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BERT SmIAA7 R FRIE K. AW FTAHE— LR SmIAATESF S R B 554558 5 35 55 1 48 v g 8
B9 5E S il

KR SIS SmIAA7; JFAZRIE; W40 E A ik 50 #

FE 52 S: R931 RRFRINAD: A X EHRS: 0513-4870(2025)02-0514-12

Cloning, subcellular localization and expression analysis of SmIAA7
gene from Salvia miltiorrhiza

HUANG Yu-ying"*, CHEN Ying”, WANG Bao-wei’, GUAN Fan-yuan', ZHENG Yu-yan',
FAN Jing', WANG Jin-ling", HU Xiu-hua*, WANG Xiao-hui"

(1. Modern Research Center for Traditional Chinese Medicine, Beijing Institute of Traditional Chinese Medicine, Beijing
University of Chinese Medicine, Beijing 102488, China; 2. College of Biomedicine and Health, Anhui Science and
Technology University, Chuzhou 233100, China; 3. School of Chinese Materia Medica, Beijing University of Chinese
Medicine, Beijing 102488, China; 4. School of Life and Science, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: The auxin/indole-3-acetic acid (Aux/IAA) gene family is an important regulator for plant growth
hormone signaling, involved in plant growth, development, as well as response to environmental stresses. In the
present study, we identified SmI4AA7 which is potentially associated with Salvia miltiorrhiza leaf development
through comparatively analyzed the transcriptome data from different pinnate leaves. SmI4A7 was successfully

isolated from S. miltiorrhiza using the specific primers. Then subsequent bioinformatic analysis, prokaryotic
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expression and purification, subcellular localization, and induction expression analysis under auxin and abiotic

stress were performed. The full-length of SmI4AA47 contained an ORF of 684 bp encoding a protein of 227 amino

acid with a molecular weight of 25.3 kD. Conserved domain analysis showed that SmIAA7 contains the conserved

Aux_TAA domain (pfam02309). Sequence analysis and phylogenetic tree analysis results indicated SmIAA7 was

phylogenetically close to IAA7 and IAA14 from other plants, suggesting SmIAA7 involved in plant growth and

development as well as response to environmental stresses. The prokaryotic expression vector pET28a-SmIAA7

was constructed and SmIAA7 recombinant protein was successfully expressed in E. coli Rosetta (DE3) strain.

Subcellular localization experiment demonstrated that SmIAA7 localized in the nucleus of plant cells. Real-time

fluorescence quantitative PCR results showed that the expression level of SmI4AA7 was upregulated in response to

auxin. Drought, low temperature, and salt stress significantly increased the transcript level of Sm/AA7 gene. This

study lays a foundation for further elucidating the role of SmIAA7 in leaf development, signal transduction, and

stress defense in S. miltiorrhiza.
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Wi B3, H OsIAA6 1S 315 R Z 32 DL H BH 2 3 5 11

LR A8 S, KRG OsIAA20 FRAE KR R AT R A & fhia
TR R A g R A B RS, FRN S
1 Na'/KH AR 2 390, 76 OsIAA420 RABRR R H, i
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i, RS SRR P PR AL R 2 .
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MR PESFE T AC R 55 L X AR
b el 45 2 A0, 8 Al i HR 2R 24K 2 v 24 5 B AR I R 2
B NIERHEN T2 (Salvia miltiorrhiza Bunge).
Trans1-T1&Z 2540 .Rosetta (DE3)DH5a 32 251 3%
Hit s & X & R R A A, pET28a.pCAMBIA1300-
35S-GFP # & | U A S LR = AR A A .
pMD19-T BamH 1. Xho I.Kpn 114 % F b &R &4
YR} B 4y /& 7], 2xPhanta Flash Master Mix .« & [7] i
PR G K R AR B IR A IR A ], B
JE BE 1% R marker S Gk SE H b5 FE /R b AE ) RHE
ARAR, PGB AN EERERBHERA
A1l 5% o

B8 HETE 5 6O E 1T (NanoDrop one, 3
Thermo Fisher Scientific 24 &), ¥t B ik % 1 (WD-
9413B, b /S —AEVRHEA R A 7)), s AE R K
By (HH-S4A, At 50 B 7k XA 28 A BR 2 A, 38 IK
(ZHWY-1102C, g% ), kA (JY300E, b H &
RITHIK B %A R A A, I iEds (GL-88B, ifg 717
MR DLIRASCE il 3 A7 BR 2> =), FL 1K F (PL602E, Ji &
METTLER TOLEDO 7 #)), 18 i 7% ¥% 15 7% 46 (HZQ-
211C, Bl —1ERF AR A IR A A, AU mr il 5O
(TGL-16, HIALES LA A IR 2 |, ot L R A B
5% (LSM980, 1 [E Zeiss 72 ), PCR 4% (T100) £l 5K Bf
986 5E B PCRAX (CFX96, 3 [ Bio-Rad 24 7).

