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WG B 2E TR AR T BT A MAFAE, R FINAE e, gt i Ak PE T . WA (055, SR FH ST
W RE A XN (qQRT-PCR) M2 SmNACs 3£ H7EFHS Z B A0 FEE (MeJA) i if A9 Rk 5K
R PIISIEERAFIHE T 84 4 SmNACs 3EH  (SmNACOI~SmNACS4), ANYJEAAT 8 sy tfk b, st
EH MR IR LN 120~794 aa, SFHL ST 4.27~10.28; FEF 54 BIR SmNACs FEFFAREEA 1~10 SN T
FIEEE TS SR . WA N ¢ ABRE, MBS, ARE, LTR, CGTCA-motif, TGACG-motif % Iii =1
oot MEMS . BFS 5T NAC KGR RGELZEW, # 84 A~ SmNACs FER 532k 23 MiJG . 5t
B 7R SmNACs SEE AP S ARG 2T RKE, Hi 74 SmNACs JER AR i 238K 505 5 MeJA Ab3
J5, 174> SmNACs FEHFRHBKFEW T FIE, 20 4 SmNACs FERFEKEW B T, qRT-PCR ik & H, MelA
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it R AR NI — 2T SmNACs TR TS50 58 e 07 B vk A A W0 2B 0 6 B IR LR L T 5%
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[Abstract]  Objective: To identify NAC transcription factors of Salvia miltiorrhiza (SmNACs) and analyze
bioinformatics and expression patterns based on genomic data to provide a basis for further elucidating the gene functions.
Methods: NAC family genes were identified based on the S. miltiorrhiza genome database, and the gene structure, promoter
cis-elements, the physical and chemical properties of the encoded proteins, and subcellular localization were analyzed using
bioinformatics tools. In addition, expression patterns of SmNACs in S. miltiorrhiza under methyl jasmonate (MeJA) stress
were determined by the quantitative real-time polymerase chain reaction (QRT-PCR). Results: Eighty-four NAC transcription
factors (SmNACO1-SmNAC84) were identified from the genome of S. miltiorrhiza which were distributed unequally on the
eight chromosomes, and the SmMNACs consisted of 120-794 amino acids (aa) with the isoelectric point in the range of 4.27 to
10.28. The gene structures of those SmNACs showed that their introns varied from one to ten. The upstream promoters
contained cis-acting elements such as ABRE, MBS, ARE, LTR, CGTCA-motif, and TGACG-motif related to hormones and
stresses. Phylogenetic analysis divided the NAC gene family from S. miltiorrhiza, S. bowleyana, and Arabidopsis thaliana
into 23 subgroups. Transcriptome data indicated that SmNACs were differentially expressed in different tissues of S.
miltiorrhiza, among them, seven SmNACs were highly expressed in roots. Under MeJA treatment, 17 SmNACs were

significantly up-regulated, and 20 SmNACs were significantly down-regulated. As revealed by qRT-PCR, 12 SmNACs were
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differentially expressed after MeJA treatment, and specifically, SmNAC09, SmNAC15, and SmNAC16 were significantly up-
regulated 48 h after MeJA treatment, while SmNAC20, SmNAC77, and SmNAC78 were significantly down-regulated.

Conclusion: This study is expected to provide a theoretical foundation for further analysis of the regulatory mechanism of

SmNACs in the stress response and secondary metabolite biosynthesis of S. miltiorrhiza.

[Keywords] Salvia miltiorrhiza Bunge; genome; NAC transcription factors; bioinformatics; MeJA; expression patterns

NAC /& NAM (no apical meristem ) . ATAF
(Arabidopsis transcription activation factor) I CUC
(cup-shaped cotyledon) AT FR" . NACH #HFXK
WA A L R 2 —, ELAT R i 45 h
fIE L FR N S 5 1405 R R C o 2 S TR S A . N
A A AR S, tA~E SIS A, U
60N FE R, XSS LR R AT B Y R E - e
- B2 E A S AR, 55 6 BT S 5L [ DNA
JE A UM N2 A B UIAH G, C i 45 A0 Sl HL AT o SR
WO B SRR, 8 248 (R R B NAC
G SR EEZ = A

