¢E B 2023465 $54% FH1LH  Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 11 * 3639 -

« HHETR .

H#AsEEL B X GIRTH BRI EEMRIAE S

oL ERMAL RKESFL £OFL K AL EK%L x5 AL 5 #BY
1. HELORFEMR R ARG SREDE AR E AR, IR H5 266109
2. H AR F N TS, R H& 266109
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Abstract: Objective The salt resistance related gene GIRTH of Glehnia littoralis was screened, and ORF (open reading frame)
full-length cloning, bioinformatics and expression analysis were carried out. Methods The GIRTH gene was screened from the
transcriptome data of G littoralis, and the full-length ORF sequence of the gene was obtained by RT-PCR (reverse
transcription-polymerase chain reaction) and RACE (rapid-amplification of cDNA ends). Thebioinformatics analysis method was
used to analyze the physicochemical properties of the encoded protein, the protein secondary and tertiary structure, conserved
domains were predicted, and a phylogenetic evolutionary tree was established. The tissue or organ expression specificity of this gene
and the difference in expression under NaCl and ACC (1-aminocyclopropanecarboxylic acid) treatment were detected by real-time
fluorescence quantitative PCR (RT-gPCR). Results The full length ORF of GIRTH sequence was 690 bp, encoding 229 amino
acids. Phylogenetic analysis showed that the GIRTH was closely related to DcRTH of Daucus carota subsp. sativus with a similarity
of 88.65%. RT-qPCR results showed that GIRTH gene was expressed in roots, leaves and flowers, with a high expression in flowers,

Ir#SEHER: 2023-01-05

e EXEAMEESENSTFELSTIH (81903748); IWABHEE T ILAE mREHLFRITE (2019KJE003)
TEEEN: 47 BB, WLy, W7 N2 A IRAEARY . Tel: 17863978926  E-mail: 1192418803@qg.com
HEEEE: 8 F, Wt BEEE, NELHEYIRARET . Tel: 13061236819  E-mail: 15189486@dq.com



* 3640 «

¢E B 2023465 $54% FH1LH  Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 11

but there was no significant difference between leaves and roots. GIRTH gene expression was significantly increased at 3, 6, 12, 24,
36 h after 200 mmol/L NaCl treatment, and the most significant increase was observed at 36 h after treatment. The expression of
GIRTH gene increased first and then decreased after 100 mmol/L ACC treatment, and increased significantly at 3 h, while the

expression of GIRTH gene was down-regulated at 6 and 12 h. Conclusion GIRTH is an ethylene responsive factor and related to

the salt tolerance of G. littoralis. This study laid a foundation for exploring the relationship between ethylene signaling pathway and
salt tolerance of medicinal plants and improving the salt tolerance of G. littoralis.
Key words: Glehnia littoralis Fr. Schmidt ex Miq.; GIRTH; expression analysis; qRT-PCR; bioinformatics analysis

HE5Is% Glehnia littoralis Fr. Schmidt ex Mig./&
DIEEE (Umbelliferae) 33#=%)& Glehnia F. Schmidt
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A FEIE N BRI S, ISR T2k
Y, AR EEAEPEILR, EE LT
JbB LA W, Bt BA. dbSESE SRy
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g ERBA A2 H AT SR 1Y) E B IR R
A 2015 FFELA ERR & A RO A FUR ARt L
B PR GLAR S, 4Bk A2 ERHEY (1 L 38 S T AR
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T SR AR A (IR 7 o 2 PR S A A ERBRS RAL
il LA S AE B0 S ML A 1 T ER 181, BiEa g
PUERAH (12 R i R 7L

Y IR E VT 2 A KK F i
()4 22 3 B2, RTEL Creversal to ethylene-
sensitivity 1) JEPR I 4R K I —NEMY . 3)
ORI 55 2 A ) R RS IR T R RN T, B TR B &
Wi %1% ETR1 £74£ 1 N B % Cendoplasmic reticulum,
ER) JE I, B5MEER (H RTEL AL T ER /R 3E4AK,
H ETR1 % %] RTELl #y i i = 1112, RTE1-
HOMOLOG (RTH) &Lk 7+ RTEL FER 5 M
—HFEE H, RTH KA SNE £ 0 BAT ANBUK
PE, ERIAT FE T HUREE, [, LIEE
N—MEYIEa R, BT LA A A P
AT RN K FEFIAURG I+ At L) AN w7k ACC
JERT ER G ) BBURE B B A, RN T Y AR AL
FATTIETE = SR NI B e ) B seis et ik

AT I8 R SR A TR KR LR
RERMREEH KA T BEBLM, KEFRE
N LIRETIRGERIEEH S EIN3 55T
T L il Je SIS, RTH & RN LS 5
A RE e Y P R R E AR .

