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FO AL B R ReNACS3 EFE w5 ThEe T

wAM, X OE2, ZTEM FRF? MRS, PRI
RN AR AR 5 B2 2 R A R R T S0 3, R 300134; 2 HETF KA RIS, Rig 300071)

WE: RKEATRE—MNALEAGE MY, JTEZERTHATESRE. 220 THAERTEMA K, REFH
AT B, BAA RS TAYFORER S . AFLEARSHRALARE R ReNACS3 A B BATT e, @i A4 &5
Fo it % # PCR B AWM T AL fiAek B X, AR ERTHBRRREZE T F 7] F AR XA A T, HEsE
ARBARBIERAHRRAEEN, AREERETALY, SWEMATEARf AT T, LS REY, ReNACS3 KR %D
X% 918bp, @& 3AMETF, THhD 248 MAKE, FOREANREFKRE, TEAFRENK, @Iz Tmibi
N, BAH AT & ReNACS3 A B N 35T oA 5 AALLHM%k, £+ Ddomain  NARD K, 5RE KA ELA 4
16 R IR | e bR F 22 MR SEALAR AT K B, RCNACS3 543 & K R £ & ;L. ReNACS3 B #3h-F A5\ K & % 888 bp, £
B FHE a R AGE S A E F AT B T B % MYB.MYC #= WRKY710S & B8 5149 % AN X A8 A 74 ReNACS3
FEM, RHE. £, oF, X, RPHARLF TR SHEL YN AFHBRENFFEAL, ZARNBE@IELEEf4
FTHEFN, ALERBZFFEMRET, RINACS3 A B R AR w509 £ KKM, 2%t i adat e tt, ATt —F F+
FHA NAC A B RERRGEWFR, RNIBTRELFTREZHRIED M5 T IR R — T 034 IR B,
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Cloning and Functional Analysis of ReNACS83 from Xizang Rhodiola
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Abstract: Rhodiola crenulata is a medicinal plant with a long history, widely used in traditional Chinese medicine and Xizang
medicine. However, due to its extremely special growth environment, collection and research are very difficult, and there are currently
few reports on molecular biology. This study firstly cloned the ReNACS3 gene from the Xizang Rhodiola crenulata. Through
bioinformatics and real-time quantitative PCR techniques, the physicochemical properties and expression patterns of this gene were
preliminarily understood. Using chromosome walking technology, the promoter sequence was predicted to identify cis-acting elements.
Yeast expression vectors were constructed to verify its transcriptional activation activity, and it was ectopically expressed in Salvia
miltiorrhiza to analyze the changes in phenotypes and physiological indicators under salt stress. The results showed that the coding
region of ReNACS3 gene was 918 bp, containing 3 exons, and encoded 248 amino acids. The protein had obvious hydrophilicity and
no transmembrane domain. It was subcellularly located in the nucleus and contained multiple phosphorylation sites. The N-terminal of
the ReNACS83 gene could be divided into 5 subdomains, among which D domain was the NARD region, which had a similar amino
acid sequence and conserved domain to the homologous genes, and was closely related to the genus Kalanchoe genes. The ReNAC83
promoter sequence was 888 bp and contained multiple cis-acting elements for transcriptional activation, light response, anaerobic
induction, plant hormone MeJA, and recognition by MYB, MYC, and WRKY710S genes. ReNACS3 was expressed in roots, mature
stems, stems, leaves, apical buds and flowers, and was induced by various abiotic stresses and plant hormones. This gene had no
toxicity to yeast cells and transcriptional activation activity. In overexpressing Salvia miltiorrhiza, the ReNAC83 gene did not affect the
growth and metabolism of Salvia miltiorrhiza, but reduced the tolerance to salt stress. This study will further enrich the biological
functions of members of the plant NAC gene family, and provide a theoretical basis for revealing the molecular mechanism of
highland adaptation in Rhodiola crenulata.

