAATT-----AG----CTATCTGTTT-TAG-----GCGAA--TTAGTTTCCTTACATAA---CC-------------------ATGTATATGTCATGACGCAT------ATACATATGTAGA------TGTATATGTATTAT--ATATGTA----TGCCTGGCTCCCTGTATGCCATAT--GCTGAGCCCAT-CGAG----T---ATC--------

------------------------------GATGACCTCCG---TGGATGGCGTATGA-GGAGCCATGCATATC---CT-CATACATATAT-----AATTATGTTTTGGTACCAATTGAATTGTGTTGATGAGCTTGT--------TTTGTAGAA---GTCTCT-GTT--CAT-----TGCC---TCATCA-------TGTGTA----GAAG----------AGA-

ath-MIR160b       --------------TT-TT----GATTTTATTTAA--ATCAAGATCGACGTA--TAA-GCTAT-----CCACCAATCATACTTAAGGG--T---TCCCGTATACA----TATATAC-------TATATATATA----------TATGGAATAA----TAG-TCG----TGCCTGGCTCCCTGTATGCCACAA--GAAAACATCGA-TT-T--AG---TTTC-A------

----A------------------------AATCGATCA------CTAGTGGCGTACAGAGTAGTCAAGCATG----ACCA-AAGCTTATCAT---------AATATC-TACATTATATGTATATGAGT------ACTTTGTC-TCCATA------G-CACAGCATACATGTGCATG-GATG------ATGTCTAATTGTCTATAACC------------GTT----

ath-MIR160c       --AAA----AAAAGTT-CT----GATTCGATTCAA--GCCAAGATCCACGTA--TAAAGATAT-----GT-----TCATGCGTAGAGG--T---TTG-GTATACAACAATATATAC--------ATATAATAG----------TTTG----------TCG-TTA----TGCCTGGCTCCCTGTATGCCACGA--GTGGATACCGA-TT-T--TGG--TTTT-A------

----A------------------------AATCGGCTG------CCGGTGGCGTACAA-GGAGTCAAGCATG----ACCAGAAGCATATGGTAACT----CAATTGC-ATCTACAACTAAATATGA----------AATATC-TAGTTA------TGTATATGGTTTGTGTTCTA--TAAG------ATGT-----TTTCTTCGAAT----TT-----TGAT----

osa-MIR160a       --------------CTCTT----GGTTA----------TTACTATCTTGCACTGTGATGTTTGCATGTGTGTTTA---TTTACACTGG---ATGAGATGAT--------GAGGTTT--------AGAGGTTTGTTCAGA------AGCT-GTG----TAGTGTG----TGCCTGGCTCCCTGTATGCCACAC--ATGTAGACCAA-CCCA--TGG--TGT---------

----C------------------------TGGTTGCCTAC----TGGGTGGCGTGCAA-GGAGCCAAGCATGCATGCCTGCCTGCATATGGTTGCTTG--ACATATC-CATTA-AT-----TCCAGCT------TCTTTTT------TA------AGTGT-CATTTGATG-------TAGTATACATATAT-------TTGT-----GTATGTA--TGTGTT----

osa-MIR160b       ---TG----ACATGCATCT----GAAGACCGGAGAGCATCTGCATCTGCCTATATCATCCGGTCATGGATATGGATAGATGACCGGCC--T-GTTCATGTCTGAAGAAAAA---TC--------AAAGGTTTGGTTTT--GA-TCGGCTTGA-------GAGCG----TGCCTGGCTCCCTGTATGCCACTC--ATGTAGCCCAA-TCCA--TGG--TGTG-T------

----T------------------------TGGATGCTG------TGGGTGGCGTGCAA-GGAGCCAAGCATGCGTG---------CCATGATCTCT--CTTTCTG-C-CTTAA-TTCAGTTTCAGACA------TGTGTAGT-TGGATT------TGTTTCCTCTAGGTGTTCATG-TTAATTACATATTTCATGTTGATTTTGCCCGTTTGGATATGTGTTTGTC

sbi-MIR160b       ---AG-----CTAGCT----------GATCGATCG--ATCTCCATC-------ATCGAGCTCCCTCGTC-GTCG-TCGTTCACCGTGG--GACGCCATGGAGGCA-------------------GCAGGTTTGGTCGATC-----GGCT---------CGTGTG----TGCCTGGCTCCCTGTATGCCACAC--ATGTAGCCCAA-CCCG--TGG--CGTG-A------

----T------------------------TGGATGCTG------TGGGTGGCGTGCAA-GGAGCCAAGCATGCATAACAA---GGCCATGATCACCTCCTCTCTATC-CTCTG-ATCTGTTGAATT--------TCTTT-TC-T-GTTC-------GTTTTTTCGAGATGGTGATG------CACTTATTTGATGC-------------------------TAG--

zma-MIR160b       ----------CTGGCT----------CTTCTATGG--ATT----------------------ATTCGT----CC-TCGTCCACCGTGG--GACGCCATGATAGCAATATTAAGCTA--------GCAGGTTTGGTCGATCGA-TCGGCTCGTG----TCGTGTG----TGCCTGGCTCCCTGTATGCCACAC--ATGTAGCC-AA-CCCG--TGG--CGTG-A------

----T------------------------TGGATGCTG------TGGGTGGCGTGCAA-GGAGCCAAGCATGCATAACAG---G-CCATGATCACTTCCTCTCTATC-CTCTG-ATCTGTTGAATATA------TCTGTATC-GTGTTT-------TTTTTCCCGAGATGATGATG------CACTTATTTCATGC------------------------------

osa-MIR160e       T-----AGATGTAG-TTAG----T----TTGGTGTGGCA--ATAT--GGC-------GGCATTGGAGGGG-----AGATATATGTGTGTGT-----GTGTTT-------GGTACTTTG-GGTGA--TTGTG------AAGGTGA-TGAAAAGGTA--GGGGATA----TGCCTGGCTCCCTGTATGCCGCTCGCATGGCTGCCAA-CCCA--ATGAAC-----TCG-AT

CTCGT------------------------TGTTGGCCGCTG---CGTACGGCGTGCGA-GGTGCCAAGCATGG----CCCTCTTCCCTTC-TC--------TCTTTCTCTCTCTAC--ATCT--CTCT---CT-TCTTT---CTTGTTG---CATTG--CATGTTT-TATATATCCTTAGAATGCTTGTTT-------TCTTT--TCTTGT---TAAGTAAT----

sbi-MIR160e       T-----------TG-TA------------TGCCATGGCACATTAT--TGGAAG---GTGTATAAGCAAGC-----AAGCAATGGCGCG--------CGGCAC-------AGGACATGGAGGTGG--AGGAA------GAGGTGA-----AAGCTA--GGGAATA----TGCCTGGCTCCCTGTATGCCACTCGCACGGCTACCAC-CCCA--A-GATCATCGATCG-AT

CTCGG---------------------------TGGCCGCTG---CGGCTGGCGTGCGA-GGTGCCAAGCATGG----CCCTCATACAT-C-TC--------TCTCTCTCGCTCTCT--CTCTCTCTCT---CTCTCTCT---CTCTCTC---TCTCT--CTCTCTC-TCTCTCTC--ACACACACACACAC-------ACACA---CAC-----------A-----

zma-MIR160f       TCTCTCAAAATTAGATTAG----G-------ACTTGTTTCTTCAT--AG-AGG---TTG---TGGCGGAT-----TGGTAAATTAGGGATTAGGACTTGTTTC------AACACTAAACCATTGTGAGGAA------GAGGTGA-----AAGATA--GGGAATA----TGCCTGGCTCCCTGTATGCCGCTCGCATGGCTACCAC-CGC--------------------

--CTG---------------------------TGGTCGTTG---CGGCTGGCGTGCGA-GGTGCCAGGCATGT----TTTAATAATTATC-TCCCTCC-CCCCTCTCTCTCATATTTGATCGATCGTC---CCGTCAGG---CATTTCT---CATTATTCACATTTGTTAGTCACCAATG---ACATGTTT-------TAATTA-TCTAC------AGCCA-----

osa-MIR160c       -GATATATGTGTAGCAAA-----GA----TGA--------GAGAT----CTAG---GTGACA--AGAGAA-G-----GAGATGAT-GG--AGATCAATGCATGGATAATTGATCTA----------AA--GCA----AAGGTGATGATATTG------GGAATG----TGCCTGGCTCCCTGTATGCCACTC--ATCTAGAGCAA-CAAA--CTT--CTGCGA------

----G------------------------AGGTTGCCTAT--GATGGATGGCGTGCAC-GGAGCCAAGCATATT---CC-C--TCCTATTTTCCAACCT--------TCTCCTAATT-AATCCTTTCC-TT-TCTCCG------AATT---GGCTTGGTTGCTT-AT--TGTT-----TTCTTACATATAT-------TATCCACGCATGTTTTTG------A---

sbi-MIR160c       -GATGT-------GGAAAG----GG----CTC--------TAGAT---ATTTG------TATATATAGAGAG-----ATTCTCAA-CA--GACAGTAAGCAAAGG--------CGTGA-----TTTAT--ATA----TGAAGGCTTGCATTG---TT-GGGATG----TGCCTGGCTCCCTGTATGCCACTC--ATCTAGATCAA-CAA---CTA--CC---T------

----A------------------------TGGTTGCCTAT--GATGGTTGGCGTGCAC-GGTGCCAAGCATAT----CT-C--TC-TATTTCC----GA--------GCTCATTTTCGAACCCTTTCT-TTCGCTCCT----CTCGT-------TTATTTTTAA--GTTAGT---------TTACTTGTAT-------TTATCACCCATTTGTATT------ATTT

zma-MIR160c       -CAT---------GCATT-----TA----CGT--------ATGAT---GCGTG---AAGCTTTGATAGAT-G-----GATCAG----------GATGTGCAAAGGTGATTTTGCGTAA-----TA-AT--ATA----TGAAGGTTTGCATTG---CTTAGGATG----TGCCTGGCTCCCTGTATGCCACTC--ATCTAGAGCAA-CGA---CAG--CTTGGT------

----A------------------------GGGTTGCCTATAAGATGGATGGCGTGCAT-GGTGCCAAGCATAT----CT-C--GC-CATTTTTGTTGTA--------GCTCATTTTCGAACCCTTTCC-C----TCCT----CTCGCT---TGCTTATTTTCAA-AGTTGGTT-----TAATTACTTGTGT-------TTATCA-GCATA-------------TT-

osa-MIR160f       --TTGGTTAATCTCCATTC-----------------------------TCGAG---TTG-----ATTGATT------AATTTCA--CT--GTATTTATGCTTAGTAT---ATACATGA-----TCGATGGGCAGTG-CGACTGATGAGGTAGGAGATGGGATTAACGCTGCCTGGCTCCCTGAATGCCATCC--GAGAAG------CGTG--CCG--CTGTGG------