AHIEFUAE F A O 58 BRI 55 2 5 4. vy el
¥ (GenBank 5 PRINA387325) [fJ3Lft I, i
F 5547 RTEI-HOMOLOG (RTH) st ilsstsfal
el R AT, TR 1 25541751 (c48547gL).
FORESRAS TIEE GIRTH SRR PH, H4rar 1%
IRAEE AN [ B AL S F NaCl Al 1-Z FE PR T e JR R
(1-aminocyclopropanecarboxylic acid, ACC) As[aj4t
R RIS B ZH T4 A B TR O
S AR S = SR M R G R
1 RIEEE ]

1.1 ##

SEES F BE IR AC A ASE LA & 2 A H 3
YT T B AR R 5 s 3B %5 NI SE G,
littoralis Fr. Schmidt ex Mig..

1.2 {435

SIM-F140AY65 ZUHIVKHL (HA=PEAT]D,
G154TW HUK 4 (AUTO CLAVE /A7), Anke
GL-20C-II fIRIRA LSO (K%, DV215CD A
B, K°F (Ohaus Discovery), Tanon 500 %2 Fi %
SRS (LBSHRATRD, KRBIkRS (EH
Bio-RAD A7), S1000PCR 1X (ZEFEAHRATD,
/NS & 2B O ML [ Eppendorff Centrifuge 5424 ),
Milli-Q HYiE4li/k1X, Stratagene Mx3000P S 5%
R PCR A CEEZHR), @MES LT (£
Thermo NanoDropOne 2 &) ).

1.3 R

TaKaRa Ex Taq fiff, TaKaRa Taq™ &7 &, Ak
OIS, pMD™I8-T BrkidlfA, K7 H DHSa B
3, RIRZ LY RNA JRBGRFI &, e
ik 77) £, TaKaRa SMARTer RACE 5°/3° Kit X7/,
TEMERE TB Green®Premix Ex Taq™ Il )t E Sl &,
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2.1 GIRTH EEFHRiE4E (open reading frame,
ORF) B9 52 BE AN

DUBTE SR 4 i bl A 2 05 2 B ) e
RNA SR @R D4 2 RNA, 3R
EVOLEE TR RNA ¥R EE & HAE 260 280 nm &
FIOEEEE (A) LBE (Azso/Ass), FFIEITICSE. 18
I S TR B IISE SN T A RNA 3T S5,
MRS TN E cDNA. I 19%3 fa bl e k1T
cDNA i, H7%-20 CIRAF%H

A HHA 58 1 R I 2 =5 2 s 4L v il 2 00 2090
(GenBank 5 PRINA387325) [JJLfit I, A s
il RTE1I-HOMOLOG (RTH) #H47iika311 1 %

AP (c4854791) . LA AR T 514, %
HHERNEWHARAR SR Y GIRTH-F A
GIRTH-R. f#i[] Ex Taq fifi# i qRT-PCR 47 7 F%,
TaKaRaTaq™ X771 & % PCR P¥IAKSMA A &,

HAL K A P P2 IR AT ot 47 388 L ) E 1 Bt
AT W ISR BB ) 18-T #idk k. Wi
56 SR 18-T #ifh i AR AT i &Sz 2 gt B 5
AR NHER (AMP) ikl LB FElkRE 75t
HiREFR, 37 CIEIE BIEREFR IR . Ik H PR E
TR R T 6 T BTN AMP 708 ) LB WA % 95 ik
k9% 6 h, i Ex Taq BEXS BEEU K BT B iE4T
B PCR FELUKASIN o R HL 5 H ARSE DR Fr B A o B2 1)
WL A TRERMGARARNT, 1 HE 1.

