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c¢cDNA-AFLP analysis on transcriptome of Salvia miltiorrhiza under heat stress
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Abstract: Objective To research the molecular mechanism of growth and secondary metabolism of Salvia miltiorrhiza during heat
stress. Methods The cDNA-AFLP approach was applied to identifying the transcriptome of differential genes expression in leaves.
cDNA from leaves was digested by EcoR I and Mse I, and 256 primer combinations were used for selective amplification. Different
transcription derived fragments (TDFs) were cloned, sequenced, and analyzed by quantitative RT-PCR. Results TDFs (196) were
identified for their differential expression under heat stress, among which the expression of 122 TDFs was enhanced and induced and
expression of 74 TDFs was suppressed. Compared the sequences of all TDFs with the NCBI databases, 147 TDFs presented
homologous, while 49 TDFs with low identity or no match to known genes in NCBI might represent novel genes in S. miltiorrhiza.
Conclusion The signal transduction, transcriptional regulation, stress response protein, and metabolism, efc. could be influenced by
heat stress, which provides a basis for further study on the regulation of active constituent metabolism of S. miltiorrhiza.
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AT ERSRARFHE S, TR M AR P16 24
FAE ) 2 do AP gy T /O, AR S2a6 B i AFLP,
SEEMTFEAR EUE R EAR, SF#ba ~FH2
(R e S AR AT IF T, T8 S0 a8 1 rp b DG DT )
BRI S, RN TP S0 N AP 1) i, AR
R BT (D6 S TR SR A e
1 MRIE{EE

P AU NE TR, Az K
22 22 B R T B X 58 N P 5 Salvia miltiorrhiza
Bunge. RNA$ZHUAM & (Tiangen A7), M-MLV
RTase cDNA Synthesis Kitid 7| £ (TaKaRa’\ @),
EcoR 15 Mse TFRHIEAN DI (NEBA WD, IR
BRI f (Omaga/Za ), pMD™ 19-T Vector
(TaKaRaA w]); 24N XDUS00 (Beckman
A#]D, PCRINA HIX (Bio-RadA]), SEHE &
PCR {¥ CFX96 Real-Time PCR Detection System
(Bio-RadAw]), HEHMHIKRS (Bio-RadA ).
2 HE
2.1 2 RNA fREUS X4 cDNA Ry &

Mt RS, FAMKET 25 C. LlE
12MS }¥i773k ERiFRE 12 em B, %M. FAELH
38 CHrid 48 h, 4357 0. 2. 4. 6. 12, 24, 48h
gl o A RNA SO G IUE RNA, 1.5%
IR BB KR RNA 5e3& e, JEAd o5
O EE AR RNA IS8 e 4% . 1] M-MLV RTase

cDNA Synthesis Kit 715K 2 pg & RNA Wi x4
X4 cDNA, HEH 3 K.
2.2 cDNA-AFLP i{i&

cDNA-AFLPIR % 1k & I f /5 2 [ Bachem %511
FEFREs et . A H EcoR 15 Mse TR HIE N V) B
X} 200 ngXUEcDNAMAT XD 5 1% B k. AT
E00 ( 5-GACTGCGTACCAATTC-3' ) A1 MO0
(5-GATGAGTCCTGACTAA-3") ST 14, Ty
BN REP e 94 CTIARYE 3 mins 94 “CAEPE 30,
56 ‘CiR-K 30s, 72 CHEfH 1 min, 25 MEH; 72 C
ZEMH 10 min, 4 CLRAT KUY = WM FE 40 5,
HATIEBEPEY 18, JEPEMES YN E00+NN. MO0+
NN, 3L 256 5[4, ERE 3 K. ERbEy 1
RN FEFF A : 94 CHAEYE 3 min; 94 ‘CAEPE 30 s,
65~56 ‘Cik 30 s (B MEHFFK 0.7 C), 72 Tk
i 1 min, 12 AMEFR; 94 ‘CAYE 308, 56 ‘CiEK 30's,
72 ‘CHEH 1 min, 25 /MEH; 72 ‘CLEfH 10 min.
23 ERHFBRENZIZE