Key words: Rhodiola crenulata; ReNACS3; salt stress; promoter

ks A 2025-07-27 Mg HAR B ER: 2025-11-18

URL: https: //doi.org/10.13430/j.cnki.jpgr.20250727001
F—EEWT T MY/ T4 1% %, E-mail: zhanglp@tjcu.edu.cn
EEWMB: KRHEWHAFAESE (23JCQNICO0780)

Foundation project: Natural Science Foundation of Tianjin (23JCQNJCOO78)



LR RN E (Rosales) St KA} (Crassulaceae) LI KJ& (Rhodiola L.) %A T ARSI EAMEY)
LA IR I 96 B, JRIE A KB GIE, L0y 73 B0 Hrh DRI B, 32 Fh, 2 ANMEF,
MR PR N RILAE 2588 2020 4EAR —38) DRLE, LR KIBEMRIBANZS, BA I 8 kT Y
DRk, BUREFLAART FE AL SR R I E . BUBRE. ST, PUsmss. HUsEw . T0Ry e B S A4
R B BRSNS ). Heh RAELL SR R AL R O EZ I Z RN, Oy (e N R 245 4)
TREMINZHERF, FEASMEF M E . =/ W5, IR X M s fik) . &ERE, &
S AL GERZG TR R B N R SR VR ) B B . IR, Bl 24 VRN 1
R RAELLS R I R B I I0, Ha e v AR R 25 R TR I 75 SR A 1000 to SR H T 2= A5 JovE Se Bl
NEFEb AR, R BT RS0 A R, Kt DA SR IE il W U 1 7™ B A ), SERERE A2, 7 e S5
MO T B, ARSI T4 S, M AR R PR B E AR, B DIRE . Bk, TR R KA
TR fen JE IR B RN BT+ oma ), X R SEIRAE AT R R N LY RN B . 0 1) & BLORA DA S ]
FRER R b B 22 o ARTAT KA L RINAE KI5, 0 HOR SR 7 AR S e . 24l B P M 5
F AR PTELL SRR A BUR S L5 KA« TSI AL 22 R 25 B 25007 T, DR T RAL L5 R A ] K ey
50 5B L D

N @R JRIEA L R BRSNS A RIAERKIEE, R SRIEKII S B PR T — &
FIE ATA R RS HLE] . WTETEA % b, R SRNZFAERR, MEEN WE RRAKE. 23
PG MERRE bR . BRI fEAR R b, RoR SR AR BRI ] E T RO SORR T . L
b, FEBAENIS L, RICLFR DG HAB R —FE, 0I5 SR Bl S A AH S JE 8] (1 238 R AT AR
DA IR TR, et X — i R b fris 7 A, SIS HARAR SC (a1 B R A LA
YOS B S E R 1 RIA ), FTAEK, NAC st PR DR w8 2 V42 R A P A0 A A 0 P ol T 48 32 R v
NAC sl 7 RV A 2 0 A I — R A B, SO0 R B AR 2 890, Hodin 4 K5 T 3424 (Petunia
hybrida) NAM (No Apical Meristem) FI4LFG T+ (Arabidopsis thaliana) ATAF1. ATAF2 VL CUC2 (Cup-Shaped
Cotyledon) K:HU, NAC #3cH+ BA EEIEN S IIRE, —HHERNEKE T 2 5EMEKKE,
WRFEIR . SEERL AR B SR B B3, S5 —J51H, NAC # ¥ RG22 2 AN IEME, o
R RBER. RAMRTE. OHSHEE, WTHEDS TR 8 @ Q0. W EES 2 0 i m
R, RIS 5 RAREHRR, SR DGE TR (& B4,

N T RNIT I RACLL R SR B S PENLH I FE, ASHIEFEXF NAC FMR K 52 ReNACS3 1) i X Al
RN T IXHEAT T ok, IR . RAREALMER . =24, BIEL . BRI LA . T4 B
RGN AN S B PO F e SR AEEAT T 43 BT, R SRR 58 18 B PCR KLl ReNACS3 TEAN A ZH 21
SEAEH Y . EEER N RIAER, @R A AR L RPN 2 I 2, X ReNACS3