A& AR % B HMHF RNA #9{2 BLA cDNA 19 &
B 2% 3% [E Omega 2 7] £ Plant RNA Kit 7= 5 15 87 1
HBEAT RNA FI 32 HL, F1) 8 il 5 4 5% 96 B 1 NanoDrop
one I 7& RNA PRI BRI 25, JFA8 FH 1% B3 R W 45t s v
PRSI RNA 56 5 J2 i &, [ 7 5% 7775 2 I8 GoSeript
Reverse Transcription System /& 74 s iR ) & 347 .

MR REEHFERNALIE 5T 5 = Hlumina 1
JFHR, 1@ 1 Hiseq 2500 1 & %f 44 & 4F 1) cDNA
FEEAT I, I 3543 T HLECHE R R 45132 B (raw reads).
F F SOAPnuke it I8 3 #F 3 47 Ji 46 048 o 8, A A
Trinity #5551 8 3R 15 1) clean data JHEAT 4135, K19}
Z A R B W B 56 2H Unigene B4 % .

EENEEERRM R X EHXERREEREIH
% H BLAST 14K 4 25 43 21 1) Unigene 5 NR.
GO.COG.KOG.KEGG. Swiss-Prot. Pfam %5 %§ #& J%£
EbXF (BLAST 2% E-value < 1.0x10° fil HMMER 2 ${
E-value < 1.0x10"), 3£ 1§ Unigene £ B 5 & . ff [
PossionDis 77 550 FH2 0 Fr 44 KB I IR 22 7 R 0A
FRBAT M. W ZE TR P-value fF 2 B Rk
R IE, H s 4R AR IEJG 1) PAE, #5iR K L% (false
discovery rate, FDR) < 0.001 4 7= 53 3 ik 5 K] 7 i 1) =
BEARBR, DARRARON oK 5 5 DA ) 3 08 (B kAT S 1) e v
BV K 56 5 R OB RH 1 o 7E 9 i i A2 R, K5 FDR <
0.001 H. 2 5% %1 (fold change, FC) > 2 /£ A ik bk o

qRT-PCR I 3E v 7 364l %% 5% 2H £ 48 (1 T 5%
P, & B S SmActin7 WS (GenBank ¥ % 5 :
HMO051058.1), 1% HUK B FH G 1 22 57 3218 e K] SmiAA7
HEAT QRT-PCR ¥&1IE, LL qSmIAA7-F fl qSmIAA7-R Mk
351 ¥ (@SmIAA7-F: GGGACGGAAGGAATGATAG;
qSmIAA7-R: GCTAATCCAATCGCCTCAG), FIJ FH j2 %
AR ) &K RNA 2 % 519 21| ¢cDNA, {if H PerfectStart
Green qPCR SuperMix i 7l £, 7£ % )t & & PCRAX |
HAT E EAI, A E 3N E S E R, R 2
XT38 AL AT BE T .

35 SmiAA7 EE W B RE HiEtS
SmIAA7 W i 5% 40 )7 %1, f#i B Primer Premier 5.0 X {4
Worh 5 R IR s S PR 48 5] ) SmIAA14-F1 (ATGGAA
GTCGGCCTGAATCTGAAG). SmIAA14-R1 (TTAGC
ATCTGCTCTTGCATTTCTC). LLF} % I i RNA Jx
¥ 5% )5 1) cDNA AR, #% DU | SR R AT 55
1.6 uL ¢cDNA.25 pL 2xPhanta Flash Master Mix.2 pL
10 umol-L™" SmIAA14-F, 2 uL 10 umol-L" SmIAA14-R,
SRJE N ddH,O #h & 2= AR TN 50 uLo N SEAR R G
IR E], FE B0 5 7T PCR N, FEFF 4R : 98 °CTil
A5 30 55 98 °CAEME 10 s, 64 °CIB K 55, 72 °CHEAH 10 s,
28 MR ; 72 °CLIEAH 1 min, 4 °C{R4F. PCR Y4
1% [P35 AR A E RS P DK ARG I, 8 s B o BT R B %% H
(1) 2% 77, V)R (el i 4 R P P 4 A AR 7R B (Vazyme,
) #47. K S B PCR P24 5 pMD19-T i 82, %
AR Trans1-T1 B2 S 40, TE 2R PR
LB PRk _E AT %, IF4 00 1V PCR AN S 2 AL 57
HHERA R FWF

