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Abstract

Increasingly, the discovery and characterization of small regulatory RNAs from a variety of organisms have
all required deep-sequencing methodologies. However, the crux to successful deep-sequencing analysis
depends upon optimal construction of a cDNA library compatible for the high-throughput sequencing
platform. Challenges to small RNA library constructions arise when dealing with minure tissue samples
because certain structural RNA fragments can dominate and mask the desired characterization of regula-
tory small RNAs like microRNAs (miRNAs), endogenous small interfering RNAs (endo-siRNAs), and
Piwi-interacting RNAs (piRNAs). Here, we describe methods that improve the chances of constructing a
successful library from small RNAs isolated from minute tissues such as enriched follicle cells from the
Drosophila ovarium. Because the ribosomal RNA (rRNA) fragments are frequently the major contaminants
in small RNA preparations from minute amounts of tissue, we demonstrate the utility of antisense oligo-
nucleotide depletion and an acryloylaminophenylboronic acid (APB) polyacrvlamide gel system for sepa-
rating the abundant 28 rRNA in Drosophila from endo-siRNAs and piRNAs. Finally, our methodology
generates libraries amenable to multiplex sequencing on the Illumina Hi-Seq platform.
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1 Introduction

Among the various methods to detect small endogenous RNAs in
organism samples, the procedure to convert RNAs into a library of
c¢DNAs followed by sequencing is considered to be the most compre-
hensive technique because it enables discovery of the molecules’
sequence as well as confirmation of its identity. For example, the semi-
nal discoveries that expanded the catalog of microRNAs beyond lin-4
and let-7 resulted from the sequencing of cDNA libraries from small
RNAs purified from nematode, fly and human cells [1-3]. With the
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sequencing technologies such as 454, Illumina, and ABI SoL.ID,
the detection of molecules based on the number of reads have lent
to unparalleled sensitivity and accuracy in small RNA quantitation.

Despite the immense depth of sequencing now achievable by
high-throughput systems like the Illumina Hi-Seq 2000 capable of
routinely generating >200 million reads per flow cell lane, the suc-
cess of a small RNA sequencing run depends most on the composi-
tion of the library in terms of being free of undesired degradation
remnants or naturally abundant short ribosomal RNA fragments.
For example, Drosophila and other insects generate an abundant
31-nucleotide (nt) 2§ rRNA that migrates very closely to the
piRNAs that range from 24 to 32 nt long [4]. In addition, Xenopus
eggs also contain a slew of ribosomal RNA fragments that range
from 23 to 35 nt long, which also co-migrate in size with Xenopus
piRNAs and miRNAs [5]. When there are plenty of tissues and
cells from which to generate a cell lysate, this lysate can be sub-
jected to immunoprecipitation (IP) of ARGONAUTE and PIWI
proteins, or with cation exchange chromatography [6], both of
which can quite effectively deplete undesired contaminating RNAs.

However, when one wishes to profile small RNAs from minute
samples, such as a single egg or from a very small population of
cells enriched in a particular cell type, the IP and chromatography
methods are not practical, and typically just total RNA is isolated.
From these total RNA preparations, rRNA fragments persist and
will become a major nuisance. For example, when total small RNAs
trom single Xenopus eggs were profiled, the rRNA fragments
reduced the representation of other small regulatory RNAs down
to below 20 % of the library [5]. This issue can be partially miti-
gated by sequencing libraries on the Illumina Hi-Seq platform ver-
sus the Illumina Genome Analyzer (GA) platform because the
~20-told increase in depth from the former platform may yield
enough desired small regulatory RNA reads despite sacrificing the
non-useful rRNA contaminants. However, new considerations in
the multiplexing of small RNA libraries must be followed for the
MNlumina Hi-Seq platform because the lower stringency of base-
calling versus the GA platform can also reduce the yield of reads
passing quality. In the first set of methods detailed in this chapter,
we describe our experiences in isolating a small sample of tissues,
an enriched population of follicle cells from the Drosophila ovar-
ium, and our considerations in generating small RNA libraries
from these minute samples for the Illumina Hi-Seq platform,
which includes a new format of linkers that are amenable for mul-
tiplex sequencing of small RNA libraries.