(IR SFEE PEREAT R, F 0T 2R WM E TR fR RS 3 R PR 2R RNEF A R (R AT T L. BFTT 45 SR itk — b s
e EOE LA, [FIES B AR AR R 0 SL AR R A
1 M5 5R%
1.1 R R

KA 5K (Rhodiola crenulata) I AR AR B PUHOK S, $25E K PT EFAERPT 2 (Salvia
miltiorrhiza) HREIT R F A G RFE 2 B R SO B2 5B . 50 HTH T 8k i RIEH A (pCAMBIA3301).
FERER LA (pGBKT7) PAK K B DHSo AAT 1 bk EHA105 BERER AR Y2H $504 [ 46 50 8 E bR
FERE R B R A D
1.2 BHERE M FF38IE

KRACLLFOR M 2L R 2H 5L DNA SR IR N G UL (1) CTAB v RS 20 M7 5 RNA S UK AR
S206 % AL CTAB-5# IBEVARY; cDNA 14 Bk B0 4% sk B U W) 5 (TaKaRa Bio, Japan) #4T. KAE4L
5K ReNACS3 JEIRIY 1Y) PCR 511 1H225 41k B 1A S & 1 BB 5 2H. unigene il 2 CRAERD,
51917518 ReNAC83-cF: ATGGCTAATCAGGTTAACGTCG; ReNAC83-cR: CTAGGGTTTACTAACATTAAC,
B FPITEARFEFR M B p B B m, SR, SN S Nr Ui E CGRRER R, KILFE
NACS3 R R S, R 2 U i 1 L R O 6 44 9 ReNACS3 . 737 LA DNA FlI cDNA Jyifie, S RifA
%N 100 ng DNA 5% 10 ng cDNA, IEX[FA51%)% 0.8 uL, 2xPrimerSTAR mix 12.5 uL. (TaKaRa Bio, Japan),
ddH>O %M 25 uL. PCR &7 N TIAEE 98°C 2 min; M 98°C 10s, B 60°C 55, W& 72°C 155, 30 4
TEER . § I =2 AR B RE VR IR mIs, K H R S T 8ok s+ 5 N K4 DHSa. FIH PCR
SR ke, kT A at 4 TAM A RIATIF . K05 3151 ABL SCHE S N Contigs #E4TH:HE, 4
ContigExpress #f#%, F|H DNAstar #H4FH 1) MegAlign F1 BioEdit X $f 432 > #1| £ 47 Hb X A1 5 DS BR AR 5
FFBIFIGIYIIX ;. FIFH MegAlign Xt DNA Hl cDNA #3845 BUgEATHO6, il oh BT RN & F 450 o
1.3 BEIFFFIIRE

KAELL 5 R ReNACS3 3R 5 3 1 17 41 72 4 4K B genome walking 75 & (TaKaRa Bio, Japan) i3t 3] ik
17, ARFE LA DNA FPAI T 3 2= A1514, 5192 6] [a]FE 50~80 bp, LAFE[FI 41 DNA N, #4755
PCR. 5|#1/F58 SP1: AAGTCCCAAGGATCCGACTTGCA; SP2: CCTCGCCAAATAGTCAATGACGAGC;
SP3: AGGAGGCAGTCTCATCACAACCCCA. ¥ 3 %47 W= M%& PCR =M EIWCAA &aifh, 5 T #&
RS, TR IEAC KT, R PRPA M R MOE T AL E LA A RIT . FIH SP3 SIMBAIET 7 454,
FEEET-IF L5 R 51905 SPLAE AU A FKHET PCR Y1, P2l 58 B 8 75 51 R B6AIE . FIF New

PLACE (https://www.dna.affrc.go.jp) 7347 J&i 21 F 17 71 (04 s A=A F o



L4 £EYERES

RcNAC83 % 14 IX 5 41| & SeqBuilder # ¢ 8 & 2L 2 7 41 J5 , HF A blastP 7£ JF i # 4% £ NCBI