----C------------------------CGGCTGCTTC----CTGGTTGGCATTGAG-GGAGTCATGCAGGG----TT-T--GCTCATTTC-CATCTACGA-----CGACGATGTTTATAGCAAGCA-CGGCTTCCTAGCTCAGGTATGGTGCACTTATTCAA-G-ACGCTT-----TGCT-TCGTAAGA-------AGA----ACATATG----------A---

osa-MIR160d       G--TG-AGAT-GAGCACTGCAGTGTTGAAAGAAGGGAAT--ACAT--GGCATATT--GGCAAGGATGCAGA--------------AGGTT---TGGAAGCT------GAAAAGCAAAAGA-----------------GAGGTGA-----AAAAAA--GGGGATA----TGCCTGGCTCCCTGTATGCCACTCGCGTAGCTGCCAAACTCAGTTGAAACAACTGCCTTCT

CCCGGCGAGATTCAGGCATTGTGTTCGTACGTTTGGCTCTACTGCGGATGGCGTGCGA-GGAGCCAAGCATG----ACCGTC---------TCTCTCTGTCTCTATCTCTCTCTCATTGACTCATTGTGTGTGCT-------CACTTA-------AGATTACACGCTTAATTAAACCTGATAAACATGGATCATAC--------------------GGT---AGT-
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(b)

ptc-MIR164b -CCATTTTAGGACCTCTCCCCCTCTCTTTCTCTCTCATTTTCTTGAGGTAGT------------TAGGCTT-AATTTCTAGCTAGAGTTATAGTAGT-GGCA--TCGAAGGA----AGAGAAGG--GGTGTGTG-TGAGCAAGATGGAGAAGCAGGGCACGTGCACTA---CTAACTCATG---------CA---------CACAGAGAGGGAG--ACGCAT----------TTC-----TTGCTG------------GAGTTACGA-GTTA

CG----AC---------TCTTACCTACTATTGATTTTGTTAGC-----------------TCCAGTGA----------GTTAGTTA------TTCATGTGCCTGTCTTCCTCATCATGA-T---CACTACCA-------CACCTAGCTATA-TTGCTCCAT---CTCGGGCACTTCGAGTAG------GAGAATCTCCAGTT--CAGGTGCT-GAATCCATGCAT-GCAGGTG-AGT-CGTATC-----CAAACCAAT------AT-CAGA

ptc-MIR164e -TCT--------CC-CACCCCCTTTCTTTCTCACTCATTTTCTTATGTGAGAGAGGAGCTAGC-TAGGCTG-AGTTTCTAGCTAGAGCTATATCAGC-GATA--TCAAGTGA----AGAGAAGG----TGTGTG-TGAGCAAGATGGAGAAGCAGGGCACGTGCATTA---CTAACTCATG---------CA---------CACAGAGTGAGAG--AGACAT----------TTC-----TTGCTG------------GAGTT--------A

TG----AC---------TCTTACCTACTATAGATTGTGTTGGC-----------------TTCAGCGA----------GTTAGTTC------TTCATGTGCCTGTCTTCCCCATCATGA-T---CACTACCA-------CACCTATATTAT-TAGCTC-AT---CT-GGGCACTTCATATAGGATCGAGAGAATCTCCTCTT--CAGGGACT-GAATTCATGCAT-GCAGGTG-AGT-CATATT-----TAAACCCAT-----------GT

ath-MIR164b -ACTTACAACATACATACATTCTCTCTTTCTCTCTCTCTCTCTCTCTC------------ATC-CCGGCCC-AGTTATGTGGT----------CGGA-GAGA--ATGAT----------GAAGG----TGTGTGATGAGCAAGATGGAGAAGCAGGGCACGTGCATTA---CTAGCTCATA-----TATACA---------CTCT-CACCACAA--ATGCGTGT-------ATAT-----ATGCGG------------AA-TTTTGT-GATA

TA----GA---------TGTGTGTGTGTGTTGAGTGTGATGAT-----------------ATGGATGA----------GTTAGTTC------TTCATGTGCCCATCTTCACCATCATGA-C---CACT---C-------CACCTTGGTGAC-GATGAC-GA---CGAGGGTTCAAGTGTTACGCACGTGGGAATATACTTATATCGATAAAC-ACACACGTGCGT-GTTTGTG-TGT----------------------------------

ath-MIR164a AGC-T------AG---TCTTCCAT-TAATG-------CAATCTTTGGGCCTATATATACAAACCTTTCC----ATAACCAAAGTTCTCATACTACAAA-CGCCCCT-CATGTGC-TTGGAAATGCGGGTGAGA-ATCTCCATGTTGGAGAAGCAGGGCACGTGCAAA-----------------------C----------------------------------------CAAC-----AAACAC----------------------GAA-

-A----TCC----------GTC---TCAT--T----------T-----------------GCTTATT------------T-------------GCACGTACTTAACTTCTCCAACATGA-G---CTCTTCA-----CC-CATTGATGTTATAT---ATCCCTTAA-----ACCTTATT----GATAATGTGTTTTTCGTTGTTCTTGACT--AGCT--C-TTCGTTGTTTGTG-TGTATATGT-GTG-TTAAATCATTTG-----------

ath-MIR164c --C-T------AT---G-TATAAA-ATATA-------ATATGTGTGTGTAAGTAGCTACA----TATAC----GTGGCCATGGAGATTATTTGGAGTT-TGATGATGCAAGAGAGAAAGTAATG--GGTGAGT-AACAC-TTGATGGAGAAGCAGGGCACGTGCGAA-----------------------CA---------C-----------------------------AAAT-----GAAATC----------------------GAT-

--------C----------GGT---ACTT--GTT-------GA-----------------TCATATT------------TTC-----------GCACGTGTTCTACTACTCCAACACGT-G--TCTCTCCCC----CT-CCCCGAGGATGCAATC-GTCAATGGA--TAGAACAGAAT----GTAAATAAATTTAGC---GTTCTA------AGTT--TTTACTTTATTAGAC-TACAT-CAT-GCG-T---ATTA---------------

osa-MIR164d --C-T------ACC--TCTCCCAG-CTCTCCTCTCCTCCTCCAATGGCGAGAGAGAGGCTAG----GGC----CTAGCTAGCTCTAGCCCTAGGAGAAGAACTGAAGAAGGAGG------------GGTGAGC-AA-ACCGTGCTGGAGAAGCAGGGCACGTGCTCG------------------------A---------C-----------------------------GGCG-----GGGCTG----------------------GCT-

-G----GCC----------GGC----CGG--CTT-------G-------------------CA------------------------------GCATGTGCGCTCCTTCTCCAGCATGG-C-TTCTCGCCCCGTCGAT-CGCCGCGGCGGCG-CC-GCCATTAGAGTGGGGGCTT-------GAGCTCGTGATCG--ATCGAGCTAAG-T--AGCA--CGTCCATGGATGG------ATG------G-ATGGATC----------------

osa-MIR164c -GC-A------TCCATGCATCGAT-CTCACCTAGCTTCTTCCTCATCCTCTCTCGA-----TCGATTAC----AAGAGAAAA-----------GTGTT-TGCTGTT-CTTG--CTATCGATCTACAGGTGAGT-AGGTTCTTGTTGGAGAAGCAGGGTACGTGCAAA------AT--------------GCA---------CACCG-GTT------GGTCGAGC-------TAAT-----TAACAA----------------------GCTC

-T----GAC----------GAC----CAT--GGT-------GA-----------------TCGAAT---------------------------GCACGTGCTCCCCTTCTCCACCATGG-CCTTCTCA--CCTTCT-----TCATCTTCACCATC-TCCACT---GATTGATC---------GATCTCAAA--CCACATT------AGTT--TGCT--AAT---TAATTATAT-TGTGCTTGT-ACA--TAAAGCGAGTG-A---TG----

osa-MIR164a --C-TC-----AGCAG-GGTGAGT-G--TACATGTGGA-------AACTCGATA--TCAGAAGAGAAGA-G-GGAAGCATTTGTGATCTACTGTCGACGTCGTCATGCAGGAGCT-AGCT--AGCA-GTGAGA-AGGACCGCGTTGGAGAAGCAGGGCACGTGCATGC---ATAT--------------GTT---------CATCATCAT------CTTCTTCC-------TCCT-----CCTCTA----------------------GCTC

CA----GCC--------TTGTGTGGGTTG--GAA-------GT-----------------TTAGATAGA---------ACTCGCAC------TGCACGTGGTCTCCTTCTCCATCCCGG-TCTT-------TTTCTCA-CTT------TGCCATACATCGA--GCAGTCAGACATCA------------------ACAAGGTAATTAGAGTATACG--CAGGTATAGTCTGGTATGTACCTTGATCAGTTGCATCAGGAG-AGAATGCA--

zma-MIR164a --C-T-------TCGT-CCTCCAT-C----CCGACACC-------GTCCCGAGAGTTCCCAACGAGAGA-G-GATCGATTGGTAGAGCTA----------------GCTCGATCA-AGGTGTATCA-GTGACA-AGGACCACGCTGGAGAAGCAGGGCACGTGCATGC---GCAT--------------AC----------CATATAGCT------AGACGATG-------TTCT-----C-TCTC----------------------GCTC

C-----GC---------TCGACCAAGCTT--CAT-------GT-----------------ATGGATGG----------GTACGCAC-------GCACGTGTTCTCCTTCTCCATCGAGG-TCTT---------TCTCA-CTT------GGCCATG-GCCAT--GAAATCGATCGTAT------------------ACATCGTTGCAAGCTATAGCT--ATCGGTCGGCCAGTGGTG-ACCTGTA-----TGCACCCAGC------------

osa-MIR164b -TCAGG-----AGAAGAATA-----TATATATTGT-TAGTGCATATGTCCA--ATTCACT-TTCTTGGCTC-CCC--C----CGGCAATGGC------GACACAGAGAGAGAG---AGGT-AGACG-GTGG---CCGTGCACGGTGGAGAAGCAGGGCACGTGCATTA---CCATCCACT--------CGCC---------TGCCGGCCGC-----------CG-------GCC--------------------------------------

-------------------------GCCATTGCC--------------------------ATGGATGGT---------------TC------TTCATGTGCCCGTCTTCTCCACCGAGC-ACCA-AC----TGTCTCG-ATCGGCGT-CT-GA--------------AA-CTCTGAAT------ACATGAATTCCCCCATGGC-CAAAACCTTCCTCCCAGGT-TTGCATG--TTG-ATCAATT-----TTCTCCTCT--------TCT--

zma-MIR164b --CGAG----------AATT-----GCG--AAGCT-GAGTGCAGACGTCCG--ATCCCCGATCCATGGCTC-CTTTTC----TGGCACTTGA------GAGA---TGTGTGTG---TGGT-AGACG-GTGG---CTGTGCGTGGTGGAGAAGCAGGGCACGTGCATTA---CCATCCAAT---------GCC----------GCCGGGTGGG----------TG-------GGT--------------------------------------

