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Ammonium preservation of shrimp tissue RNA
at normal temperature and its effects
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ABSTRACT In recent years, more and more nucleic acid based molecular biotechnologies
were established and applied in the disease diagnosis, health evaluation, epidemiological surveil-
lance, genetic breeding, environmental analysis, and other aspects of aquaculture. Good quality
and high quantity of nucleic acid to be preserved and extracted from the samples are the prereq-
uisites of these technologies. Sample collection and preservation methods are the key elements
to ensure the successful application of the technologies. Currently, most studies use fresh mate-

rial or ultra-low temperature preserved sample for RNA extraction. However, these methods
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are very difficult to be applied to aquatic animals, especially for field-collected samples. This
study aimed to find a convenient and effective preservation solution for field-collection. Muscle
tissues were taken from Litopenaeus vannamei and preserved in the ammonium solutions at dif-
ferent saturation and different pH at 28 °C for different time periods. Comparison of the RNA
extraction showed that preservation solution of saturated ammonium sulfate and saturated am-
monium acetate had good effect. The saturated ammonium acetate at pH 6.0 (A3) and the sat-
urated ammonium sulfate at pH 5. 2 (S3) with 25mmol/L sodium citrate and 20mmol/L ethyl-
ene diamine tetraacetic acid(EDTA) had a significant effect on tissue preservation, by compa-
ring gene copy number by total RNA extraction, gel electrophoresis, and RT-PCR. We suc-
cessfully extracted a large amount of genomic RNA, and quantitative results showed that the
18S rRNA copy number reached 10° for per milligram tissue after 4 weeks preservation in A3
and S3, while the negative control 18S rRNA copy number was 10° per milligram tissue. Pres-
ervation solutions can effectively inhibit the degradation of nucleic acid and maintain the tissue
structure and cell integrity. This simple and effective preservation solution has a great signifi-
cance for sample preservation, field specimen collection and subsequent molecular experiments.
KEY WORDS Saturated ammonium solution Sample preservation
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1 #HE5RFIE

1.1 SEE#d

W6 B LN EEXT IR Lito penaeus vannamei JRE 7.5+ 1. 0g, F 2011 4 5 AW B WA F & KM K EA A, T
ER AT ZEH, ER N FHETHERKE (80 ecmX50 cm X 50 co) H1, 7848, . B4R 20 B, B R 45 M 9 vk % JIE
.

1.2 BHESRELE

B 50mg FLANEXT AR LA HURAT T 10 AR AR GR A7 P . T 28 CARAT . —E IR $2 B RNA . PR
T AR {5 77 T 14 20 2 R — 80 °C AR A5 77 O R g X HR 4

1.3 AEBMNERRXHLA P RNA REFZRE R
PC 1 A ) 4 0 E 19 TS TR 5 D A7 W (2526 .50 4. 75 %0 L 100 Y0 T 1 BE V3 WD) LB IR 85 F A7 W (250,50 %%

75 V01 100 26 4 1 BE IR WD o HOL AN I X R LA 21T 28°C ARAF T AN R A BE ) R AF W T L AR AF 1.3.5.7d JE 4
B RNAL i 23 )66 B2 3 (NanoDrop 20000) i€ RNA ¥ &

1.4 R7F&E pHMALH RNA RIFHRA 0T

3 590 TRC T 5 R T A kP R BRE RR % L 25 mumol /L AT AR FR 4N AN 20 mmol/ L EDTA F i 3% (- A7 W » 43 71 FH
fiti {2 A1 1 mol/L H, SO, ¥ H pH WAL 5. 2~7. 0, A 7 Pl B R AF (£ 1) LA RNAlater FIAN R IETAE R
Xof B TROPL AR X R LA L 2L F 28 CLRAFE TR pH R AE W, $2 IAH 215 RNA LG8 iF RNA ¥ B2 I % L Bl bl
B HL K JRT-PCR K we g it PCR #E4T RNA 528 f1 18S rRNA #4 UL B K

®1 TE pHEFFU RNA REFHRH A

Table 1 The testing groups for the preservation solutions at different pH

25 Groups Al A2 A3 A4 S1 S2 S3
F 4] 4> Main component SAA SAA SAA SAA SAS SAS SAS
[t hm4d 43 Additional component C+E C+E C+E C+E C+E C+E C+E
pH 7.0 6.5 6.0 5.5 6.8 6.0 5.2