(https://blast.ncbi.nlm.nih.gov) A1 PlantTFDB Chttps://planttfdb.gao-lab.org) HIREL AL, FIH DNAMAN
SRR T BIHEAT L X IR A LA, FIF MEGA 5.0 X FEF1HEAT clustal WL I3 T+ o) 45 5
Fgd N-J HEALH, R FLEZE 34 TMHMM severv.2.0 Chttp://www.cbs.dtu.dk/services/ TMHMM/) 434 7 51 ()
SN AL, B FHAEZE M55 MEME Chttp:/meme-suite.org/tools/meme ) %o 3 PRl 45 9 #E 4740 B7 31 LA 94 95
SE N 5 A1 C S £ 55 45 My 4 YU B . R SWISS-MODEL  Chttps://swissmodel.expasy.org/interactive ) il 1
=R EE AR, FIIF netPhos3.0 Chttps:/services.healthtech.dtu.dk) i B ERILAL 5 I PSIPRED T A
T B ()57 (1 224549 . FIH] Expasy-ProtParam Chttps:/web.expasy.org/protparam/), il FH# AL L ; FIH
Signal P ( https:/services.healthtech.dtu.dk/services/SignalP-5.0/ ) il I 15 = Bk 1 H £ ; #| H ProtComp
(http://linux1.softberry.com/) Tl . 40 fL A7 &

L5 ALBFSMSHINIEIES

BRI FR N AL LU R IR KL S R T S HE e . R, RBAZE. 25wy THZERITE 6 NSEET
HURE, $2HL RNA HTALWs T RIERLE . RSMIHAE S Zhang R[5, BRI KR, 24
2. R, MK (RED. MM EBER ABA. KFHE MeJA. HEE R AgNOs LU L KA 5 K fT ik
F RS . BRI 20% PEG4000 40 FE 5 d BT 54, UA 234 nm bR 5 d FALEE AP, 0 °C AbFE 5 d A
PUEIER . /KA 5 d BAURA. thah, 2N NaCl (100 mmol/L) 4bFE 0. 12, 24, 36, 48 h. HAMEN
YR ABA (50 pmol/L). ZRF] & F S MeJA (50 pmol/L) 73 HIALFE 0. 12 24, 36. 48 h; 48 AgNO;
R 0. 50, 100, 200, 300 pmol/L 3 5 AMIRFEREEE . 4 HIERL 3 ARk AR K — S H9 415 1 F DA 5E b (1) 45 Fol
ROFRSAE, RERPACFRIE S 3 KAEYFER . DRGFAREHO IR, B EER R R
AL FLAS I (1) RNA FH T3R5 047 . RNA $EU5 VA 1.2,
1.6 BEFIEYNTREH FLE

FIF 43 45 BE VAL A (EcoR 1/BamH 11 Neo UBstE 1) {514, = {REEE (TaKaRa Bio,
Japan) ¥ HGEEN A4, 5 T #MER:. WPRUE. 5177514 5128 ReNAC83-BDF: GAATTCATGGCTAA
TCAGGTTAACGTCG. ReNAC83-BDR: GGATCCCTAGGGTTTACTAACATTAAC: RcNAC83-3301F: CCA
TGGCTAATCAGGTTAACGTCG, RcNACS83-3301R: GGTCACCCTAGGGTTTACTAACATTAAC. #HL T Jii
bi. BERERIAHAK pGBKT7. HYIXICRILF A pCAMBIA3301, FIF WEF VA B AA, T4 DNA EHEEH
B, B KIRT R . KIS I IR A BH UK, 48 PEG/LITE VAR ALEERF Btk Y2H Gold, 2Rk
AU ACHT B # Bk EHA105. ) FH S AL 5% 72 % SD/-Trp Al YEB %8l 100 mg/L KA Z A 100 mg/L Fl4E Fidk