NACH: st F) 2 2 SR A K & F il
WM, AT A AR R . IR E . X
ERERIE R . A2 RIG RAESR E R E .
RESHS, hwe ., REREAEN fE/NER
il Ik 1A FEAEAMR R IB M NAC 3 H T
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HLAEF T 28 A4l v A 4 B B E VA 45 40 B X Bt v
iz (ABA) (W n>" BT (ER) i3 58 N I 4%
F, NACO089 FIl NAC062 335 K- [, Hr
NACO062 M2 i 3 s 4% S0 AN A%, 45 ER 3 358 1y
AAEPR B FRIE, T NACO89 A ZH Ffl 5 5 1 A 4H At %
SRS T ANACO87 Fil ANAC046 1]
DA il 400 g I 00 5 R AR el A I M 4 i At T
Pk, HORMZ NACHEHFP %, IR IILAESME
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S YR I I I 22 S 4 ELA AR O i
FIR AR IT NAC JE K, W ¥ i ABA S5 ihiE 175 5
)5 R IR, il Ik ANACO19. ANACO55 Fil
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SmNACs F& R R FF 2 W A AR 7= 90 15 9 6 B B 3
S5 1 F) AL RS
1w
1.1 FES

FHShE AR T Uk BH Al R 27 245 FH A 4 el 55 5=
B VAEAAERE, U0 BHAR ML R AR 2= B 25 38
P12 Salvia miltiorrhiza Bunge., EFEHENTCHE . K3
FEAR -, MR N 10 H, EREK 12~
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1.2 it

MeJA (5 M813623, 4E: 95%, ATtk
AR A A BRA T ) 5 B 5130 & PrimeScript
TMRT reagent Kit with gDNA Eraser, 2XSYBR
Green qPCR Master Mix [RARAEfERHE (db50) AR
YN8
1.3 {4

BSA6202SCW B[ 7r 2 —HL F K [#8 £ Fl it
Bl (dbat) HMRA ] KQ-500DE A% i
UV (VLR Bl i s g A PR A H ) 5
MS 3 BRI ER 51X (IKAZYH]); T100TM Thermal
Cycler B & & W 55 =L )i (PCR) X (Bio-Rad 24
F]); Centrifuge 5804 R A &5 X mll &AL (IAE
/vl )5 LightCycler 480 %! qRT-PCRAY (ABIAH])

2 FHik

2.1 FESALEE

W P BE B0 P = 5 Wi 50 pumol <L
MeJA, DLZEM/K XTI, Fdlmnlik &3 E
i, Wi RIE B A, Sl TS 0. 12,
24, 48, 72 hRHE, BRI H X6 JHC At A A 1 e AH
[F] 5 1Y MeJA
2.2 SmNACs % 5HAL T

AT [ AW HORAE Bt (NCBL) #idife
(http: //www. ncbi. nih. gov/) TFEHIREIFNAC & H ¥
FIE AR IFH], KH Blastp RS A FHESS.
Bowleyana Dunn 4 2 K 20 20405 2 g [R1R 7 510, )
H ke BB S M PS8 NAC & [ P51, ia
JHNCBI 154k T.H CD-search 4 F H #r i H AL ST
SEREE, RBRICAR ORI RBLAY . 48 NCBIL
() ORFfinder Al Pfam (NAC {4 ~F 25 ¥4 38 ¥ 51 5 Hy
PF01849., PF02365) i, fx#455] SmNACs Kk
FIFER ™, {# ] ExPASy Y ProtParam 1. H. (https://
web. expasy. org/protparam/) X} SmNACs & K I H: %
i 1 & 1 HE AT B AR BT 2 A, R SoftBerry
ProtComp 9.0 (http:/linux1. softberry. com/berry.
phtml) 71 WoLF PSORT (https://www. genscript.
com/wolf-psort. html) PEAT 25 W 41 it 2 o7 7 '

