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Abstract: In order to screen RNA extracting method from heartwood of Santalum album, five methods were
compared, including Trizol method, improved CTAB method, SDS-phenol method, guanidine isothiocyanate-
CTAB method, and guanidine isothiocyanate-SDS method. The results showed that it was difficult to extract total
RNA by Trizol method and guanidine isothiocyanate-CTAB method, and the improved CTAB method,
SDS-phenol method and guanidine isothiocyanate-SDS method could successfully extract total RNA. The
SDS-phenol method was not suitable for RNA extraction, because Asgo nm/Aszo nm Was less than 2.0 and total RNA
yield was low with (27.94+1.06) ug g . However, the 28S rRNA and 18S rRNA bands of total RNA extracted by
improved CTAB method and guanidine isothiocyanate-SDS method were clear, Ajgo ym/ Azgo nmranged from 1.8 to
2.0, As60 nm/ A23o nm Were more than 2.0, the yields were (79.06+4.22) and (107.00+1.36) pg gfl, respectively. The
Actin segments in total RNA extracted by improved CTAB method and guanidine isothiocyanate-SDS method
could amplificated with the same size and sigle band. Therefore, the improved CTAB methodand and guanidine
isothiocyanate-SDS method were effective methods to extract total RNA from heartwood of S. album.
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T (Santalum album L.)7&18 7 £l (Santalaceae)
EE R — Mgk A, YLk, JH
FEF BN JE VG I A 3 B B (Timor), S5 KR4 51 Fh 21 B[
FEHAAEREARY B, B —MEERLTRA,
FEME R B 5 EF SR OM AN O FEELPI RS
WP, TR T REZ Bk FokZG RN B
T R E R R, A AR R T
HIREIR, 1998 4F, HEAHH T AR R (IUCN)
FIN (SRR B2 B A 4 5% ) o 1
B SR BFReE B, 45 o L 3 BE T A
gy, FENEHRII SO, W o1 EF B (40%~
55%) P-HEEWE(12%~27%)"), a- [ N-FATERE . B-
IR A RE S, DU (+)-a- MW ()-B-HEE N
()-a- BT (H)-B-AEEIHAN BRI 2SS
AL EARSME TN, FELLE 10 W A TG
HASFSRE O, TR, FIFEE D
WA 6" SRR S S A R A A A, T
AR R S A R e A S N HoRroe
TR A 45 2 HDRE A s A & T8 - 73
FHLEIEATERE, Kb, 55 S S s
RGP EHE M, AN TS O
AT R H AR BM A J7 R AE 2%, B S A
B N TP FE B 32 &0 b4 72 B A0 o & 1) H 1,
NI ORG LA B2, 2 T3 7 R . BT 2 H RNA
SRIURR 57 3R I8 B[R] 2 Th e 2L R A 0T 90 1 S 32 5 7,
MAEDLE L FE A T . SEBEE U RNA &2
F#E4T Northern 243243047, 4tk mRNA PLH 4K
AMNRIPEEEE ST ¢cDNA SCFE, RT-PCR LK ZE7R 0 #r
SO TEMET R e T EN Y. B RTIREL RNA
BT 2, ABASEEY) B R R A A R 2H 23
RISy, WM. ZMERRRKESR, H RNA
FEROT iR SIS A Re R e, B RTIE R WL T
FEAOF B RNA $EROT VAR RIE, PRtk F-ATd T
L8 Trizol ¥, B B2 CTAB v:1'9. SDS eyl
SRR EERAT-CTAB 7" 0 7 A BRI -SDS 1",
DL 126 I B 5 182 00 A4 5 RNA 2 B B 7 1%,
IRE AR A R R 2RIA L s S AR S 41
A TR R R B

1 BRI %

1.1 #e
FEA DM T 2015 42 12 HIUE ) RARGEE EE

T AR L, 1N 6-BA AbFE 1 4R () 6 WA TE B,
F WA 5.15 mm A HE N EE B H T 30 om Ab%
BUO (B 1), MR R IR G, UM N A,
AR5 O] DL E B AR TIX 4y, KRR
FARIVEEVIBUR T O E R O A8 HaRa
B G SR TR R, 3] 5256 %= R A7 T-70°C
KFE £ o

P AR R A 2T

Fig. 1 Stem of sandalwood drilled by increment borer

1.2 AR

Trizol /& H Invitrogen /A &; Dnase I. Rnase ff!
#1171, RT-PCR 7 £r . Tag DNA A5 U pL ™).
Mg*" (25 mmol L ™). dNTPs (2.5 mmol L"), DL2000
Marker %614 H TaKaRa ‘A @ ; Actin 51 %) A KIEF
GG e A A 5, W E N
A