TimiERE IR, 4551 (355-F: AACAGAACTCGCCGTAAAG, RcNAC83-3301R: GGTCACCCTAGGG


http://www.cbs.dtu.dk/services/TMHMM/
http://meme-suite.org/tools/meme
https://swissmodel.expasy.org/interactive

TTTACTAACATTAAC) #EAT B PCR 45k FH P B ik
1.7 &%k

FI B A BT A RPH 2, W S A BRPEURL Y R A 18 EHAL05 WAk, TR IRt 9756 YEB 7 K5 9%
£ 0D600 79 0.6~0.8. TJHL 0.5 cm? /MR AR K R PF SRR AR M fr, 26°C F R4 25 min, &
B35 2 do WS E T 553, (MS+1.0 mg/L 6-BA+1.0 mg/L NAA+0.8 mg/L Basta+400 mg/L cef) H1i%H;
2 7d, HEEREFE 304 FESEHGAL, b EEFHFEE (MS+0.5 mg/L 6-BA+0.2 mg/L NAA+0.8 mg/L Basta+400
mg/L cef) £57% 30 d (RS040, 5 FAMRES 7R 58 MS+0.25 mg/L IBA+0.8 mg/L Basta+400 mg/L cef 1%
77 30 d I FAM. HIUEEFRIEIRGRER 2000 Ix, EHFTEATENSTS, FRIUT 7 RNA #4752 & PCR
FCATR I BA M B R bR &R o SRBURRERIBR R L3 MR, AR, 2. Zh2E, &nb. 4. 1856219 RNA,
FH DL M JE DR AL SURFPE 0K - RNA $REUS LR 1.2, 52 & PCR /K &N ¢cDNA 10 ng, 1EX A 54)% 1 uL,
2xFtaq mix 12.5 pL, ddH2O M@ RFR 2 25uL . §7 38827 A TAE 1t 95°C 2 ming 21 95°C 15s, B 60°C 15
s, HEMH 72°C 30, 30 NMEH. WSEFA SmActin, 51775 SmActin-F: GGTGCCCTGAGGTCCTGTT;
SmActin-R: AGGAACCACCGATCCAGACA.
1.8 ERAE AL IR FIBHIB S IREARAY N E

TR =SS R AT AR R RIEa B IR = ORIRIEFR&MF 0 3000 1) HEEFRE 30d, 2
TH/KACE 250 mmol/L NaCl Ge#EM EL, 4k4L1EFR 15d, FFESE 5. 7. 9. 11, 13, 15 REHAREICF A KL
FEMREE 11 RIS 4R, R, 1% MR BEND By, 7 R A E S BT IE, 5
LIS 3 IRAEMFES . HHALS N HEEEK Ca (mg/L) =13.95xA665—6.88xA649; IH4EZ Cb
(mg/L) =24.96xA649—7.32xA665; MMEEE C (ath) (mg/L) =Ca+Cb; M#EE (mg/L) =(1000xA470
—2.05xCa—114.8xCb); 7§ & & (umol/g FW) =[6.45x (ODs;»—0Dgoo) —0.560Dus0]/0.015W, i W
NFESLEE R, BB ALERISTE (U/g FW) =[ (ACK—AE) xVt)/ (%ACKxWxVS), Hrf, ACK JX} i
EIIROGIE, AE NFESVE IIWOGIE, Ve NBERUSAARL, VS Al i B 2,
1.9 BEHAEBHUEEIRIIE

N Sy B B B B ORI R, e T B R = RS AR R AT A R, K ReNA
C83 HER 43R N 3 A C 3541, BETHRESE 5109 BEAH R X 35, 43 R 0 2 RSO 32 AE (747 bp) N iy (4
41 bp). Cig (306 bp) MIEHMERER AR, LA H IR pGBKTT7 N FIPEXT R H 41 34 pGBKT7-p53
NBHEXT R, 55 ReNACS3 58 B A T 51 ReNACS3-N % Fll ReNAC83-C it 7 1 i B RN R K 1% 9%,
FI AN 66 B 1D 8 B ODeoo 8, FHHHEE R 0.6, FITEBEI/KA AR 10 5. 100 £5. 1000 £5, FK
#5HL 6 uL 73T SD/-Trp 1 SD/-Trp-His [ElfA&35 77 4%, 30°CH57% 3 d a4, ReNACS3 FER N sid 15 5