TE : SAA BRI R 4% 5 SAS A8 F A% R 4% ; C+ E: 25 mmol/L #7 B R4 + 20 mmol/L EDTA

Note: SAA: Saturated ammonium acetate solution; SAS: Saturated ammonium sulfate solution
1.5 FLAEXTERA L RNA 2B
B ORAF W B85 - 75 %0 L BEIE Uk - I 800 ] TRIzol 357 vk b M A I8 A JR E B 5 min; F 4°CLL 10 000
X g B0 5 mins BUETFWR L IMA 200 pl ZEH BEZEHIRS 15 s, FIRFEHE 2~3 min; T 4°CLL 10 000X g B>
10 min, JBF AR 3 J2 /NG W B 20 I A SE R B SR I BT &) ## B 10 min J5,4°C7F 10 000 X g B0
10 mlny%l@%i‘ﬁﬁiiﬁ ’j:”]/\ 1 ml 75%&@%%?%?%?% ’40(:": 75 Oooxg %‘[‘) 5 mln?%%&@?’ﬁ—i—k?ﬁ?}%’su 50 }Ll
J& RNase /K& i RNA,

1.6 X RNA EMNE

PLJE RNase 7K %8 FIX BRI 2 pl ZHE0E RNA, FH B 53066 B2 31 (NanoDrop 2000e) #ll % 260 #1280 nm
WG SR RNA [k B
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1.7 RNA ZE MG

WS pl BSR BRI RNA VAW, 100 SR B e vl DK G 0 L I 72 28S 1 18'S J% i 1Y 5 BE LU A » LU A A
TEWARAE RNA 1958 84k

1.8 JLANEXEF RNA ) R % %

B 20 pg 2H40UE RNA, Bii 10U J6 RNase [ DNase 1.5 pl 10X DNase I Buffer #1 20U RNase #ili#l57, 1 DEPC
AP K E 255 50 pl, T 37°C 4k 30 minu fiTA 2.5 pl 0. 5mol/L EDTA {&%47,80°C ikt B 2min, ] J& RNase 7K
SEARE 100 plo JIA 10 pl 3mol/L BEER A AN 250 pul ¥ LB, —80°C & 20 min, 7 4°C LA12 000 r/min#.L>5 min,
gt PR EBRIEA B DNA, JTE T4 5 LA 30 pl JC RNase /K i, 4% B0 16 98 i RT-PCR 050 & (db it
R EAEWHARABRA FD AT R 5 HE 20 pl OVARZR 8 2 pl BEH RNA,L 10 pmol/L Oligo(dT) 5, 1%
TS Reaction Mix, Enzyme Mix 1 pl, 42°CH#E 30 min,85°C#A 5 min {7 .

1.9 #2425 RNA & Bactin B RT-PCR #&i

FR8 PG5 0 BF 1Y Bactin K2 31 (GenBank: AF300705. 2), % it 4% F4E 519 ractin-F (5'-CAGAG-
CAAGCGAGGTATCC-3")Fl B-actin-R (5'-TCCAGACTCGTCGTACTCCT-3"), 7E 25ul #) PCR K& . &
1XEx Taq Premix (TaKaRa) . I Fi#51# (10 pmol/L) 4 0.5 ul Fl 10 FH B A cDNA ;=4 0.5 pl, Bit
1.8 L s R B 10 A5 IS B 2l 28 94°C B Pk Smin; 35 MY 94°C 30s.56°C 30 s Il 72°C 30 s; fx
L 72°CIEAR 10 min, RT-PCR =¥y 47 1.5 %0 BB WHHE B F vk A 0