2.3 ZIFHI A I R G B
FIH ClustalX 2. 0. 11 84X} SmNACs & [ /7 4

[F4LL R T A A PF 2 NAC R 1 P 9 A T 22 5 LU X643
B, FIH Mega 7.0 #F R JH 484 (NJ) 24
SmNACs FIHAWYI I NAC () R, SHOEH
JAFAKTFIE (poission correction) . WX MiIBE (pairwise
deletion) F1Bootstrap & & 1000 YK,

2.4 SmNACsHERZ54 50457 36 504

I N 458 s 24 (GSDS,  http:/gsds.
cbi. pku. edu. cn/) 43T SmNACsFEF 4 B F 5 N &
T A . Al MEME 045 % (http://meme-suite.
org/) KT SmNACs LR SF motif, motif <201,
IR YEEME R 200, Fe/NTEREE R 6, HASH
N
2.5  SmNACsHER G AGE 7 5 2 o B

| H MapGene2 Chrom web v2 (http://mg2c.
iask. in/mg2c_v2.0/) AT EMEN, FIFIMCScanX
WA 93BT SmNACs HE 5 H A R NAC 6 PR [R5

2.6 JAEHTTHS B

MFF 2 4 2 A B 5 TP 3R SmNACs B R
RS T ATG 172 kb DNA J#41] . K Plant CARE
(http://bioinformatics. psb. ugent. be/webtools/plantcare/
html/) 2478 2 IAE I3 B, I e 53
B s, 3 B T A0 AT FH TR AOEL  SR R
BH . ArE IR
2.7 SmNACsZ:N IR Hr

M NCBIEHE T # P2 AN R 21 21 ) MeJA b3
JE BB (ID:PRINA214019) ), Fi|Ff Multiple
Experiment Viewer 4. 9. 022 il JE K Fe ik i 34 .

Z: I EASYspin Plus plant RNA kit &7 & 3¢ B
PEWOA [FI AL R PSS RE 5 0 RNA, 5% S 71
£ PrimeScript TMRT reagent Kit with gDNA Eraser &
K cDNA, R HIB-Wzh&E [ (B-actin) EN qRT-PCR
IS LN, 5E SmNACs BRI AT ki, NS
K5I F 40 . 38 i S 19 7 50 W3R 1. PCR
MAKRZ R 10 pL: 4K (ddH,0) 2.6 pL, T
/¥4 0.2 uL (10 pmol-L '), ¢DNA 2 pL, 2x
SYBR Green qPCR Master Mix 5 pL. PCR JZ i f2 7
95 CCHiAS 30 s; st (95°C. 55, 60°C,
30s), 40 DPEIN; FfEihZ (95°C. 5, 60°C.
60s); FEHES0°C. 30s. S5HRH 2 @ Hdait
11453#1 o
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#z1 SmNACsE[E qRT-PCR5| ¥ F 5] o
314 Al (53 3 BRI
GWHTAOSJ004279_SmNAC09-F ACGATACCATGCCTGTCGAT 3.1 SmNACs EL[H [ % 5 K BAK AN
GWHTAOSJ004279 SmNAC09-R AGTCGGGCTCAGTTGCTATT : N
GWHTAOSJ006897 SmNACIS-F TCAAGAGCAGTCAACCCCTT 2% CD Hl Pfam 7E 2651 M7 J e 243545 84 I NAC &
GWHTAOSJ006897 SmNACIS-R ATGTAGTTTCTGCCGGGGAA HF, B84 NAM GRAF 45 30, oFF B 45 21 )
GWHTAOSJ007128_SmNAC16-F TGCCACGGGTAAAGGGTATT NAC LR 7 5 i 47 g %5, B SmNACOI~SmNACS4
GWHTAOSJ007128 SmNAC16-R ATGCATCCTGTGTCACTCCA (%2), 841 SmNAC KD K JE 4 363~2385 bp, Hifi
GWHTAOSJ007958_SmNAC20-F AACTTCCGGAACTGGCATTG B P A R K 22 SRRk , A 120~794 aa, F
GWHTAOSJ007958 SmNAC20-R CTGGGCTGTGTTGCTTTCTT ¥ 317 aas A4 TR B 14 010~80 740, 54
GWHTAOSJ008090 SmNAC21-F  TTGTGGGAGCAGAGACCAAT R R HLE s 5 A 4. 27-10. 28, il 37 4
GWHTAOSJ008090 SmNAC21-R ACGGCAAACAACCCAATCTC 3 b
GWHTAOSJ021626_SmNACS0-F TGGGTTCTATGCCGAGTGTT BRI, 47 AR VR B 2 RE 3 9
GWHTAOSJ021626 SmNAC50-R AAAATGGAGAAGCAGGGCAC MZER T, 611 SmNACs & &M AEA A%, #
GWHTAOSJ022077_SmNAC51-F TTTCTGCGGGATCTTGAGGA HH ECAE 40 B A% e FEAH TR IE I ThEE; 12 SmNACs
GWHTAOSJ022077 SmNAC51-R TTTCTTCCCTCGTCGAGCTT B (A . 2 W T A ﬁjﬁ—'ﬂ?‘: E’J Ijj
3 - . N
I AT S S o, B
GWHTAOSJ026862 SMNAC68-F TGGCAAGAATCAATGGCGAG S AR AR RN AT JLSh, 8473 Aﬁk) A
GWHTAOSJ026862_SmNAC68-R CGCCTTCCAGAAACCGTTTT SERLTFEORR, I ER TSI, 1 e T
GWHTAOSJ027336_SmNAC71-F  CATGAGATCCGGCGTTTCAA YA H, WHES S HAH S SR SRk R
GWHTAOSJ027336_SmNAC7I-R TGCATCCTCATCAACTTGCG 3.2 SmNACsZE (13RI
GWHTAOSJ028648 SmNAC77-F  AAATATCCCAACGGTTCGCG
GWHTAOSJ028648 SmNAC77-R TTCCGGCGTAGAAAACCAGA S BT SmNACs Hk R G2 0 1 D% T 1) 2 2% 56 32 e
GWHTAOSJ028673 SmNAC78-F TGGAAGCAACGACTCCAGAT HE5AY%NREn &R, FHMEGA 7. 08, X
GWHTAOSJ028673_SmNAC78-R TCCGAGTTTCAGCTAAGCCA )EH NI S5 f 55 AR E 1 NAC S &