2% 6% LR NGB GBI, THEIR 65W
LYK 30 min, A HBBACK LTI, 2R
JREERE, WU 6 pLEPEIEY 3 = A e AT p
Ff o 65 WIHE DI HLIK, Frfif 7 AT Bl RS Sk
fr bk, AR YSEAT g . 2 Ak A
EREIPHHATRI, AR = 4 ARG T 2
RPCRY™ 3, ¥ ¥4k ZAFE P SR By BRI .
8 0.8%ZE IR BE LI 7 25 H 14517, Sttt i ml
R A& B H 1 B . pMD™ 19-T VectoriZ 42 H
R B, S NDHSa R, $EEL 10 ASFHME
BEREATPCRASIN, 3 AN B BRI o
24 MFEERSH

A FH A 5123635 1 4 Bioper 27 6] 5 45 B kAT
YT, BRI, A FHBlast2 GOXHIN 45 FL kAT
Gene Ontology 1R, Jyidk b S Sk Y,
2.5 RT-PCR EEIE

NP &5 S e, BB L 6350 2 A s AT AR B
(TDFs) 317 EERT-PCRKIE (% 1). & ERT-PCR
2 B CFX96 Real-Time PCR Detection System
(Bio-Rad/~ 7] ) 5 SYBR Premix ex Taq II Kit
(TaKaRaZAw]) U], JFEgAA k. & ERT-PCR
1A%} 2X SYBR Premix ex Taq 11 10 pL; 514 1(10
nmol/mL) 0.8 uL; 5[#) 2 (10 nmol/mL) 0.8 uL;
cDNAMIHR (20 ng/uL) 1puL; dd HO 7.4 uL; &
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# 1 TDFs E& RT-PCR &iE (n=3)
Table 1 Primers for quantitative RT-PCR of TDFs (n=3)
i sy TR wa [ S 5y BRI A
bp C bp C

TDF17 CTGCTCAGACCACCATCG 147 50 TDF150 AGCCCTTCTACGGTTGTATTTC 153 60
TCTTGGCATCCCTCAAACAC CGGGATTCGCACCTTATTT

TDF20 TGCGAGGCGGTTTCTGTT 176 60 TDF176 AGCCATCCATCGCAAGAGG 107 55
TCCGCAAACTTGCTGAAGAG GGCATCAGCATCGGCTAAGAG

TDF108 GGCAATTTGGTGTTGGTTTC 220 56 TDF191 CGGTCGTGTTCTGATTGTTCG 190 58
TTCAGCCTGCGCTCCTCA CATATCCTCTGGCTGGTAGGG

TDF155 AAAGAGCAGGAGGAGAAGAACG 74 56 TDF115 AACGAGTGGTGCCGTTCC 231 58
CTGAAGCGGCGAAGGAAC GGATAAGCCTTGTTTAGTTACTGTTAG

TDF81 AGCGTCTGAGGGGACATCG 78 55 TDF127 ACTGCTGGTTCATGTTCCAC 146 61
GTCTTCCTTCGCCGCCTT TTATCATTTGTATGCCCTTCG

TDF143 AGTGCCCTACCCTCCGTT 122 50 Actin - AGGAACCACCGATCCAGACA 267 59
AATGCTTTTGCTGCCCTAT GGTGCCCTGAGGTCCTGTT

TDF151 TGAACTGGACGCCGAGGAG 162 61 GAPDH CCACCGTCCACTCCATCACT 183 62
GGCAAGTGTCGAGGATGAGGT TGGGAACTCGGAACGACATAC

AR 20 uL

PCR VR PR Wik 95 CTAEYE 30 s;
95 CAMESs, BKHEE (Tm) JBK/EM 30s, 40
AR RSl 65~95 C, S5 s T
0.5 C. LlActin™, GAPDH!"MWE N NS IEH, #E4T
g, EwHE 3 K.
3 HR5%H
3.1 2 RNA A93EEY

SR 4 RNA, SREAL TGS B, B
RNATCH A iyg 4, i (B 1), 18S. 28S
e LU IR o 2RAMr O EEVHRL I 260, 280 nm
WOCRE (4D fH, Aso/Aasoft 1.8~2.1, FAL M
WSELE 100~300 ng/ul, A2k,