1.10 18S rRNA EFMEEIRERIHE

FRAE FLG X ER 18S rRNA K ¥ %1 (GenBank: AF186250. 1), Bt — % 4% S M2 # 18S rRNA-F (5'-
GCTTGCGTTCCCATCCAC-3")F1 18S rRNA-R (5'-CAAACACCCTCACAGGCTCA-3"), Lk ¢cDNA H iy
K FZXT 51 1.9 i SN AR 2L 9748 18S rRNA () 182bp F BE . ¥ PCR P=¥ydE 47 1 Y0 B3 M 5t 1 it ok - ¥
GG T A e S e B, e BB pMID18-T #j A 7) & (TaKaRa) 6 B 4% [l 7= 4 5 pMD18-T 4k % 82, S8 I il
#| DHS o BZ A Ml (TaKaRa) ., PEEC LB P (2R 5 R 50 pg/mb B HR % #6417 PCR A I 30
P (g A T AR W AR A B2 w0 350 ) » i 39 16 A 1% BH M S B, 10 ml B K85 3% 5 FH 4l B 5ok /N #2350 57) & (b
R AR AR A RS /D 42 BUBTRL , H U 43 0601 BE 7 (NanoDrop 20000) Wl 7 #R FE .

1.11 ZE3EEE PCR MZE 18S rRNA Yy cDNA FE4 a3 M £

PAGRAE2H 41 I RNA f9 cDNA g8z, Ll 18S rRNA-F Fl 18S rRNA-R 51 7 . #% B8 W 2 v 9% 't i
PCR R & (b mt 2 XS AW HORA R 7D U #1790 € & PCR %@ IR ¥ DU, 78 25 pl R &, &
2 pl BifR, LWEAF IS4 5 pmol/L,1X Trans Start Green gPCRSuperMix, Passive Relerence Dye 0. 5 pl,
TE 9 E 7 PCR {U (RotorGene 2000) | #4728 56 5t PCR [, 48 95°C HiAS P 30 5545 MEFRAY 95°C 5 s Fl
60°C 30 s, B E BEAERLE LI H2U SYBR Green {55, il id Rotor-6 40 b5 U i 2k Ko AN [ FE i 1 1% 2 %
DUECHEAT I3 HT

2 HR

2.1 FEGMERRRERRENAAFRIG RNA BHE

TEA TR AL FIEE (100 96 .75 26 .50 0 25 20 ) Bt s R e ARG TR B2 DR A VR o+ K PLA T8 X0 R 68 20 U7 28 CHRR B R
PRAF 1.3 .5 .7 dJa - R TRIzol i #2HU RNAL AR 73 66 BEE I E ODsg A1 ODygo {H . 5K RNA ¥ JE (4]
LA 2) 0 SRR B A A0 BT DR A7 A 20 S BORY S RINA PR 32 i 3 DR A IR 18] 9 S 4T T B3 & -5 AR A
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I E 9 RS VRORE E 100 Y0 1 0 32 (1 T R e DR A7 VA FT 100 0 TR0 R B8 1) 8 B i 7 YL LA B 4 ) DR A7 80 R L T DA 75 %0
TR0 L FEAR ) 50 0/ 1 A0 L I ORAF IR Y B IR 38 M8 38 T B . AR AR S 6 45 2R AR BIF 5 L 100 00 6 1 8 1 4 £
VR WAE Jy BE R R AF WA T 5 2 TR

4000 ——SAA100 -=~SAA75 —=4—SAAS50
—=SAA25 —*SAA0 —=pPC

el
ED 3000 g
0 =
2
H 2000
<3
g =
5 1000 |
g
<
0 1 3 5 7 — 4500 ——SAA100——SAATS——SAAS0——SAA25—*—SAAQ——PC
N = 4000
A (Bl Time(d) D 3500
o N = 3000
FE L4350 22 100 %6 48 i1 S B 1R % v W (SAAT00) 75 % 1 i1 JBE Tt 1R % 4 T @é 2500
(SAATS) 506 i1 il i i i 4 ¥ WL (SAA50) ., 256 HL Fil B Bl 1 8 145 1k ST 2
-~ o S ke s Tor =
(SAA25) i i i 4 s 1 (SAAO) 1 — 80°C A4 {1 16 vk 4 (PO) 177 ® 2 1000 "\-\\‘\
The tested samples were preserved in the 100% saturated ammonium ace- g 508 ‘ ‘ ‘
tate solution ( SAA100)., 75% saturated ammonium acetate solution 1 3 5 7
(SAA75), 50% saturated ammonium acetate solution (SAA50), 25% sat- i ] Time(d)
urated ammonium acetate solution (SAA25), solution without ammonium
5 i 2 e Vi 'S
acetate (SAA0), and ultralow refrigerator at —80°C, respectively. Same in Pl 2 AN ) P2 Tt 2 2 R A7 AR AT 9
the followings ZH PR BUE RNA i
Bl 1 S [ A R T I 5 A R A A 1 2 20 P B B 2 RNA [ 1 Fig. 2 Amount of total RNA extracted from the
Fig. 1 Amount of total RNA extracted from the tissue preserved tissue preserved in the ammonium sulfate
in the ammonium acetate solution at different saturation solution at different saturation