15 SmIAATHEYERFE DM
TE2E T H. (https://web.expasy.org/protparam/) Tl SmIAA7
) AR, 2 B B 2 DR g 0 i 1 o Y R R
YR oy 1 o B AR AR R R AR E M S A P H
NCBI # CDD £ 4f 2 #E AT 45 4 3 Fit 0, 1 FH 7 22 81 A

J#id Protparam
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ProtsScale 43 HT SmIAA7 & F ) 25 B /K P (https://web.
expasy.org/protscale/); F| FH 7E £k T. & TMHMM (https://
services. healthtech. dtu. dk/service. php? TMHMM) 43 #i
SmIAAT7 H H [ i 15 45 4 38k F) 1 7E 2k T B SOMPA
(https://mpsa-prabi. ibcp. fr/cgi-bin/npsa_automat. pl? page
=npsa%20_sopma.html) i Ml SmIAA7 & [ 1) — g &5
F4g; Al F§ SWISS-MODEL #£ £k T. F. (https://swissmodel.
expasy.org/) Tl SmIAA7 &5 H W =X 45+ . F| H
DNAMAN Xf SmIAA7 F#fkiE I 2 St v &G LA
Wi J97 336 155 1 3 1) Aux/TA A 2R [ 3EAT E LR 7 51 11 TR] 98
PO, BIEIUR TIT (Arabidopsis thaliana) ) AtTAAT
AtIAA14 . 3% (Brassica napus) (1] BnIAA7 PA K K &
(Glycine max) ] GmIAA14; #& )5 F Fil TAIR T #4035
TFHTA 1 Aux/TAA B A2 B8R 7 41, A1 SmIAAT — 2
B MEGA 7.0 #4444 & Neighbor-joining 7 Z¢ ik A4 4
AITEGR R, WAEEE R E, RHBERRIEE,
Bootstrap & X4 1 000 1K

5 SmIAATRI L HBEER IR F SmIAAT I
V20 it s A2 1 O, R 5140 SmIAAT7-F2 (CGGGGTAC
CATGGAAGTCGGCCTGAATCTGAAG), SmIAA7-R2
(CGCGGATCCGCATCTGCTCTTGCATTTCTC) # 14
SmIAA7 3K 4K, R FH Kpn 1A BamH 1B V)54 H
HIFE R SmIAAT7 (/) PCR 7“4 S W TG 84 pCAMBIA 1300-
35S-GFP, W B VI =4, F Wi 1) 56 S 1 PCR =41 5
BR H T4 DNA ERBG AT B8, S5 5 M E )
N K AT B DHSa B2 A A M . % A0 ) BREC 5 [
P B 2R AT B 74 PCR P PH 1 8 2 12047 D0 7, o 4
SE TR I 1 B EAT RE 18, 97 K397 5 $8 BURURL pCAM-
BIA1300-35S-GFP-SmIAA7, % 5 4 i ki 5 40 i #%
marker (Osghd7"™) 356 AL UL RE IF B A2 o 4k, 5506 T K%
77 8~10 h, FH O I 5 £ B o I 400 e 7 SR 2
NS R S P TR

15 SmIAAT BERFTEHRFHEMFRERIE H
Fi 51 %) SmIAA7-F3 (CGCGGATCCATGGAAGTCGG
CCTGAATCTGAAG), SmIAA7-R3 (CCGCTCGAGGC
ATCTGCTCTTGCATTTCTC) ™ 3 SmIAA7 2 [ 1) 4>
K, SR 5 F FH BamH 1F1 Xho 1B V)05 4 H (135 K 1)
PCR =) J¢ 53K pET28a Fi b, B 1) 72 41 28 [ml fig 46
JE, FIFH T4 E B AT E B, E B ML KT
Transi-T1 B2 S 40H, 22 7% PCR J5 HEEURH 14 70
B 3k AT W0 7, W OE 6 S 52 U5 R pET28a-SmIAAT,
Bt JFURL 55 4k 2 3K T Bk Rosetta (DE3) A2 2540 il . Bk
WO VR B R T &0 R OIR 82 2 1 LB MR B 77 2,
37 °C. 180 rmin” iE LI &, SR J5 4 K #5595 2 OD,,, N
0.6~0.8, I %~ 16 °C, I 0.8 mmol-L" IPTG )5

PG HF£20~24 ho ZJ54°C.12 000 r-min” B 0o iir 5
B, B KT 40 mmol-L” KPB 224 (pH 7.9, &
7 100 mmol-L" NaCl 15 mmol-L" Bk /o, K&
TR A7 2 Y 1 5 L T UK L, ) R R R S
TE4H M, 2 J5 4 °C. 12 000 r'min” &0 30 min. B Fi%
R BT 50 mL BSO8R o RIS IE 0.45 pm il
FLIERE, FI R B Fop it ai b & A difb /5 & A
FH 10 kDa 8 8 & W 4i ; W4 5 1) 85 3 H SDS-PAGE Jig
HEATAS I 437