In the second set of methods, we describe the adaptation of a
boronate affinity gel matrix applied to the resolution of small
amounts of RNA from Drosophila ovary cells. The boronate gel
matrix consists of a denaturing polyacrylamide gel impregnated with
acryloylaminophenylboronic acid (APB), and short RNAs (<~80 nt)
with unmodified 2'-3’ cis-diols will exhibit a stronger dynamic affin-
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ity to the boronate than endo-siRNAs and piRNAs which are natu-
rally methylated at the 3’ end by Hen-1 on the 2" OH [7, 8]. With
standard polyacrylamide electrophoresis, the abundant 2S rRNA
and other rRNA fragments can co-migrate or resolve poorly from
piRNAs and endo-siRNAs. However, on an APB gel the rRNA frag-
ments are retarded while bonafide piRNAs and endo-siRNAs migrate
taster, thus facilitating further the removal of the contaminating
RNAs from the regulatory small RNAs.

As biologists begin to interrogate the small RNA profiles of
particular niches of cells, from stem cells to specialized neuronal
cell types, the need to improve methodologies to generate libraries
trom minute samples will become more evident. These procedures
we have developed will increase the likelihood that properly diverse
cDNA libraries can be constructed, and although our reagents are
based on lab-made stocks, the antisense oligo-mediated depletion
step and the boronate athnity gel matrix can be applied to steps
from commercial small RNA library construction protocols.

2 Materials

2.1 Drosophila 1. Standard flvy food in bottles with enough extra yeast added to
Culture and Ovary make a fine layer on the top of the food.

Dissection

. Flynap or carbon dioxide venting flypad for anesthetizing flies.
. Stereo dissection microscope.

. Paintbrush for fly pushing.

. Fine pointed Dumont 50 tweezers.

. Watch glass dish chilled in a small box of ice.

. Chilled 1x PBS.
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2.2 Follicle Cell
Enrichment

e

. Trypsin (Sigma).
. 4’ 6-diamidino-2-phenylindole (DAPI) stain and Vectashield
(Vector labs).

. 1 mg/ml Concanavalin A solution (Sigma).
. 1 % Formaldehyde in 1x PBS (for fixing follicle cells).
. 3.7 % Formaldchyde in 1x PBS (for fixing ovaries).

. Programmable tube mixer (i.e. Thermomixer, Eppendort).

b
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2.3 Small RNA 1. TriReagent or TriZol solutions (Molecular Research Center or
Purification and Invitrogen).

Antisense Oligo 2. 2x RNA Urea-TE loading buffer: 8 M Urea, 100 mM Tris—
Depletion of 25 rRNA HCI (pH 8.0), 50 mM EDTA, 0.05 % w /v bromophenol blue,
0.05 % w/v xylene cyanol FF.

3. 10 bp ladder (Invitrogen).

4. Gamma-*’P-labeled markers (18 mer and 34mer).
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2.4 Acryloylamino-
phenylboronic Acid
Polyacrylamide Gel

2.5 Linker-Ligation
Small RNA Library
Gonstruction from
Minute Samples

. SyberGreen IT RNA stain (Invitrogen).
. Phosphorimaging cassette and phosphorimager (i.¢., Typhoon

Scanner, GE Healthcare).

7. Siliconized 1.7-mL microcentrifuge tubes.

o]

10.
11.
12.
13.

. 0.3 M NaCl.
. 10 pM biotinylated DNA oligo antisense to 2§ rRNA: TACA

ACCCTCAACCATATGTAGTCCAAGCATACAACCCTCA
ACCATATGTAGTCCAAGCAGTCGA-3'biotin.

0.5 M EDTA (pHS8.0).
20x SSC: 3 M Na(Cl, 0.3 M sodium citrate (pH 7.0).
0.5 M NaCl.

Glycogen from blue mussel, 20 mg,/mL (Sigma).

. Acryloylaminophenylboronic acid (APB, tRNA Probes, Inc.)

[originally produced by the protocol of Ref. 9].

2. Sequagel Urea gel system (National Diagnostics).

. 50x Tris-Acetate-EDTA (TAE) buffer: 2 M Tris-Acetate,

50 mM EDTA (pH 8.0).