-------------------------GGAATGG----------------------------ATGGATGGT---------------TC------TTGATGTGCCCATCTTCTCCACCGAGC-ACGA-AC----TGTCTTGGATCCGCGCGCG-CGTG--CCGT--ACATAC-CTCGTCAT------GCAGGAGTT----CAGGTG-CTGCCTAATCCTC-------------G--GCG-GCCC---------TCACCGCG--------CCA--

sbi-MIR164 ---ATG-----T--AGACAA-----CTAACAGCGA-GCGAGCGATAGATAG--ATA---GATAGATAGATA-GATAGA----TAG--ATAGA------TAGA--TAGATAGAT---AGAT-AGACG-GTGG---GTGTGCATGGTGGAGAAGCAGGGCACGTGCATTA---CCATCCAAT---------GCC----------GCCAAGCTCGATC-CTCCTCTG-------AGCT------TGCTA----------------------GCTC

CA----TCA--------GCTCGCCAGCCATGGCT-------GG-----------------ATGGATGGT---------------TC------TTCATGTGCCCATCTTCTCCACCGAGC-ACAA-AC----TGTCTCA-ATCGGC------CGTG--CCTT--ACATAC-CTCATCAT-------CAGGAGTAAT-TCAGG------------ACATC-AGGTGGTGCCTG--GTG--CCTAAT-----TAATCCTCA--------CCG--

osa-MIR164e --CCTG-----A--TG-CAA-----CTCCCCCTGACCCCCTCTATAAATTG-GCTAAGCTACTGCTAG-TC-GATAGT-ACATTGAGCTTGC------GA----TCGACGTAT---ATATATGTTG-GTGTAC-TTGTGCAGGGTGGAGAAGCAGGGCACGTGAGCGG---CCATCCAGT---------GTA----------------------G-CTTCGCTG-------CGCG------TCCAT------------G---------GCGG

CG----AAC--------GCGCGTGATCTGGA----------GT-----------------TTGGATGGT---------------CG------TTCATGTGTCCGTCTTCTCCACCGAGC-ACTG-GCA---TATCCAAGA-CCGAGACAG-CGAG--ACT---CCGAGA-GACATTGG------TCGAGCGAGCGCGCGCGG--CAC-CGTATCCTGC-----ACTGTCT-------ATGAGTT-----GACAACACA-G------ACA--

zma-MIR164c --CAGGCT---AGC--TCAG-CGCG----CACCGTCTCCGGCAT--GCATGCA---------TATGGGCTG-GGCGGCATGGCAGCTCGATC------------------GATGTGTGCTG--AGGATGGCGAGGTGCGCGCGGTGGAGAAGCAGGGCACGTGCATTCTTTCCGTCGCCGGCCGGCTTGGCAGCGGCCGGCGGCCCGGCTCTCGCAGTC-ACGCGTACGTCGCCTG-AGC-GGCGCGCGCGA--GAGAGAGAGACACGGCAG

GTCGTCGCCGGCGCGGCTAACTGGTGCAGGTGCAGCAGCTAGCTTCTGAAACCCAGCCAGCCAGCCAGCCGGCCGGCCGGCCGATCGATGCGTGCATGTGCCCTTCTTCTCCATCG----------------GGCACG-CCTCGC---CTGCGCT--------GCGCACCCCCTTCT---------GTGAGTGC---AT----GCAAGTA--AGCA--AAAAGACTGTCTGTA-CTT-------TAATTTTCACCTCGAGCAGGGTGCA--

zma-MIR164d ---A--CT---GCC--ACAC-CGTT----CCGAGTTCCCGACGA---CGAGCGAG-------TATGAGATGAGGTGAC--GAGAGGTCGAGA----------------TATATGTGTATATATATGAGTGAGAAG-GACCACGCTGGAGAAGCAGGGCACGTGCATGCA----------------------------CATACGCCATTCTCGATCTCTCCTCTCC-ACCACTACTGCATCTAGCTATCTCCATGGATGGATGTACGTAGCTC

GG-------------ACTGGATCGATCG-GAGAAGCAATAAGCTAGCGAGCTCATGCATGCTGGCT---------------------GTGCACGCACGTGGTCTCCTTCTCCATCACGGTTCT---------TTCTCA-CTTCGC---TGCCACA--------GCATGGC-CCGTCG----------CGCGATC---ATCGTCACAAGCT--AGCT--ATTGGTACGGTGGTG-GGT-------TCAGTG--ACCCCTACC-------C--
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(c)
ptc-MIR319a -------------GCATTGATGAATCTCTCTGTGAATTTCTT------ATCTAG----------------A-CATCTGCTTTTTCTCTAAC--CATCCGCTGCATCTTCAATTTGTTTGTCGCAT-----TTTTTTTTTGTC--T---AGATGATAA-TTAATA-GC-T-AAGA--GAGCTTTCTTCAGTCCACTCATGGGTGGTAGT-----AGG----ATTTAATTAGCTGCCGACTCATTCATCCAAATACT-GAGTT-AAA--GGACA-AGGAGA

T------ -TAC C-CAGTAAA TGAGTGAATGATGCGGGAGACAAAT--TGA-ATCCTA -AGCT TC-CTGTACTTGGACTGAAGGGAGCTCCCTTTCCTTTT---- -A---TAC TATGT--ATCTTA--T---ACTT------GTTTCTTGTGTTTAATATA------T ATCT------------GA-TGTTTGGCTGGC-G--GCAAATG CTGTGT--GTCTATATGTATATATATTCT TCCA GA------- --------CAGCATGAAAT------

ptc-MIR319b ---TTTCACCTTAGCACCGATGAATCT-TTTGTGAATTTCTT------ATCTAG----------------TGAATCT-CTCTTTCTTTAAC--CATGCACTGC------ATTTTGTTTGTA---A-----TGTTTTGTTGTG--T---AGATGATAA-TTAATA-GA-T-AAGA--GAGCTTTTTTCGGTCCACTTATAGATAGTAAT-----ATG----ATTTAATTAGTTACCGACTCATTCATCCAAATACT-GAGTT-AT---GAGCT-A--AGA

T------ -TAC C-CAGTAAA TGAATGAGTGATGCGGGAGACAAAT--TAA-ATCTTA -AACT TC-CTATCATTGGACTGAAGGGAGCTCCCTTTACTGTT---- -A---TAC TAT----ATTTTA--T---AATT------GTTTCTTATGTTTGATATATATATAT ATCTAAG----ATTCTAA-TGTATGTCTGGC-G--GCCAATG CTG--------------TACATATATTCT TC-A GA------- --------AAGCATGAAAT-C----

ath-MIR319a -------ATAT-GGAGTAGATGTACAA-----ACACACGCT---------CGGA----------------CGCATAT----TACACATGTT--CATACACTTAAT---------ACTCGCTGTTT-----TGAATTGATGTTTTA---GGAATATA--TATGTA-G-----AGA--GAGCTTCCTTGAGTCCATTCACAGGTCGTGAT-----ATG----ATTCAATTAGCTTCCGACTCATTCATCCAAATACC-GAGTCGCCA--AAATT-CAAACT

A------ -GAC T-CGTTAAA TGAATGAATGATGCGGTAGACAAAT--TGG-ATCATT --GAT TCTCTTTGATTGGACTGAAGGGAGCTCCCTCTCTCTTT--TG TA---TTC CAATT--TTCT-----------T------GATTAATCTTTCCTGCACAAAAACAT GCTTGA-------TCCAC-TAAGTGACAT--------ATATG ----------CTGCCTTCGTATATATAGT TC-- --------- -------------TGGT--------

ath-MIR319b ---T---ATAT-ATA------GTATAA-----TCAAATTCTT------TACATG----------------TGCTTG-------TATGTATG--CGTATATATAGT---------AA---CGGAAT-----TGTTAATATGCTTAT---AGATGTTGAGTTGGTG-GA-GGAAGA--GAGCTTTCTTCGGTCCACTCATGGA--GTAAT-----ATGTGAGATTTAATTGACTCTCGACTCATTCATCCAAATACC-AAAT-GAAA--GAATT-TGTTCT

C------ -ATA T--GGTAAA TGAATGAATGATGCGAGAGACAAAT--TGA-GTCTTC --ACT TCTCTATGCTTGGACTGAAGGGAGCTCCCTATTTTTAT--CT TT---CTC AGAGT--ACCA---------CAT------TTTATATCT-----ATATATATACAA GCATTGA----ATTCGTG-TGTATAACTCAAGA--TCAAGTT ----------CAACATT------GATCGA TA-- --------- -------------TG----------

ptc-MIR319f ---TA--C--TAT--ATATATAAATGT---------------------AACGAGAGTAGTTGAAGTGGGGTGTGTGTGT--TCTAGGTAGAAATCCATACTGCTG-T-G----------CATATT-----TACTTAATTGGTTATGAGAGAGAATTAATTAATG-G-TGGGAGA--GAGCTTCCTTCAGCCCACTCATGGATAGGAGAA----AGG---GGTTGAATTAGCTGCCGACTCATTCATTCAAGCACCAGTAGAAAAA--GGGGAATGGA-T

A-TTCTT TTGC TACTGTGAT TGTGTGAATGATGCGGGAGATAATT--TTACATCCCC -TCTT TTTCTGTGCTTGGACTGAAGGGAGCTCC-TT-CCTTCTA--- ----TTGC TTTCA--TTTACT--GAAGAA-AGAATTTGTTTAAT------TAATACAGGTTAT --------ACACTTCTTGTTAATGTTCTACTT---------T CTT-----ACC--T-TA---ACACCATCT TCGA ----CTCCT GATACTTG-T-------CT------

ptc-MIR319g -------C--TTC--CTAAAAGCACATACTGT------GCT---ATTTAATGCGTGAATTTGAAGTGGGGTGCGTGT----GCTAGCTAGAAGTTTATACTGTAG-T-GGT--------CCGTAT-----TACTT----AGTTGTGA--GAGAA----TTAATC-G-TGGGAGA--GAGCTTCTTTCAGCCCACTCGTGGATAGGACAA----AGG---GGTTGAACTAGCTGCCGACTCATTCATTCAAGCACTAGTAGAAAAAAAGGCGAACGGT-G

