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File S1

µParaflo® miRNA microarray design and chip performance
miRNA microarray designs
The array design was based on 513 mature miRNAs and 511 miRNA* of all plant species known at the time (miRBase release 6.0, July 2005). The 513 plant miRNAs included both identified and predicted sequences, from the following seven species: Arabidopsis, rice, maize, sorghum, medick, sugarcane, and soybean. The design included 165 sequence-unique mature miRNAs and 365 sequence-unique miRNAs*. For redundant miRNAs, the sequence IDs used were according to the priority of Arabidopsis (ath-miR), rice (osa-miR), maize (zma-miR), sorghum (sbi-miR), medick (mtr-miR), sugarcane (sof-miR), and soybean (gma-miR). Two generations of microarray designs were used as shown in Table S1-1. Probes of Design 1 contained all the unique miRNAs and miRNAs* sequences. In addition, the microarray in Design 1 included probes for other plant small RNAs (http://noncode.bioinfo.org.cn/specific.htm, http://biobases.ibch.poznan.pl/5SData/, http://medstat.med.utah.edu/RNAmods/trnabase/, http://www.ncbi.nlm.nih.gov/), which included 31 probes for 6 5S rRNAs, 220 probes for 111 tRNAs, and 715 probes for 350 other small ncRNAs (sncRNAs), and 10 probes for 10 synthetic RNAs. Themicroarray design in Design 2 was based on the experimental results of the first set of experiments and included the same mature miRNA, miRNA* and synthetic RNA probes;  additional 91 mismatch (MM) probes corresponding to 13 miRNAs and 11 miRNA*s were added for evaluation of hybridization specificity. Probes that did not produce detectable signals in the Design 1 experiments (i.e., tRNA, rRNA, and sncRNA) were removed, leaving 30 probes for 6 5S rRNAs, 136 probes for 81 tRNAs, 79 probes for 40 ncRNA in Design 2. Design 1 was used for samples of mock and CMV inoculations at 3 and 7 dpi; Design 2 was used for 11 and 20 dpi. Additionally, the array contained PUC2 probes for evaluations of synthesis quality and hybridization quality. Each miRNA probe was repeated at least three times. 

µParaflo® miRNA microarray performance

µParaflo® miRNA microarray correlation
In this study, two independent microarray experiments with biological replicates were performed at each time point. The signal intensities were obtained and processed as described in methods and a log2 transformed value was calculated. Examples of the biological variation found in these samples are shown in Fig. S1-1, where linear regression gave R2 values of 0.81 and 0.91 with slopes of 1.00 and 0.89 for mock- and CMV-inoculated tomatoes at 20 dpi. The mean R2 values for all of the biological replicates across four time points were 0.88–0.98 with mean slopes of 0.98–1.00.
µParaflo® miRNA microarray specificity

To assess the assay specificity, different types of mismatch probes of some selected miRNAs and miRNA* were synthesized on the microarray Design 2. We have perfect match (PM) and single mismatch (1MM) walking probes to detect ath-miR159a. The binding intensities of these probes are shown as in Fig. S1-2a. The results indicate that the signal intensity of 1MM of ath-miR159a located from 5′-terminal residue to 3′-terminal residue presented a certain correlation with the position of mutation, with signal intensity decreasing as the mismatch position stepped toward the middle residue, which demonstrated the most profound signal decrease at 14-fold. The high assay specificity is also illustrated in an extensive test for assessing the specificities of selected miRNAs with different numbers of nucleotide mutations. On the Design 2 microarray, for each selected miRNA, in addition to a perfect match probe, three mismatch probes containing one, two and three substitution mismatches, respectively, were added. The binding intensities of all four types of probes are shown in Fig. S1-2b. The results showed that one half of the 1MM binding intensities dropped to background level, while for the others a PM to 1MM ratio ranged from 1.2 to 5.6; all except two of the 2MM and all 3MM binding signals fell to background level. 
Given the data above, it seems that the µParaflo® miRNA microarray could not only differentiate miRNA families, but was also able to distinguish those with two or more nucleotide mutations within a given family. This high assay specificity ensures the detection of the conserved miRNAs in new plant species, such as tomato, by using documented plant miRNA information. However, we do not expect this miRNA microarray to distinguish reliably between miRNAs that differ in a single central position or additional mismatches located towards the ends of a sequence, and such microarray results for closely related miRNAs should be interpreted with caution. For example, the miR159s are differentiated only by a single central position or the terminal residue; they produced very similar signals, possibly as a result of cross hybridization.