YN ReNAC83-NF: GAATTCATGGCTAATCAGGTTAACGTCG, RecNACS83-NR: GGATCCCTAGTCGAGA



CGGTACTC; RcNAC83 3K C ¥4 4 51448 ReNACS83-CF: GGATCCAAATCTGCTGCAGACCATCAACC,
RcNAC83-CR: GGATCCCTAGGGTTTACTAACATTAAC.
1.10 LR EE PCR

FIH Bio-RAD AR iQ5 R4 56K qRT-PCR. JRMAK Z A 20 uL, £7% 10 ng cDNA. 10 uL SYBRGreen
I (TaKaRa Bio, Japan). 1E&[H 519245 0.8 L. VRS A AEE YW E 55 53R IEE UL ReGAPDH SH W
SN, SI¥FFHIN F: TACCCTTCATAGCACCCTCAGA, R: GAATGGCTTTCCGTGTCCC. RcNACS3
5E & PCR 5IYIFTH %18 F: TCGAGTGGCTGGGATGAAGAA, R: GCTAGGGCAGAGTCGAGACGG .

TR S 3 ANEYFES.

2 BRE SR
2.1 ReNACS3 EFE IS X 5145 5 S516HiE

2ok P i 8 7€ ReNACS3 WS X FPHIME R (B 1. ReNACS3 H: M 4ihid X ¥ 5K fE 24 918 bp,
T I3IANINETR 2 ARG T ANEFKIE 5N 189 bps 297 bp. 261 bp, W& T4 T 190~264 bp Fl 562~657
bp, K574 75 bp £ 96 bp, ALK TA-AG W& T o FFURIEENES 747 bp, TTEIBERK 248 N IER -

A M 1 2 M

2000 bp) «— — 2000 bp

—> 1000 bp

1000 bp «— 0b
_ o

750 bp <—

ATG TAG

1-189 297 261

A: PCR ¥ HHIIKE], 1: cDNA MR, 2: DNA MHiR; B: DNA 4K
A: The result of PCR amplification, M: 2000 bp marker, 1: cDNA as the template, 2: DNA as the template; B: DNA structure diagram
1 KIELL | R ReNACS3 EE 1871 DNA 54
Fig. 1 ReNACS83 gene amplification and DNA structure of Rhodiola crenulata

2.2 ReNAC83 EE £ M5 B F TN 5 47

I AEYE BB B T, ReNACS3 & H FifL 22N CiaisHi947N357036780, 77 F 8N 27.7 kDa, %5
BN 9.14, RJRTE0N 3895; i H AT AR IE B0 (RAZEIR Asp+A &R Glu) M 31, Hf 1E H A [k 3k
A BRI ArgHIBEIR Lys) N 37, AFE 2% 37.48, UiH] ReNACS3 E AT WHERECH 78.59,
BOPREK R —0.481, UHIZE A REA —E RSk fAERKMA R, SERmIEMER (Vab,
7 10.1%, HICHHER (Ala) FIRRER (Arg), 37 8.5%. TMHMM # SingalP Tl ReNACS3 £ A4

HATES PR EH AN SRR X 3. ProtComp MEAHARE (7 FINEE R 7R, RNACS3 & H EN T 4% .