%1 GIRTHZE®=EK qRT-PCR FTAKISI¥IFES
Table 1 Primer sequences of GIRTH gene cloning and gRT-PCR

k4 M3 (5°—37) TmfE/C
c48547g1-F CGGAATGGTGGATGGAATGTG 56.46
c48547g1-R GGAAGGTGAAGAAGACCCAAA 54.62
GlActin-F TGGTATTGTGCTGGATTCTGGT 59.50
GlActin-R TGAGATCACGACCAGCAAGG 59.00
GIRTH-3'RACE long TGCTGCTTCCCTCCAAATCCTGCTGCTC 67.32
GIRTH-3'RACE short CCTGGGGATTAGTGTGGTTGG 58.34
GIRTH-F ATGGAACAAAATGAAGAAGACC 56.87
GIRTH-R CTTACAGGTGTATTAAATCTCGGAA 60.77

2.2 CcDNA FRimiRIRH 18 (rapid amplification of
cDNAends, RACE)

%% TaKaRa SMARTer RACE 5°/3’ Kit i 7] &
Yl -BHEATHRE. 161 DNAMANG.0 % 41
GIRTH E:F #1353 1751 3 7 B 1 3" RACE 4 5715
Y, GIRTH-3'RACE long 1 GIRTH-3'RACE short.
XA GIRTH ZE 4 P 21 3°3miE AT 3° Race
PCR. BE/GHHATHIK. MWL, 8. H Ll &
FF, 5 “2.17 Birh 23R —3. i DNAMAN 6.0
AR, W0y e RS R P AT PR, T3k
GIRTH A )4 ORF J¥71,

2.3 GIRTH EFEZEE=HN

2.3.1 FEFHIAFELL S cDNA SREL  BEBUT 4¢3
BISEREARIOAR . HEANTE S 3 40, KA s il T
G o AR (R Bl I g R P ) A K e i )
ISR HT A S — A bk, AR BE R
eVy, WT2ZRKY, oR2 &M, AL
HRE BT EAR, JREIN 200 mmol/L ) NaCl %
W, S\ 100 mmol/L i ACC V&, w6 lfks
FRMLEE T, TN BIERFRA 5% . NaCl B FEA

76 0. 3. 6. 12, 24, 36 h FHUFE 11k, BMEA 3
rER, ACC ALHFEATE 0. 3. 6. 12 h FHUFE 1
O RS 3 EE, PRSIk A TR A,
—80 CRAT. HRHE “2.17 T {125 Bt BT B AN A
B AEATHEAT RNA FI$2E L R I 5t
232 HMER»ewEE PCR  LEiBEN 73k
R F MRS, DA Actin fE AN SRR,
FIH NCBI # A5 1H ¢ 5 & PCR [ 1E = 171 51 4)
c48547g1-F . ¢48547g1-R . GlActin-F DL &
GlActin-R. #J% qRT-PCR 1A &, LAZN[E#EA7 i B
16 AR B ) RNA LU 200 mmol/L
NaCl 4t 0. 3. 6. 12. 24. 36 h L A2 100 mmol/L
ACC 4b# 0. 3. 6. 12 h HI%h T3 5) cDNA A
Bibi, &4 3 MEKE. FIHKER PCR KA
Cofl, fEH 2725CH E 8 43 Bridixd 2t e 2 2t itk
175
24 EWMERZESH

15 FH A= A5 1S A DG W3 DA R 3. NCBI,
DNAMAN . Protparam . ProtScale . TMHMM .
SOPMA. SWISS-MODLE. ClustalX. MEGAG6 %%,
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Xt H LR GIRTH 24T ORF 1R Sl Al <5 45 Fy35,
ST B ARG R B IR A A AT R R
TR S REERITIN . R O LR TR E
RG5HT
3 HR55H
3.1 GIRTH EE g 18N RN 25 R

NT FRAEIZE GIRTH 2 [H4: K ORF 41,
WA EA GIRTH ARSI, STHEse
GIRTHORF J# 41|17 PCR 318 DA & s . I,
Kl 1 Ak GIRTH HIk & A B 5 k4 GIRTH