K2 SmNACSEREREHBEERIBLIEFE

B D TR EEAEbp AR K Eaa  EAMI PR EOSHES EAAIEE N
SmNACO1 GWHTAOSJ002438 585 194 22410 10.10 Y%
SmNAC02 GWHTAOSJ002534 549 182 20 880 5.07 gAY
SmNACO3 GWHTAOSJ002796 564 187 21 630 7.37 il A%
SmNAC04 GWHTAOSJ002812 1065 354 39 700 6.50 Y%
SmNACO3 GWHTAO0SJ003047 906 301 34 850 5.69 4N
SmNACO6 GWHTAOSJ003701 588 195 23 100 8.14 i g 5
SmNACO7 GWHTAOSJ004106 741 246 27120 4.90 A
SmNACO8 GWHTAOSJ004278 1734 577 64 290 452 i A%
SmNAC09 GWHTAOSJ004279 1689 562 63 640 4.61 Y%
SmNACI10 GWHTAOSJ004317 1029 342 38410 6.81 gAY
SmNAC11 GWHTAOSJ004691 846 281 32380 6.86 ST
SmNACI2 GWHTAOSJ006026 492 163 19 240 6.96 LIEESEN
SmNAC13 GWHTAOSJ006403 1203 400 44 820 4.98 AR
SmNAC14 GWHTAOSJ006404 1656 551 61 670 4.58 LIESNEN
SmNACI5 GWHTAOSJ006897 975 324 35 860 8.89 SR TRUN
SmNACI6 GWHTAOSJ007128 1161 386 43290 4.97 ETEN
SmNAC17 GWHTAOSJ007129 1683 560 62 370 433 A%
SmNAC18 GWHTAOSJ007607 993 330 37 560 6.92 4N
SmNACI9 GWHTAOSJ007711 828 275 31 650 6.57 il g 5
SmNAC20 GWHTAOSJ007958 1827 608 68 030 4.58 A%
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&k2
L D FERCB e /b RAEILRK S /aa  ROMX S TFHE  EOASELS EOWAIMEN
SmNAC21 GWHTAOSJ008090 630 209 24 030 10.11 2 A%
SmNAC22 GWHTAOSI010438 861 286 32570 7.79 Y%
SmNAC23 GWHTAOSJ013176 801 266 30330 7.60 2 A%
SmNAC24 GWHTAOSJI013205 363 120 14 010 7.29 YH A%
SmNAC25 GWHTAOSJI013935 1335 444 50 580 4.77 i ifL i
SmNAC26 GWHTAOSJI013945 921 306 35 490 4.98 4H L J5T
SmNAC27 GWHTAOSJ014327 1017 338 37410 8.58 2 A%
SmNAC28 GWHTAOSJI014330 960 319 35 620 8.58 i A%
SmNAC29 GWHTAOSJ014405 966 321 36 030 8.11 2 A%
SmNAC30 GWHTAOSI014775 858 285 32 060 8.81 i A%
SmNAC31 GWHTAOSJ015088 873 290 32 850 6.96 2 A%
SmNAC32 GWHTAOSI015257 933 310 35760 6.23 i A%
SmNAC33 GWHTAOSJ015421 996 331 37970 7.26 2 A%
SmNAC34 GWHTAOSI016527 852 283 32330 6.23 i A%
SmNAC35 GWHTAOSJ016660 1131 376 42 430 5.30 2 it A%
SmNAC36 GWHTAOSJI018070 1026 341 38 590 6.50 A%
SmNAC37 GWHTAOSJ018119 1665 554 61 490 5.95 2 it A%
SmNAC38 GWHTAOSI018419 495 164 19 240 8.46 i i J5
SmNAC39 GWHTAOSJ018506 984 327 37070 7.21 2 i A%
SmNAC40 GWHTAOSI018513 864 287 33050 9.04 i A%
SmNAC41 GWHTAOSJ018544 990 329 37 200 7.46 2 it A%