SmIAA7 BEE A E BB TRIESH B
RIS, WS E T SRR b
FFEHAAN, EFEEK R B KNS —HMZE0
HAHITHEKKIFES JAA, 150 pmol-L™) FHEA i
G S A, JEAE Y E ARG (4 °C). S
(150 mmol-L" NaCl) 1T 5 8 (400 mmol-L" H #&
i), fE 283 0.12.24.36.48 h AbHE Ji5 4 51 $2 HU RNA,
B G cDNA JE A R IIRE &, A () A B 2% 1 B A
3N EE S, R SER 5 8 & PCR B J7 2k Il
P2 SmIAA7 55 R AS 5] B 8] 80 2% A0 3 R iy 3 4k 22 1) 3
KGN . P S SmActin7 NN S, REAK F v
T: 10 uL STBR Premix Ex Taq /0.4 pL 10 umol-L"
qSmIAA14-F, 0.4 pL 10 pmol-L"' qSmIAA14-R. 1 uL
cDNA #5245, i1 ddH,0 /K & &k & 920 uL. VA%
F¥: 95 °CHilAE 1 3 min, 95 °CAE £ 30 s, 60 °CiE K /4E i
30 s (BRRAE S Ja KA R ), 40 MM )5, 95 °CAE P
10 s, 65~95 °CH#r e fie th 26, /N FE LLRE P 0.5 °C
T, AR S so AR A i 28 4 W RT-PCR 7=
YRR S, AR 8 B A BT R 27 O R AT 0 AT

BIESFALIE  FIH GraphPad Prism 8 X A fiff
TR HEAT b K B R 221, Seit 2 4 H 4l A IBM
SPSS Statistics 27 ¥ fF, 45 K358 = IR EE IME £ b5
e 22 o SR FH B[R 36 07 % 79 it (ANOVA) 732, P <
0.05 NEEMZER P<0.01 AREHEZER.

EREDH
1 AEPREMHFSHEREARIES T IAA EEF
K&

BRI FEPR = S CPPR L B CPPIRE
S RPPIR L B P 2 AT e s 2 4 A (]
1A), B 3E3R 15 25.66 Gb H 4, 174.76 M raw reads, iT
JEF4E 171.06 M clean reads. Q2078 3E [ 43 LL7E 94.57
LI, Q30 W JE F 4 Lh7F 88.34 LA | (K 1), R 713
BN HBEFE, REE .

Z s BN G ik R B, PR = B 5K R
H S OPRIR G WS R RRR L tH P 2 2 184 )
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Figure 1 Phenotypes and transcriptome sequencing of S. miltiorrhiza leaves with different pinnate structures. A: Phenotype of S. miltiorrhiza
leaves with different pinnate structures; B: Venn diagram showing the differentially expressed genes among tripinnate fronds vs pentapinnate
fronds, septipinnate fronds and nine-pinnately fronds according to transcriptome sequencing; C: Heatmap of candidate IAA family genes
related to leaf development in S. miltiorrhiza leaves with different pinnate structures based on transcriptome data; D: qRT-PCR analysis
of expression levels of SmIAA7 in S. miltiorrhiza leaves with different pinnate structures; E: Conserved protein motifs of IAA family; F:
Conserved domains of IAA family; G: Gene structure of IAA family. n =3, x 5. "P<0.05, P < 0.01 vs leaf 3 group; “P < 0.01 vs different

pinnate structures group, which evaluated by one way ANOVA in SPSS

SRR LR T 10 4 BA e BT IR A, HERE
N IAA FOBRFE R ) o 1 5 I, O JE AR VR 00 e 5
FURE I ) [RIEE 2 34T i 44, 423X 10 1 TAA KRk

H 13 08613 454 F1 15 437 N E R KIE RN, WA, 5
—HEMME, . EHEALEEN S A R
5386 2% 7 £ iL P (DEGs) (B 1B). M 5 386 42
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Table 1 Quality statistics of filtered reads
Sample Total raw reads Total clean reads  Total clean bases Clean reads Clean reads Clean reads
/%x10° /x10° / Gb Q20/% Q30/% ratio/%
Leaf 3 43.69 42.85 6.43 94.57 88.34 98.07
Leaf 5 43.69 42.73 6.41 94.66 88.53 97.79
Leaf 7 43.69 42.82 6.42 94.69 88.58 98.00
Leaf 9 43.69 42.66 6.40 94.83 88.71 97.63