RIGFTHTFARII. #FeR. 258, 8. Wl5R
SEWKIIAE 180°C NME 4 h BLE, B ks e —ik
PEERIFEA B0 0.1% (W/V) DEPC (FEikZ — 4
Fig) K Ab 3, 121°C 5y 2K B8 30 min J5 4 H

1.3 & LA S RNA FIHREX

Trizol RFZE 218 TRIzol i 77 Vi I+ i3
ATHERL,
MK CTABY: £ Chang!"% ) 77 91 1&

MEH. BUEE LM 0.5 g, AT Bk K Ja 1%

CTAB #£EZHi[2% CTAB (W/V), 2% PVPP
(W/V), 2 mol L' NaCl, 0.1 mol L' Tris-HCI (pH=
8.0), 0.025 mol L' EDTA (pH=8.0)]H1 25 uL p-#iJ
2, RIZHRHIRE R 65°C/Ki 60 min, HE_EF
HRRVR AT LK, T 4°CF 13680xg 250> 10 min; HX
V&, NS ARBUK AN /& A (25
24 1 DIRGIRS], T 4°C R 13680 % g 50> 10 min; HY
B3, NGRS 1), IRGTRS,
F 4°CF 13680xg &> 10 min; HU L&, I 0.9



22 B AR R T

25 %

PRFATIA ) 57 PR AN 0.1 7RA K 3 mol L' BSR4
(pH=5.2), —20°CyTi€ 2 h; T 4°CF 13680xg &L
15 min; 3£ E3E, UiiEH 500 uL SDS 22 1 [0.5%
SDS, 1 mol L™ NaCl, 0.01 mol L™ Tris-HCI (pH=
8.0), 0.001 mol L' EDTA (pH=8.0)]¥4 i J5 i N &5 4%
TG, PRGBSI FFAE 4°CF 13680x g B> 10 min;
B3, N 2 (AR TE K 8, —20°CUTHE 1 h, 7£
4°CF 13680xg BS:0» 15 min; 3¢ 3, UIIEMH 1 mL
T0%IBEFEEE 2 K, T 4°C T 13680 x g B> 5 min; &
BERBR, K TJ5, RNA Hi&E DEPC /KIE#
(30 uL), ~70°CI A4 .

SDS ®FyiE S8 Duan! 45177158 2
Bk, BUEA O 0.1 g, WA E S RGN
JG RNase B5.0EH, s I 600 uL SDS R X
22 3[0.1 mol L' Tris-HCI (pH=8.0), 0.4 mol L
NaCl, 0.2% SDS, 2% B-5ikk LEE(V/V)], miEsE
BIREIEFIIN 200 pL /KALFIEY AT 200 uL 547,
B BMIEIRA, UK PR E 15 ming T 4CF
13680xg 50> 10 min, U L3E, IIANSEARF ST,
EIRE], T 4°CF 13680xg &0 10 min, B Li,
TN SARAR ) S A, ARG, 20°CE 1 h,
T 4°CF 13680xg &0 10 min; /NOMEE B, UT
R FI R CTAB i,

RHREMI-CTAB & ZHEE%EN
TEFEE 0. BUEE O 0.1 g, RIS
WA JE R NEA 600 L FERERI-CTAB 2
BUK[38% KA, 1 mol L' RBHEEI, 2%
CTAB (W/V), 2% PVPP (W/V), 2 mol L' NaCl,
0.1 mol L' NaAc-Hac (pH=5.2), 1% B-#ikt M
(VI ELE T, BZED, ZIRFE 15 min; I
NSRRI K ANy /05 5 IR EEQ25 2 24 1 1), /&
RS, T 4CF 13680xg &0 10 min; B Ei,
TN SEARFL 0 K Ay S 405/ S TR B (25 0 24 0 1),
EWIRS), T 4CT 13680xg 0> 10 min; HUE
B, AR E /7K REQR4 1 1), T 4CTF
13680xg 2.0 10 min; U EJF, HOA 0.5 f54HH
IK ZFEFNZEARFR 4 mol L™ LiCl, MR{ENREA), —20 C
FrE 4hB0d%, T 4°CF 13680xg B0 10 min; FF
B3, DUEDTIEESE LR R CTAB .