B GIRTH_ORF.txt -

1_sequenc.txt
A Consensus

ORF KM —%, X GIRTH HLuk & kAT Ml
7, Mpas R B R GEFATH 8, RFFET
WHSE GIRTH i) ORF %1, LK 1.
3.2 RACE#R

T HiE GIRTH 2 RH 4K ORF 741, XfH
#47 3’RACE PCR, R 2 frox, #Edll PCR 1E
Bl Fr B K K Z97E 500~750 bp, P xef & o 1E i £
DNA 2t (Fi Sk Birdia ) #:47 ST - % 3" RACE
Mr 2555 ORF Ml P 4 itk A7 Loxt, 45 R — B4
#iE T GIRTH [ (1) 4K ORF 7 44T JR 8250 #T -

GIRTH_ORF.txt
Marker GIRTH 1_sequenc.txt
5000 bp Consensus
GIRTH_ORF.txt B 2237
3000 bp 1_sequenc.txt g ART 2480
2000 bp Consensus T
1500 bp (13|RTH_ORF4lxl GC Al gég
_sequenc.txt
1000 bp | —— Consensus
750 bp C—_ GIRTH_ORF.xt [ 2o
1_sequenc.txt ¢ GAA ART A ARA. ACA TATCAA T|
500 bp Consensus © t
GIRTH_ORF.txt EE 477
1_sequenc.txt AC gy 721

250 bp
100 bp

Consensus

GIRTH_ORF.txt

1_sequenc.txt
Consensus

GIRTH_ORF.txt [

1_sequenc.txt
Consensus

GIRTH_ORF.txt
1_sequenc.txt
Consensus

El 1 GIRTH B ORF 52fEEk (A) & GIRTH Y ORF EFEMFEEXLER (B)
Fig. 1 Electrophoresis of GIRTH ORF cloning (A) and GIRTH ORF cloning sequencing comparison results (B)

M-Marker (4 #i Sk 7m 26 B 9 4% Bl b s
M-Marker the white arrow indicates the band position as the band

recovery site
El 2 GIRTH 3’RACE PCR Hjk[E
Fig. 2 Electrophoresis of GIRTH gene 3° RACE PCR

33 HEMEERESH

3.3.1 ORFHHA  FIH NCBI #&4/¥ ORF Finder
XHFEF) GIRTH 75T 704, Wil 3 w] A% 41
ORF K4 690 bp, IL:gmft 229 M FEHR

332 R4 T ¥ GIRTH & )74 T NCBI
TELR Wl T PR~ S Rl Pt » Tt 225 SR 1] 4 s
40~173 BRGNS X BT DUF778 M S AR~y 4544
. AN GIRTH & AT s R 7 I E
3.3.3 HEMAREALYE KSR AE Mo

M E Q N EEDPEHGLMMETYT S5 P

301 CRRCCITTGCARATTGATCCTGRARGAGCACGGTTICCGTGCTSTATTGTGTGGACTCCC
QP LQIDEPFEERTBAERTETPETCGCTIV VWTFP
20 ATTCCTGTCTTGTCATGGTTCATTCCGTTTATCEGACACATGGGGT TGTGCAGAGRGGAT
3‘613 I PV LS WFTIPFTIOGHMGEGTLTCRED
GETGTAATATTGGAT I TTGCTGGACCCARTTITGTITGCGTAGACAACTTTACTITTGGA
421 G vV ILDTFZBRZGEPNTFEFVWVCVYVYDNTFEFTF G
60 GOTIGTAGCACGTTACATCCGCATAGATGRAAGCARAGTGCITIGTIICTCCARRAGTTCAT
481 2 vV 2R Y IRTIUDETGTETCTFEV S5 P K V H
80 GECARRGARTACA A CCAGEAT CARAGCGEARCAGATGCCTTCACRATGACATGECACAAT
541 G XK E Y KQ@DES GTDOATLTMTUWDN
100 GCCTIGARRAAGGGCACACAAGAATATCAACACCTATCTTACAACATACTAACGIGCAAT
601 A L KK GTQETYQHTLSYNTITLTCN
120 TGCCACTCATTTGTGGCCARCAATCTARRCAGGTTGAAGT TTCGEAATGETGGATGGART
661 C H S FV AZNDNTZLDNZ RTLTIEKTFERDNTGS GTWN
140 GTGGTGARCCTGECAGCE TGATCTTTCTCAARAGGACAATGGGTARACAAAGCGGC TATG
721 vV V NLAZASAZAMTIT FTLIEGO QWUV NI KU LAZHZAM
160 GCCCEATCTGTAGTGCCGTTTGTTGTTGTGTTTGGTACAGCACTATATTTTGGAGGAGCT
781 A RSV VYV PFVVV F GTATLUZYTFG G A
180 ACCTTTCTTACATTTTGGGTCTICTTCACCTTCCTTCTTGTAGGATGGTTTCTCCTCGGEE
841 T F LTV FWUVVF FTFTT FTULILUWVGWT FTULTLG
582 ACCTACTGTTTCCGAGATTTAATACACCTGTAR
250 T ¥ C F R DL I HL %

