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Comparison of RNA extraction methods from Microcystis colonies
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Abstract: Microcystis colonies are rich in polysaccharide materials which are the key factors influencing RNA extraction. In order to
obtain high-quality total RNA from Microcystis colonies, comparative study of several methods including Method 1 PGTX-bead,
Method 2 CTAB-bead, Method 3 FastRNA® Pro Blue Kit and Method 4 RNeasy Mini Kit was conducted. All these methods were
suitable for polysaccharide-rich materials. The integrity of RNA was analyzed by agarose gel electrophoresis, RNA concentration
and purity were detected by Nanodrop ND1000 spectrophotometer, and DNA contamination was determined by qPCR. The results
demonstrated that all the four methods were able to extract RNA from Microcystis colonies, and they were able to be used for down-
stream experiments, such as RT-PCR, after the contaminated DNA was removed. Method 1 ( PGTX-bead extraction) yielded RNA
of highest concentration, good purity, low DNA contamination and it was low cost; Method 2 ( CTAB-bead extraction) also yielded
RNA of high concentration, but with heavy DNA contamination. This method was suitable for samples that need simultaneous isola-
tion of RNA and DNA. Method 3 ( FastRNA® Pro Blue Kit) and Method 4 ( RNeasy Mini Kit) extraction yielded RNA of low con-
centration, but Method 4 had simpler protocol, less time consuming, higher relative expression of the detected function gene, thus
was suitable for extracting total RNA from small amount of Microcystis colonies.
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1.1 SEe i
LT A RS RIS % A B AN 5 4l A 1) ] 2 S 38 ( Microcystis aeruginosa) BEIR D2 ( 48T
P72 2011 4 RIS 515 31)) 412 RNA JRIUREA. SR BG-11 853037 FE i MR J2 4 bl A 7 i e
BB IR. JEHREE FRAR IR 1A 25°C , JERE L 12 he12 h JEHESRBE S 27 wmol/ (m® -s) . REd i IR K5
SRR A, AR a Ve 28.47+2.12 pg/L I, BUH R TR (40 ml) B4 T-03, LR 3 pm 1Y R Bk
PR A (millipore ) W AR BEREMAR , —80°CLRA7, I T RNA 2L
L12 2EMHE LKA OCMIEEFRA (GZL-P380B, A IEALTERIBL A 85 M A R A R)) , i TAE & (SW-CJ-
1FD, M %28 ) , /N 38 1R B O ML ( Centrifuge 5415R, Eppendorf 23 5] ) , B 9K {X ( DYCP-32B, Jb 5T 75 — 1%
28] ), SEBF 9 G E B PCR { ( Mastercycler ep Realplex, Eppendorf, Germany) , % %% 4% ( ChemiDoc MP,
BIO-RAD) , P AZ iz 4 BUAY ( 22 [E MP FastPrep-24).

FastRNA® Pro Blue Kit 35 £5 ( 3¢ [E Mpbio 23 7)) .Qiagen RNeasy Mini Kit i®7| & /R 1k 2 € (EB) B fig
B ToIK LE 5% L1E DEPC-treated ddH, O G(fis P4 i &% ( CTAB) | B-#ii 5 £ W5 ( B-ME) M by, HE
¥Ry 53 B At
1.2 LB FH%