T-TTCTT TTGC TACTGTGAT TGTGTGAATGATGCGGGAGATAATT--TTCCATCCTC -TCCT TTTCTGTGCTTGGACTGAAGGGAGCTCC-TT-CCTTCTC--- ----TTGC TTTCA--TTCATT--GAAGAA-ACAGTCT--------------AATACTGTTTGT --------TCGCTG---GTTAAATTTCTACTT---------T TTT-----ACC--ATCA---CCATCATCT GCCA GCTGATACT TTGGCTTG-TACT-GTTCT------

ptc-MIR319c ----C--C--TAT--ATTAATGTTTACTATTT------GCATGTATTCATCTCTCTGTCCAGTAACTAA--ACATTTGC--GATATTCAATTAT-TAATCAGAAT-A-CAT------TGCTAAAT-----TTCTT----T-TCATGA-----------GAAATG-G-TTTAAGA--GAGCTTTCTTCAGTCCACTCATGGACGGGCGA-----AGG---GTTTGGATTAGCTGCCGACTCATTCATTCAAACAC-AGTAGAAATTAA-GGGAGCAGT-A

T-GGCT- --GC TATTGTGAA TGTGTGAATGATGCGGGAGATAAAT--TTC-ATCCTT -TTCT TCTCTGTGCTTGGACTGAAGGGAGCTCCCTT-TAATCGT--- ----TTAT TCACG--ATCTTA--TCAAGCGAAGGTCC------T------CCTTTCGTTAAAT --------TTTCTTCCTTGTCATGTTCGAGAA---------T CAA-----GTA--ATTA---AAATGAAAT TCTT GTTACTT-- --GTCAGACTTAT-T----------

ptc-MIR319d ---------------ATTAATGTTTGCTACTT------GCATATATTCATCTCTCCGTCCAGCATTTAA--ACATCTGT--GACAGCCAATCGCCTCAGCTGAAT-A-CGT------TGTGAAAT-----TTCTTAATTT-TCATGA-----------AAAATG-G-TTTAACA--GAGCTTCCTTCAGTCCACTCATGGACGGGCGA-----AGG---GTTTGGATTAGCTGCCGACTCATTCATTCAAACAC-AGTAGACAA-----GGAGTGGCAG

C-GGCT- --GC TATTGTGAA TGTGTGAATGACGCGGGAGATTAAT--TTC-ATCCTT -TTCT TCTCTGTGCTTGGACTGAAGGGAGCTCCCTT-TAATTGT--- ----TTAT TCACG--ATCTTA--GATGAC-AAGATCC------T--------TTTCTTCAAAT --------TTCCTTCCT-GTCATGT-CGAGGA---------A GTA-----AAA--CATA-----TAAATAT TCGT GTTAATTAG ATCTCAATATTCA-CCCC-------

ath-MIR319c -------C--ATG--CCTAATGTATTCTTCTG------TAGAATA----ACCTGCTTTTCATAAGT---GTGTGTG-----GCCCTTCA-TTGTTTCAAAAGTAT-A-TAT----------ATGA-----ATCAAGA----CCAA-----------AATAGATA-G-ATATAGAAGGAGATTCTTTCAGTCCAGTCATGGATAGAAAAAGAAGAGG---G-TAGAAATATCTGCCGACTCATCCATCCAAACACTCGTGGTA-----GAGAAACGATA-

--AATTT AAAC CGCAGTGAC TGTGTGAATGATGCGGGAGATATTT--TTG-ATCCT- -TCTT TATCTGTGTTTGGACTGAAGGGAGCTCC-TT-CTTTTTC--- -----TAC AAATT--TTCATT--TTTCTC-ATAATCTGTTTATA------TG-TGATGAGTAT --------AGA--------TTTGCATCTAAAG---------A CAA------------TG---GTTTCAACT TCAA AAC-CGAAT TGAACTGA-AACT-G----------

osa-MIR319b ---------TTAA--TTTCATGC-------TTGTT--TGCTGCCGTTT--------TTCATGTT---GA--TCTGA-----TCTTAATATATGTAGCTGCTGTTA-A-CATAT------------TCTTTTAATTTGATGGAA------GAAG--CGATCGATG-GATGGAAGA--GAGCGTCCTTCAGTCCACTCATGGGCGG-TGCT----AGG---G-TCGAATTAGCTGCCGACTCATTCACCCACATGCCA--AGCAAGA--AACGC-TTGAGA

T-AGCG- AAGC TT-AGCAGA TGAGTGAATGAAGCGGGAGGTAACG-TTCCGATC-TC -GCGC CGTCTTTGCTTGGACTGAAGGGTGCTCCCT--CCTCC----- ----TCGA TCTCT--TCGATC--TAA-------TTAAGCTACCT-------------TGACAT GTGTTTTG----ATCT-------GATCTGCTTG--TTAATCT CT-------GCAGCTT-------TAATCT GCAT GATGATA-- -TG-CAGCA-TCTTG------TT--

sbi-MIR319 ---GCGCCCATCA--GATCATGCA--CCACTAGCTAGCGCAGCCGTGCATCATG--TGCATGTT--TGT--TCTCCCTCTCTCTTTTGATTTA-ATTTGCTGTTA-GTC----T----GCCTTCTGCCGC------CATGGTTGTGAT---------ATGGCCG-GATGGAAGA--GAGCGTCCTTCAGTCCACTCAGGGGCGG-TGCT----AGG---G-TCGAATTAGCTGCCGACTCATTCACCCACATGCCA--AGCAAAC--GGCCA-TGGAAA

CGAGCT- -AGC TT-TGCAGA TGAGTGAATGAAGCGGGAGGTAAAAGCTTCGATC-TC -GCAC CATCTTTGCTTGGACTGAAGGGTGCTCCCT--CCTCCCCTCC TTAATTGT TTACT--TTAC-------C-CATGGCGCAGCTTCGTCGATCATATCTCA-----G GGTTTTAC----TTCAT------GATCTGTATT--T-ATTTT CCG-----ACCTGCT-G---TCTTGAACT -CTT GAT---C-- -TGTCTTTTTGCTTGAGCTGCTTAA

zma-MIR319d ---G-----------------------------CTAGCGCAGCTGCGCATC--------ATGTT--TGT--TCTTCCTCTCTCTTTTGATTTC-ATTTCTTGTTA-ATA----TATTTGCCGCCGGGCGCGGC-GTCATGGTTGTGATCGATGGTCGCCGGCCG-GATGGAAGA--GAGCGTCCTTCAGTCCACTCAGGGGCGG-TGCT----AGG---G-TCGGATTAGCTGCCGACTCATTCACCCACATGCCA--AGCAAAC--GGCCA-TGGAAA

CGAG--- ---C TT-CGCAGA TGAGTGAATGAAGCGGGAGGTAAAAGCTTCGATC-TC -GCAC CGTCTTTGCTTGGACTGAAGGGTGCTCCCT--CCGATCCT-- TTCCTTGT TTACT--TTAC-------C-CATGC---AGCTTCATCATTCGTATCTCAAGTCAA GGTTTTAC----TTCAT----ATGATCTGTATT--TTATTTT CCA-----ACCTGCT-G---TCTCGAACT -CTT GAT---C-- -T-----------------------

zma-MIR319b -----------------------------------AGCGCGGTTGTGCATCATGCATGCATGTT--TGT--TCTTCTTTT--CTTTTGATTT------GTTGTTG-GTCGTTTAATTTGTCGCC-GCCGCCGCCGTCATGGTTAGTTGCGACG-ACGATGGCTG-GATGGAAGA--GAGCGTCCTTCAGTCCACTCAGGGGCGG-TGCT----AGG---G-TCGAATTAGCTGCCGACTCATTCACCCACATGCCA--AGCAAAC--GGCCA-TGGAAA

CC----- -AGC TT-TGCAGA TGAGTGAATGAAGCGGGAGGTAAAAGCTTCGATC-TC -GCAC CGTCTTTGCTTGGACTGAAGGGTGCTCCCT--CCTCCC-TCG CTCCTTGT TTACC--TTTATC--GATC-CATGCATCAGCTTCG----TCATATCTCA-----T GGTTTTACTAGCTTCAT------GGTCTGTCTT--TGCTT-- --G-----AGCTGCTTA---ACTT----A -CAT GTT------ ------------------TGGTTGG

osa-MIR319a ---TTTACCAGGT--TTCCTT------TTCTTTGCC--GC-GTTGTTTAAGAT---TTCCATTG-------------TATTTCTTGTT--------TTGCAATT-CAT---TTGGTG---CTCCAAGATTGTGGCT-TTGAC------------TACATGTGT----AAGAAGA--GAGCTCTCTTCAGTCCACTCTCAGATGG-CTGT----AGG---G-TTTTATTAGCTGCCGAATCATCCATTCACCTACCA--AGAAAGTTG--CAGGAG-TG-

-TATCT- ---C TT-GGTAGC GGACTGGATGACGCGGGAGCTAAAA---TTTAGC-TC TGCGC CGTTTGTGGTTGGACTGAAGGGTGCTCCCTT----------- --GCTCAA GCACT---CGTGCATAAAATCATGC--------CCTAAT-----GTT--AATAAT --------AATCTTCA----GATTTCTATATGAGTTTTATGT CCAGTGTGTTCAGTT-------------- TCAA GATT----- -TG------GACTTTTTTT------

zma-MIR319a ATCTATACGCTGC--GTTAAG------AACAAGAACATGCAGTTGCATGGCCA-----CCTATTATTGG--------TTTCACTTGTG--------CTGCTG------GTGTTTGTT---CGTCTGGTTTGGCCTT-T-GGG------------TTCATGTTTTCTCTGGAAGA--GAGCTCTCTTCAGTCCACTCTGAAATGG-CTGT----AGG---G-TTTCATTAGCTGCCGACTCATCCATTCACCTGCCA--AGAACCATGGACA--------

-GGTCT- GGTC TT-GGTAGC CGAGTGGGTGGCGCGGGAGCTAAAA---TCAAGC-TC TACGC TGTTTGTGGTTGGACTGAAGGGTGCTCCCTTT--TGT----- TTGCTCAA ACGCT---TGTGCATGAAATCAAAC--CACCTACCTCA------GTACCAA---T --------AACCTCGA-GTT-TTGTTCTGTAATATTTGGTGC ACACTTATTACAGCT-------------- ---- ---A----- -TG------TTGTTAATTTG-TGA-

zma-MIR 319c AAGGCGGCCGTGT--GTTCAG------GACAAGAACATGCAGATGCATGGCCT-----G------TTGA--------TTTCTCTTGTG--------CTGCTGTG-GTGGTGTTTGTT---CATCTGGTTTGGCCTT-TTGGG------------TTTATGGCTTCTGTGGAAGA--GAGCTCTCTTCAGTCCACTCTAAAATGG-CTGT----AGG---G-TTTCATTAGCTGCCGACTCATCCATTCACCTGCCA--AGAACCATGGGCAAGCGGTA-