BRI R A SmIAA7 33 8 e 35 B8 25 v B0 H 16 2200
8 n, HLIEE B (B 1C), T 56 R % 5 4 I 7 B 11
A S, 33— 5 F ] QRT-PCR % 3IE SmIAA7 1E A 7] K
B A R IA R, 45 R R SmIAAT A X Rk
EIEARFEE M H S0t b 2 r Rk, HEH 4 H
Wz, RiLEWE (B I1D), 5 FARIEHREEH
— 3. DRI IE R SmIAA 7 AF A5 1% R 3R AT J5 229 #T o

ik — SRR P 2 R A 00l o TAA i R K R kAT
YT, 45 SRR P S B R A b L s e BB SmIdA7 A
P 31 AN TAA % 7, A MEME 7628 T 25 5 1AA
A 8 E BN HEAT TR S F 40 M, TR HE 10 A
motif (B 1E). SmIAA7 F1 55 4M 154N TAA & R # &4 3
ARSI, 23 Bl & motif10. motif3 Al motif2, I
motif3 Fl motif2 JL-FAZ7E T E M TAA i . Bl J5
1 NCBI-CDD Search ¥ 3} $& BUFH 5¢ £/ 57 45 K485 B,
IR SF SRR (B 1F). 45 RER, FF3hEA
IAA R R B A7 90 3 & F M I AR 7 45 0 3
Aux_IAA superfamily, 1% 45 14 38 1E % £ 7% motif3
motif2 3£ )7 . @ ik GSDS 7F 28 2 il IAA 2 [K] 1) 7
T-WETEK (KH1G). ITAARERFMANE FHEE?2
F20 2 (8], FHorp, SmIAA7 BT H & H SA MR, ik
A1, DR 57 ik R4 K R ALL PR TA A = DA ) % D] 465 )
PRI, X e 45 R B PF 2 TAA TR AR R ST -

A B

M E V G

2 P& SmIAA7 E R B0 E

AR SmIAA7 V% 55 41 1 51 Ak IR 20 1 1 6 v
SPESIH, DLFFS I F () cDNA B 32E 47 PCR 4714,
W 2A firzs, PCR Y34 1 7 B1IAE 500~750 bp Z 18], 1]
JiZ 1B W 3% 42 pMID19-T B A, W7 43 A7 S5 A I3 5 5%
ZH HH 07 38 1R 7 41— 3K, 76 NCBI L 2E4T blast LLXT, &
P 5 H AR TAAT & A & B RVE, Rt %08
SmIAA7, SmIAA7 J5 5|4 K 684 bp, 4 fil 227 >4 B
2 (E2B).
3 SmIAATHEMMERESFREZRIES T

i3 Protparam 7£ £k T. B 7l SmIAA7 55 K B g b
BAMEER . HED SmId47 Gt & [ 55 T 3RA
C105H 1775N300013508 5, e SR T K004 3 538, AHXS 70 1 il &
25 314.25, BAL S HL R 7.54, AR E RN 48.05,
J& T AT EE A, BRSEKMEE RECN-0.488, 5%
KYMEE . ¥ SmIAAT ZE# 7 5% A NCBI 1 CDD
B R AT S A ST, 45 R TR SmIAAT & H XK
JGAR 57 S5 1 450 Aux_TAA (pfam02309) (14 3A); 2% i 7K
PRI 43 BT 22 BH 538 7K P 5 o8 1 42 28 108 A7 H 2 BR ik A,
T4 1.478; SRk VE S o 1) 2 36 98 i 48 S MR ik 2, 4B
H9-2.989 (1 3B); 5 I 45 44 18073 T ) I SmIAAT &
AN A7 7E 5 1 45 4 380 (B 3C), 75 41 34 76 i 1 5 %o
SmIAA14 5: R 9w 15 8 (2 1 — RS AT 5007, S5 R B

1 ATGGAAGTCGGCCTGAATCTGAAGGCGACCGAGCTCTGCCTCGGCCTGCCCGGCGGCGAA
L N L K

A T E L C L G L P G G E

61 GTGAATATCA ACGGGAAAAGAGGTTTCTCTGAGACGATCGATCTCAAACTCAACCTAAAG
V NI N G K R G F S E T I DL K L N L K
121 TCAAACGAGTCTGCTGGTTTGGATCTGAAGGAAAACATGCAGAATTCTTCCAAAGAGAAA
S N E S A G L D LKENMAOQQNS S K E K
181 GCTATGCTACCTCCCAAGGATCACATCAAGCCTCCTTCAAAGGCACAAGTGGTGGGATGG
A ML P P K D H 1T K P P S K A Q V V G W
241 CCACCGGTGAGGGCGTTCCGGAAGAACATCATGAGCCAGCAGAAGAGCGAAGAGGAGTCG

