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HOMNE THIE NPOBAR K R N SRR 5

s, AR, THEZE, kmE, ITRS N fEm EETLS,
e A

C RN KR 2B, TRV L SRR A1H E K B A s, AR R B8R X 2/ A 2 5 R 5 A1)
A, BRT 210095; 2 B R BERB R ST, BB 550006)

W OE: LLOOEL M bl N OuADEL, DiE TR ERE NaCl ARE T AR AR
5 DA SRR o J e A 56 (1 AR B b, IR SR 5O 8 & PCR 5VEISE 1 13 MR R & Bt G A
TEPURAR R RIE K. R ER: EARFIREESRA T, 5 bR AR &R & B3 W% m T iR
(ZEM/KAbFE), HA7E 100 mmol - L™ NaCl A3 R & Sy, AXTHRM 1.91 fF LUtk 1 1.83 %
Cattst), RABPRAES TIHE MRFERAR RN A . qRT-PCR AT 4 R R 13 A
AR ZR A BAH R K W 1K) DeFSH Al DeCOMT 321 /K 5 A5 3 & 5 (1 A8 A AE AL FL v B TR AR G, AR
ERIDE RS N P BRARA TG R A R L (1 BB TR . AR R AR E 4 SR o, fEER A A F,
BAE MARFIH o S YL RS (SOD) JEME . MHEBRAI [ IE M E A S B A A RRRE WS .. AR5
FAREW NPT FHY SAFRIATNL, KRS BOEREERE S5 T X a8, DeFSH Fl
DcCOMT W] R A& #h B T~ R P AR BT 3 A U SB[
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Research on the Response Mechanism of Lignin in Carrot Taproot Under
Salt Stress
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Abstract: ‘Hongfu Qicun’ and ‘Hongxin Qicun’ carrots were used as materials to detect the lignin
contents in taproot. Stress-related physiological parameters in taproots and leaves under different NaCl
concentration treatments were also determined. The expression levels of 13 lignin biosynthesis related
genes in taproot were detected by real-time fluorescence quantitative PCR method. The results showed that
the lignin contents of carrot taproot under different salt stress treatments were significantly higher than that

of the control (distilled water treatment) . The lignin contents were the highest under 100 mmol - L™ NaCl
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treatment, which were 1.91 times ( ‘Hongfu Qicun’) and 1.83 times ( ‘Hongxin Qicun’) of the control,

respectively. The results indicated that salt stress induced the biosynthesis of lignin in carrot taproot. The
gqRT-PCR and correlation analysis results showed that the DcF5H and DcCOMT expression levels of 13
lignin-related genes were similar and high-positively correlated with the dynamic changes of lignin content.
The two genes may be the key lignin biosynthesis related genes of carrot taproot in response to salt stress.
The physiological indexes demonstrated that the superoxide dismutase (SOD) activity, proline and soluble
protein contents in carrot taproots and leaves responded to salt stress treatments. The results of this study
indicated that salt stress induced the lignification of carrot taproot, and lignin biosynthesis pathway genes
were involved in response to salt stress. DcF5H and DcCOMT may be the key regulating genes of lignin
biosynthesis under salt stress in carrot taproot.

Keywords: carrot; salt stress; lignin; gene expression; physiological characteristics

AR 2 e A 5 K 2H R b B LR OR 50, WU HE R K d2 4 22 58 H 2 (Zhao & Dixon, 2011),
Xt AR B — e B EER, TR S EY I PTEYE (Boudet, 20000 o #HE  (Daucus carota
L) WFAR AR R & &l ma B E MY O, AR R SRR ESEmEHE N EFREK,
S GREET® %, 2014),

WFA R, i SHHIR R A KAIE SR AT (Neves et al.,, 20100 , HSEHED AT
FUACERIEYE . R R A VEYEE A S & B (Wimmer etal., 2003; K&K 2%, 2009; Khalid et al.,
20200 o ERESKAF TR A KEZE T BEMAEA S, SEUEYRE ERIET (Yang et al.,
2013) .

