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Abstract

Dstsmining RNA quaity is importait prior to psrforming any downstrsam
sxpression analysis such as niaroarrays o RT-gPCR. In many casss.
9008 RN quality could guarants: the success of the Sxperiment, An RNA
sample of poor qualiy could either lead to a laborintensive clsanup
or conipromiss the results of the study. Espscially while working
With hard-to-obtain samiples, starting with high quality, infact RNA could
iminats the Lurden of subsequant intibited duwnstream applicatians.
Traditionally, RNA quality is based on rRNA intagrity {288/18S). with the
advancamont in tochnolugy, addiional paramotors have boon used
ncluding spcetraphotomiolry (260280 and 250/230 ratios) and RNA
Intirity Numbcr (RIN datomingd by bioanalyzar. Many of the above
Patamaters. and thede acasptahls valuss are hassd on tradiional systams
surh as pure aall linas. or fissues fram healthy, lah-raiser subjects. As
seientiats begin to study RNA xpression in minre civerse: sanpl
traditional stavdarrs. heorma hard to achisye dus tn the nature of the
‘sample input. This s 3ftan the ense in clivcal samples, such as badly flid
a3 well as amvironniental samples where RNA sancentration is very low.
Similarly tis difficult to isalate 2 high quality RNA fram formalin-ficed and
paraffin-embedded (FFPE) tissues, as the RNA is often fragmented and
Given the inerease in
Ihare is 3 nasd Lo re-cvaluate the acmpuh\e values Tor RNA qusily for
“This slu
sy o varius mpus psrllw\miy giliisclals sampls inluing
diiizal
(vialer, sai or plants). Twa comman methads {phenol-based and phine
catbide calumn-hased) wete emplayed far exracting total RNA ineluding
s, wallly assessment parameters were
recorgsd and soeiied Wi downsiean spplcalon perommance
including RT-qPCR and micraartay. Interestingly, far samples such
asmibeni and FEPE wih e act e 1R, RNA sorptos with RN
Values and OD ratias that were significantly lawer than commonly sccepted
i perarmed sl in MEroRNA REPCR of mictoatey spmlcatars.
Mareover, by comparing to a sefial diution of 3 good clean RNA sample, it
et ahom et most-alLor

Results
A260:A230 Ratios
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Figure 1. The average A260:A230 rallo observed across varlous
sample tynes, messired by nanospectiophotomeny. Plasma, rne
and saliva consistently display 2 Tawer-than-acceptable’ 230
VAl ARG he I 1 &Iy taraet 4omes moui RI-PCR

A260:A280 Ratios

ange’
mples were due in part o the sensitvity of the instrument used instead.

Introduction
- The putty e gy of a0 RNA sangls il ity e the
awerall succs Nhased analyses, indlurling RTPCR anct
ieraanay. Gurretl, hee 1a o Sonacnaus on stosciriacd Gitern
for RNA quality assessment (1)

- The general "rule of thumb” measurements for determining the quality
of s RNA sample include using the A230:A231 ratio, A230:A250 ratia
‘and the RNA Integrily Number (RIN) generalad fram the Agilent 2100
bioanalyzer (Agilenl Technologies, USA). An RNA sample is
considered "pure” when he A230:A23) is belween 1.2 and 2.2. For
Iha A230:A230 ralia, & reading 3 2.0-2.2 is cansidered a "pure” RNA
sample. Fr RIN values, u highly intac, pure RNA sample will have a
RIN approaching 10, whereas a RIN dloser t 1 indicates a heavily
degraded RNA Sample (2). Hawever, these canventional methads. of
RNA quality assessment arz either not sensitive enaugh, or they are
sus-eptible 1 nterferences fram cantaminants present n the sample.

« Recently, the Uss of nan-invasive biological samplss in research has
became & valuable subsiituion for "Gold Standard” tests such as
tissue biapsies and blood samples. These include urine, saliva, and
sputum, These samples, as well as plasma samples, have bean found
15 be excellent sources for biomarker discovery. yel the RNAIS often
ot found intact but rathar in short ragments {<1500nt). FFPE tissuss
are an exzsllent saurcs of rstospective discovery. however, RNA
solated from these sanples is usually Tagmented and chemically
altered. Environnvental saniples are also ATl to work with, yat RNA
‘exiractad frans plants or ol 1s xirsmely useful far determining plant
patholugy or for determining the prasencs of specific parasitss.