2.2 AEpHHBMEZEERFRRFNAAPRNNE RNA BERE

FE 5. 2~7. 0 i R 1 i A SR R AW pH (% E AN R4 (AT A2 A3, A4.S1.S2.83) , 47 XF HF LA
U RAT - 22 28°C AR A7 — E IF ] J5 $2 B0 RNA L B RNA ¥ 2300 G 25 51 6 0 L B $ A0 8 RNA 2 7E 0~3d
0 B H B R LI 3d JE R T AR e . Hovb pH 5. 2 B ATES R % (A3) (I&] 3) A1 pH 6. 0 114 1 FAR R #% (S3)
(O FE 28d (AR AFI ] P9 1 A RNA 4 T 25 (A B AR AT 1d AR AFROR .

S =

RN AR &
Amount of RNA(ng/ul)

RNAR R E
Amount of RNA(ng/pl)

B Bl Time(d)

Bt Al Time(d) S1:pH 6. 8 1l Fl i 2 #ic (& A7 #E it 5 S2: pH 6. 0 M FER B2 B O 7 HE
h5S3: pH 5. 2 160 I B B B (5 77 B s RL. RNAlate 577 BE f ;
A3 R[] pH RIS R 6 R A7 AR A 1 LA 352 Ny
3 AR pH A gﬁ&%ﬁfﬁ@ﬁ"ﬁmn Wi N J AR A7 25 113 1 PC 76— 80°C FRA7 R
X R UL P ZH 2 $E LR RNA

Bl 4 AN[R) pHL 46 0 1R B DR AT W AR AT Y LA %
XHIER WL U SO RNA (9 &

Fig. 4 Amount of total RNA extracted from the tissue

Fig. 3 Amount of total RNA extracted from the tissue
preserved in the saturated ammonium

acetate solution at different pH . . .
preserved in the saturated ammonium sulfate at different pH
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2.3 R RREAREFENALAHENNE RNA HEEH

AR U B RNA T 120 B 0 5 e o Wik I (P15 i 6 A1 20 104w BT 4 B0 B RNA B i RE 7 31 2
P 18S rRNA 1 28S rRNA i £ X 47, Horp 28S rRNA B4 K 2052 18S tRNA W% L4 1. SR LA 4
2125 28°C A7 7d 5, TARAF ST BB AU LB A E] RNA BIX 45, pH 7.0 CAD M pH 6.5 (A2) By 16 FI %
R B ARAT 21 rp 28S rRNA X AF AR TE 25 . pH 5.5 B 40 1S R 4% CA4) R A7 1 20 8 3 46 DX 1 B R AR 45
RO s 280k 14d J5 - B A 10 R I 19 66 PR A7 (8 AL 201 TG 2% DX R AR AR B s 280k 28d AR A7 J5  ANTR) pH T 1 A
MR B R A I AL 2L BRI A RNA B DX L 4% DX 1) S PR L 2800 2K 5 T A RIS TR 4 DR A7 T L L Z A e )
PR 25 DXy 1 SRR L i L pH 5. 2 9 1 RITBRE IR 4 (S3) PR-AF 1Y 2 2L 78 T A DR A7 B[] v 9 2% RNA XS ) L 461 Fn 4 i
IR IR e B — BT RNAlater Fl—80°C R AR .