P P V R A FR KN TITMS Q Q K S E E E S
301 GAGAAGGCCGCATGCAGCGGTGGCGCCGCCTTCGTGAAGGTGTCCATGGACGGTGCCCCC
E K A A CS G G A A FV KV S MD G A P
361 TACCTGCGTAAGGTGGACCTCAAGATGTATAAGAGCTACCAAGAGCTGTCTGATGCCTTA
Y L R K V DL KMYXK S Y QE L S DA L
421 GCCAAAATGTTCAGTTCCTTCACCATGGGGAATTATGGGACGGAAGGAATGATAGACTTC
A K M F S§ §$ FT MG NY G TE G MI DF
481 ATGAATGAGAGGAAATTGATGGATCTATTGAACACTTCAGAATATGTGCCTAGTTATGAA
M NE R K L MD L LNT S E Y V P S Y E
541 GATAAGGATGGTGATTGGATGCTTGTTGGTGATGTTCCATGGGAGATGTTTGTTGAATCA
D K D GD WMULV G DV P W E MFV E S
601 TGCAAGCGTCTCCGAATTATGAAAGGATCTGAGGCGATTGGATTAGCACCAAGAGCCATG
C K R L R I MK G S E A I G L A P R A M
661 GAGAAATGCAAGAGCAGATGCTAA
E K C K S R C *

2000 bp

1000 bp
750 bp

500 bp

250 bp
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Figure 2
Sequence analysis of SmIAA7

PCR amplification and sequence analysis of SmIA47. A: PCR amplification of SmI447. M: DNA marker; 1: SmIAA7; B:
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7~ SmIAA14 85 1) R 45 K6 /2 th 49.78% ¥ B AL 4 ith
(random coil)+30.84% ] a-45 i€ (a-helices)- 15.86% [t
FEMHEE (extended strand) F13.52% 1 g-H7 & (B-turn) 2H
F, HEDFEALE #A2 B 2 0 45 Mo, 1 o-480E L 8
HBEAN -4 B UM T8N S E v (B 3D); ARHH 5t AL
B ¥ A K 2 B A [ TAA 17 (auxin-responsive protein
IAA17; SMTL ID: 2muk.1) AN % SmIAA7 & H 1)
=GR S AT PO, 45 R R S AR Y [E R
80.56% (K 3E), Ut HE A ZH M H.

HE— 30 % SmIAAT FEAT I A% Rk, B 14 2 1 1) )5
% ¢ 3K # /K pET28a-SmIAA7 Jii ki %% 4k & K Jig #F
Rosetta (DE3) #, il X\ 0.8 mmol-L"' ffJ IPTG #1725 A
M FEZRIE T (16 °CEF 24 h). T HEHZ SmIAAT
WA R EERR T AN i il A — > 6 1> His (HZR) 1
P2, O R B R A A i 4k SmIAAT BE A, FIH
12.5% SDS-PAGE i ill, & B 1E 25~34 kDa 2 [A] Hi Ji
—% SmIAA7 & [ 4t 57 (K 3F),

4 SmIAAT REBFHS ARG HELR

N F DNAman 55K SmIAA7 5 R IF < 9 =2 A
KT O IE S 1 B A PR A A KR B B e 3 45
B 1) Aux/TAA 8 1 EAT S 1R 7 51 1) 150544 43 AT
SER K SmIAAT 5 ATAATP  ATAA 14 . BnIAA 7
A GmIAA 4PV H [FE LA, 73078 70.33%165.29%
64.22 F169.39% (Kl 4), W& H 4= ERFEH
(domain I~1V), domian I{F £ 5 & I Wi )37 K] - AH 5%
1) SR ) 7 &5 R 3k, %% S BHLE R 7 (TPL) il 1% 45
P3N T #0381 AR K 325 5 T Ui 4 (R 2R 04 ; domian 1T
A LA H B 45 4 SCFTIR1 5 41 Aux/IAA & E B& 7
domian I IV 57 5 HAth Aux/IAA & A1 R f£
RAb, miAEERKEES, WA, K EAZE A
{5*5 (nuclear localization sequence, NLS), 57~ SmIAA7
A REEA k% R IE DI RE, 2 5P 2 R R & I
IVAE SRS Y RIS U1 S

bRt 2 Ak, vt — 2 T fi# SmIAAT 7EH ¥ Aux/

A
1 25 S0 s 100 125 150 175 200 227
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Figure 3  Structure prediction analysis and prokaryotic expression of SmIAA7 protein. A: Conserved domain prediction of SmIAA7

protein; B: Hydrophilic/hydrophobic prediction of amino acid sequence of SmIAA7 protein; C: Transmembrane structure prediction of