Oh 2h 4h

48 h M

28 S

1 RNA BKER
Fig.1 RNA electrophoresis result

3.2 ¢DNA-AFLP 94

KHI 256 X512 50 PFS R e s A AT
N, ERIREX SIS 1 HY 20~40 4% TDFs,
KJEAE 50~700 bpo Ho it 41 R Ik Ay 4 KR 47
A7 /0¥ TDFs LA, 73 3B 75 5 1 i 2
FILGMHIRIE (B 2. FMEZESHE B 196

0Oh 2h 4h 6h

12h

AL By D-AURARIE  C. E-E S RIA

A-suppressed B and D-expressed constitutively C and E -up-regulated
2 A REFikE TDFs

Fig. 2 TDFs with different expression patterns
%, o B 122 4%, NI 74 4. B 122 %&
TDFs 11, 74 4% TDFs {E#Pra e B, 48 &
TDFs A AE4F & I (A BB, W] #ubha 7 H
ik, TN 74 4 TDFs {6 i J5 5 56 i) B
DARS I, 130 ] vl ) A
33 ERRBERINGESR

U] Blast2GO BAxf 45 KA TR, AT 147
A~ TDFs {t NCBI 1 AT FR Al Rl W QA (5
SR FesR . N R (AR DIRE, AT 49
A~ TDFs AFRE] m A LRE RIS 51, Fl oA A %0 2
REBTEEDN, B AT RN PF SR AT I 2 5 i
SR AH R FE R . #54> TDFs ) Blast2GO R & T
AR BE A%, X U] i%K TDFs wf fig AP Ll b
Yl SRR RIS B A v BEARABAE i T i%3%8 7 TDFs %5
R, MELLHENILDhRE, Rt DT E .

XAERE S HAT ] Blast2GO #E1T Gene Ontology 43

M, 433k E] 86 A5 41 g /342 TDFs, 103 4>
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5437 IhBEAHICI TDFs 1198 AN 5 A2 A ARSI
TDFs, 155 8. £l WAl 3 Fik 2.

A HLZH 53 Bt oy o 2 AN Rk, AR
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MIFEH o

g1 DR A s - 22 AR b 7R 45 O AR A0 VS PR
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B

A P A AR TP AR AR E R . 4R
VEF RO N 3 ANER 4, 6 Al AR &
B AR I Ia R, AERRETE SR, 1E
WA FR 5 A AR RS4RI 2 T A2 18, #]
AR AL IR AR SR AR . B AR 45
ZANERE, AR A IR T 3 AN 450k
TDF52 (CRARIRFE AN TDF54 Il TDF181 (5
AR IGEEAD.

1% TDFs Hi K AiaZil sy o FIhRem:
Y2EVE AT T Level 3 AP ZhAEER M. 4N
Hi415) Level 3 ZK-V-ThREAERE 4T 32 B 4E Y
8 RAT TS A0 M 25 5 2, SErh LN R4 46%,
HMEA MR 35%. 73T DIRE Level 3 /K V-DREN:
Beorbh, HRERE SN 21%, SEARLSGN
26%, SIEREEE N 14%, X 3 HA¥E 45
TR BB REETE R 13%, KAREEEYE N 14%,
XA 8 JE T AR P TS . ARt AE
Level 3 7KV D e v B 75 #r v K4 AR 72 o0
12%, W08 AR 0 10%, Wi 5 A 2R )3k 6%,
W S JHpIE A 8%, AEMFAERIAT R 6%, SrEMG
AR R 6%, HIAARENIEFER 17%.

X} TDFs 548085 AR U mT BeAH G147 51 1
TGN, e E R 40T Dhre R i
Hoh 4B T 75, 30 A 15 AN 5RO C AT g
FHOKIY TDFs. 7EAY)2EAE AN 1 D Re b R I
5y TDFs 25 7 ZH)hE, WK 3 4.
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Ordinate for Gene Ontology classification, abscissa for TDFs numbers