TEIL 4 FhEEXT 205 5 F 5 AR S TP IR IBCE RNA (97776, 40 & TR BRI 1 3 um 119 R B2 G
JE P RNA , FastRNA® Pro Blue Kit £ Qiagen RNeasy Mini Kit 2 F1iz 7] &5 1 A< B 40 & B B 7% 13 72,
PGTX Fil CTAB 3 AL PR E FE a0 DAL SR8 3 2 ml 244748 E( Lysing Matrix E, MP Biomedicals, 3%
) o, RS FRENR ST K RS ECE T FastPrep-24 FE A AL FALZR T, 6 m/s 268 T A 30 .
1.2.1 73 1 PGTX-bead 2% Pinto 45" Jy HR I RNA IR HiE M oeitk. FAGE AR DR BE e A
PGTX( 2K} 19.8 ¢, Hill 3.45 ml, 8- 2EmEmk 0.05 ¢, £ “HePU R (EDTA)0.29 g, Z#R4H 0.4 ¢, S SR AR
4.75 ¢, #8W I 2.3 ¢, 1 ml Triton-X 100, FJ K & (9 DEPC 7K€ 255 50 ml) 22 vl J5 , {0 AL AR 8 i 3ok i
95°CIKIE 5 min AHEE G5 1Y 7 L BRI A , 805 ST B KE 5 min, DA 1-0-3 G %, BIZ0RIEIR A, 3 1R T i
B 10 min; QLA FIERBHE.CE T A SR RN REIOE , EWBCE 10 min 53 1IER;
@MATCH DEPC /K ELE (Y 75% Y £ BEBE S, 5.0 5 BB AR, JTOE#E & T4 @ ST DEPC 7KV fif
PLVE.
1.2.2 /7% 2 CTAB-bead 2% Wang %™ {05, IF-A 18 ke afh. LR R 40T : OB CTAB (2%
CTAB,2% PVP,1.4 mol/L NaCl, 100 mmol/L Tris-HCI( pH=8.0) ,20 mmol/L EDTA,1% B-3iJ& B2 (B-ME) )
DR OPRCRIERE A, W s QIEATHUBRBRERE ; DLW T S 05/ 5 I (242 1) Hili B 2 vk @RI B2 A, i A
SEURBUN ST EEI0E RNA G 75% (938 LBV IR UUTE ; @TIVETE IR RIE &5 T4, Fm X DEPC /K&
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1.2.3 773 3 FastRNA® Pro Blue kit F 23 IRUEHA309 L BRBEAT , IFA80an T etk , AR : O RNApro %
TR PRI I A, T HE T IR HE ; @A IR J5 1R R EA T ML 8 s DFE 4°C 250 Nl AT 2l B0, 55 88 17
WEHT B O T @I AT IRAE 10 s, S IRFHE S min, B0, B8 IEWBAIH N E OB @M AN/
S (240 1) SEATHRE e A8 B BRI ES O D @I AR UK ZBEDTHE RNA, R SRR S, B0 )5
Fr 10 205 75% 1 S BRI DTVE , I J5 G C 1 7K ( RNase-free water ) IS ffELVE , —80°C 2514 T {RFF.
1.2.4 77 3% 4 Qiagen RNeasy mini kit 22245 IRUEH A5 (25 BRUEAT , I A80an T eleadk : 28 v il RLT B 07l sE
SR BELHAE , 1 E s QUEATHUERE ; @7E 13000 §%/min 4°C &4 N B 15 s, FIEWRAH SR 70% L BHR
L RE RS YR BT 1 @H RWI AL RPE 2 Rz sl £5 vhdk 2 ¥ &I 50 wl JCRE JE I 7K (RNase-
free water) JF R UTIE , —80°C 254 FERAE.

1.2.5 RNA TEM R ERN B2 wl RNA FES, T 1% 04 350 M EE I i ik o I 52 22 1. Nanodrop ND1000
SEHICHET IS RNA VR FEIRE Do/ Do B Do/ Do 0 (LB RNA SEJE.

1.2.6 %K & PCR YR E 4 FhJy 42 IRy RNA A4 b DNA V5941500, OG- A VR FTAR DG I - X b
1,5-— W T % 1k 5/ 111 %05 ( Rubisco, Rbel ) , 21915 51: [ 5'-CGTTTCCCCGTCGCTTT-3 , F i 4 5'-C
CGAGTTTGGGTTTGATGGT-3" , 414 B BE - i 128 bp' ™™ | 43 BI%T 1 3& 4 FiJy $: 42 U RNA F1H DNase &b
HJ5 1) RNA F Mastercycler ep Realplex( Eppendorf, Germany) %¢ 56 & PCR /% F1 SYBR Premix Ex Taq II kit
(TaKaRa) #1758 )68 5 PCR, M AARF 25 pl, f3 7 1XSYBR Premix Ex Taq™ ,0.4 wmol/L By I Fi##5]
PR, P IEAR R (95 C AR 1 ming 95°C 7R 15 5,60°C & M4 1 min,72°C ZEf 30 s, 3k 40 MEE.