SWISS-MODEL il ff) = 2% 45 F v A0 & B B X0 1 N 3 Al C o (B 2A), R 4ERIFEAE 2 Aa-18)E, 8
AB-HTS, UM ZAAFNZE R . netPhos3.0 Tl ReNACS3 & AL & 24 MRtk Az S (K 2B), Hirfi#

ZIE (Ser) 16 >\ JR2f2 (Thr) 6 4~ BEZIR (Tyr) 24, UHIZE B BRI AL R 4%

A
HHEFCH C-domain
_fh&
: T
H NG N-domain
B
£ R WA —— BREE B {E
14 Serine Threonine Tyrosine Threshold
0 ‘ ‘ ‘
0 50 100 150 200

¥ #1475 Sequence-position

2 KL F R ReNACS3 EEHR=REMTN (A) SHEALLS S (B)
Fig. 2 Prediction of the tertiary structure (A) and phosphorylation sites analysis (B) of the ReNACS83 protein from Rhodiola

crenulata

2.3 ReNACS83 £ N-J R FR T F 5 540

BET ReNACS3 [E B /R 7 51 3R A 11 AN FVE SRS S, 2007 e Z I A AL, 45 R EoR RIEA s R
RcNACS3 5 & KREMINE & B Wi 2 2 (Kalanchoe marnieriana )Xalax.0609s0006.1 74— &Mt & N 65.73%,
BE J5 KN M RHR 4 (Populus alba, 53.63%) XP_034906860.1. 8L KE (Glycine max, 52.55%)
NP_001238078.1 Bk & iR FHE 25 7Bk (Syzygium oleosum, 52.9%) XP_030449261.1. 2R € (Ziziphus jujuba,
51.33%) XP_015881782.1. MMIRHE LM (Salix purpurea, 51.14%) SapurV1A.0453s0210.1. RALAER = 1
Y HER i . (Impatiens glandulifera, 50.19%)XP_047333405.1. % %Lk 215 ( Tanacetum cinerariifolium, 49.81%)
GEX29981.1. L KRk (Cannabis sativa, 49.08%) XP_030497096.1. 2Rl 1L (Artemisia annua, 49.07%)
PWAS81517.1. RN I+ (Arabidopsis thaliana, 44.69%) AT5G13180.1.

RIEMFHILERTEE R R (B 3), ReNACS3 [ C it FE AR SF PR, N i e 5 e, AN S
MEE I (A~E), Jith B M E 5 H b 45 4 30 EE OR 57 VE B, D 45 #3808 i B ) NARD

(KKTLVFYQGKPNKGERTDWIMHEYRL) W] g B A 4G . N-J Rt o (B 4A), K1k

ZL5R ReNACS3 SMiE IR A2 SRR Rk, WIRION—30, HARRPEER R —K, HMIaH & 2am



H5WRAW. SRR R 5 mAEE 0 BN — 3. fEZL MEME 73 A 81 SR B IR 5 BT A0 £~ X3 (RS H L

BRENSA), SR PHIR ReNACS3 5 HAh NAC FE K HAG ML 454 (B 4B, C).

ALHI_A domain B#i#43 B domain
NAEL 5K Rhodiola crenulata MBNGVNY 2 58
BE 7 # Kalanchoe marnieriana MENCVA 2 8
K. Glycine max . MERVS X, PL 56
K255 Bk Syzygium oleosum  ,MEKLN R PL 56
A% Populus alba .MEELS 3 PL 56
HLEFT Arabidopsis thaliana . MDNVE ®; PLEASIIPE)gs 56

—#(t Consensus n rlppg rf ptdeelv vyl
CZ5#t4% C domain

KILLAFCK Rhodiola crenulata
B2 % Kalanchoe marnieriana
K& Glyecine max

5Bk Syzygium oleosum

W # Populus alba

URIIF Arabidopsis thaliana

— %"k Consensus ryffs
D&

REVMASGKRRVVERNR 116
REKIMCRG......RNQ 110
KQIVISKGN......Q 108
RQIVSSRGSC....5Q 110
KQIVISKGN...... 0 108
EKRVVTISRGN...... Q 108