[ 3 TDFs A9 Blast2GO ;5%
Fig. 3 Blast2GO bar chart of all TDFs
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% 2 TDFs &7 Blast2GO ;%
Table 2 Blast2GO of all TDF's
i i i i O Eitipa O i
1 AYEEH 38 AN e 77 S Y UIRE 117 itk
2 AR 39 SR 78 Gidr 118 4 &7
3 HIAEACEER 40 Efir 79 fEALIETE 119 4H 5
4 R 41 55k 80 HEHLE 120 40AA
5 ey 42 K T BB 81 HEME & 121 JRfii
6 G NERE 43 generation of precursor 82 K i BtV Tk 122 #Hfigs
7 AR R metabolites and energy 83 DNA 44 123 Zekifk
8 AR 44 BoKAE PSR 84 R4 H 124 %
9 AR 45 4NN AP AR 85 HeM ML L 125 EAR G
10 K3 A B 46 R TYIED G AR 86 {7 TG 126 Jii
11 AW 47 cellular component organization 87 AR G M 127 RyFEEK
12 g bR 48 organelle organization 88 iafE 128 i
13 ZHRAIARE 49 4 o J1 1) 89 JIKAEE 14 129 KFefk
14 SrfACt e 50 AR 90 7y LIS AT 130 4R
15 BlIE. Bt RERA | ST &P s o1 Pl 131 AHR% oy
IR 52 55 92 WEMREREMAGYE, WP 44 (132 nuclear lumen
16 AR Y SRR | 53 B 93 TN TE 133 Bk
17 sk 54 4HfasET: 94 RNA 4% 134 400 3 AT IS
18 fF5HT 55 PRI i 95 WA E 135 5T
19 ARG 56 BTiakh 96 HR A TEE 136 4t P TE R 40 a2
20 g0 N IR K HAT 57 fREIE GRS RN 97 ZARIEE 137 4t
AR 58 4 iR 98 structural molecule activity [138 L4 {1k YlE/&
21 AR 59 HEEJRUE L 99 METHE 139 Intracellular lumen
22 KRHHR 60 ‘K 100 IR 140 S P4 40 i 45 #4653
23 DNA fRigfg# 61 fFHIZ LR H 101 HRBEREYE, BB ORAER 141 AR
24 ZANATHL AR 62 LT 102 B AYIL & 142 40/ it A 2
25 HEg 63 HEHEFUEN 103 T AR 143 o4 i 2%
26 MMHEEHEYR 64 ANtk 104 hydrolase activity, acting 144 g0 4e
ipeig i 65 regulation of gene expression, on ester bonds 145 41 fuAh X 3%
27 g epigenetic 105 &JEE 746 146 otk
28 f5Tikid 66 4ilff1sr1t 106 FHEF44 147 organelle lumen
29 RIS 67 AW 107 HéA A 148 4fl L 25 7>
30 AN R 68 K71 e 108 A4 & 149 iy
31 RFACHER 69 MK E 109 H 145G 150 A4
32 HEHEBEER 70 AT HE R 110 40N A7 i a2 151 fmi/RIEfE
33 R 71 RN 111 45 7y 152 4 ffu ke
34 AN KRS TS 72 regulation of cellular component size 112 41} .5 153 membrane-enclosed
JEAE 73 Ko TR BACH RS M AT 113 41/ lumen
35 NG ACET R 74 ACHRERE T 114 41 s 154 AR EAE Ak
36 KA 75 MRS RN 115 40P A 41 s 155 external structure
37 AN EETAREHEERE |76 regulation of biological quality 116 A =40 25 encapsulating
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Table 3 TDFs comprehensive analysis on possibly related active constituent metablism in biological process

i RS BP MMP RBP SP SMP Y5 RS BP MMP RBP SP SMP
TDF1 + + + + TDF103 + +

TDF2 + TDF106 + +

TDF3 + + TDF108 + + +
TDF4 + TDF112 + +

TDF6 + + TDF116 +

TDFS8 + + + TDF120 + + +
TDF10 + TDF124 +

TDF14 + + + + TDF126 + +

TDF17 + + TDF132 + + + +
TDF18 + + TDF134 +

TDF19 + + + TDF137 + +

TDF20 + + + + TDF138 + +

TDF21 + TDF139 + +
TDF28 + TDF141 + + + + +
TDF31 + TDF143 +

TDF38 + + TDF144 + + +
TDF42 + TDF145 + +

TDF44 + TDF146 +

TDF45 + + TDF149 + +

TDF50 + + TDF150 +

TDF51 + + TDF154 +

TDF52 + + TDF155 +

TDF54 + + TDF157 +

TDF55 + + TDF166 + +

TDF58 + TDF170 + + + +
TDF62 + TDF175 +

TDF64 + + + + TDF176 + +
TDF69 + + + TDF180 +

TDF72 + TDF181 + +
TDF74 + + + TDF182 + +

TDF75 + TDF183 + +

TDF83 + TDF184 +

TDF90 + TDF185 +

TDF94 + + + + TDF186 +

TDF95 + + TDF193 + +

TDF98 + TDF195 + + + + +
TDF99 + TDF196 + +

TDF100 +

“r CHAAEME RS-mNHNE BP-AEMGHAER MMP- Ko FREHER RBP-AEWHAEANT  SP-{E 52 SMP-IRAAREHL 2

“+”-with correlation
process SP-signaling process SMP-secondary metabolic process