SmLAA?7 protein; D: Secondary structure prediction of SmLAA7; E: Tertiary structure prediction of SmLAA7 protein; F: SDS-PAGE

analysis of recombinant SmIAA7 protein. M: Marker; 1: The purified recombinant SmIAA7 protein
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Domian I
SHIAAT sssmasws MEVG,
ALTAAT v eniwasa MIGQL
AtAA1E cessasmasan
BnlAA7 ....... MIGQL

nlA telclglpgg
Domian II

SmIAA7
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GmIAA14

SmIAA7
AtIAA7
AtAA14
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GmIAA14 E
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Figure 4 Multiple acid sequence alignment of SmIAA7 protein with Aux/IAA proteins from other species. Conserved domains of IAA

family proteins are shown with black line and red boxes represent nuclear localization sequences. Sm: Salvia miltiorrhiza; At: Arabidopsis

thaliana; Bn: Brassica napus; Gm: Glycine max

TAA B I 505 P A 07 B, AU RE T 2045 P2 (https:/
www.arabidopsis.org/) T ZIURT I+ A 1 Aux/TAA %
TR, UL, ATAAT AtTAA14.BnIAA7 FIGmIAA 14
FF 31, #F MEGA7.0 544 1 5 SmIA AT P 5K i S 45t
BEAL R (8] 5), 45 5% I SmIAAT 5 AtTAAT AtIAA 14,
BnlAA7 Il GmIAA14 5N —32, sk m, K, 5
GmIAA 14 5E % 55 R il , GmIAA 14 #1738 RS Y &
B AH G DL K i AN [ 38 3R A FEPT, R AE BT SmIA AT
HA R 6.
5 SmIAA7BIILLRBRTE L 53 A

2% SmIAAT BT W41 M e AL % 52 . b 3L
55 41 s #% marker Osghd7 3% [A] 12 %L #0577 9 iR A2 S
i, SRS A B A E SO 45 5 R pCAM-
BIA1300-35s-GFP-SmIAA7 fill & £ 1 3= % 7 A T 41 i
ZH, BB 5 Osghd7 3158 1 T A%, T & H gfp 2 A
) pCAMBIA1300-35S-GFP £ 44 i3 I Ji5 %< 6 3 A6 72 21
A% 40 B RN 40 B b (B 6), ixX s 45 B3R B SmIAAT
F= B TR A A0 MR Al A
6 SmIAA7EFEEKZRIEEDHEFTSLET
BIFRIE T

NEAIEFH 2 SmIAAT fEAE K RS 55 T P e
A, B AR F P S i H AT A KRB S A
LY E A EE . DLTEARER (1) P S A HURE N
CK X BRZH, A [ Ak 3 ) [ 55 HORE, S HUPH 2 45 41 21

53 AtIAA3 (AT1G04240.2)
AtIAA4 (AT5G43700.1)
AIAA2 (AT3G23030.2)
AtIAAI (AT4G14560.1)
AtIAA1S (AT1G80390.1)
AtIAAS (AT1G15580.1)
AtIAAG (AT1G52830.1)
AtIAA19 (AT3G15540.1)

AtIAA27 (AT4G29080.1)
83 —ZSEMAAS (AT2G22670.4)
69 AtIAA9 (AT5G65670.1)

28 AtIAA17 (AT1G04250.1)
{AHAAM (AT3G04730.1)
7 SmIAA7
50 = GmIAA14 (NP_001240213.1)
= AtIAA14 (AT4G14550.2)
AtIAAT (AT3G23050.1)

BnIAA7 (XP_00913584.1)
AtIAA28 (AT5G25890.1)

%3 AtIAA18 (AT1G51950.1)
%': AtIAA26 (AT3G16500.1)
AtIAA29 (AT4G52280.1)
4 AtIAA10 (AT1G04100.1)
!_:AﬂAAn (AT4G28640.2)

17 \_:AtIAAlz (AT1G04550.2)
98
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99 AtIAA20 (AT2G46990.1)
J‘EMIAASO (AT3G62100.1)
AtTAA31 (AT3G17600.1)

33
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51 57

= 99 AtIAA22 (AT1G19220.1)
AtIAA24 (AT1G19850.1)