1.2.7 RNA #F #7375 % DNA &% Ji RNase-free DNase | ( TaKaRa) 2= DNA , #:4FE 32 B 18 BH 43 14 25 BR k47,
BRSO WA Z :RNA 20~50 pg,5 wl 10xDNase | 2217 ,2 ul DNase [ ( RNase-free,5 U/ul) ,0.5 pl
RNase #1515 (40 U/pl) , %7K ST 50 wl;@37°C 2 20~30 min; @HMA 50 wl K& 9 DEPC 7K, Fn
A 100 wl (2RI G805/ S mE(25 224 :1)  FEAHR AT @RS 12 OKZ) B2 5 — Bl B0, ImA 100
wl s/ IR (24:1) T4 IR AL @D B E 2 OK2) BE 7 — a3 0, A 10 pl (5 3 mol/L )
ZIREN (pH 5.2) #1250 l (¥ JCK B, —20°C 44 TR E 30~ 60 min; @0 MTITTE , FH 70% 1914 B
TPRUITE, H2s 1, IS R JCH DEPC /K fif.

1.2.8 R4 %50 % & PCR - ZBR DNA i 345 ARIEA R I ik 2 B0 RNA ¥ B[R], 155 400 ng T (AR
PEAT RS 5. i B8 Transciptor First Strand ¢cDNA Synthesis Kit 136 A9 2R 247 s 8 56 A 1 pl Anchored-
oligo (dT) F1 2 pl FENLS R Y514 ,400 ng RNA Flif & PCR H5I 07K, B AEF R 13 wl, iR A Z 57 PCR
AL 65°C HR 7 10 min. JRIEZ S5 FRIKANA 4 Wl transcriptor reverse transcriptase reaction Z& ik ,0.5 ul RNA
M 2 wl BEHBRIE A 57 AN 0.5 l transcriptor reverse transcriptase , 5] 2 J5 iCEE PCR AL [ v, % B
PCR LB 72 25C 10 min,55°C 30 min LK 85°C 5 min. K2 B 5E 2 J& B9 PCR 4 S RIBCE UK -, K 4521
[’ cDNA fRFFLE-20C h45 .

PCR R DA Bk 7 16S tRNA SINS IR, 519550 . LiiE R 5'-GCCGCRAGGTGAAAMCTAA-3,
TR 5'-AATCCAAARACCTTCCTCCC-3" ,PCR [ 4544 : 95°C A4 10 min; 95°C 254 10 s,55°C & 4 10 s,
72CHEA 30 s, 45 ANEFR . H YLK Rbel, Ll cDNA Sy , 4T PCR 78 , [ 0 A & M9 S 72
TR (1.2.6). BAFEE NS RN CUE S H LN CEZ 2805 ACH 28 B0 45 FE Al Ao T
PR 2L IR B ) DR ARG R SR PR TR i DT X 6 36 Bk ) L2
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Xt PGTX F1 CTAB 2 Ff 7 s A7 WAL ARG J5 0 RNA 4R BUSCR Hee. PGTX F CTAB 2 Fh 7 242 B RNA #Y
D0/ Dago Al Do/ Do 1 LAE AR LN, R BHAUABAE TR T J5 X0 RNA 1R 52 AN K5 1B PGTX v& 38 I LA i
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444 J. Lake Sci. (#ia#+45),2018,30(2)

BN GACRE S S RNA (4R 0™ 5 (18 1)

100r CORNAj™ Di6/Dago Dygo/Daso 13
80}
= 7 |
\%/060 %V ff hun)
A\ -
N\ /
A %
A\ %
LN N,

PGTX PGTX-bead CTAB CTAB-bead

1 PGTX Fil CTAB 338 IALAR A BT 5 42 BT RNA ™ 5 M4l 5
Fig.1 Yield and purity of RNA extracted before and after the addition of
mechanical disruption of the PGTX and CTAB methods
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RSN EEEIE F DA I RNA SE 8, S5 SRR W] 4 FhJ7 A1 RE 0 M RCE BE A 1A rh SR UL RNA (
2) 05k LRI Ek 2 HAPK AR (23S/16S) T M B 52, RNA S84, (H 7 vk 2 RE VL4 21T M 19 DNA 25417,
DNA {594/ 5 53k 3 FJ7 ik 4 UK SR 3o, 45 342 1 TR, 3 2 Rl i B2 B RNA SERE PR dy, 0™
K.