. Vertical eclectrophoresis  system (i.c., Model V16 from

Whatman, Inc.).

. 2x Urea-TE loading buffer: 8 M Urea, 10 mM Tris—-HCI (pH

8.0), 50 mM EDTA, 0.05 % w/v bromophenol blue, 0.05 %

w,/v xylene cyanol FF.

. Synthetic RNA Marker oligonucleotides of any sequence at 18,

22, and 32 nt long.

. Synthetic piRNA with standard terminal 2'-OH: AGGAA

AGUUGUGCACACUUGUAAUCCGAAA.

. Synthetic piRNA with terminal 2’-O-Me: UGGGAUUACA

AGUGUGCACAACUUUCCUGMC.

. Chimeric marker oligonucleotides where uppercase bold rep-

resents an RNA base, lowercase italics is a standard DNA base,

and “dU” is deoxy-uridine, which can be degraded by uracil-

deoxyglycosylase (UDG):

34 nt chimeric marker: CAGUAC ggatcca dUdUdUdU tat-
scte AGCGUACGAA

18 nt chimeric marker: C agtac dUdUdU gctag CUAA.

. 3" Linker adaptor: p-cgtegtatgecgtettctyettgt-/3AmMO /|

where /3AmMO/ is a 3" amino modifier and is chemical phos-
phorylated on the 5" end.

. Original 5" Adaptor: GUUCAGAGUUCUACAGUCCG-

ACGAUC.
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4.

o NN O

14.
15.
16.
17.
18.
19.
20.

5’ Hi-Seq adaptors with barcodes underlined, RNA bases in
uppercase bold, DNA bases in lowercase italics, and “N” rep-
resents random incorporation of all four DNA bases:

Barcode CAA: gttcagagttctacagtcegacgatc NNN CAAAA
Barcode ACC: gttcagagttctacagtccgacgatc NNN ACCAA
Barcode GUU: gttcagagttctacagtccgacgatc NNN GUUAA
Barcode UGG: gttcagagttctacagtccgacgatc NNN UGGAA.

. Reverse  Transcription primer & 5 PCR  primer:

caagcagaagacggeata.

. 3’ PCR primer: aatgatacggcgaccaccgacaggttcagagttctacagtcecga.
. Mth RNA ligase (New England Biolabs).

. Polynucleotide kinase (PNK) (New England Biolabs).

. Uracil-DNA glycosylase (New England Biolabs).

10.
. T4 RNA ligase I enzymes (New England Biolabs).
12.
13.

Phusion Polymerase (New England Biolabs).

RiboLock RNase inhibitor, 40 U /ul (Thermo Scientific).

5x RNA ligase buffer: 250 mM HEPES (pH 8.3), 50 mM
MgCl,, 16.5 mM DTT, 50 pg/mL BSA, 41.5 % glycerol.

10 mM ATP.

Low melting temperature agarose (i.e., Agarose 11, Amresco).
Gel extraction kit (Qiagen).

RNA Clean & Concentrator kit (Zymo Research).
SuperScript IIT Reverse Transcriptase (Invitrogen).

Quant-1T Pico-green dsDNA assay kit (Invitrogen).
Zero-Blunt TOPO PCR cloning kit for sequencing (Invitrogen).

3 Methods

3.1 Harvesting
Ovaries and Enriching
for Follicle Cells

About 3 days prior to dissections, flies should be given extra yeast
in the food in order to fatten up the ovaries so that they are easily
distinguishable and removable from the rest of the abdomen
(see Note 1). Typically, ~400 female flies are dissected in one sit-
ting to obtain ~100 pl of tissue. Follicle cell enriching must be
performed immediately after one dissection sitting, and practice is
required to enable obtaining tissue efficiently. The amount of tryp-
sin to add varies depending on amount of tissue (usually 7.5 pl of
a 10x trypsin stock from Sigma per 100 pl of tissue yields a good
enriched follicle cell sample).

1. Anesthetize fattened flies with either flynap or carbon dioxide,

2.

and sort for females (larger yet lighter abdomen).