RREMIM-SDS ¥ SEEELg
TIFE BN B 0.5 g FEMON TR TIA fIHE
PR ERTES, MIE RS 1 mL AR FERA-
SDS FEH ZZ 4 mol L FHREFWRAT, 0.002 mol L™

Tris-HCI (pH=8.0), 1% B-3i%E LEE(V/ V)] O
i, BRIV ST, VK BCE 15 min, T 4°CF 13680 g
B0 20 ming BB, O 0.03 4R 3 mol L
IBSRREN(pH=5.2)/1 2.5 EAARINTE K 2088, F5if3)
BAT, 20CUERD 2h; T 4°CF 13680xg B0
20 min, # &, O 10 mL SDS 22 11[0.2%
SDS, 0.1 mol L™ NaCl, 0.05 mol L™ Tris-HCI (pH=
8.0), 0.01 mol L' EDTA (pH=8.0)], #R¥%EAI, N
NSRRI K RNy /505 / 5 IR EE(25 2 24 1 1), 78
IRE], T 4CF 13680xg B0 15 min; /K AHEE
NHTE O, ISR, IRGEFRS], T
4°CF 13680xg B5.tr 10 min; K 7K AHEE NGB 8504,
TN EEARFR ) S PIREAT 0.5 /KA K 5 mol L™ ¥ NaCl,
“20°CHE 2h; T 4°CF 13680xg &> 20 min, FF
B3, VOEERE AR SR CTAB .

1.4 RNA R E 5 F 2R

5 FHOTESEIUR) RNA 735115 1 ul F KB ¥ DEPC
JKFHE 10 %)%, F Nano Drop 2000/2000C #% & 55
FASIIASCRI RNA WS S A0S, 185 Asgo nm/ A28 nm-
Aseonm /Azzonm PASIKEE, FFTHEF=E., RNA F=%
(ng g )=RNA W/E(ug nL )< FRERE < BB IA R
(WL)/FE i (). FEFhITVESRELY) RNA FEE S
il 3 7%, BCTFME. XS EdE A SPSS 20.0 43 #r
WAFHAT W

BU5 uLRNA, 5 EHZMBRIREGE FFET 1%
BEEREAE R, B 120 V HUIE LK 15 min, FBER
G F VLS FLK S A R

1.5 RT-PCR #&ill

ISR CTAB . RiFERI-SDS VA2 HUT)
&L RNA, ZM TaKaRa A # M-MLV S5 100H 45
AT 5% 5 cDNA, LA cDNA AR, R
EHEA Actin FERI(GL: 156972025)i% it 51 ¥k 474~
¥, IEM54: 5-GGATTCTGGAGATGGTGTTAG-
T-3; RA54¥: 5-CGGTGATTTCCTTGCTCATT-
C-3's 20 L ¥ #4{K & °~: ddH,0 12.8 uL, 10xPCR
buffer 2 pL, 2.5 mmol L' dNTP 2 uL, 10 pmol L™
EAB4 1 pl, 10 pmol L™ A1 514 1 uL, 5 U pL™!
Tag DNA B4 0.2 uL, cDNA 1 pL. ¥ H#¥EFN
94°C FIAE 3 min; #RJ5 94°CARME 30 s, S5CHEME
30's, 72°CHEAH 1 min, 3£ 30 KAEIR; 72°C ZEH 10 min.
RMLTERE, B9 uL R BF=Y), 5 RS ITIRIR A
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Ja ERET 1%35 ekl i, F 140 V EE T HEL YK 20 min,
FHEE I A% 22 G WL 8% FL K 2% 4 R

2 SERLH T

2.1 RNA SEEMR

B IR M AT S RNA B —FhEEF
B, MBI UG BT LA AT AR RNA (1) 588 1k
MBEMERERE . I 2 vJLUEH, Trizol 5. FHIE
FRAT-CTAB 72 HL ) RNA JG 28S rRNA. 18S rRNA
e, UK AP A BRSO RNA;
SDS FRIVESEELH RNA, A 3 % 58 rRNA. 18S
rRNA. 28S rRNA 7, {H5MwE T BiR5s, 17
IR, £ RNA IKFEMK = ERF M MR
CTAB A1 A SR AT-SDS 742 HU ) RNA REH WL
TEITI 3 2575, 28S rRNA Fll 18S rRNA (176 650
Filt 2 01, 5S rRNA Sk AHRT RS, 57 iE M G oR
BN, ULEH RNA [0 8MER 0, R, o
K CTAB VEF2EUH RNA 2571 %G FEE 55 T A
FRIK-SDS %17

2.2 RNA 26/, R

AL ) RNA B Az nm/ Aago nm MAT T 1.8~2.0
Z 18] Asgo nm/ Azzo nm N KT 2.0 NR T ATLLE H, 24
KR CTAB . FEBRI-SDS VEHRELH RNA, H
Aoeo nm/ Aago nm I T 1.8~2.0 Z 18, Azgo nm/ D230 nm I
T 2.0, FPEESHIH(79.06+4.22) ug g HI(107.00+
1.36)pg g, VR CTAB A1 F A &URHT-SDS
PARE RNA B 5 G B A My 2 o e
XK. BB AENERISHMA R R, B E
SRR T RS9 SDS FRMyEHR L) RNA,
Ao nm/ Aagonm I T 1.8~2.0 18], {H72 Aseo nn/ A230 nm