DNA

23
16

58

&l 2 4 By RO T AR RNA BB W e i vk R i
(1~2.977 1 $IU0 S RNA;3~4. 7575 2 41 5 RNA;5~6:
Tk 3 SRR RNA 7 ~ 8 71k 4 $EHUYE RNA; M DL2000 Marker)
Fig.2 Agarose gel electrophoresis for RNA extracted from Microcystis colonies by the four methods
(1~2:RNA extracted from Method 1;3~4:RNA extracted from Method 2;
5~6:RNA extracted from Method 3;7~8:RNA extracted from Method 4;M:DL2000 Marker)

2.3 RNA Hy7= S f1&h B 5 #

Jrid: VAT E 2 G SRR T R BUR RNA YR BE3 5500 77.3 F1 15.4 ng/wl, iJ7 1% 3 F1751% 4 SRR
RNA W JE(L750 0 8.9 F1 7.4 ng/pl (R 1). Jrik 1 I RNA W W] I i T H A 3 #0714 (P<0.05) , K%Yy
ST 4 19 10 £5. Nanodrop ND1000 430G R H IS SRR BT, 4 FhOrikIRAF A RNA FE 5 Dig/ Doy 1Y HUAE
HRIERAT 2.0, K] RNA FE R AP B0A 3 FUSAEA AT 3 5 T Do/ Doso B9 LLEHR/INT 2.2, BEWIA7 7R B R A
SEARIUG Y, Tk 1 BRI RNA B S RIRE 5515 e/, O i 3 5 b ™ .
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Tab.1 Comparison of RNA yield and purity obtained by the four methods

PO RNA f= &/ (ng/pl) D60/ Dgo D260/ Daso
PGTX-bead 77.3+15.6 1.95+0.13 1.53+0.16
CTAB-bead 15.4+3.4 1.98+0.34 0.90+0.06
FastRNA® Pro BlueKit 8.9+1.9 1.86+0.10 0.84+0.15
RNeasy Mini Kit 7.4x1.2 1.92+0.13 0.96+0.10

2.4 qPCR & F 48 DNA 54 ] DNase4b H i DNase/b B J5

qPCR 255 (& 3) n A1, 71k 2 $2 00 RNA #4 B 301 7 7 7 7

e A9 i PCR, Ct ALY 14.340.05, DNA j5 % 25l

B ek 1R 4 SR RNA B AT 90 ]

24 PCR, Ct {43512 20.9+0.06 1 22.92+0.02,DNA i3 201 [

Y/ 1] DNase AbTHUS 4 ROy ik BRI RNA BRGS0 st

9t it PCR, Ct {E#B7F 30.0 ZE 47, 5 A B AR 84 9] ok

X RE 2 2 &2 PCR Cu fHH23K (30.52+0.24) , K Bl

RNA 5 3L E 2 DNA JEACBE 22165 51

2.5 REEEwLEE PCR %7 Rbcl EE i mRNA 7k F 0

qPCR 25 L WIR [R] RNA 32 U7 ¥ 2 6 FE1E 22 5
(F2). [K2k 16S rRNA TE i =F s fiA2 e, L qPCR 45
RS2 FREE (5 RNA KD i 85 BE S . 53k 4 SR
RNA ) Rbel 5 R AHXS 357K F-fic i, o 7.88x107, )ik
LR, 6.18x 107, [l Jik 3 A5k 2 #EHUH RNA )
Rbel B R IKAKFHBAR (K 2).