-GGTCT- GGTC TT-GGTAGC CGAGTGGGTGGCGCGGGAGCTAAAA---TCAAAC-TC TACGC TGTTTACGGTTGGACTGAAGGGTGCTCCCTTC--AAT----- TTGCCCAA ACACTCCTCGTGCATGAAATC-------ATCTACCTCA------GCACCAATAAT --------AATCTTGA-TTAGATGCCCCGTCGCAATTAATTG CCGTATG-CTCATCA-------------- ---- --------- --G------TTCTTTCTAAGCAGA-
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(d)
ath-MIR159a  -TT----ATGAAGAGTTAAAGGTCTTTACAG-TTTG-CTTATGT----------CAGATCC-ATAATATATTTGACAAG-----ATACTTTGTTTT-TC---------GATA------G---AT-CTTGATCT----GACGATGGAA---------GTA-GAGCTCCT-TAAAGTTCAAAC--ATG---AGTTGAGCAG-GG---TAAAGAAAAG---CTGCTAAGCTATGGATCCCATAAGCCCTAATCC---TTGTAAA--GTAA--AAAA

G------GATTTGGTTA---------------TATG-GA-TTGCATATCTCAGGAGCTTTAACTTGC-CCT---TTAATGGCTTTTA---CTCTTC-TTTGGATTGAAGGGAGCTC----TACATCT---TCTT--TCACCTTCTCTATTTTTTATTTTTCTTTATTTCTACT-----CAACAATTATTTATTCGGATT---CATCTTTAATTTTCCG--TTATAA---TTTCTTT----------------------TTGGT--------

ath-MIR159b  -GC-----CAATTAAAAGAAGGTCAAGAGTTTTTTG-ATTGTATG---------AATATAT-GAGTTAGTCAAAGC-AG-----ATCCACACG-AT-TA---------TATA------GAAAAA-CAAAGGAA----GAAGAAG-AG---------GAA-GAGCTCCT-TGAAGTTCAATG--GAG---GGTTTAGCAG-GG---TGAAGTAAAG---CTGCTAAGCTATGGATCCCATAAGCC-TTATCA---AATTCAA-TATAA--TTGA

T------GATAAGGTTTTTT-----------TTATG-GA-TGCCATATCTCAGGAGCTTTCACTTACCCCT---TTAATGGCTT-CA---CTCTTC-TTTGGATTGAAGGGAGCTC----TTCATCTC--TCCA--TCCCTATCTCTCTCTC-TCTCTATCTTTAGTTCTTTTAAGAATGACTTTTCATTTTTTGTGTT----GTCTG----TTGCAG--GTGTAT---AAACATGGA--------------TG----ATGGATCT-----

ath-MIR159c  --CACC-ATACATATTAGATT-----CTCCCTCTTTCCAT-AGTTTA----TTTTTGGTTC-GTT-TTATTGTAAAAAGATATCAAACT-----------------------CTTTTTGGGGGA-CATTCGTT-CTTCAAGT--------GTAACAGAAGGAGCTCCCT-TCC-TCCAAAACGAAGAGGACAAGATTTGAGGAACTAAAATGCAGAATCTAAGAGTTCATGTCTTCCTCATAGAGAGTGCG-CGGTGTTAA--AAGC--TTGA

A------GA-AAGCACACTT-----------TAAGG-GGATTGCACGACCTCTTAGATT-CTCCCTC-TTTCTCTACATATCATTCTCTTCTCTTCGTTTGGATTGAAGGGAGCTCCTTT----------TCTTCTTCTCTTAAT----TAG-TCTCTGTTCTTCA--AAACTTGGTTTC-G-----ATCTAACTTGTTTTCTTTTTCTCTAGTGCAT--TTTTT---TTTTCAGGT---TG-------TCATG----TTTATTTG-CAGG

osa-MIR159d  -ATTTTGA----TTT-AGCAAGCTGTGTCACCTTTTC--TGTTCATATAC--TTTTGT-CT-GTTTTTGTTG----TGTTTG--ATAC-----------ATAGGTTGAAGA--AAGATGGATAT-CTTGCTGT----GATGT--GAG---------GAG-GAGCTCCT-TTCGATCCAATTC----AGGAGAGGAA--GTGG---TGGGATGCAG---CTGCCGGTTCATGGATACCTCT---GCAGTTCA----TGCCG-GTAGGC------

----------CTGCA--CTT-----------GCATG-GGTTTGCATGACCTGGGAGATG-AACCTGC-CAT-------TGTGTTCCT---CTATT-GATTGGATTGAAGGGAGCTCCGGCTACACCTAT--------CTCTCT------CAC-ACACATATTATCA----TCATGGTATG-TATATTATAAGT-TTGCAGCTTGT-TCTCAATTAATT--TTGGG---TTTTCATC--ACTGCAGAAGTAAATG----GTG----------

osa-MIR159e  ------GAAACCTAT-ATCACACCCCCCCCCCTTTTT--TTTTTG-TTGC--GTTTGA-------TAAGTAGA---AGATTG--ACGATAT---AA-TATTG--GTGTGAT--GTGAAGGGGAT-CAGAAGAT----GATGAA-GAA---------GAA-GAGCTCCCTTTCGATCCAATTC----AGGAGAGGAA--GTGG---TAGGATGCAG---CTGCCGGTTCATGGATACCTCT---GGAGTGCA----GGGCAAATAGTC------

----------CTACC--CTT-----------TCATG-GGTTTGCATGACTCGGGAGATG-AACCCGC-CAT-------TGTCTTCCT---CTATT-GATTGGATTGAAGGGAGCTC---------CTCTAGCTACATCTCTGTCA-TCTCTC-TCTCTCTCTCTCT----TTGATATTAC-TATATCATC----ATGCATGGTAT--GTGTATTAACG--TT--G---TTTGCAGCTAGCTTCTT--GTTCTTG----ATTAA--------

osa-MIR159f  -ACAAGGATTCGTAT-AGCCAGCCTTGTCACCTTTGT--TTTTCC--TTC--ATATAC-------TTTGC--C---TGATGG--CTACTAT---CT-TCATGTGTTGTGATTTGTGAAGGGGA-------GAA----GAAGAA-GAA---------GAC-GAGCTCCCT-TCGATCCAATCC----AGGAGAGGAA--GTGG---TAGGATGCAG---CTGCCGGTTCATGGATACCTCT---GCAGTGCA----TGTCGT--AGGC------

----------TTGCA--CTT-----------GCATG-GGTTTGCATGACCCGGGAGATG-AACCCAC-CAT-------TGTCTTCCT---CTTAT-GCTTGGATTGAAGGGAGCTC----TACACCTCTCTCTCTCTCTCTCTCTCTCTCTC-TCTCTCTCTCTCA----TATGACTAAT-ATTATCATC----AA----GGTAT--GGATATTAC--------T---TTTGCAGTTAGCT---T--GTTCTTA----ATTATTCTTC---

zma-MIR159c  -GCC---CACCA--A-CGCTTAGGCT--ATCGTTGTACTCGAGCTACTTC--ACAAGC-CT---------CGA-------TGGCATGCTACGGGAT-GAATG--AAG----CCATGAAGAAGAAGAAGAAGATGCATGATTAA-GAAAGGCGATC-GAA-GAGCTCCCT-TCGATCCAATCC----AGGAGGGGAA--GTGG---TCGGTTGCAG---CTGCCGGTTCATGGATACCTCT---CTGGTGCAGCAATGGCCGC--TGC--TC-A

C------CT-CTGCA--CTT-----------GCATG-GGTGTGCATGACCCGGGAGATG-AGCCCGC-CAT-------CATCTTTCC---CTCGT-GCTTGGATTGAAGGGAGCTCCT----CT---CTGTCTGTCTGTCTGTCTCTCTCTC-TCCCTTTCCTTCC--CGTGGCGGTCTA-CTGATAATTTCTCGTCATTTCTATCTCTTACTTGCAG--TTGCATTGCAGACATGGATATGC--------ATG----CT--------AT-

zma-MIR159d  -TCACAACTCCATAT-AGCTAGTTCA-------------TGTGCG-CTTC-TACAAGC-TA-GC-AAAAACGAGTGAGTTTATCATGCTATGGGAA-GAATG--GAGAG--CCACGAGGAGGAAGAAGAAGATGC-----------CGATCGATC-GAA-GAGCTCCCT-TCGATCCAATCC----AGGAGGGAAA--GTGG---TCGGCTGCAG---CTGCCGGTTCATGGATACCTCT---CTGGTGCAGCAATGGCCGAGATGC--TC-A

C------C---TGCA--CTT-----------GCATG-GGTGTGCATGACCCGGGAGACG-AACCGAC-CAT-------CATCTTTCC---CTCGT-GCTTGGATTGAAGGGAGCTCCT----CT---CTCTC------TCTCTCTCT--TAT-TTCCATAATTTAT--AT--ATTGTTTG-TAGATAGTTTATCTTTCTTTCTATCTCTTGTTTGCAG--AGA-----TATACATGGAGATGCC-AAGCGCATG----GAAGTTTGACAA-

osa-MIR159b  TTCTA-------GTTTTGTT----TATGCTA-TATA-CTATA---TGTTTCAGATCTCTCTTG--GTTTGTGGTTTT-G-----TTTCT--TTGTT-GGTTGTTTCTTGAATAT-GTGGT---TGC--GTTTT----GGTTAT-GAA---------GT-GGAGCTCCTT-TCGTTCCAATGA----AAG-GTTTATCTGAAGGG-T--GATACAG---CTGCTTGTTCATGGTTCCCACTATTCTATCTCAT-AGGAAAA-------------

------------------------GAGATAGGCTTGTGGTTTGCATGACCAAGGAGCCG-AATCAACTCCT---T-GCTGA---CCA---CTC----TTTGGATTGAAGGGAGCTC----TGCATCT------TGATCCCAT-ATAGTAGT--ACATGTCACTACTGATTGCATGTCTTA-TA---TATTTGC--------CCCCTGTTCATGTTGGATTTGATT---TTTTCCTGGTTCCCCATGT---------GTAG--ATCTA----

zma-MIR159b  TTT---------TATTAGCT----ATGACAACTGGA-CAAGTGGTTGTTTGTTTGTGCTGCAGATGCTGGTGTTCTAGG-----ATGCAGTTTGAT-TCACTAGACCTGATCCC-CTAGACTAGAC--GGTCT----GGTCTT-AAG---------GC-GGTGCTCCCT-TCAAACCAATAA----ACG-GTCGATCTGATGGG-T--GGTACAG---CTGCTCGTTCATGGTTCCCACTGTCCCATCTCATCAGAGAGAGAG----------