HYZ B FER, RN EE (ROS) KF EA, SEEAFRBAMERT AL, 50k—
RYIAREM GFH %, 20200, BEMADEALEE (SOD) ZHriGts, Frml 2 E S 7 H kit
P AAL BB 18 R S0 28— Rl E ZE BT 2k (Zelko etal., 2002; Gill & Tuteja, 2010 %%%ﬂT
WHEE A EMBEN EEZNBERTYR, e R S5HEMNTBERRIENL, FEIRELIE
X 7K 43 (TR T SRR 0 L 1 285 K FD 4 R I 9 14975 0% P45 (Hasegawa et al., 2000).

H RIS N PSR A TG 26 TR 358 R34S A8 4k A I AL PRt e/, HLsh = 5423
TRVFAHER R AT IE . AWFFE P L “2opd-b A0 2t AR b st ik se skt il
SE T ANE BRI BE AL R D AR AN (0 A R bR A R AR AR R R & &, FREI T AR RSN
ARG F AN RIS &, IRBRAR AT R B S5 TR R R s ia L, S RiaE M
R IE T AR 2 BN A A SR HEE WLAE .

O L SRS DARES

1.1 R R EALE

RS MM aAE-bs R Cantast iR R T 2019 4 9 A 24 HERREM (&
HA£ 20 emy 525 cm), B S LA, RFREFUEARLLN 11 MEAME R L. BB 10
PO ZEREST E — U M A, BT R RO K B8 A% 5 R 01T B 5K S ie s N TR
TR, B 14h-d", JEIRIEE 300 pmol - m™ - 5™, BY/RIREE 25 'C/17 “C. &5 60 d #2IT
PR AL EE . FAHTAE NaCl B 3 MR RIE: 0 G ). 100, 200 mmol - L™, #EAMKE K 3
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W, WIHESE. HEEEN 500 mL e AR IR, 3 d jEEEEME, LA s k. AR
55 3d (2019 4E 11 A 27 H) R A AR, AR &, T - 80 CIRAFE, HI Tl A4 F 4
Fr. KRR S EIHEIUS RNA,

1.2 EIERERRNE

A ERFR AR E T 2019 4F 12 H 3—10 HiEAT. BGAS b PRUTARFIHFE 5L, 4B SE A 8iik
filg (T-SOD) MER& . FZER (Pro) Mmidifl& L a&Ee (TP M iki& (F @ REY TR
FLAT) UL B A AL B R . R A E O S .

BURF DU A AR A i TR AR B G R B 08T, MATOK RSO, 25 BIEH, HUTEMT
. B 10 mg TE5 0, BN 2 mol - L™ HCL W . FiFE AR, WK 8 h. W aEIE 28 1K
Pedk, AN 1mol - L NaOH % 80t - min” FHR&IHFE 18 he by, Kb WA BB O
AR ER R, $E 4ho B0, £ EERL BUTER 1 mol - L' NaOH R f#, 280 nm WK
B, MWRIEFRAE 2T EEANFER PR R SR (Cervillaetal., 2009), &4 3 MEE.

1.3 KRFZEERHEXEERRIEFIFRAEE PCR

RIET 2019 4 12 H 11—16 HiF47. FIHZHEZMEY S RNA S50 & (Rl ARt
FAEBRAT) HREBEEMKE RNA, FiEiE One-Drop OD-1000 & 66 E T (B 5t 1 SCRH A TR
E]D) PESEE RNA I . FIH HiScript 1T Q RT SuperMix for gPCR (+ gDNA wiper) {5l &

(R R MER AR A TR A FD K8 RNA 59 ¢cDNA, A ddHO0 #k 18 fi, T -20 CAR

e

FIFH Primer Premier 6.0 i1 13 NAKFIE A A KEERE (DePAL. DcC4H. De4CL DcHCT.
DcC3'H. DcCCoAOMT. DcF5H. DeCOMT. DcCCR. DcCAD. DcPERI. DcLACI F1 DeLAC2) )
EEAMGIY) (Wang et al., 2016a). PLEHE b Dedctin Z: RN S 3K (Wang et al., 2016b), K
H Hieff gPCR SYBR Green Master Mix (No Rox) 7l & ( gl RS IR A 7D 31T qRT-PCR
RN o YR 2R EARFY 20 uL: A4 ¢cDNA 2 uL, SYBR Mix 10 pL, ddH,0 7.2 pL, IE[A 540F0
F59)% 0.4 uLo ¥ IEFEF N: 95 CHIAEM: 5 min; 95 ‘CAZE 10s. 60 CiEk 30s, 3L 40 MEH.
HE R A A B R 2242 (Livak & Schmittgen, 2000) 4.