PGTX-bead CTAB-bead FastRNA
3 4 FhO7 LS BRI S RNA

JH DNase ZbEEHG )5 qPCR 43#7
Fig.3 qPCR analysis of total RNA extracted

from Microcystis colonies using the four

RNeasy

methods before and after DNase treatment

2 4 FhJ7 A S RNA 9 Rbel BEPAXT R IA B

Tab.2 Relative expression of Rbel gene using RNA extracted from the four methods

BT 16S rRNA Ct Rbel Ct Rbel ik
PGTX-bead 13.58+0.23 24.24+0.15 6.18x107*
CTAB-bead 13.56+0.17 24.99+0.28 3.62x107*
FastRNA® Pro Blue kit 11.69+0.47 26.16+0.49 4.41x1075
RNeasy Mini Kit 12.81+0.28 23.12+0.19 7.88x107*

3 1Tt

LRI R P S R A 20 B OUT , M A 22 B8 LUK, V2 330 17 T8 =X 1 S8 70 B 1R )
B, RS BE(RDAE Y T 28 2 T e ™ NAHE L S R 52 4 (0 A IV A 38 T4 K 280 e v fk a2
[, S 4 pol e PR A it 3 8 3 & DOAZ TR N YT A R SN DI AN O'G & 6 28, B AT mT LA i 08 iz iz, it H
WS PRI PCRIP S SR 2 A 7R B RNA A $R IS o DR X, ™ T M FAAIR T RNA Y42 5™ 5 il
RNA (3-ICH LA R L SRS R KRBT 2k 3 A3 - A 24 R BB I 2 I RNA Fnglifh, 20 i3
fp e R O P P iR EE L SR RNA LA ST 2 0 20 0 24 ), 12 RNA 585 (1 5 RS DNA 45
=54y B FF. RNA W2l AR U R AZ FR B IO 15 1 — AN EE B s b, B O R IB0™ 4 v L 4003 411 RNA
SEVEAT ARG SR ST AT L. PRI, AR T S s B R B 5 AR TR (AR TR, k3 i 3 A DA B2 e B R
IR RNA [ B H .

Jik 1 PGTX-bead 2 J&— i AV 7% , PCTX 2 rh i REAZ B M ] RNase 35 . R AN 2 AF &
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AR A VER AN TRO 45 A S B RR P A L [T A 8- Semge ik , B B2 A T R s )
SRR RGN R 27 R 5 R R SRR AEAE , BERS TR 20N ] RNase O35 M, AT T K 40
P RNA BOFREL. Socbnt ™ A L 8 LB 5 95°C /K IA S min AHSE A 1077 B 24 ML , A4 RNA 32
IR, FE 4 o5, vk TR RNA B A= it fie s, FUSOAREAR, B 138 R R K P 3 m , ii
A IR s A UL RNA.

J7i% 2 CTAB-bead 75 , ¥R #5151 (%) CTAB W VLIE IR AR ME 2 B0, A S 24 M an i i flu i, 5 B-#idk
CESEFEVE A AT . D, 18 S K 2 BB A WL b AR BUR R I, 7T LRI CTAB 4 S 24
W S RIS A 1 FastPrep Y49 AR IAEAS Fh 50 4% 355 (o 0908 0 4 i e S JEL O J2 14 G S 9 73 4
fifE, NI A 8B AR LR, RNAL J73% 2 $2EUH RNA A S B FL vk R (T 1) Rl qPCR &1 2) 25 mT 40, e 77 vk
PEBR I e SRR RNA o DNA V53425, 38 A 75 BRI BT HE 5 DNA T RNA FOAREAR.

771 3 FastRNA® Pro Blue Kit 7, J2&—FhBEMZ DA HE > [ B 14 40 TR7 A1 221G FH 14 40 TR Hh bRt A 50 1 4 B
S RNA (il &0k RNApro 1R 7F 4 i 2433 F2 P fiff RNase 28 7% , B 1E RNA A7, AR 1 FIE] 2 25 580]
H1, J75 3 FastRNA® Pro Blue Kit I HEBUH 28 s AR RNA WK, DNA J5 L0 7 i, H Y3 [N kK F
ARAG, T ELRRASI i, ASTE A DT e A rh B2 I RNA.