A, HrEEHSUE RNA; B, (847 7d LU RNA; C.o /17 14d (U218 RNA; D, (/47 28d IUZH 25 RNA; M. 43 Fimbric s
UK 1~8 43 A1.A2 A3.A4.S1,S2.83 RNAlater (RIFBRAFINA L 9. — 80 CARAFH L5 YKl 0. 25 i) 4
A: Extracted RNA from fresh tissue; B: Extracted RNA from tissue preserved for 7d; C: Extracted RNA from tissue preserved
for 14d; D: Extracted RNA from tissue preserved for 28d. Lane M: DL2000 Marker; Lane 1~7: tissue preserved in Al, A2,
A3, A4, S1, S2, and S3,respectively; Lane 8: Tissue preserved in RNA/ater; Lane 9: Tissue frozen at —80°C; Lane 0: Con-
trol without any preservation

B 5 ARAFHLUERE RNA (1 %0 55 M 5 e i ik

Fig.5 Electrophoresis of RNA extracted from preserved tissue in 1% agarose gel

2.4 FREERFFER RNA B RT-PCR 2

ANRURAF AL 28°C FARAF 3~28d UL LA RNA J5 . % practin JE K F BE (924bp) 47 RT-PCR ¥4 .
AT AR AR A7 8 A %k R RE S AR AR AT 7d 5 T 4R LAY RNA sl AN RED 34 =8 T H R R pH A4 B R 4% T 5 R
BARAF AT 28d WAORAE A 2P SR HUE) RNA B REA 2 5 5 13 BT 509 7= 4 (18 6) X Fh 45 R 0 iZ 2 RT-PCR
T B PR

2.5 AEREREFEHALIZEIA R RNA 1 18S rRNA 35t EE PCR #il

LA 18S rRNA AR E BRL 14 AS [ B ¢ B2 A i #4790 5 & PCR RGN 43 B 45 3 H 9 56 A 48 DL & (X0
5 Ct{H X R K Ct=—3. 7151gX +41. 240 (R*=0.993) , ZAREFFIAE 28°C FARAFE 0.7.14 F1 28d 5 .
Xof AT BR UL PR 2H R P R EUAY A RNA R 47 18S rRNA JE R #2 DL K 2 2 0 (19 8) . A3.S3.RL 4447 28d J5
2141 RNA #5 UUBCE — 80°C AR A7 ALY SRARIL - 5 1T LUK £ 10° Copies/meg HL4L, Hoas 1110 B 4L 05t 79 A~ B0 4%
XoF 410 i) A TR I e A ) S A R
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A, 117 3d IIZH 4 RNA RT-PCR 7245 B. 1447 7d iU4H 4 RNA RT-PCR /=45 C. 477 14d 194141 RNA RT-PCR 724 ; D. 117
28d 4141 RNA RT-PCR /##); M. 2000 4> FHRics WiE 1~8 251 AL A2, A3.A4.S1.,S2.S3 RNAlater {f 77 W {547 9 41415 7k
B 9. —80CIRAFHILLL; IKIE 0. AANPRAFHINT IR s KIE o A B B 0

A': PCR products using RNA extracted from tissue preserved for 3d at 28°C ; B: PCR products using RNA extracted from tissue pre-
served for 7d; C: PCR products using RNA extracted from tissue preserved for 14d, D: PCR products using RNA extracted from tis-
sue preserved for 28d; Lane M: DL2000 Marker; Lane 1~7: Template extracted from the tissue preserved in Al, A2, A3, A4,
S1, S2, and S3,respectively; Lane 8: Tissue preserved in RNAlater; Lane 9; Tissue frozen at —80°C ; Lane 0;: Tissue without any
preservation; Lane c: Without template

K6 (RAFHZR RNA RT-PCR 453 1 ik

Fig. 6 Electrophoresis of PCR products using DNAs extracted from preserved tissue

100 ;
80
. 6.00¢ s0d  =7d  s14d  828d
60 v 93 4 s5)e 1 S 500
40 /) B x 400
. =
20 J/ ) ©-2 3.00
o %[ S 200
5 10 15 20 25 30 35 40 45 g N
g Loojjl
1~7 Bk DLBCA 2k 5. 1108 .5.1 X107 .5, 1108 2y
P N 4 o > Al A2 A3 A4 S1 S2 S3 RL PC NC
5.1X107 5. 1X10* 5. 1 10° 5. 1 107 21 3| Group
1~7 represent 18S rRNA plasmid ranging from 5. 1X10% to 5. 1X10?
Bl 7 18S rRNA ik & RT-PCR JZ i 19 1 il 28 8 RT-PCR Z /A LU47F RNA ) 18S rRNA £ Il ¢
Fig. 7 Amplification plot of real-time RT-PCR assay Fig. 8 RT-PCR quantification of 18S rRNA
for the detection of 18S rRNA plasmid from preserved tissue
3 i