E 3 GIRTH Z2ARFINSEEIRFT

Fig. 3 GIRTH gene sequence and amino acid sequence

ExPASy X} GIRTH & H#HAT 1 3R 5K P DA K 2
S IS R TR, Wil 5 FivR, GIRTH & (Mt
Iy FJRECN 26 150.28, FHL &N 6.05. AfaE 2L
4 30.08, MM B iZEE AR E . BTSRRI
0.145, NG/KMEM, GIRTH EAAES 6 M IER
AL H I (VAR A IRV 9—3.256, fEEf 187
AN A, IR S, SR 2733,
[ B TR GIRTEL 25 (A7 7 5 b a4k .
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4 GIRTH ZBHR TN
Fig. 4 Prediction of conserved structure of GIRTH protein
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Fig. 5 Prediction of hydrophilicity and hydrophobicity of GIRTH protein (A) and GIRTH protein transmembrane domain (B)

334 HEHAR . ZHESMTI X GIRTH EH =
REEFIHATION . S5 R A1 6-A s, GIRTH 444k
WA 10 MEIIRS S5 T o-i80E, 4 30.57%.

55 NMRAERZ S TP EERIERL, b 24.02%. 95 4>
RERS S TG HIER, & 41.48%. GIRTH
FELERIA o-IBTRFITCAAG 1, oM A2 foNFR e
(RER AR 2 IR 45k, Horb a-2E I LR 30.57%,
DR e AN 2 L RS e P — i X GIRTH &2 5 AtRTH

10 20 30
[ | |

EEBT=REEMTN . S5R K 6-B frws, Tl
AWRTH A AR 4095.1.B, Tl GIRTEL & H
ffFBAA Ny 4995.1.A, GIRTH EA=REEHMEE T
103 N IE, MDD AL 44.98% ] 5 FEAL
e B HEX R I GIRTH 5 ARTH Tl & ([ 25 )45
R, Lk, 75 2% ) 5 R AR LA R TC R U 25 i
B-F 2 o-MEHE 3 PPl ghif, HEMF B A 7ELhRE
L ATREAEAE—E AR B S AR B .
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A LB a-dRBE, A ELBUT AIEMEE, REOLBID N BHEMA, ROKBAT MM EM; & B A NN E

h, LN a-tRiE, eI B S, N.

C 73 AIAREE T I RTH & 5 i Sl A s

In figure A o-helix (blue line); Extension chain (red segment); 3-turn (green segment ); random coil (purple segment); In figure B blue part for random

coil, red part is a-helix, yellow part is the B-sheet, N, C, respectively, marked the RTHprotein nitrogen and carbon.