Transfer females to a watch glass containing cold 1x PBS. Use
fine tweezers to tease out the ovaries by pulling away from the

abdomen and place ovaries in a microcentrifuge tube contain-
ing ice-cold 1x PBS.
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3.2 Small RNA
Purification and
Antisense Oligo-
Mediated 28 rRNA
Depletion

3. Wash ovaries once in 1 mL cold 1x PBS (save a 20 pl drop for
DAPT staining).

4. Add 700 pl of cold 1x PBS to the ovaries, then add 77 pl of a
10x trypsin stock. Vortex briefly to mix.

5. Place tube in a thermoshaker to shake at 1,400 rpm (or the
maximum rpm) for 20 min at 30 °C. Shaking must be vigorous
(>1,200 rpm) to ensure that the majority of the nurse cells and
oocytes are properly lysed during enzymatic digestion.

6. Rest the tube on ice to allow undigested tissue to settle and
remove the supernatant of liberated follicle cells to a new tube
which is centrifuged at 4 °C for 8 min at 2,000 x 4 to pellet the
follicle cells.

7. Repeat steps 4-6 at least two more times on remaining undi-
gested tissues to collect additional enriched follicle cell samples.
The final remaining tissue mostly consists of remaining mostly
consists of fertilized eggs (up to 70 %) whose egg shells are
resistant to trypsin digestion and can be discarded.

8. Wash and centrifuge the follicle cell pellet once in ice-cold 1x
PBS (2 min, 1,600 x4), and resuspend pellet in 300 pl of cold
1x PBS. Remove 5 pl for DAPI staining verification. Spin
down cells, remove PBS, and store the cell pellet at -80 °C
until ready to start the small RNA library construction.

9. To verity efficacy of follicle cell enrichment, drops of dissected
ovaries and follicle cells are placed on a microscope glass slide
previously coated with Concanavalin A, which promotes cell
adhesion to glass. After 5 min at room temperature, cells are
fixed with formaldehyde in PBS for 5 min, then dipped in a
50 mL solution of 10 pg/ml DAPI in 1x PBS in a coplin jar
for 5 min. Cells and ovaries are then mounted in Vectashield
with a cover slip and observed under a fluorescent microscope
with a DAPI filter to visualize the clear difference in size and
morphology between intact ovaries and follicle cells (Fig. 1c¢).

Typically, two rounds of dissections and follicle cell enrichment
would yield 10 pg of total RNA. However, we have been able to
perform library construction from as little as 1-3 pg of total RNA
[5]. Total RNA is extracted using TriReagent (also known as
Trizol), and the very small pellet is resuspended in 20 pl of water.

1. Small RNAs are purified by gel purification from a 15 % urea
denaturing gel by clectrophoresis at 30 W for 75 min or until
the darker Bromphenol blue dye is near the bottom of the gel.
Total RNA is first denatured in 2x Urea Loading bufter with
heating at 95° for 5 min, and samples are run with a 10 bp
ladder and /or radioactive RNA markers.

2. If using radioactive RNA markers, expose gel covered in plastic
wrap against a phosphor plate for 15 min. If only a 10 bp DNA
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Fig. 1 Drosophila ovary follicle cell enrichment and small RNA library construction from this minute tissue
sample. (a) A schematic of a Drosophila egg chamber highlighting the relative small size of the follicle cells.
(b) Flowchart of the procedure to enrich follicle cells from Drosophila ovaries. (¢) Validation of follicle cell
enrichment procedure with 4’,6-diamidino-2-phenylindole (DAPI) staining in left panels and western blots that
show retention of Piwi and Traffic Jam (TJ) proteins concomitant with depletion of Aubergine (Aub) and
Argonaute-3 (Ago3) proteins. (d) Counts of genic 3'UTR-directed piRNAs from the Raspberry (ras) gene are
enriched from the follicle cells compared to sequencing from total ovary RNA. (e) Schematic comparing the
original 5’ linker barcode format that was suitable for sequencing on the lllumina Genome Analyzer and the
new barcode format we developed for the lllumina Hi-Seq platform. () A small RNA library with the original
4-base barcode suffers from poor read quality discrimination, while the simple addition of a 3-base random
element in the new 5-base barcode greatly increases the number of quality-passing reads
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3.3 Boronate Affinity
Gel Electrophoresis o
Resolve piRNAs from
Other Small RNAs

ladder is used, stain the gel with SyberGreen II for 10 min.
Phosphor plate or gel is directly scanned on the image scanner
(phosphorimaging or fluorescent setting). Print a full-scale pic-
ture of the gel, and placing this behind the gel, cut out the
region of small RNAs from ~20 to 30 nt (the 28 rRNA migrates
at 31 nt).