« Inthis study. we shew that while RNA isulated from uring, saliva. FFPE
ssuis, plasma, ang oirmonal sambls il ray poss
standard RHA
very wll in downstram apphcah)nssuch Py chR N au«,dlw
afthis study s to rodufing accoptablc A250:A280, A250:230 and RIN
valu ranges for RNA isrlated from diverse. biokgical sanplas.

Materials and Methods

RNAlsolation

Total RNAwas isalated fram: ~ 1 billan DH3e £ 2of sells, ~ 1 millian HeLa
cells, 10ng hamster liver tissue, 1204 fresh human whola blaad, 200uL
fresh human plasma, and 1004L fresh human saliva using Nargen's Tatal
RNA Purification Kit {Norgen Biotekl. Norger's Fatty Tissue RNA
Purification Kit was used 1o isalate RNA from 20mg hamster brain tissue.
Narger's FFPE RNA Purification Kit was used ta isalate RNA from 20um
sections of FFPE hamster kidney tissus. Norgers Urine Total RNA
Purification haxi Kt (SIurry Format) was used to isolate RNA from smL
fresh human urine. Finally, Norgen's PLanyFungi RNA Purification Kit was
used 19 solats RNA from 50mg of Apple, Peach and Pear plant tissues.
Equal amiounts of sach sample wers also Used for common phensi
chlorafomm techniquss, Using sither Tri Reagent (Sigma-Aldrichy or Trizol
(invitrogen). with sonrs involving an additional clean up stsp using the
RNsasy hini Kit (Qiagsn)

uantification and Quality Assessinent of RNA

Isolated RNA was resolvad on & fomaldshyds-agaruse el a5 wall 85 on
a1 Agilont RNA 8300 Nano chip tu dotering RNA integity. Quantiisation
was purformad using Nanowrs Plus (GE Healthaarc) spoctrophotomatry.
Quality assossmont was porformod using A260:A280 and AJ60:A230 55
il 3 RIN valuos gonoratod from the Aglont bioanalyzor. Finally. a
comparison of the Nanrwue Plus and the Litrmspes. 2190 Pro (Fisher
Scientific) vias mads using high quality HsLa and £ zafl RNA samples.

RT-qPCR

RNAwas revarse transeribed using Imitragen's Superseript Il systam. The
oDINA genersted was used as a templatz in GPCR using Bio-Rad [ SYBR
Green Masternix on 3 Bio-Rad IGydler realtime PCR systam.
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Flaurs 2 Tl average AU:AZO falo olsserved acrass various

oSt s s onsistntly highar than oxpoetod. D
thi RNA samiplos falling out of th rango that viould bo considorod
‘purs” RNA sample. thoy all maintain the ability to amplity target gonos

thrrugh RT-PCR.

RIN Values
Sikon Carbide Column Method | Phenothlorolorm Method
A Aveage cvaive
Observed e | Observed proposea
sompleType | Averoge R CONSION | Ly Obsened om
Value Value e
oln PN
et 785 roae | 2235 wssae) | 570
et cets 0y 1SR 2o SR | o
133615) 136515
erisue | 88 lei(mR2y | 83 issme2) | >70
vyt | 77 MR | e |
Fatoy T aamaz) |7 Siamazy | 70
e | 36 m2(mmay iy
e 251 (b scin) wariaie
94 s3(mea) naaz) |
Blood B71515) fad s |70
o | 22 123(mR20 . mowmem | o
i 219 (e) L 298 fera) e
uine wa acois) | WA 21000 A
Satva 3 nA '
MR nemeay | M ssseman | M

Figurs 3. The average RIN value observed acrass various sample
types, measuired by nanospectrophotometry. RNA sxiractions from
bodily fluids an rarsly be used to detect a RIN valu.