RAEL 5K Rhodiola crenulata [S.ALAEELIRKSAARDHQPILAARLE: i73
Ui 2 5 Kalanchoe marnieriana DS . ALADLLMKRSAG . PQRAVIAQIEX 166
K& Glycine max @N.........ILNASQSH....VPME 153
JaZ53H bk Syzygium oleosum WUNSEASAPHKIMNLNGSE. . . VEPMES 165
{R13#) Populus alba 84392 STETTACNALKNENSTQGEVVVEME 166
TUEIIT Arabidopsis thaliana 2 TDWIMHE Y RIS SSPPSS...MGPT@ 152
— ¥tk Consensus g kktlvfy gkp g tdwimheyrl w
E45 % E domain
RALLL 5K Rhodiola crenulata GGKDGETA.VISQLVAVVERAN. .. .vevuueess....ARTIL 214
E 2 #% Kalanchoe marnieriana AGGD......ANKLTDEVRRGL. .2 svvevsssssss .BRPIL 202
K& Glycine max CR SGAKNGEE......... SRV, oo s s NSKVVE 187
JELGHE Syzygium oleosum 2 SSENEGENAVSCQLLKEAPKSR. ..o vvvuvew.. ... .KIKPVE 208
#11% Populus alba SGTENEEEN . ICVGNONRLEKLR. . ... v2v2e.. ... ATKEVE 208
TURITT Arabidopsis thaliana AGNKNDCDCDGDSRNLRENNNNNSSDCIEIITTDCTDDKIKEIE 210
—3(tk Consensus vlcr flk r d
KAELFK Rhodiola crenulata 3., .. .....ENTSRC..C DEASSSLEHDVVTSEVNVSKPE...... 248
Fii2 #% Kalanchoe marnieriana A, .. ...... ETSSEC. .G DES...LNNEAEVESSHVSRY...... 233
KE Glycinemax  gN. . .....RTDSSES. .3 HEHESDE.HDHEESSSSNTFPYTIRTK 228
JE255ilbE Syzygium oleosum R, . . .DLNLAESSSES. .G EVSSCNNTDDHEESS . CNSLRXALCH. 251
#E#) Populus alba KEXRTTDLNLABSSSES. .G EEVSCNESDDEEESSSCNSEPYVRRKP 257
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Fig. 3 Amino acid sequence alignment of Rhodiola crenulata ReNAC83 protein with representative species
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Fig. 4 Construction of the N-J evolutionary tree and analysis of conserved domains of Rhodiola crenulata RceNAC83 gene
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Fig. 5 Prediction of cis-acting elements in the promoter sequence of Rhodiola crenulata RcNACS83 gene

2.5 ReNACS3 BRB LT F M RIEE D

I FH SR 525 7€ B PCR Al ReNACS3 FERIFEML . flhZe. 250 mh. THEFAIGE H A Rk 7K -F,
B (E6), LLReNACS3 TEMHMERIA B ASH, RIWHIEFRMAL NG RE, HAEREEER. &
FAERR (1.000) AL (0.809) PIAHELx (et B hRIE: AERMZERI, 8 0.027; ERBIITCEIENMN
M (0.408) FITHZE (0.486) HRIEEABL. Vi ReNACS3 5 RO ZREZNEK K ERUIS R, HAT
Be a7k, BRI IR s A T A K R )



-
N

b=
o

o
®

o
»

e
o

FEX L&
Relative expression levels

s’k
DIE*
* %k
Aok
B3
— " L L "

R OmsE Z o TE fE
Root Mature stem Stem Leaf  Apical Flower

DA AR a5 48 SO 15 %% £ P<0.01 K P ZERREZE: TFH

o

The relative expression level in the root is defined as 1**: Extremely significant difference at P<0.01 level; The same as below

B 6 KTELL|/R ReNACS3 HEAFFRMERIKER
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Fig. 7 The expression pattern of Rhodiola crenulata RcNACS3 under in vitro stress conditions
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Fig. 8 Identification of RecNACS3 overexpression transgenic Salvia miltiorrhiza
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Fig. 9 Phenotypes of different strains of Salvia miltiorrhiza under salt stress
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Fig. 10 Measurement of physiological indicators for different Salvia miltiorrhiza lines under salt stress
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