J71% 4 Qiagen RNeasy Mini Kit 22— 0 FH FL )72 A9 RNA $REGT &, £ FH BT U IER 22 i i s At
f P RE R RRAZ TR Al A A 1 Ak RINAL 0 o 700 6 vk B2 T %) f 28 e A R 5 RINA ¥ B 01X, {0 DNA J5 34/,
RNA S84, B 13 kK fe i, BARARRT B, 7T LURE /D e ol g i A 2 TUEL RNA.L

AN ZESZIS R, FRATEAE T trizol W4T MZE BERF IS RNA JREL (B2 50 45 IR AR AR, A5
FTR A 4 Fpo5i % PGTX Al CTAB 2 5 ¥ MUK R 38 JIN A /5 RNA 7= i K 205 64T T % b, 5 SR 3
B, DRI B R A% S 238 0 RNA j7= 8, [, 55 4 2 FhistR S 2E 3R UL 3R vt B e P RE il A T DA kX —
3, 1 BH BB 8 B A (50 200 it 70 53 284 4%, IR o R RINA $RIBUHE B, 342 I50™ &, X2 RNA SR 5
AL NP Nanodrop ND1000 A YEHEEETIN RE B RNA Y Dygo/ Do Al Dygo/ Doy FUAE, e i RNA &l fE. —
P Dago/ Do F ELAE K29 2.0, F B RNA K PSR 7E B 1 BT 4575 44 5 Do/ Doy I HLIELAE 2.2 2245, R A
RNA KES PR AEAE B 2 MR 2T e SRS 5 0 LAFE L4 Fo7 B3R B T e A 2 RNA B A7
FERE AT AETT Y 0 Dygy/ Doy LAEH/INT 2.2, BEBHAEFE M 2SI S5 T5 8 . 456 TR B A IR R e i, FRAVT
W, 2Z T AT D500 Dago/ Doy LEAELER A8/, 7T BB DR Ry e i A Ak rp oK B AP 2 B AR AE , B OGE
YRR R , AT D40l RNA — B H2 I k.

WeAh, FE e LUK B3 P, CTAB-bead 7545 B 2./ DNA Z%it , U HAF7E DNA V53¢  Hiftl 3 FhJy ik Bk (&
TERE AN E] DNA 547, I AR R A T TN R 8L qPCR J5 Al 4 Fh oy b4 BUAY RNA AF 5 b B R 4
DNA {5 eI 00 R 2 DNA LRI B [E, % 2% DNA J5 BORE S E 47 2 i 598 58 B PCR, Kl 42
Hi) RNA H Rbel BB 28K, 45 3R 77k 1 PGTX-bead 2N RNA R i, H 1L H Kk
KAl 5 71 4 Qiagen RNeasy Mini Kit 35 B4R P= I, (B B A9 2 R 36 35 7K - d5e 5 5 11 /7 7% 3 FastRNA® Pro
Blue Kit 7 H 193 [H 287K K. AR AT RNA 2007 2 520 H (1938 R 238 7K AN [7) 14 45 SR 70 HAth
A=) RNA SR BGT AR bt A A DCHGE " AT I, e R W 48— 19 RNA 425005 1 % R GRS e
H Dt 0 B
4 &g

AWFSERY 4 FhOTvE, FRAENE DI S B FR R IR RNA. 79k | RBGE & Al i AL, Bid & ki
PRI, SR A5l A BB A B2 RNA 1953, 51k 2 36 & T 2[RRI DNA F1 RNA fREA. 51k 4
AR SR IO, A =G, (A RNA B 3047, BB R 5 R J8, IT A B (9 5L B 9 A 6 26 3k &2
=, TR D R AP B2 IUE RNAL i FOR R 25 7T BE T30 B A9 SE R A 238K R A ]
L, 76 [EAL A AR AR A 58 S BGEBR S — 1Y RNA IO VL, DA i I R IR e i 152 22
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