songentration is usually 1oo low. ¥¥hen these samples have a high enough
RNA cancentration ko dstect a RIN value, the RIN valus itssif will bs lov.
This is due to the fact that plasma or serum saniples would ontain short
fragments of RHA (<1330nt), thus ribosomal bands would not bs
datectad. “Fur FFPE fissuss, the older the FFPE sampls, the mors
fragrm.rm,ﬂ RNAWI beoume. 3hd thys e lower the RIN VaIue wil bs.
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Figurs 4. The effect of RNA concentration on A260:A230 and A260
A280 ratlos as given by the Nanovue Plus speatrophotometer. As the
Starting number of basterium decreases, the A280:A230 and A230:AZ3)
ratlas alsa decraases. Similarly, as the dilutian factar rarm & high qualty
£ col RNA sample ictesses, the AUGAZI0 and AZSXALLD ralls
dscransa. &) 8 atios Diffsrnt volumes froim an E. cofl cullu
o ihon catamL were e amai e st concenratons
af cells. B) AZSXAZ3D: A high quality £. coll RNA sample wias diluted, with
iterent: duons being eas by e spectophotometer, C) A25043%0
: A similar trend an he found, with a dilution Series of E.
oo 2aing s 10 29lte RN D) ABS0A23D Rition G .
wmu 2 iah quaiy . coll RNA sampls 1 s, the A2Z50AZ80 ratios

-

<

Figurs 5. The sensitivity of instrumants used to detenming RNA
quality. A) Tho Aglont 2100 bicanalyzur doos ot suom to b affucted by
RNA cangertration, as shown by a saral diuticn of 2 high qualty HeLa
RNA sampls. Haviaver, RNA samplss with sonnanteatinns below 25ngil
ot havs 2 latertable: RIN valus. B) The difsrsnns in sensithity of a
euvettahased spactimphrtometer (Uliraspee Pro 2100) and 2 nanospes-
trophatamater (Nanavue Plus} based on A260:A230 readings. Whils the

31:A230 genarated by the Nanavue Plus seams to be greatly affected

th Ul s

i

231 5)
of the Unaspes Pra 2100 and Nanawue Plus hased on A233A230
readings. The Ulliaspes Pro 2100 i ance again consisten across various
RNA concentralians; hawever the Nanavue Plus vil give lover A251:
281 readings when the RNA consenlratian of the sample decressas.
Conclusions
- Boly fluids such 25 Urine. Saliva and plasma ars exremaly valuale
in ressarch as they are Sxcallent S0Urces of biomarkers for cancer
500 otfer dysfunctions of 1 body. Thase figs, a5 well as FFPE
{issue and fay tssues, wilarsly Pass s GuITent gud2lines for RNA
quallty. Fur this reason, many standards such a5 OD readings and
RIN s must b rs-&valuatad o partain to spsoifio sampls bpes,
55 these RNA samplss. will sl perform very wll in downstrsam
sppications sudh o5 RT-GPCR and microarray.
~In this stugy, we've proposed new quidslings for RNA extracted from
inputs thal aro not radifonal laboratury-raiscd samplos. We'vc
Shown 8 cammon trand for sposifc saniplo typos, whothor thoy arc
Gtractcd via sifcon carbid solumn or through a phonol:chlcrcform
axraction. e have, alr denionstrated hat despite. many RNA
4 “purs”, ey sl pertorm well In RT-
«for microarmay (data et shevn.
of

must be taken int consideration when quality nssessments ore
eing made. For instance, ur reveled thatfor the Nanavu Plus (GE
Healthears Life Sclences), the lawar the RNA cancantrafian of the
Sample, the lavier the A26(:A230 and A26:A230 rafias will be. This
s the Sase far both starting concantratian of calls prar to solatian,
s wel a5 when  high qualily RNA sample is dilled with nuclease.
frae waler. Yihen his was lesled wilh Lhe Ulliaspec 2100 Pra (Fisher
Ssianific), the trend was nol apparent. This. finding is exiremely
impariant besause rany bialagical samples. nalurally 2ontain very
fille RNA, thus thay wil never "pass” an RNA qualily assessmenl
- The RIN value of a sample doss ot seerm 1o be affested by RNA
concantration, hawever the Agilent 2100 cannat datect a RIN value
fram an RNA Sample with & cancentratian 3wt than 25g/uL. ThS
RIN values are often nat applicable ta low onsentiation RNA
samples, sUch as rine and plasma.
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