1.4 BIESH
iR M SPSS 25.0 #EAT T Z iy £ LB LM RAE 3o

2 RS0

2.1 EAMBXEAE | SOD EM . MEEMAMERSENEI

XA A ‘e BHEE NEAERE NaCl AREE R 1 P AR AR BRAR bRl e 25 R (]
1) T, AR RS —FM., SOD JEMHM % NaCl AFWRE I nm B, 7
200 mmol - L™ W Rkl kM, HEEm TR, ot Mottt 405t i 1.66
5H01.83 £i%; R EHEEA S =L RS SOD i AL, A1 NaCl AbFRIR E S IEA .
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Fig. 1 Changes of ‘Hongfu Qicun’ and ‘Hongxin Qicun’ carrots under salt stress treatments

The different lowercases indicate significant differences at 0.05 level. The same below.

PIANEAEE  R AR B R AR AR A — 3. SOD W& 1BE S NaCl ¥k BE 13 hn ok B+
J& B, 100 mmol - L™ ¥ 5N E R ) SOD 35 443 51 % FR 1K) 1.35 48 81 1.40 4%, i 200 mmol - L™
WETSHRERANLE, AR EHE NaCUIKE KNS ZE ETF, 200 mmol - L K ¥ FikF
A Ak HRIE 3.31 580 4.42 £f; nVAM RO BEEAFIRE NaCl h# N EFAK, ‘4
B 7E 100 mmol - LYIRE TR EE S TAE, M ‘bt LEET.

2.2 EBXEAE NABRRARERZNS M

K 2 Bon TAEIREE NaCl 4b# FEHEE NRIIR P FIAR IR &, SRR AEHEE b A
AELSTT M LSBT IRPIARR RS EAEAFEIRE NaCl 48 R EaA A 8.
# NaCl WREERB N, ARREMR BB R E S TR, HAE 100 mmol - L KEE F&MHE, 45H
YR 1.91 580 1.83 5.
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Fig. 2 Lignin contents of ‘Hongfu Qicun’ and ‘Hongxin Qicun’ carrot taproots under salt stress treatments
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Fig.3 Relative expression levels of lignin biosynthesis related genes in ‘Hongfu Qicun’ and ‘Hongxin Qicun’ carrot taproots

under salt stress treatments

“ULAR-EST RWRIEY, DeC4H. DePERI 1 DeLACI 7E 100 mmol - L' NaCl Z4bFE T ik /KF
M, TAE 200 mmol - L NaCl 4L ¥E K il DeFSH 2T K T-AE A R E £h i T ¥ eont 18 R,
1Ml DcPAL. DcCCoAOMT K DeCAD TEAS[RIHR FE £ il T R &%

st WM, DeC4H. DeC3'H A1 DeCCoAOMT 7E 100 mmol - L™ NaCl &b F T ik 7k
S8, TiAE 200 mmol - L7 NaCl 4b¥E R Ri#; DePAL. DeFSH M1 DeCOMT K235 7K FAEAS R
R N i, Hordt DeFSH A DeCOMT Wik s ‘4om-tl g,
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24 KRESESAHMEXEEREENHEXMIF

F1 MM EIR, EHMNA T, DcFSH Al DeCOMT FEK RN ik & 5 AR AR &
BEEWREZEIEMK (P<0.01), 1fi DcPERI A1 DcLACI #1145 M A Ded4CL AWM F X EY
WRIR AR RS ELE EA (P < 0.05), DcHCT 1 DcCCoAOMT WIAHIEME N A [ AR
KIEESWIRAR RS ELRELXR.