35 AtIAA33 (AT5G57420.1)
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9% AtIAA32 (AT2G01200.1)

Figure 5 Phylogenetic analysis of SmIAA7 protein and Aux/IAA

proteins from Arabidopsis thaliana and other species
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Figure 6 Subcellular localization of SmIAA7 protein in Arabidopsis protoplast
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KW, SmIAA7 W31k AL T B Wil 5 5 W3 T, 18
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Figure7 Relative expression level of Sm/AA47 gene at different time points under auxin treatment and different abiotic stresses in S. miltiorrhiza

callus. A: Relative expression level of SmIAA7 gene at different time points of auxin treatment; B-D: Relative expression level of SmIAA7

gene under different abiotic stresses (B: Drought stress; C: Cold stress; D: Salt stress). n =3, x £ 5. P <0.05, "P < 0.01 vs CK group, which

evaluated by one way ANOVA in SPSS
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DR S50 1% 03 i AN ], ROR S 63 P, &
KPR AL 40 AN AR N FEPIRI R 5 4 0 A 84
26 AN EE D . X 88 Aux/TAA & E R B IE Z AR AR 4
o S A S B 5 A B, O A IR B B A I R R 1 3
fit o {H2%TFF3 % IAA 5 5 % 10 Th BE BT 7 L
b AW FEARYE FH S 5 R M P 45 R, WNFES s
BT A SmIAAT7 B, 7553 Hr K ] SmIAAT 28 5L R
A 4 m AR SF S50, ST IF 1 AUAAT
1 AtIAA 14 32 () BnIAA7 A1 K & b ) GmIAA 14
Y T U A v, i WL Aux/IAA R A B — & IR
S, I AT R R IX R R I B ) TAA B R B AT HBL
it KA EHXERBITE T REXRIE T2
SmIAA7 [, B 1F T SmIAA7 & (1 42 — Fh o] ¥ vk &
F, N JE SR L H ) R B9 e AR

W 72 B Aux/TAA J% 01 2 58 A7 T 41 B A% 20 ot
At 2R Ak, 58 A1 L5 PR 57 45 48 380F — 58 AH O PERY,
JF 55y BT 3 B8 SmIAAT B RSP 45 A IV & — A
W NS 5, 20 M 5E 1 45 SR B A T SmIAAT 5E {7 7F
A%, FEORIAIE T OR 57 45 R4 38R B 2 82 85 [ 1) 58
P& L -

S8 R AR OO 57 1) Aux/TAA 6 D5 52 i B R (AR 2R
KRB SR RIEST ZHER, BFEREN RS,
a0, &6 SHAA9 2 5 s k4B, H N RIA
2 7 i A - ) B AR KRS ) OSTAA3T A
s REENRE, RdRE®RRSFHH &
B HER TSRS 50 kK E FHER Aux/IAA
FE R OBIE 90 18 A LR IE , AR HIF FC YR EE AN [R] SFTIR &2 1
FFZ PR = R BRI 0 = CRPIR -G A AR
RIUH St FEAT Fe s 400 7, I 25 SR R B TAA K
TR R A K R Pl B EEEA, Kb
SmIAA7 W15 Bt A 5 5358 0 58 hn, (5] B S ¢
Jt 78 = PCR 45 B 5 R A 45 1 — 8, ix s g ik
B SmIAA7 7E PR & it £ B % B # v e 21 8
BAEA .

AR R R I EE RS Aux/TAA 2 H )
RIB BV, W FL R W 2 P TAA B 5 1 )3 20 7
XAF1E 54 K &R E 57 S0 (AuxRR-
core~ TGA-element fll TGA-box), £ = FIf7 & W) £ FE4E
A AESECT HAEAMFEIAA L FE R R L H R [ 0 Rk B
3, 1, 78 100 pmol-L' 4R TAA Kb 3R, J2HR A 11
TAA ZR 3 R R 30 AN [R] (1) R B 855X, DIIAA44 23 1
%, DIAAT7 .DIIAALS 53 5 3 5 8 8 3409, 5]
FEK B LR IR AL B Aux/TAA JE R 52 1 i 52 th R B
HOO AR TAA A [ RiBT s ARHH 58 K I SmIAA7 (1)
FILEEAE 150 pmol L' IAA AL N2 Fil, /624 h

T 22 i v, Bl S R A OE KPR SmIAA7 AT Rg
5 TEKERRE.

EAEDAAE LY A LT, Aux/IAA X 32 = fl
WP PEA IR RAE A o 1, iy R AE 3k s A R
FATR, SPIAAIPZ 355, H AR A B AL M IR R 2H 21
HOAN ], 23 T i R AT e s i AR b T B AR
F; AKFE A — 2 Aux/IAA 52 T 2 AR IR 3R
Jo e R 42, v ER I IR 25 A T, OsI4A49 1 OsIAA20 W
& EEP R R A E A T, KFE OsIA420 TRAS I F
Hh Rl R A I R 3R RS IR, R4k, ABA T R 5 ]
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bk B Fif, 300 OsIAA20 383 ABA 15 5 St
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K, T 24 ik Bl i s K, B a M Re 15 5 SmidA47
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