------AGAGATGCT--------TGAGATGGGCTTGTGGTTTGCATGACCGAGGAGCTG-CA-CGTCCCCT---TCGTTGA---CCG---CTG----TTTGGATTGAAGGGAGCTC----TGCATCT------TGGTCCCAA-GACTTTCT--TCCCAGATTT-ATGTTTGCTATTTTTT-TA----CTTTGTTGT---AACTTATATACGTGAACGT----TTT---AATTC-AATTTCTCCATGTTTTAGTAGGGTATGTATGTA----

zma-MIR159a  CTTTACGGT---GTTCCGCACAT-AGATCT-CGTGG-CCGGCTGTTTTGCGCTTTCGCTTGCGTTTCT--TGGCCCT-G-----CTGGTG-TTGACCGGTCCGAACGGGGGCAG-ATCGA-----T--GCTTT----GGGTTT-GAA---------GC-GGAGCTCCTA-TCATTCCAATGA----AGG-GTCGTTCCGAAGGGCT--GGTTCCG---CTGCTCGTTCATGGTTCCCACTATCCTATCTCATCATGTGTATATATGTAATCCA

TGGGGGAGGGTTTCTCTCGTCTTTGAGATAGGCTTGTGGTTTGCATGACCGAGGAGCTG-CACCGCCCCCT---T-GCTGG---CCG---CTC----TTTGGATTGAAGGGAGCTC----TGCATCC------TGATCC-AC-CCCTCCAT--T---------TTTTTTTGCTTGTTGCG-TCCTTCCTGGGACCTGAGATCCGAGGCTCGTGGTG--GCTCACT---GTAGCCTCGCTACAC-TGTTTTCTTCTCCT-CTCCTGTGC---
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ptc-MIR319a --------------------------------GCATTGATGAATCTC-TCTGTGA-----AT-TTCTTAT-CTAGA-CATCTGCTTT-TTCTC-TAACCATCCGCTG-CATCTTCAATTTGTT--TGTCGCATTTTTTTTTTGTC--TA-GA-TG-ATAA--TTAATA----GCTAAGA--GAGCTTTCTT-CAGTCCACTC-ATGGGTGGTAGTAGG----A-TTTAAT-TAGCTGCCGA---------CTCATT-CATCCAAAT-ACTG--AGTT---------------------A----AA

GGACAAGGAGATTACC------C-AGTAAA-TGAGTGAATGATGCGGGAGACAAAT---TG--A-ATCCT----------AAGCTTC-CT-GTACTTGGACTGAAGGGAGCTCCC--TTTC-------CTTTT---AT--ACTA-TGTATCTTATACTTG---TTTCTTGTGTTTAATAT------ATATCT--------GATGTTTGGCTGGCG-GCAAATGCTGTGT----------GTCTATAT----GTATAT-AT---ATTCTTC---CAGACAGCATGAAAT---------------

pttc-MIR319b ---TT--------------TCACC-----TTAGCACCGATGAATCT--TTTGTGA-----AT-TTCTTAT-CTAGTGAATCT-CTCT-TTCTT-TAACCATGCACTG-C------ATTTTGTT--TGTA---ATGTTTTGTTGTG--TA-GA-TG-ATAA--TTAATA----GATAAGA--GAGCTTTTTT-CGGTCCACTT-ATAGATAGTAATATG----A-TTTAAT-TAGTTACCGA---------CTCATT-CATCCAAAT-ACTG--AGTT---------------------A----T-

GAGCTA--AGATTACC------C-AGTAAA-TGAATGAGTGATGCGGGAGACAAAT---TA--A-ATCTT----------AAACTTC-CT-ATCATTGGACTGAAGGGAGCTCCC--TTTA-------CTGTT---AT--ACTA-T--ATTTTATAATTG---TTTCTTATGTTTGATATATATATATATCTAAGATTCTAATGTATGTCTGGCG-GCCAATGCTGT--------------------------ACAT-AT---ATTCTTC----AGAAAGCATGAAAT-C-------------

ath-MIR319a ---------------------A-------TAT--GGAGTAG-------------A-----TG-TACAAACACACGCTCGGACGCATATTACACATGTTCATACACTT-AAT---------ACT--CGCTGTTTTGAATTGATGTTTTAG-GA-AT----------ATA-TATGTAGAGA--GAGCTTCCTT-GAGTCCATTC-ACAGGTCGTGATATG----A-TTCAAT-TAGCTTCCGA---------CTCATT-CATCCAAAT-ACCG--AGTC--------------------GC----CA

AAATTCAAACTAGACT------C-GTTAAA-TGAATGAATGATGCGGTAGACAAAT---TG--G-ATCAT----------T-GATTCTCT-TTGATTGGACTGAAGGGAGCTCCC--TCTC------TCTTTT---GTATTCCA-ATTT--TCTTGAT-T---AATCTTTCCTGC---ACAAAAACATGCTTGA---TCCACTAAGTGACA------TATATGCTGCCT-----------TCGT-----------AT-AT---ATAGTTC------------TGG--T---------------

ath-MIR319b ---T-----------------A-------TAT--ATAGTA--------------------TA-ATCAAATTCTTT-ACATGTGCTTGT---ATGTATGCGTATATAT-AGT---------A-----ACGGAATTGTTAATATGCTTATA-GA-TG-TTGAG-TTGGTG-GAGGAA--GA--GAGCTTTCTT-CGGTCCACTC-ATGGA--GTAATATGTGAGA-TTTAAT-TGACTCTCGA---------CTCATT-CATCCAAAT-ACCA--AAT---------------------GA----AA

GAATTTGTTCTCATAT--------GGTAAA-TGAATGAATGATGCGAGAGACAAAT---TG--A-GTCTT----------C-ACTTCTCT-ATGCTTGGACTGAAGGGAGCTCCC--TATT------TTTATC---TTTCTCAG-AGTACCACATTTT-A---TATCTAT--------ATATATACAAGCATTGAATTCGTGTGTATAACT------CAAGATCAA-GT-----------TCAA----------CAT-TG---ATCGATA------------TG-------------------

osa-MIR319b ---T------TAATTTCATGC-----TTGTTT--GCTGCCGTTTTT--------CATGTT-G-ATCTG-------ATCTTAATATATG------------------T-AGCTG-CTGTTAACA---TA-TTCTTT-TAATTTGA---TG-GA-AG-AAGCGATCGATG-GATGG-AAGA--GAGCGTCCTT-CAGTCCACTC-ATGGGCGGTGCTAGG----G-TCGAAT-TAGCTGCCGA---------CTCATT-CACCCACAT-GCCA--AGCAAGA--A------------ACGC----TT

GAGAT--AGCGAAGCT------T-AGCAGA-TGAGTGAATGAAGCGGGAGGTAAC-GTTCC--G-ATCTC----------GCGCCG-TCT-TTGCTTGGACTGAAGGGTGCTCCC--TCCTCC----TCGATC-------TCT--TCGATCT-AAT------TAAGCTAC-CTTG-ACATGTG-TTT-----TGA---------TCTGA---TCT-GCTTGTTA-ATCTCTG---------CAGCTTTAATCTGCAT-GAT-----GATAT--------GCA---GCATCT-TGTT-------

sbi-MIR319 ---GCGCCCATCAGATCATGCACCACTAGCTAGCGCAGCCGTGCATCATG--TGCATGTTTG-TTCTCCCTCT--CTCTTTTGATTTAATTT----GCTGT-TAGTC-TGCCT-TC---TGC------CGCCATG--GTTGTGA----------------TATGGCCG-GATGG-AAGA--GAGCGTCCTT-CAGTCCACTC-AGGGGCGGTGCTAGG----G-TCGAAT-TAGCTGCCGA---------CTCATT-CACCCACAT-GCCA--AGCAAAC--G------------GC-C----AT

GGAAACGAGCT-AGCT------T-TGCAGA-TGAGTGAATGAAGCGGGAGGTAAAAGCTTC--G-ATCTC----------GCACCA-TCT-TTGCTTGGACTGAAGGGTGCTCCC--TCCTCCC--CTCCTTAATTGTTTAC---TTTAC-----CCATGGCGCAGCTTC-GTCGATCATATC-TCA-----GGG---------TTTTACTT-----CATGATCTGTATTT----ATTTTCCGACCT-GCT-GTCTT-GAACTCTTGATCTGTCTTTTTGCTTGAGCTGCT-TAA--------

zma-MIR319b -------------------------------AGCGCGGTTGTGCATCATGCATGCATGTTTG-TTCTTCTTTT----CTTTTGATTTG-TTGT-TGGTCGTTTAATT-TGTCG-CCGC-CGCC---GCCGTCATG--GTTAGTT---GC-GA-CG-A--CGATGGCTG-GATGG-AAGA--GAGCGTCCTT-CAGTCCACTC-AGGGGCGGTGCTAGG----G-TCGAAT-TAGCTGCCGA---------CTCATT-CACCCACAT-GCCA--AGCAAAC--G------------GC-C----AT

GGAAACCA-----GCT------T-TGCAGA-TGAGTGAATGAAGCGGGAGGTAAAAGCTTC--G-ATCTC----------GCACCG-TCT-TTGCTTGGACTGAAGGGTGCTCCC--TCCTCCC---TCGCTCCTTGTTTACC--TTTATCG-ATCCATG---CATCAGC-TTCG-TCATATC-TCA-----TGG---------TTTTACTAGCT-TCATGGTCTGTCTTTG---CTTGAGCTGCTTAACT-TACAT-GTTTGGTTGG-----------------------------------

zma-MIR319d ---G-------------------------CTAGCGCAGCTGCGCAT--------CATGTTTG-TTCTTCCTCT--CTCTTTTGATTTCATTTC-TTGTTAATATATT-TGCCG-CCGGGCGCG---GC-GTCATG--GTTGTGA---TC-GA-TG-GT-CGCCGGCCG-GATGG-AAGA--GAGCGTCCTT-CAGTCCACTC-AGGGGCGGTGCTAGG----G-TCGGAT-TAGCTGCCGA---------CTCATT-CACCCACAT-GCCA--AGCAAAC--G------------GC-C----AT