SmNAC42 GWHTAOSI018787 993 330 38570 6.50 i A%
SmNAC43 GWHTAOSJ019144 627 208 23 620 9.92 24 it 5T
SmNAC44 GWHTAOSI021112 843 280 31 540 9.45 YA
SmNAC45 GWHTAOSJ021119 726 241 26 450 4.78 2 it 5T
SmNAC46 GWHTAOSI021193 858 285 32 020 7.23 YA
SmNAC47 GWHTAOSJ021535 816 271 31370 7.61 BURZL7/]1 71U
SmNAC48 GWHTAOSI021545 879 292 32980 5.05 i A%
SmNAC49 GWHTAOSJ021603 807 268 30930 8.73 2 i A%
SmNACS50 GWHTAOSI021626 870 289 32470 7.17 i A%
SmNACS51 GWHTAOSJ022077 999 332 37470 4.42 2 i A%
SmNACS52 GWHTAOSI022887 978 325 36 230 8.82 i A%
SmNAC53 GWHTAOSJ023113 1311 436 49 340 4.69 2 i A%
SmNACS54 GWHTAOSI023623 810 269 31120 8.56 YA
SmNACSS GWHTAOSJ023639 1011 336 38 020 6.89 2 i A%
SmNAC56 GWHTAOSJ024238 942 313 35550 6.89 2 A%
SmNAC57 GWHTAOSJ024671 1092 363 40 680 8.01 2 i A%
SmNACS8 GWHTAOSJ024792 579 192 22 100 5.28 2 A%
SmNACS59 GWHTAOSJ025029 798 265 30 620 4.90 2 A%
SmNAC60 GWHTAOSJ025862 1608 535 60 680 6.12 2 A%
SmNAC61 GWHTAOSJ026129 663 220 24 570 9.72 2 A%
SmNAC62 GWHTAOSJ026302 981 326 36 860 8.23 2 A%
SmNACG63 GWHTAOSJ026341 1041 346 38 620 4.32 A A%
SmNAC64 GWHTAOSI026433 642 213 25280 5.76 IR
SmNACG6S GWHTAOSJ026436 438 145 16 710 7.31 TSI
SmNAC66 GWHTAOSJ026438 726 241 28 100 6.30 B IREN
SmNAC67 GWHTAOSI026832 1191 396 44 080 6.64 Yl A%
SmNAC68 GWHTAOSI026862 714 237 27 100 7.03 i A%
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B D TR AEbp AR faa RPN TR EESES BN
SmNAC69 GWHTAO0SJ027051 819 272 31350 6.69 110k 23
SmNAC70 GWHTAOSJ027335 576 191 21940 9.80 it 5T
SmNAC71 GWHTAO0SJ027336 582 193 22150 6.64 A%
SmNAC72 GWHTAOSJ027527 924 307 34730 6.44 4t 5T
SmNAC73 GWHTAOSJ027815 1377 458 51150 6.86 A%
SmNAC74 GWHTAO0SJ027980 894 297 33720 7.08 i A%
SmNAC75 GWHTAOSJ028306 828 275 31 160 7.38 Y%
SmNAC76 GWHTAO0SJ028611 843 280 32590 5.89 4N
SmNAC77 GWHTAOSJ028648 879 292 33670 7.09 1110k 3
SmNAC78 GWHTAOSJ028673 2385 794 89 740 6.78 YR
SmNAC79 GWHTAOSJ028705 750 249 28 870 9.41 i A%
SmNACS0 GWHTAOSJ028805 894 297 33760 8.31 Y%
SmNAC81 GWHTAOSJ028841 1002 333 37 630 5.99 gilfioRe
SmNACS2 GWHTAOSJ029142 555 184 21310 427 4 a5t
SmNACS83 GWHTAOSJ029179 1719 572 63 720 4.63 Y%
SmNACS84 GWHTAOSJ001580 585 194 22310 10.28 4N