3. Elute the gel samples overnight at 4 degrees C in 500 pl of
0.3 M NaCl.

4. Precipitate the RNA in 2 volumes of absolute ethanol. 1 pg of
mussel glycogen greatly enhances precipitation of small RNAs,

while using siliconized tubes reduces nonspecific adherence of
RNA to plastic.

5. Resuspend the RNA in 25 pl of dH,0.

6. Antisense oligo-mediated depletion of 28 rRNA begins by pre-
binding oligo to the 25 pl RNA with the following: 10 pl of
anti-28 rRNA biotin oligo (10 pM), 2 pl of 0.5 M EDTA (pH
8.0), 10 pl of 20x SSC, and 68 pl of dH,0. Heat the sample
to 70 °C for 5 min and slowly cool to 37 °C.

7. Meanwhile, prepare 600 pl per sample of MagneSphere strep-
tavidin beads by washing according to manufacturer’s instruc-
tion with 0.5x SSC, and add the 100 pl beads suspension to
the RNA /oligo mix.

8. Incubate at room temperature for 20 min with mild agitation
(can be placed on a rotisserie rocker to rotate).

9. Bind beads to a magnetic stand for 3 min, remove the superna-
tant to a new tube, add 200 pl of 0.5 M NaCl, 1 pl of glyco-
gen, and 1 ml of absolute ethanol to supernatant and precipitate
overnight at -20° C.

10. Next day pellet RNA and resuspend in 10 pl of dH,O for
library construction.

Another way to purify piRNAs from 28 rRNA and other abundant
rRNA fragments is to exploit the differental affinity of modified
versus unmodified terminal 3’-ends of nucleic acids to special gel
matrixes during electrophoresis. For example, an acrylamide gel
matrix impregnated with a boronate group can react in a dynamic
equilibrium with the 3’-terminal 2’ and 3’ hydroxyl groups of
unmodified short RNAs (Fig. 2a), but this reaction does not occur
when there is a 2’- O-methyl group. Boronate groups are incorpo-
rated by adding APB to a standard denature urca polyacrylamide
gel [9]. Short RNAs of similar lengths but with 3'-terminal modi-
fications will not sufficiently resolve simply by size on a standard
polyacrylamide gel (Fig. 2b, c¢), however when APB is added to
10 % of the acrylamide concentration (e.g., for a 20 % polyacryl-
amide gel we add APB to 2 %), the piRNAs with a 3’-terminal
2’-O-methyl group now migrate much faster in the gel and sepa-
rate very cffectively from unmodified rRNAs. Electrophoresis with
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Fig. 2 Boronate affinity gel electrophoresis of small regulatory RNAs. (a) Scheme describing the structure of
acryloylaminophenylboronic acid (APB) linked to polyacrylamide, and the reversible, dynamic reaction between
boronate and the 3’ end of unmodified RNAs such as rRNA fragments. Small requlatory RNAs such as endog-
enous siRNAs and Piwi-interacting RNAs are methylated on the 3’-terminal 2'-0H, which prevents them from
reacting with boronate. (b) 5' radiolabeled synthetic RNAs with a 3'-terminal 2'-0H or 2'-0-Me electropho-
resed along with radiolabeled rat piRNAs on a standard and APB polyacrylamide gel. The methylated synthetic
RNA and rat piRNAs migrate much faster than their typical size when compared to the unmodified RNAs.
(c) The mobility of Drosophila piRNAs are increased in the APB gel, allowing for better resolution of the piRNAs
from the contaminating and highly abundant 25 rRNA that co-precipitate nonspecifically in a Piwi immunopre-
cipitation (IP). The Drosophila piRNAs from 0SS cells were derived from a Piwi antibody IP performed with
protein A/G magnetic beads followed by RNA extraction with TRl Reagent RT
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3.4 Generating Small
RNA Libraries from
Minute RNA Quantities
for Multiplexing on the
lllumina Hi-Seq
Platform

APB gels must utilize Tris-Acetate (TAE) buffer instead of the
typical Tris-Borate (TBE) buffer used for polyacrylamide gels
because excess borate ions perturb complex formation between the
boronate and the RNA.