	Table S1-1  Summary of the probes in miRNA microarray designs

	Specific target RNA
	Probe number

	
	Design 1
	Design 2

	miRNA
	165 unique miRNAs sequences obtained from 513 miRNAs
	165 unique miRNAs sequences obtained from 513 miRNAs

	miRNA*
	365 unique star miRNA*s sequences obtained from 511 miRNA*s
	365 unique star miRNA*s sequences obtained from 511 miRNA*s

	5S ribosome RNA (rRNA)a
	31
	30

	Transfer RNA (tRNA)b 
	220
	136

	Small noncoding RNA (sncRNA)c
	715
	79

	Synthetic RNA
	10
	10

	Mismatch RNA
	0
	91

	Chip probes total
	1506
	876

	ahttp://biobases.ibch.poznan.pl/5SData/, http://www.ncbi.nlm.nih.gov/; bhttp://medstat.med.utah.edu/RNAmods/trnabase/; chttp://noncode.bioinfo.org.cn/specific.htm, http://www.ncbi.nlm.nih.gov/
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Fig. S1-1  Plot of hybridization signals of the same samples labeled with Cy3 or Cy5 separately
(a) Mock and (b) CMV-infected tomato leave samples at 20 dpi
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No. Probe Name Probe Sequence

1 ath-miR159a

TAGAGCTCCCTTCAATCCAAA

2 ath-miR159a-1

G

AGAGCTCCCTTCAATCCAAA

3 ath-miR159a-4

T

T

GAGCTCCCTTCAATCCAAA

4 ath-miR159a-5

TA

C

AGCTCCCTTCAATCCAAA

5 ath-miR159a-6

TAG

T

GCTCCCTTCAATCCAAA

6 ath-miR159a-7

TAGA

C

CTCCCTTCAATCCAAA

7 ath-miR159a-8

TAGAG

G

TCCCTTCAATCCAAA

8 ath-miR159a-9

TAGAGC

A

CCCTTCAATCCAAA

9 ath-miR159a-10

TAGAGCT

G

CCTTCAATCCAAA

10 ath-miR159a-11

TAGAGCTC

G

CTTCAATCCAAA

11 ath-miR159a-12

TAGAGCTCC

T

TTCAATCCAAA

12 ath-miR159a-13

TAGAGCTCCC

A

TCAATCCAAA

13 ath-miR159a-14

TAGAGCTCCCT

C

CAATCCAAA

14 ath-miR159a-15

TAGAGCTCCCTT

G

AATCCAAA

15 ath-miR159a-16

TAGAGCTCCCTTC

T

ATCCAAA

16 ath-miR159a-17

TAGAGCTCCCTTCA

T

TCCAAA

17 ath-miR159a-18

TAGAGCTCCCTTCAA

C

CCAAA

18 ath-miR159a-19

TAGAGCTCCCTTCAAT

G

CAAA

19 ath-miR159a-20

TAGAGCTCCCTTCAATC

G

AAA

20 ath-miR159a-21

TAGAGCTCCCTTCAATCC

T

AA

21 ath-miR159a-22

TAGAGCTCCCTTCAATCCA

C

A

22 ath-miR159a-23

TAGAGCTCCCTTCAATCCAA

T

No. Probe Name Probe Sequence

1 ath-miR157a

GTGCTCTCTATCTTCTGTCAA

ath-miR157a(M)

GTG

G

TCTC

A

ATCTT

T

TGTCAA

2 ath-miR159a

TAGAGCTCCCTTCAATCCAAA

ath-miR159a(M)

G

AGAGCTCC

G

TTCAATCCAA

T

3 ath-miR167a

TAGATCATGCTGGCAGCTTCA

ath-miR167a(M)

TAGATCATG

G

TGGC

T

GCT

C

CA

4 ath-miR168a

TTCCCGACCTGCACCAAGCGA

ath-miR168a(M)

TTCC

G

GACCTGCAC

G

AAG

G

GA

5 ath-miR319a

GGGAGCTCCCTTCAGTCCAA

ath-miR319a(M)

GGGAGCTCC

G

TTCAG

A

C

T

AA

6 ath-miR396a

CAGTTCAAGAAAGCTGTGGAA

ath-miR396a(M)

CAGT

A

CAAGA

C

AGC

A

GTGCAA

7 ath-miR403

CGAGTTTGTGCGTGAATCTAA

ath-miR403(M)

C

C

AGTTTGT

C

CGTGAAT

G

TAA

8 osa-miR156k

TGTGCTCTCTCTCTTCTGTCA

osa-miR156k(M)

TGTG

G

TCTCTCT

G

TTCT

C

TCA

9 osa-miR166k

AGGGATTGAAGCCTGGTCCGA

osa-miR166k(M)