GGAAACGA-----GCT------T-CGCAGA-TGAGTGAATGAAGCGGGAGGTAAAAGCTTC--G-ATCTC----------GCACCG-TCT-TTGCTTGGACTGAAGGGTGCTCCC--TCCGATC----CTTTCCTTGTTTAC---TTTAC-----CCATG---CAGCTTC-ATCATTCGTATC-TCAAGTCAAGG---------TTTTACTT-CA-T-ATGATCTGTATTTT---ATTTTCCAACCT-GCT-GTCTC-GAACTCTTGATCT--------------------------------

ptc-MIR319f ---T--ACTAT--------------ATA-TATAAATGT------------AACGAGAGTA-G-TTGAAGTGGGGT-GTGTGTGTTC--------TAGGTAGAAATC----CATACTGCTGTG-----CATATTTACTTAATTGGTTATGAGAGAG-AATTAATTAATG-GTGG--GAGA--GAGCTTCCTT-CAGCCCACTC-ATGGATAGGAGA--AAG-GGGTTGAAT-TAGCTGCCGA---------CTCATT-CATTCAAGC-ACCAGTAGAAAAA--G------------GGGA----AT

GGATATT-CTTTTGCT------ACTGTGAT-TGTGTGAATGATGCGGGAGATAATT---TT--ACATCCC----------CTCTTTTTCT-GTGCTTGGACTGAAGGGAGCTCCT--TC-C-----TTCTAT---TGCTTTCAT-TT-ACTGAAGA-AAGAATTTGTTTAATT--A---ATACAGGTTATAC--ACTTCTTGT-------------TAATGTTCTACTT------TCTTACCTT-AA----CACCAT-CT---TCGACTC---CTGAT-A---------CT-TGT------CT

ptc-MIR319g -------CTTC--------------CTA-AAAGCACATACTGTGCTATTTAATGCGTGAA-T-TTGAAGTGGGGT-GCGTGT--GC--------TAGCTAGAAGTT----TATACTGTAGTGGT---CCGTATTACTTA----GTTGTGA--GAG-AATTA----ATC-GTGG--GAGA--GAGCTTCTTT-CAGCCCACTC-GTGGATAGGACA--AAG-GGGTTGAAC-TAGCTGCCGA---------CTCATT-CATTCAAGC-ACTAGTAGAAAAAAAG------------GCGA----AC

GGTGTTT-CTTTTGCT------ACTGTGAT-TGTGTGAATGATGCGGGAGATAATT---TT--CCATCCT----------CTCCTTTTCT-GTGCTTGGACTGAAGGGAGCTCCT--TC-C-----TTCTCT---TGCTTTCAT-TC-ATTGAAGA-AACAGTCT----------A---ATACTGTTTGTTC--GCTG---GT-------------TAAATTTCTACTT------TTTTACCATCAC----CATCAT-CT---GC--CAG---CTGAT-ACTT---TGGCT-TGTACTGTTCT

ptc-MIR319c ------CCTATA--TTAATGTTT-ACTA-TTTGCATGTATTCATCTCTCTGTCC--AGTA-A-CTAAA---------CATTTGCGA--------TATTCAATTAT-----TAATCAGAATACAT-TGCTAAATTTC----T-TTTCATGA------------GAAATG-GTTT--AAGA--GAGCTTTCTT-CAGTCCACTC-ATGGACGGG-CG--AAG-GGTTTGGAT-TAGCTGCCGA---------CTCATT-CATTCAAAC-AC-AGTAGAAATTAAG------------G-GA----GC

AGTA----TGGCTGCT------ATTGTGAA-TGTGTGAATGATGCGGGAGATAAAT---TT--C-ATCCT----------TTTCTTCTCT-GTGCTTGGACTGAAGGGAGCTCCC--TTTA-----ATCGTT---TATTCACGA-TC-TTATCAAGCGAAGGTCC------TC--C---TTTCGTTAAATTT--TCTTCCTTG-------------TCATGTTCGAG-----------AATCAAGTA----ATTAAA-AT---GAAATTC---TTGTT-ACTTGTCAGACT-TATT-------

ptc-MIR319d -----------A--TTAATGTTT-GCTA-CTTGCATATATTCATCTCTCCGTCC--AGCA-T-TTAAA---------CATCTGTGA--------CAGCCAATCGCC----TCAGCTGAATACGT-TGTGAAATTTCTTAAT-TTTCATGA------------AAAATG-GTTT--AACA--GAGCTTCCTT-CAGTCCACTC-ATGGACGGG-CG--AAG-GGTTTGGAT-TAGCTGCCGA---------CTCATT-CATTCAAAC-AC-AGTAGACAA----------------G-GA----GT

GGCA--G-CGGCTGCT------ATTGTGAA-TGTGTGAATGACGCGGGAGATTAAT---TT--C-ATCCT----------TTTCTTCTCT-GTGCTTGGACTGAAGGGAGCTCCC--TTTA-----ATTGTT---TATTCACGA-TC-TTAGATGAC-AAGATCC------T-------TTTCTTCAAATTT--CCTTCCT-G-------------TCATGT-CGAGGA--A---GTAAAACATATA----AA------------TATTC---GTGTT-AATTAGATCTCAATATTCACCCC-

ath-MIR319c -------CATGC--CTAATGTAT-TCTT-CTGTAGAATAACCTGCTTTTC-----------------ATAAGTGT-G--TGTGGCC--------CTTC--ATTGTT----TCAAAAGTATATAT-----ATGAATCAAGA----CCAAA------------ATAGATA-GATA--TAGAAGGAGATTCTTT-CAGTCCAGTC-ATGGATAGAAAAAGAAGAGGGTAGAAA-TATCTGCCGA---------CTCATC-CATCCAAAC-ACTCGTGGTAGA-----------------GAA----AC

GAT-AAA-TTTAAACC------GCAGTGAC-TGTGTGAATGATGCGGGAGATATTT---TT--G-ATCCT-----------TCTTTATCT-GTGTTTGGACTGAAGGGAGCTCCT--TC-T-----TTTTCT----ACAAATTT-TC-ATTTTTCTC-ATAATCTGTTTATAT--GTGATGAGTATAGATTT--GCATCTAA------------------------------------AGACAATGG----TTTCAA-CT---TCAAAAC---C-GAA------TTGAACT-GAAACTG----

ath-MIR159c ----C-ACCAT-------------ACATATTAG------------------ATTCTCCCTCT-------------TTCCATAGTTT--ATTTTTGGTTCGTTTTA-T-TGTAAAAAGATATCAAACTC-----TTTTTGGGGGACATTCGTTCTTCAAGTGTA-----------ACAGAAGGAGCTCCCTT-CC-TCCAAAACGAAG-AGGA-CAAGATTTGAG--GAACTAAAATGCAGAATCTAAGAGTTCATGTCTTCCTCAT-AGAGAGTGCGCG-GTG------------TTAA----A-

-AGCTTGAAGAAAGCAC----ACTTTAAGG-GGATTGCACGACCTCTTAGATTCTC-CCTC--T-TTCTCTACATATCATTCTCTTCTCT-TCGTTTGGATTGAAGGGAGCTCCTTT----------TCTTCTTCT-CTTAA---TTAGTCTCT------GTTCT-----------TCAAAACT--------TGGTTTCGA---TCTAACTTGTTTTCTTTTTCTCT----------AGTGCATTTTTTT-TTTCAG-GTTGTCATGTTTA-----TTTGCAGG-------------------

osa-MIR159d ------ATTTTGA--------------TTTA-GCA-AGCTGTG---------T-CACCTTTT-CTGTTCATA---TACTTTTGT-C----------TGTTTTTGT-T-G--TG-TTTGATACATAGGTTG--AAGAAA-------GATGGATAT-CTTGCTGT-GATGT---G--AGGA-GGAGCTCC-TTTCGATCCAATTCAGGAGAGGA------AGTGG-TGGGATGCAGCTGCCGG---------TTCATG-GATACCTCT-GCAG--TTCA----TG------------CCGG-----T

AGGC-------CTGCA------CTTGCATG-GGTTTGCATGACCTGGGAGATGAAC-CTGC--CATTGTGT-----------TCC--TCTATTGATTGGATTGAAGGGAGCTCCGGCTACACCTATCTCT--CTCA-CACACATA---TTATCA-TCAT------GGTATGTATAT-----TA-TA-AGTTT--GCAGCTT-----------GTTCTC--AATTAATTTTGG----GTTTTCATC--A---CTGCAGA-AGTAAATGGTG---------------------------------

osa-MIR159e -----------GAA----------ACCTATA-TCA-CACCCCC---------C-CCCCTTTT-TTTTTTGT----TGCGTTTGATA----------AGTAGAAGA-T-TG--A-CGATATAATATTGGTGTGAT--GT-------GAAGGGGAT-CAGAAGAT-GATGA--AG--AAGA-AGAGCTCCCTTTCGATCCAATTCAGGAGAGGA------AGTGG-TAGGATGCAGCTGCCGG---------TTCATG-GATACCTCT-GGAG--TGCA----GG------------GCAA----AT

AGTC-------CTACC------CTTTCATG-GGTTTGCATGACTCGGGAGATGAAC-CCGC--CATTGTCT-----------TCC--TCTATTGATTGGATTGAAGGGAGCTC---------CTCTAGCTACATCT-CTGTCATCTCTCTCTCTCTCTC------TCTTTGATATT-----AC-TA----TA--TCATCATG-------CATGGTATGTGTATTAACGTTG------TTTGCAGCTAG---CTTCTT---GTTCTTGATTA-------A------------------------

osa-MIR159f ------ACAAGGAT----------TCGTATA-GCC-AGCCTTG---------T-CACCTTTG-TTTTTCC-----TTCATATACTT----------TGC--CTGA-T-GGCTA-CTATCTTCATGTGTTGTGATTTGT-------GAAGGGG-------AGAA-GAAGA--AG--AAGA-CGAGCTCCCTT-CGATCCAATCCAGGAGAGGA------AGTGG-TAGGATGCAGCTGCCGG---------TTCATG-GATACCTCT-GCAG--TGCA----TG------------TCGT----A-

-GGC-------TTGCA------CTTGCATG-GGTTTGCATGACCCGGGAGATGAAC-CCAC--CATTGTCT-----------TCC--TCTTATGCTTGGATTGAAGGGAGCTC----TACACCTCTCTCTCTCTCT-CTCTC---TCTCTCTCTCTCTC------TCTCTCATATG-----AC-TAATATTA--TCATCAA-----------GGTATGGATATTACT----------TTTGCAGTTAG---C---TT---GTTCTTAATTA-------TTCTT------C-------------

zma-MIR159c ------GCCCACCA----------ACGCTTAGGCT-ATCGTTG---------TACTCGAGCTACTTCA-CAAGCCT-------CGAT----------------GGCA-TGCTA-CGGGATGAAT--GAA--GCCATGAAGAAGAAGAAGAAGATGCATGATTAAGAAAGGCGA--TCGA-AGAGCTCCCTT-CGATCCAATCCAGGAGGGGA------AGTGG-TCGGTTGCAGCTGCCGG---------TTCATG-GATACCTCT-CTGG--TGCAGCAATG------------GCCG----C-