34 TERIT-PCREIEER

PL Actin #1 GAPDH 1E4 N Z AT 255 73 4T
PEHX 12 4> TDFs #47 % & RT-PCR 7041, 75 5Hb)
AR TR H 2R ) ik &, 45 R ILIE 4. 7F
cDNA-AFLP 45531, TDF17. TDF151. TDF115 &
4 Fi: TDF20. TDF108. TDF81. TDF191.
TDF127 I A L5 T F¥; TDF155. TDF143.

RS-response to stimulus BP-biosynthetic process

MMP-macromolecule metabolic process RBP-regulation of biological

TDF150. TDF176 £IL A N, E&E RT-PCR 5
cDNA-AFLP 25 ILAAH A, #i#] cDNA-AFLP 45
FUSEAT S, 18 TZAE9T . A4 Blast2GO RS IR,
TDF17. TDF20. TDF108. TDF155 Jy# A .

TDF143 {54 S 18 ik 72 i 5424 A K, A6 h
San R By RS R A A SR I R PN ES
1%, TDF151 g IBEA AL, M 4h FFEEHIR
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F4 DTFIEETSAEMM S KGRI BEIE KR TDFs

BZES

Table 4 TDFs comprehensive analysis on possibly related to active constituent metabolism in molecular function

Y TA STA TRA ERA Y TA STA TRA ERA
TDF1 + TDF122 +

TDF8 + TDF126 +

TDF14 + + TDF132 + +

TDF19 + TDF139 +
TDF52 + TDF141 +

TDF58 + TDF144 +

TDF64 + + TDF148 +

TDE72 + TDF161 +

TDE74 + TDF166 +

TDF79 + TDF170 + +

TDF%4 + + TDF176 + +

TDF95 + TDF186 +

TDF107 + TDF193 +

TDF112 + TDF195 + +

TDF120 + TDF196 +

TA-FRERENE  STAS S SWEME TRA-FEFER TiGIE  BRA-FEM R it

TA-transferase activity STA-signal transducer activity TRA-transcription regulator activity ERA-enzyme regulator activity

H L ik i
N

0h
2h
4h

TDF20 TDF81 TDF108 TDF143 TDF155 TDF176

4 TEZE RT-PCRLIE cDNA-AFLP £ R
Fig. 4 cDNA-AFLP results of quantitative RT-PCR

HEE, WHHREZS THRAENES, T
12~24 h 2IATHE, J5 FBF. TDF150 bR YIREE
H, HERIATE S R o H R S i a4 8
A, ERNESE 12 h kB T05 5 B N TG
Pk TDF176 4 OS24k, 52 70316 5% i 3 [
f. TDF81. TDF191. TDF115. TDF127 ¥y K40
FER, HARE Y B RS, 1 IERT gt
SR A N I SE ], BATE— P AN EL
3.5 AEMETHRHER (HSP) HIRIE

ME2 B HUYrE 215 S HSP Kk 2RI T 5, 18
xfEE, FRF T 24 HSP KM ER, W S.
3.6  AfET MBS X ERE FTiX

1 Ff Blast2GO %} cDNA-AFLP 45 S 47 KL i A
T SR, S ai gl sy o> T Ihie sl

R5 cDNA-AFLP ¥ EHMHELER
Table 5 Heat shock protein sequence by cDNA-AFLP
i HEHER

TDF17 HPEA 70
TDF18 A 70
TDF20 IR 90
TDF75 I
TDF103 I
TDF106 I
TDF108 HPEH 90
TDF154 MFE § NABEE A a
TDF155 IR 18
TDF157 JOBR 1 N 1 1a
TDF180 M5 i NI A 1a
TDF184 MBI i NABEE A 1a
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) EVE AT T Level 3 KT (3 GEVERE 0 HT
I-55 FA YR KA AT T R . FEZIRE AT R
2T 8 LM RIS, WK 6.