® 1 EPETARRARESREARESHEXERENRIEROEXZRE
Table 1 Correlation coefficients of taproots lignin contents and lignin biosynthesis related genes’ relative expression

levels under salt stress treatments

SR HIE R E37| IR

Gene Correlation coefficient Gene Correlation coefficient
DcPAL 0.175 DcCOMT 0.955"

DcC4H -0.277 DcCCR -0.015

Dc4CL 0.478" DcCAD -0.296

DcHCT -0.474 DcPERI -0.696"

DcC3'H -0.270 DcLACI -0.760"
DcCCoAOMT -0.475 DcLAC2 -0.289

DcFSH 0.902"

e RS BIFRIRAE 0.05 F10.01 AKF R B AR

Note: * and ** represent significant correlations at 0.05 and 0.01 levels, respectively.

R R EE e A S B ia S EBUE Y A K 2 2], ARAEY) ER> (Tang etal., 2015),
[FI, #HEE MERIRSERIEY), Ha AL BRI R BT3RS 8 2 SR R, T2 m 7= & A
B HHJ& (Nevesetal.,, 2010).

R SRR A KBV (ROS) #TH% ROS P47, SIS . B rFErEHeargn g
WIBEIFEA (Hasanuzzaman etal., 2013). A5, Shia AR b BUARAIH HE) SOD & 143
BT, B AE S NaClIKREE T BRI EE T FE, KB ROS 1 & e Sl i BfE, &1 ROS
ToikiE kR S8 SOD 15 PE KB #: 40fi# (Song et al., 2006). ARG MEE M MW, HEYE T
5 SOD VGRS, & A R AN AT I R E S A TR B, N B A AR EE T (Amini &
Ehsanpour, 2005: FRiSUIT 45, 2005). #hWME T HANEEE bR BUR iRl is e A & &
¥ b, MR RAEEE O S A A N R ERN. ERMAAEEE OSSR I DR
Y M2E R DLARPUA L miB A EE, 1 v e VA PR A B AR AN B35 T RS SRV VRO AR AL B -
1) 5% e AN BH 2 BT 38

BTABFFCR, fEEhMrE FEAMMR. 2. M (Sanchez-Aguayo et al., 2004). V&K EFi[E4H
41 (Kelij etal., 2015) AKFERGEL LT, AHFFRHHANARE S FEAZ FE 100 mmol - L' NaCl #
fiir e T AR AR R RS BN TR A B EJF, 200 mmol - L' NaCl £l T AR R & B/
100 mmol - L' NaCl il FA&, B3R E T X, H RPN 22 4 5 B3R5 5E B g
EMEYEEWEE 15 FAEK (Liuetal, 2015), AR ESEHINAG B TS EY X 0 83
YER BB (Srivastava et al., 2015)

KRIFFERE G PRI R, TN H- KRR S- ARiE. G- REER 3K, HERZZH
AL [E) 4z, Horh FSH AT COMT 73 7l 47 53 R BT 3 AR IR EAL MR 2R AL, 22 S - RTER & g
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ff)5<48 R (Guoetal., 2001; Huntley etal., 2003). CA KWL, I FSH RIS SE
KRR EE (Wengetal., 20100, F F5SH M RIEES AR GREIEMAX GRE 2, 2015),
RRIG WA BMALE R, DeFSH MM RIERE SRR RETIA L. WIHER - O - F I ALEY
(COMT) EAJFEAEYE R HIEE, 7SR ZIT AR M. Ni & (1994) @it i)
AT COMT R RIE, BKTHEFA AR RS =E. MR H (Jouanin et al., 2000) thF
R R . AR, DcCOMT K1FRiLEHS5HE MAIRAR RN RS ELHSEIEHEL, &4
&L M, 200 mmol - L' NaCl 5B AR 254 &4 100 mmol - L NaCl il %, FRERH
8N B KRS, RSN DeFSH Rl DeCOMT {EANFIIRFE ShME P ERRIE S . % LA,
M DeFSH F1 DeCOMT TT Re& 85 i B2 EE 18 T P FUARA R A BUS 1 0B R . AR5
SE RGNS MR R I8 R K 2R B A& AR FR AL T 8 WA
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