-TGCTC-ACCTCTGCA------CTTGCATG-GGTGTGCATGACCCGGGAGATGAGC-CCGC--CATCATCT-----------TTC--CCTCGTGCTTGGATTGAAGGGAGCTCCT-CT------CTGTCTGTCTGT-CTGTC---TCTCTCTCTCCCTT------TCCTTCCCGTGGCG-GTC-TACTGATA--ATTTCT---------CGTCATTTCTATCTCTTACTTGC--------------AG---TTGCATTGCAGACATGGATA-------TGCATG-----CTA----------T

zma-MIR159d ------TCACAACT----------CCATATA-GCT-A-----G---------TTCATGTGCG-CTTCTACAAGCTAGCAAAAACGAG---------TGAGTTTATCA-TGCTA-TGGGAAGAAT--GGAGAGCCACGAGGAGGAAGAAGAAGATGC----------CGATCGA--TCGA-AGAGCTCCCTT-CGATCCAATCCAGGAGGGAA------AGTGG-TCGGCTGCAGCTGCCGG---------TTCATG-GATACCTCT-CTGG--TGCAGCAATG------------GCCG----AG

ATGCTC-AC--CTGCA------CTTGCATG-GGTGTGCATGACCCGGGAGACGAAC-CGAC--CATCATCT-----------TTC--CCTCGTGCTTGGATTGAAGGGAGCTCCT-CT------CTCTCTCTCTCT-CTTAT---TTCCATAATTTATA------TATT-----------GTT-TGTAGATA--GTTTAT---------CTTTCTTTCTATCTCTTGTTTGCAGAGATATACATGGAG---ATGCCAAGC--GCATGGAA---------GTTTGA----CAA-----------

osa-MIR319a ---TTTACCAGGTTTCCTT-------------------------TTCTTT--GCCGCGTTGT-T-TAAGATTTCCA----TTG-TATTTCTTGTTTTGCAATTCAT-----------TTGGTG-----CTCCAAG--ATTGTGGCTT------TG-ACTACATGT----GTAAG-AAGA--GAGCTCTCTT-CAGTCCACTC-TCAGATGGCTGTAGG----G-TTTTAT-TAGCTGCCGA---------ATCATC-CATTCACCT-ACCA--AGAAAGT------------------------T

GCAGGAGTGTATCTCT------T-GGTAGC-GGACTGGATGACGCGGGAGCTAAAA---TT--T-AGCTCT---------GCGCCG-TTT-GTGGTTGGACTGAAGGGTGCTCCC--TT------GCTCAAGCACT---CGTGC-ATAAAATCATGC------C--CTA----AT-------GTT--AATAATA--ATCTTC----AG----------AT-TTCTATATGAGTTTTATGTCCA-GTGT---GTTCAG-TT--TCAAGATTTGG------ACTTT-------TTTT--------

zma-MIR319a ATCTATACGCTGCGTTAAG-------------------------AACAAG--AACATGCAGT-TGCATGGCCACCTATTATTGGTTTCACTTGTGCTGCT-----G--------GTGTTTGTT-----CGTCTGG--TTTGGCCTTT-------G-GGTTCATGTTTTCTCTGG-AAGA--GAGCTCTCTT-CAGTCCACTC-TGAAATGGCTGTAGG----G-TTTCAT-TAGCTGCCGA---------CTCATC-CATTCACCT-GCCA--AGAACCATGG------------A--C----A-

------GGTCTGGTCT------T-GGTAGC-CGAGTGGGTGGCGCGGGAGCTAAAA---TC--A-AGCTCT---------ACGCTG-TTT-GTGGTTGGACTGAAGGGTGCTCCC--TTTTGTTTGCTCAAACGCT---TGTGC-ATGAAATCAAAC------CACCTAC-CTCA-------GTACCAATAAC---CTCGAGT-TT-------------TGTTCTGTAATA-TTTGGTGCACA-CTTA---TTACAG-CT---------ATGT------TGTTA-------ATTTG-TGA---

zma-MIR319c AAGGCGGCCGTGTGTTCAG-------------------------GACAAG--AACATGCAGA-TGCATGGCCTG------TTGATTTCTCTTGTGCTGCTGTGGTG--------GTGTTTGTT-----CATCTGG--TTTGGCCTTT------TG-GGTTTATGGCTTCTGTGG-AAGA--GAGCTCTCTT-CAGTCCACTC-TAAAATGGCTGTAGG----G-TTTCAT-TAGCTGCCGA---------CTCATC-CATTCACCT-GCCA--AGAACCATGG------------G--C----AA

GCGGTAGGTCTGGTCT------T-GGTAGC-CGAGTGGGTGGCGCGGGAGCTAAAA---TC--A-AACTCT---------ACGCTG-TTT-ACGGTTGGACTGAAGGGTGCTCCC--TTCAATTTGCCCAAACACTCCTCGTGC-ATGAAATCAT-----------CTAC-CTCA-------GCACCAATAATA--ATCTTGA-TTAG----------ATGCCCCGTCGCA-ATTAATTGCCG-TATG---CT-CAT-CA-----------GT------TCTTT-------CTAAGCAGA---

ath-MIR159a ---TT-ATGAAGAGTTA-----------AAGG---------------------TCTTTACA---GTTTGCTTA--TG--TCAGAT---CCATAAT--ATATTTGACAA----G-AT--------------ACTTTGT--TTTTCGATAGAT---C-TTGATCTGAC---GATGG-AAGT-AGAGCTCC-TTAAAGTTCAAACATGA-GTTGAGC----AG-GGTAAAG-AAAAGCTGCTAA---------GCTATG-GATCCCATAAGCCCT----A----AT-------------CCTTGT--A

A-AGTAAAAAAGG------ATTTGGTTATATGGATTGCATATCTCAGGAGCTTTAACTTGCCC-TTTAATG---------GCTTT-TACTCTTCTTTGGATTGAAGGGAGCTC----TACATCT---TCTTTCACC------TTCTCTATTTT--TTATT---TTTCTTT-ATT-------TC-TACTC-----AA--CAATTATTTA-------TTCGGATTCAT-CTTTA---ATTTT-CCGTTATA-ATTTCTT-T------------------TTGG-T--------------------

ath-MIR159b ---GC--CAATTAAAAG-----------AAGG---------------------TCAAGAGTT--TTTTGAT----TG--TATGAA----TATA-T--GAGTTAGTCAAAGCAG-AT---------------CCACAC--GATTATATAGAAAAAC-AAAGGAAGAA---GAAG--AGGA-AGAGCTCC-TTGAAGTTCAATGGAGG-GTTTAGC----AG-GGTGAAG-TAAAGCTGCTAA---------GCTATG-GATCCCATAAGCCTT----ATCAAAT------------TCAATAT--A

ATTGATGATAAGG------TTTT--TTTTATGGATGCCATATCTCAGGAGCTTTCACTTACCCCTTTAATG---------GCTT--CACTCTTCTTTGGATTGAAGGGAGCTC----TTCATCTC--TCCATCCCT------ATCTCTCTCTC---TCTC---TATCTTT-AGT-------TC-TTTTAAGAATGA--CTTTTCATTT-------TTTGTGT-TGT-CTG-------TTG-CAGGTGTA-TAAACAT-GGATG--------------ATGGATC----------T--------

osa-MIR159b ---TTCTAGTTTTGTTTATG-----CTA-TAT---------------------ACTATATGTTT-CAGATCT-----CTCTTGGT----TTGTGG--TTTTGTTTCTTTGTTG-GTTGTTT----------CTTGAA-----TATGTGGT-----TGCGTTTTGGT---TAT-G-AAGT-GGAGCTCC-TTTCGTTCCAATGAAAG-GTTTATCT-GAAG-GG--TGA-TACAGCTGCTTG---------TTCATG-GTTCCCACTATTCTATCTCAT-AGGAAAA----------------G--

-------------------AGATAGGCTTGTGGTTTGCATGACCAAGGAGCCGAATCAA-CTCCTT-GCTG---------AC------CACT-CTTTGGATTGAAGGGAGCTC----TGCATCTTGATCC-------C----ATATAGTAGT---ACATG---TCACTAC-TGATTGCATGTC-TTATATATTTGC------CCCCTG-------TTCATGTTGGATTTGAT---TTTTTCCTGGT----TCCCCAT-GTGTAGATC---------------------------TA-------

zma-MIR159b ---TTTTA--TTAGCTATGA-----CAACTGG---------------------ACAAGTGGTTG-TTTGTTTG--TGCTGCAGAT---GCTGGTG--TTCT---AGGATGCAG-TTTGATT--------CACTAGACCTGATCCCCTAGA-C-TAGACGGTCTGGT---CTT-A-AGGC-GGTGCTCC-CTTCAAACCAATAAACG-GTCGATCT-GATG-GG--TGG-TACAGCTGCTCG---------TTCATG-GTTCCCACTGTCCCATCTCATCAGAGAGA----------------GAG

AGAGATGCTT--------GAGATGGGCTTGTGGTTTGCATGACCGAGGAGCTGCA-CGT-CCCCTTCGTTG---------AC------CGCT-GTTTGGATTGAAGGGAGCTC----TGCATCTTGGTCC-------C----AAGACTTTCT---TCCCA---GAT-TTA-TGTTTGCT-ATT-TTTTTACTTTGT-TGTAACTTATA-------TACGTGAACGTTTTAAT--------TCAATT----TCTCCAT-GTTTTAGTAGGGT------ATGTATG----------TA-------

zma-MIR159a --CTTTACGGTG---TTCCG-----CACATAG--------------------ATCTCGTGGCCGGCTGTTTTG--CGCTTTC------GCTTGCG--TTTCTTGGCCCTGCTG-GTG--TT--------GACCGGTCC-GAACGGGGGCA-GATCGATGCTTTGGG---TTT-G-AAGC-GGAGCTCC-TATCATTCCAATGAAGG-GTCGTTCC-GAAG-GGC-TGG-TTCCGCTGCTCG---------TTCATG-GTTCCCACTATCCTATCTCATCATGTGTATATATGTAATCCATGGGGG

AGGGTTTCTCTCGTCTTTGAGATAGGCTTGTGGTTTGCATGACCGAGGAGCTGCACCGC-CCCCTT-GCTG---------GC------CGCT-CTTTGGATTGAAGGGAGCTC----TGCATCCTGATCCACCCCTCC----ATTTTTTTTT---GCTTG---TTGCG--------TCCTTCC-TGGGACCTGAGA-TCCG----AGG-------CTCGTGGTGG--CTCAC---TGTAGCCTCGC----TACAC-T-GTTTTCTTCTCCT------CT-CCTG----------TGC------
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