R R gtk B R, WIE 1, SmNACsHHAR
WA R 23 N HE (A~W) . Hid, WL ER r A
AR ok AR T, 4 SmNACs Fll SONACs ik
B, BRI NACE 4y %, Hfh 22 2k
H 4 SmNACs K & W 43 A o Hip, E &
SmNACs i fi /- fii e %, A 91 SmNACs i 51, H
WRWEEI. S, #5AE7T. 64, WiEA, F, GHI
M¥JH 54 SmNACs it i, WHREC., K. LN
A 41 SmNACs il 51, WHKEB, D, H. IHIPZE3
A~ SmNACs it 5t , WK% O, R, THIU &2 1
SmNACs it it , WK% VLA 14 SmNACs i i o
b, WEA. THIUHUA SmNACs #l SONACs X
R, I SMNACs 76 HEfk i F2 Hh m] e H B T 2
AR M. R b S50 IT R RS R L
WA B NACHE DN, 78 H 4540 5 T fie b nT g He Bk
L, AT RAE S HED P 2 b NAC B D) RE ) 2 %
A
3.3 SmNACs KN 454 S5 3L 7 0

9T e — 5 BT SmNACs FE DR 52 15 1 B 1) 45
FgAeThe, FIFH GSDS. MEME 730 SmNACs %& K]
AN 5N & B0 . PRSF motifs, Z5R L2,
SmNACs 3£ H o # S5 R T . pFHS AL m i gt
(P 0] 2 ek AR (25 A —3 (B 1), Witk
A U3 2o A R e i AR A A R PR G0 1 i TR 1 e
JETEEN o X SmNACs J PR G0 18 03 9 25 44 53 #1 &
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E1 ASNACEHZRSZGHMLE

M, HAS PN FEGE A SR 2 e, &
K EHHNE T 1~101, ZESmNACs EH &4 2
AN E T, [F— %A SmNACs %% 5 1 1) 55 [F 45
FAAHXF ST

SmNACs 3 A 5 ) & 17 50, motif 2,
motif 4. motif 1. motif 5. motif 3. motif 6 13 H i
FERZEOW S, IR S, 5 NAM 25445k
I, A% SMNACSs 5 5 K1 N i 5 57 Y
L5 A~Eo [F]— % 1 (1 SmNACs Z %t B
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