RNA $2HUE 7 FAEY R B AR R 22— & 3k 47 3 R IR #8936 il . Northern Blotting, RACE
(Rapid amplification of cDNA ends) ,Real-time PCR,RT-PCR(Reverse transcriptase PCR) \ & [ i {4 4} Bl 15
DL K cDNA SCPE L G A0 T B — 8 2l B M S8 B k1) RNACE 4848 20105 E RS 2006 2= il AR 5%
2006 BLFTPEAE 2007) . AEATE BB AE RIS RNA BORERE B 5 5 NI S AR ) RNase FEf# . B T RNase
I AT EMELL KOG 155 i RNA A5 345 (Beaulieux et al.  2003; FRERE  2003; £ R 20065
RIBARE 2006 BFIFEEE 2007 Z{RE 2008 m#MELE  2008;Zhong et al.  2007),
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B DR AT AR A 2 B BEAR R B R EL £ B3R i (Savioz ez al.  1997; Masuda ez al. 1999 X {5
2001; B R¥EE  2001;Legrand et al.  2002;#RB4E4EE 2002 5K L4 2002; Ak SE4E 20055 M 5235 4%
2005;Rivero ezal. 2006;Z8PRIESE  2006;Santos ez al.  2009) , FBARAE /K D KO- AT HL AT 18 35 J1 5 (B JE§ % T
RORGF | ] 5 0 2 PR BE PR 3% B AE W 40 0 A BT 5 A2 0 R 1 W 00 R CBROR A4 20025 sk iEBLSE 20025
BN 2008)  HiEZ W R Y] SRR DGR I AR A RNA B B 32 &) 5 8 A R 0TE L SR IO
T EE M A S RS 2002; KIS 2002;3% % 2008;Savioz etal. 1997; Masuda
etal. 1999;Legrand et al. 2002;Rivero et al. 2006;Santos et al. 2009) , ANF|TFIGLE05R . L EENF4H
U K AE RN 0T A2 MR T o A5 1 DR A7 2H 2058 L BRI 1 A% R B iy T R . HLOR A7 o 72 55 S AR IE 2 0%
() < T o T A R A Ao P2 B, DR okl — 17 88 0] 47 HL SCRB I 2 A 1 7K OF WF 5T 40 B 0 RE S AR AE 7 TR A Y
GIRIBLSE 2002 7RS4 2005; FIS205%%  2005; Thakuria ez al.  2009)

Rivero 5 (2006) F| S MR #4625 (1 S TR EE VT IE DNA /) 05 15 32 BUAE 7R T K 8 28 1) 2 AR R » 1% I Tl
i PR HLAS 3 m B i DNAL B T MR 2K EhbK ] 19 20 23 v il 48 A% IR I A7 A2 R 5 2 1 L 0 T 1) ) et
I 0 A D 3L 3R AR 10 B ) 9 SR R 0 1 T R T DAV VR v A A I LA OR TR A% TR A 1 A A S BB Y
RNA FEALRFFTE R AR

A5 I v T i R 0 AT 4 400 1)l ) 35 R DT AT RO A RR R A . BFSE A SRR . pH 6. 0 1Y 4 AN
Tt 2 B O AF VRORN pHL 5. 2 1 RN R 2 (R A W AT 07 B AR AR 8O s B AT LU B R/ — 30, i B e 1 RNAL 2
Ry B 4 RNA 588 RISl B s Avso /Ao 76 1. 9~2. 1 2247, 5 —80°C B RIR R A I RCR A 22 8 L. R
FHASBIEFE B ORAF U ARAEAF: i I AN 5 ZAR IR 25 . 78 28°C IR A 28d R ZUR I IR B A R Z B . PCR f2 ¢
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