& 6 cDNA-AFLP %7 H#EgHH X2 E 75
Table 6 Kinase related gene sequence by cDNA-AFLP

T Wiy o 5 W
TDF14  EC:2.7.11.0 52 (¥ R
TDF64  EC:2.7.11.0 %[

TDF94  EC:2.7.11.25  H4 53508 A%
TDF132 EC:2.7.10.2  J5UmIEN B EIRE A B
EC:2.7.11.14  WEEL il
EC:2.7.11.25 54534 R B LG
TDF161 EC:2.7.11.1 serine-threonine protein plant-type

TDF170 EC:2.7.11.25 455358 (4G
TDF176  EC:2.7.13.3 {7 B RL AR
TDF195 EC:2.7.11.0 nonphototropic hypocotyl 1
4 g

4.1 cDNA-AFLP [ f F4EREBTHIHR

cDNA-AFLP & Jf & i s A 7 () — A2 7
. WeeZE"YEBI 9T Helicoverpa armigeratf ffi
256 X5 M4 Ay 3] 12 500 NTDF, SP3445E%T
514404 48.83 NTDF; 7EFK 1, Hartings!" i 1]
BstY URIMse IFEGVI A &, 7 5 B RKEHE 95%. tH
?%%ﬁlﬁﬂﬁ’]?ﬁ, A5 AN TR ) il 1) 4650 Tl

SR IR . LEFFS SE AT TAE AR

SERITE LT, X T HUBRERE T R SR AR AL
1500, 18 FHcDNA-AFLPREW A RO e PS5 % 41
WHIT . A SIS 5k H FH IR EcoR 15 Mse 11 FE)
HE, R TR ZR .
4.2 HAHIBET HSP WIFRIE

AP ER ATHSPS #OR FHSFAEAE Y A5 5 7%
FrEE AR ELEMEN, ERNE TR R
FERRIE . LEAWFH SR 2 e 2 15 FHSPR
ISR AT, WX, $2]T ZAHSPEKIGAH
KA. Hrf, HSP9O :ZAEH TR FHE A AT

, (E(E SRR WA Bmbtidige ) B —EfE
ﬁﬁ, FLERTR AT DA HE I b iz 5 S AR W B Peadi I
I, FEICHSPIO HI7K-F-Re T 80Uk & Wi B 5T A AL
200, HSP70 7E# S HAb A s ol Bl K& IX,
A w4, 1 B RIAHSPT0 BE 1Y i
BE R H AR B i 52 P NHSPAY T 17
000~30 000, A KA Ms ) AL B2 4 P, 3%
SRR AR S /NHSPES B TE AR Y, X P

BB IAT SR AE T, I AR 2R T R K M
ﬁm&%#%mmmﬁm FERAS P R K
FEHSP KR IL G, HFER 32 2 7 ok W2 (1
Y, AR REREM R ARG S S S EE
DI R, AR WA =W S I a ARG, A4
(1A 3oy 22 R AR =4, Fh Tl (R FH ek
AR T AL ) T, AT A A (4
JIE T e
4.3 HEMBE T HESHEXERERIE

HAEC2.7.11 JEMAPKHMI K R A BHE, Hi)
TENURIES Sy B0 Eha . KU T 4% AN [H] (3%
Bigk b, ¥I6EE SRS MAPKEE, K5 5 AT
WIS T 22, BC2.7.11.25 HMAP3KIEH,
P FMAPKAS & 10 R, 532 A% i i
KE1E S R . Huang25 P75 /K FEMAPK [ B
G R I fEVE T ELOSMAPK2 FEA KA &
B,  Yelena 5P MH BRI S b % DL AMPK 1 JE
DRI FR AR R i KRR iR SR 0, (HBUBR I FMAPK
fG9@mem 5 AH M, DL IE
MAKP{E 5@ b ify, Fit— S iot.

FEAWFE A, HE T 245 HUHEAISCH TDFs,
% TDFs Z AL RRA R D0t L 49
N PFSEAT PWREADE TDFs, ELUGRFTTH, )
LUE I RACE W3R NI A KT % e ThRg

S 3Lk
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