AGG

C

ATTG

T

AGCCTG

C

TCCGA

10 sof-miR159e

AAGAGCTCCTTTCAATCCAAA

sof-miR159e(M)

AAGA

C

CTCCTTTCAA

C

CC

T

AA

11 zma-miR159c

AGGAGCTCCCTTCAATCCAAG

zma-miR159c(M)

AGGAGC

A

CCCTT

G

AATC

G

AAG
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T
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TA

C

AGCTCCCTTCAATCCAAA

5 ath-miR159a-6

TAG

T

GCTCCCTTCAATCCAAA

6 ath-miR159a-7

TAGA

C

CTCCCTTCAATCCAAA
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TAGAG

G

TCCCTTCAATCCAAA

8 ath-miR159a-9

TAGAGC

A

CCCTTCAATCCAAA

9 ath-miR159a-10

TAGAGCT

G

CCTTCAATCCAAA

10 ath-miR159a-11

TAGAGCTC

G

CTTCAATCCAAA

11 ath-miR159a-12

TAGAGCTCC

T

TTCAATCCAAA

12 ath-miR159a-13

TAGAGCTCCC

A

TCAATCCAAA

13 ath-miR159a-14

TAGAGCTCCCT

C

CAATCCAAA

14 ath-miR159a-15

TAGAGCTCCCTT

G

AATCCAAA

15 ath-miR159a-16

TAGAGCTCCCTTC

T

ATCCAAA

16 ath-miR159a-17

TAGAGCTCCCTTCA

T

TCCAAA

17 ath-miR159a-18

TAGAGCTCCCTTCAA

C

CCAAA

18 ath-miR159a-19

TAGAGCTCCCTTCAAT

G

CAAA

19 ath-miR159a-20

TAGAGCTCCCTTCAATC

G

AAA

20 ath-miR159a-21

TAGAGCTCCCTTCAATCC

T

AA

21 ath-miR159a-22

TAGAGCTCCCTTCAATCCA

C

A

22 ath-miR159a-23

TAGAGCTCCCTTCAATCCAA

T

No. Probe Name Probe Sequence

1 ath-miR157a

GTGCTCTCTATCTTCTGTCAA

ath-miR157a(M)

GTG

G

TCTC

A

ATCTT

T

TGTCAA

2 ath-miR159a

TAGAGCTCCCTTCAATCCAAA

ath-miR159a(M)

G

AGAGCTCC

G

TTCAATCCAA

T

3 ath-miR167a

TAGATCATGCTGGCAGCTTCA

ath-miR167a(M)

TAGATCATG

G

TGGC

T

GCT
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CA
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TTCC

G
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G
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A
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6 ath-miR396a

CAGTTCAAGAAAGCTGTGGAA
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CAGT

A
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C

AGC

A
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7 ath-miR403

CGAGTTTGTGCGTGAATCTAA

ath-miR403(M)

C

C

AGTTTGT

C

CGTGAAT

G

TAA

8 osa-miR156k

TGTGCTCTCTCTCTTCTGTCA
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TGTG

G
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G

TTCT

C
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AGGGATTGAAGCCTGGTCCGA

osa-miR166k(M)

AGG

C

ATTG

T

AGCCTG

C

TCCGA

10 sof-miR159e

AAGAGCTCCTTTCAATCCAAA

sof-miR159e(M)

AAGA

C

CTCCTTTCAA

C

CC

T

AA

11 zma-miR159c

AGGAGCTCCCTTCAATCCAAG

zma-miR159c(M)

AGGAGC

A

CCCTT

G

AATC

G

AAG


Fig. S1-2  µParaflo® miRNA microarray hybridization specificity
Plots of miRNA microarray hybridization signals using a mock-inoculated sample at 20 dpi, and Cy5 fluorescence dye labeled. DNA probes were synthesized in situ using µParaflo® microfluidic chip and contained modifications for enhancing the sensitivity and specificity of target sequences. Median signals of four replicate probes and standard deviations are shown. Probe sequences are given in Tables. Probes are perfect match (PM) ath-miR159a (#1) and its mismatch (MM) sequences (#2–#22). For the 21MM-containing sequences, the mismatch position was shifted one base at a time, from probes #2 to #22; the choice of base substitutions was random so that the results would be more representative of mismatch hybridization rather than optimized for least stable mismatches. (b) The chip contained PM and mismatch sequences (1MM, 2MM, 3MM=1, 2, or 3 mismatch bp) of 11 sequences. Red bold letter: the first mutated nucleotide; underlined red bold letter: the second mutated nucleotide; underlined red bold italic letter: the third mutated nucleotide
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