1. Prepare a 20 % APB-polyacrylamide mix for a 30 ml, 0.8 mm
thick gel with 24 ml of Sequagel Concentrate, 3 ml of Sequagel
Diluent, 1.5 ml of a 50x TAE stock, 600 mg of APB powder,
and 1 ml of dH,0.

2. Warm the mix to 60 °C till APB powder dissolves completely
and then cool back to room temperature.

3. Add 120 pl of 10 % APS and 12 pl of TEMED, mix and pour
into the glass plates and spacers, and let the gel polymerize for
at least 1 h at room temperature.

4. In our control experiments which are optional for actual library
construction, we electrophoresed the same RNA samples on a
standard Urea-TAE gel versus an APB gel to demonstrate the
different mobility behaviors of piRNAs relative to synthetic
RNA markers.

5. Natural RNAs were dephosphorylated with phosphatase,
extracted with phenol and chloroform, and then ethanol
precipitated.

6. Natural and synthetic RNAs are then labeled with *P-y-ATDP
and PNK and denatured in Urea Loading Dye for 5 min at
95 °C prior to gel loading. Note in our demonstration that on
a standard polyacrylamide gel, residual 2S rRNAs persisting in
a Piwi immunoprecipitation do not resolve well from piRNAs,
however on an APB gel, piRNAs can now be resolved several
millimeters away from 28 rRNA (Fig. 2¢). See Note 2 regard-
ing being careful not to overload the maximum binding capac-

ity of the APB gel.

Several modifications of our original small RNA library construc-
tion protocol [1] have been described to generate libraries for
decp-sequencing on the Illumina Genome Analyzer [4, 5, 10-18 .
We further extend the list of modifications with a protocol geared
towards preparations for the Illumina Hi-Seq sequencer and
starting with a small quantity of RNA. A different format for bar-
coding and multiplexing in the 5’ linker adapter is required because
the Hi-Seq machine’s colony-calling algorithm now demands sig-
nificant base diversity in the first 4 bases sequenced, as evidenced
by our previous 4-base barcode immediately downstream sequenc-
ing primer #1 vyield 1/5th of the theoretical maximum number of
reads (~60 million versus ~300 million, Fig. 1¢). The introduction
of three random nucleotides before a 5 bp barcode sequence cre-
ates sufficient color diversity for the Hi-Seq colony-calling algo-
rithm to approach sufficient number of quality-passing reads
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(Fig. le, f). See Note 3 on additional considerations that motivated
the modification described here. The steps below highlight addi-
tional specific modifications to include in other previously described
small RNA library construction procedures.

1. Previously we relied upon chemical adenylation as the most
cost-effective method to generate pre-adenvlated 3’ Linker
adaptors, but the organic chemistry steps are not routine pro-
cedures for molecular biologists. We now employ enzymatic
adenylation of the 3" Linker adaptor with the Mth RNA ligase
in the 5’-Adenylation Kit sold by New England Biolabs, which
nearly quantitatively adds an adenylated moiety to the 5’ end
of'a monophosphorylated oligonucleotide.

2. Although gel-purified RNAs from passive elution in NaCl is
typically concentrated by ethanol precipitation with glycogen
carrier in siliconized tubes, for very small samples we have
observed decreased loss of RNA by using the RNA Clean &
Concentrator kit from Zymo Research, following the manu-
facturer’s protocol for total RNA (>17 nt). We also recom-
mend increasing the volume of ethanol 3x for the mix in the
first two steps of the standard manufacturer’s protocol. Elutions
are performed with 20 pl of dH,0.

3. The 5’ Linker adaptor ligation reaction components and con-
ditions remain the same as previous protocols except the use of
the new barcoded 5’ Linker adaptors for the Hi-Seq sequencer.
When one has included the new chimeric RNA /DNA markers
of 18 and 34 nt length with internal deoxy-uracils as spiked-in
radiolabeled markers to facilitate visualizing the shift of ligated
products via gel-electrophorese and phosphorimaging, there is
the optional post-reaction step of adding 5 units of uracil DNA

glycosylase to the 5" Linker-ligation reaction and incubating
for 20 min at 37 °C.