1 ANFETTERBE A OF S RNA R85 R

NF 2.0, HFPFRIK, UNQ27.94£1.06) ug gy %
B RNA 5 g S alm), W mimEg i, p-ahks
OWESE, VNRBERA SR B S5k B o T Trizol i+
SRR AT-CTAB A TZ HUKT RNA, Asgo nm/ A2so nm-
A6 nm/ Azo nm FI/NT 1.8 F1 2.0, F=EAK, U2 E
EAM M. RmEERIH -3k £ fe & = s

2.3 HMEREK PCR ¥ 1

MR CTAB . FaiFERN-SDS 52T
A DM S RNA &%, F PCR ¥ Actin
BER B, DLE— A BT A2 B RNA 27 A LA
T a8t M3 wT I, PR iE v 91 H
2] 495 bp K/NHHE—7=4, ArRLEMW, B R
CTAB 745 5 S IT-SDS A3 B RNA 6
F RT-PCR [ W45 L RNA NFERE AT 7T 047

P 2 5 Fp R IBURBA O RNA IR, 1,2: Trizol #; 3,4: SDS 12
Bi%; 5,60 BUR CTAB; 7,8 S SURRIN-CTAB i2; 9,10: S5 FURRNK-
SDS .

Fig. 2 Electrophoresis diagram of total RNA extract from heartwood of
Santalum album by five methods. 1,2: Trizol method; 3,4: SDS-phenol
method; 5,6: Improved CTAB method; 7,8: Guanidine isothiocyanate-CTAB

method; 9,10: Guanidine isothiocyanate-SDS method.

Table 1 Comparison of total RNA from heartwood of Santalum album by different methods

Ji1%: Method Asgonm/ Azsonm  A260 nm/ A2g0nm WE Concentration (nguL™") & Yield (ugg™)
Trizol 1.50+0.21 1.11+0.22 41.00+4.10 24.60+2.46
FEEIRA-CTAB #: Guanidine isothiocyanate-CTAB 1.47+0.16 0.84+0.12 58.27+4.32 34.96+2.59
SDS &M% SDS-phenol 1.88+0.07 1.36+0.17 46.51+1.76 27.94+1.06
MK CTAB % Improved CTAB 1.96+0.04 2.22+0.08 131.77+7.03 79.06+4.22
FEEIRAL-SDS 7% Guanidine isothiocyanate-SDS 1.92+0.05 2.21+£0.10 178.33+2.23 107.00+1.36
3 g URRESE R, AR, AT B, MK

A O AR FEL EARARE LR, BA

S5 2 MR AP DLCER 1 AN 2 R SR A LK
S5, 3 RNA (3R . 308 RNA
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&l 3 HEIAEOB O RNA Y RT-PCR 455, M: DL2000 Marker; 1: B(R

CTAB i; 2: FHiFIRI-SDS 7.

Fig. 3 RT-PCR for total RNA extraction from heartwood of Santalum album.

M: DL2000 Marker; 1: Improved CTAB method; 2: Guanidine isothio-

cyanate-SDS method.

BTG PE . RATRE 2B DNA & R AR AE AR I o
RPEMGEREME LT . RS RNA R FE. 57
BRI —Fhasm RNA EEmEIFIPY, AE2L a0
HREHIZIR, CTAB 2—MBHETXIEH, Bk
FE/) CTAB AMY AT AZEARAE )40, T FLIES REA AL
EREASZIR, RS B-3iE LRI E R
#ll RNase 714, 1fi SDS f&—FhBH & ¥ %£i55, W]
PUR B AZ B S A% IR, AR 303 RNA BEF1 DNA i
WEPE. VR AHA A S — FhEL AR 0 D AT S R E
JR (0 RNA, U134 (Vitis vinifera) B3 224,
T O &8 KEMRAERE R, R
R — IR I J7E, Q0 Trizol V5. FEREIR
I-CTAB £ 1 SDS BRWvk, ANRESEHUH se 8L LT
ali BRI BE 3 ) RNA. T R SRR AT SDS 5%
CTAB #454&, DUEMIK, ALK RNA 1)
Gl K. Ak, UIER 1 mL 70% L EEBER X,
A DAPRAR SR 2808 S SRR 5% A

2r FFTIR, BB CTAB . BHEERIT-SDS
EREE M DM PRI A R SRR
[ RNA - 258 AN E 73T Asgo nm/Aaso nm N 2.0 247,
Asgo ! A230 nm AT 2.0, FLUK 28S. 18S KT i M o
ZIEAT DA EBRE AR 2R e AR
JREEH i, RT-PCR 48K, MR CTAB%E. 7
B A2 AT-SDS L) A RNA 44k 5 o] i F18
HE PR vt o 5 i S () o AR A S
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