6 GIRTH ZAKZRLEMTUN (A) UK GIRTH 5 AtRTH ZA=REHTN (B)
Fig. 6 Prediction of secondary structure of GIRTH protein (A) and tertiary structure of GIRTH protein and AtRTH

protein (B)
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335 GIRTH HH RS T 5 & E R X
XA FEIFI RTH 8 H#HT 72 ERT 5 x5
ARG T, WK 7-A Fis, GIRTH EAS
EIXLE A RIS RTH B A S5 E A% b
Daucus carota subsp. sativus [] RTH & 564 K &
i, M5ELE Vigna unguiculate L.. &% A fist
Dendrobium catenatum L.. #1747+ Arabidopsis
thaliana (L.) Heynh.[#) RTH &5 1354k R,
R EHNR R,

il GIRTH HH 5 HAMY i RTH &A=&
PR L 45 R 7-B KL, BT AR RTH &
AR AE S o DR SF IR e, AT 158 W J] o 25 A~ 4 A
(1) RTH & B AFAE — € B RIEE « xf B v e P b
RTH & B 3T =S50 AR ST S5 My 3 i, 45 51
BRGEALHWEYS GIRTH & AL AL, %E&
HR R T F13 8 F 1A DUFT78 MKk 1 &

A B
Eﬁ§ ]\ G|RTH.(XIEEG:IEEDEEHGL MEYTSPQPL
i

AtRTH.txt BGETATDSEBRMEIGLSDE. . M
AaRTH.txt BESDT . DEDETMEIECNVELNT

CsRTH.txt
DCRTH.txt
MdRTH.txt
VURTH.txt EGEELCTECQEE,
Consensus m

EPNS.DSER:L]
ECNE . DPEHGVRMEH
ETSA.GPEENY G

SIS
R b

/JKJ‘XT B-sheet 4

TR 57 S5 3k

34 GIRTH EFEMFTIEEN

341 AFEFALHIRIEE ST DAL NI,
SIHTARS I FEARFRBAL GIRTH ZERFRIA &2 .
Kl 8 nTLAEH, 7EMIRA A FRBAL GIRTH JEA
FRIRBAAERZER, ZHEFIEAEH RIS T B 5
THFIR, TERRAI R RA A B ER. Uk
SERRW, GIRTH fEARFA TIRER BT £
342 Fhpiafl ACC WM FRIAE ST AFKS
5] 200 mmol/L NaCl LA /2 100 mmol/L ACC Ab BRI F
JEf3EIH GIRTH SN FRIELE R 9 foR: &l
200 mmol/L NaCl 43 )5, #Eis% GIRTH JE (K F£ik
HEAHHENRN, BAEH LRES, 36h &mAR
F. MK 9-B ATLAE H ACC 4P 3 h I} GIRTH &
NRIA R LS, M7E 6h f1 12 h i GIRTH [
FKibw T, B LA TR,

f-sheet 1 B-sheet 2 a-helix 1  B-sheet 2

VARKT FICEGECEVSEX. . . 97
EERV ST BINKEMESSRSSSSG 98
TVAENICRINKDRCSMYS. . . . 95
VAT R SKERC HCA . 98
VAT FR D EGRCC e 95
AR TR T GBI SKE . . 92
ATERECRPKERCCIPLECS . 99

g v i
DUF 778 superfamily

&\ GIRTH.txt . .vacxEY=Q]
AtRTH.txt MENGERRYEQERLSE
AaRTH.txt .. .NEEEFRLA
CsRTH.txt A¥TsEDGYEQ)
DCRTH.txt . . .sp#
MdRTH.txt .. ... ool
VURTH.IXt A¥NGEEHYTEGRNRGE . .
Consensus e

®QQ

)

AMIF. NRAAMARSVVEFVVVEGTALY 195
TLYL NKTAIVKSLIEPLIVETIGIL 197
ALIL DRTAMIRAYABREVIIEIVGIT 190
ALIFLHer S ¥ GLEIT
AMIF NEAAMVRSL GIGLY
ALIFLI A
TEXLEN SRASMLRSILIISVVVEFLGVA 197
n a

e at g wv P

v iy 1
Jﬁﬂz*U%ﬂ” GIRTH.ixt FEEAIGLTEwvEET RV " 8
X AIRTH bt L wIl1asCS A 228
. AaRTH.txt EQEASQLTELAFER o) 2
CINs) CSRTH.txt EQRWIRITELAFET o 23
N N DCRTH.txt FEQEATRLTEWALET H 95
~ Bk R R iRt MARTHtxt LKYLGEET. 5 225
\_ N e R VURTH.txt £ LEEWEEET 38 T Q 230
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