4. Reverse transcription (RT) with Superscript I1I reverse tran-
scriptase and PCR with Phusion polymerase can be directly
performed from Y% or ¥ of the 5’ Linker-ligation reaction
without the need of purifying the ligated molecules from unli-
gated molecules, following the same protocol as previous
methods [4, 5, 15-18]. However, a common problem in
amplifving a library that began from minute starting RNA is
that linker-linker dimers can dominate in the final PCR, regard-
less of whether one performs or skips the gel purification of the
ligated products after the 5’ Linker adapter ligation reaction.
By reducing the number of PCR cycles (no more than 15
cycles) in the initial amplification rounds from the RT reaction,
this PCR sample can be gel purified on a 4 % low melting tem-
perature agarose gel for the desired 95-115 nt long amplicons
from the linker-linker dimer that is ~80 nt long.
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5. From this purification, an additional 15 cycles of PCR can be

applied to generate enough material for small scale cloning
with a standard PCR cloning vector like in the Zero-Blunt
TOPO PCR cloning kit followed by Sanger sequencing verifi-
cation. Purified PCR-amplified DNA can be suitably quanti-
tated for concentration with the Quant-iT Pico-green dsDNA
assay kit. This library sample is thus ready for deep sequencing
onto the Hi-Seq sequencer.

4 Notes

. Female flies that have been fattened up with veast prior to

ovary dissection yield larger egg chambers and facilitate the
manual dissection of ovaries, which in turn enhances the har-
vest of follicle cells. Our enrichment procedure significantly
depletes the oocytes and nurse cells in the Drosophila egg
chamber, presumably from loss of structural integrity after
trypsinization, however all cell-cycle stages of follicle cells are
isolated in our procedure. For more extensive purifications of
specific staged follicle cells, see refs. 19, 20.

. The boronate affinity gel was first described as a means to

resolve and detect modifications on transfer RNAs [9]. These
authors noted the limitation of the boronate gel in terms of
overloading the capacity of the gel and the maximum resolving
abilities for shorter RNAs. In our experiments, we found the
maximum capacity of a 1 mm thick APB gel with a 1 cm wide
well was 2 pg of total RNA after which the retention of unmod-
ified RNAs was skewed. When dealing with minute tissue sam-
ples, however, total RNA is typically limiting, such as where a
single follicle cell enriched sample might typically vield 5 pg of
total RNA. When clectrophoresing an RNA sample on the
APB gel, we recommend resolving no more than 2 pg of RNA
for a 1 cm wide, 0.8 mm thick gel to avoid overloading the
capacity of the APB. Since modified RNAs run very differently
compared to unmodified RNAs of the same size, we recom-
mend that a standard synthetic RNA and a 2’-O-methylated
RNA oligo of similar size to piRNAs be radiolabeled and run
alongside your organismal RNA sample to guide where to cut
out the gel region of interest from which to elute the RNA in
0.5 M NacCl for downstream small RNA library construction.

. Although sequencing chemistry for the Illumina platform con-

tinues to improve in providing longer read lengths to over
100 nt, the fidelity and quality of reading the first couple of
bases extending from a sequencing or indexing primer are still
considerably higher than readings towards the end ot the mol-
ecule. Thus, we have chosen to place our linker barcode
sequence at the first set of bases to be read by the small RNA
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sequencing primer #1, in contrast to other methodologies that
place the barcode sequence in the 3’ Linker [12, 13]. On the
[Nlumina Genome Analyzer, the platform uses approximately 8
bases of read information to fine tune the assign and distin-
guish the “molecule colonies” on the flow cell lane, and our
original 4 base barcode was suitable for multiplexing. However,
the Hi-Seq platform only utilizes the initial 4-6 bases, and thus
finds the original 4 base barcode too low in complexity to dis-
tinguish colonies, thus drastically reducing the theoretical
numbers of quality-passing rcads by threefold (Fig. 1f).
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