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FRARUTEE, BIAT RS H AN Y5 & i F A
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FEWZ 4- #2410 EE) . 4CL (4- & .k CoA ) 3
FhoCHERESS, AATTAE DR ZR0K B A R e H At Ay 2
VIR A & B m R EEEm BT R
R AR A R A, EEAAE IR C3H (F

TR 3- L) - HCT (FEHIRFEIE REEREFE AL/
COMT C(HMHEER O- H I E) . CCoAOMT (Ml
HERE CoA-O- H S R 1) FI FSH (B ZEIR 5- 2310 )
DL R I#IF) CCR (P22 RIEERE CoA I8 J5 ) « CAD (A
FEFR LB ) A PAO (2 S8 AL , X 4L 5 Bl
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HA AR R 2 R R B HE TR AR R A
RS A I 9T 22 B T R R -5 LA I 2R 5 & R )
L B2 DA A BRI 42 T 1D B LA B R B 1
D5 Y, B 0 L A U AR AT A T R BRI
WEFT, X T8 MR - B O R R AR 25 A AR R %
TR R A OSBRI WS . AL L K326
JIRERE, I MR AR R R AR KR B I AR B A
FrogpE . R ARG R &8, M qRT-PCR
(9L & PCR) FiEN AR & & %A L 12
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F5HI. HCTI. CCRI. CCoAOMTS5. COMTI. CAD?2
A PAOT HIZRIL R, PRIURE MR 5 2 AL AU B0 45
U A OB BRI OB s S L O B Bl A A TR A
B ERGIRTURMH AR & R 2 7R bLE, ks
MR b R L R A SR O R A AR

1 ##57F=%

L1 Rt

H [A]3R58 T~ 2018 =75 R 44 1 FH i v T B AR}
BoRyudtth Ghab 28 111°38 1, db4h 34°26 7 ) 47
IS R RO SRR, IR AR, 0~20 om )2
AN 13.54 g/kg. B fiE A 75.16 mg/kg. I R
9.16 mg/kg FIEZEF 164.38 mg/kg, 13 pH 7.26.

1% K326 i mh Fl e 2 HE 2 AR Jofd 08 et A =
BRI HE, 470 110 cm, FREE 55 cm, Bk
B H 18~20 Fr, MR HE it U 72 kg/hm®, i AR
HEHEAE, N:P,0,:K,0=1:1:2, fEFTH/5H4
FKv 10 d 20 dv 30 dv 40 d A1 50 d FEATHCRE (3T
J& 30 KRR RE RS , REAKGHLIET .
e 8 H R 1) — BUR M e (10~12 A2 20
A, Hod 10 F7ERE LRI LR K, REH 6 25
7 WK RRE S 10 g 7247, AR A 5N
R HER, T -80 CHMKIRIKFE AT IRAE, T
S A 2R B S AR OC & A L R Rk = il e,
SRR FH i R R 2H 2R S R R
1.2 WEHEHRSHE
1.2.1 WA R ZH AR5

S IR R N 5 2 HR O e & U i, SR R
FASCHEAT R S8 B2 5 5 MR 2H 2R 25 0 2 R A
M 5 O (g 5, R 8 mm 3T AL 30 HILEFT TG 24K
30 KA 50 Rt Froh AT HURE, SR A A

YL b BE, ) Fr, {E Olympus Y6257 B s - R A
MRSy B RRE . BRAR. AR EE
HEfr i U,
122 AR F 2 E 7%

F4 BT B IR R S AE 80 C MM TR EE, TR
JE HORE AL EERERL 40 H U, FRECS mg T 10 ml B
B, KHINERE A ER A IR A R A IR B &=
RV G AT AR 5T 2 5 = E
1.2.3  RBTEFRAMKE B R Rk &= 0

7E NCBI H Gene ##i % (NCBI; http://www.ncbi.
nlm.nih.gov) £ 2 M HL R 5T 25 & BOAH OC B 1) 9 i 2
K, 43538k 13 3% 840 5 PAL. C4H. 4CL1. 4CL2.
C3H. F5H. HCT. CCR. CCoAOMT. COMT.
CAD 1 PAO A MG X 74 (K 1) o KIREH
FEAN L R R 7 91 34T 2 7 A1 B, it SMART

(http://coot.embl-heidelberg.de/SMART) 7E £& 3K 4 i

TR B PR X 38, FI A Primer 5.0 7EZE K[ 5" R 55
X35 ¥ it 45 % qQRT-PCR 514 (£ 1) .

KA Trizol VEFRIBUBEAE M S RNA, REER S
B cDNA ", F|] QuantiFast SYBR Green PCR Kit i
7 & (Qiagen, Germany) fE LightCycler 480 II % %¢
¥ 5 & PCR 1 (Roche, Swiss) _I#4T qRT-PCR.
16 F R FEAZ BB A B 1 b BE DR NEL25 1R A N S8R,
JNFEFFAE 95 °C 308, 95 °C 305, 60 °C 30s, 72 C 30's,
95 ‘C 30's, 40 MEIF. SLHGLEFRHA 2 Fik AT
N, B AR AT REE M IR E 3 Ik
HE,
1.3 #iES T

iz F| Microsoft Excel 2010 #4746 25 R 40 11 %
i, iz H Origin 2018 # 47 1& v :1il, iz i SPSS 22
AT J7 250 B BodAz A

x| EABR S MAEXEER qRT-PCR 5|4 55

Tab.1 qRT-PCR primer sequence of lignin-related synthetase gene in tobacco leaves

AR F 4R ERERT MFF 537
Synthetic pathway  gene name Gene 1D Primer sequence5 ~ -3~
PaL 107792668, 107786762, 107769293, 107761482, F:CTCACTGGTTTTGGTGCTACT
107831213, 107820497, 107802063, 10780256,  R-AGGCTGCAACTCGAAAAATC
F:GGCAATCCCTCTTTTAGTCCC
C4H 107823514, 107812882, 107791262
KFEO R:CTCCTACCAACACCAAATGGA
Lignin synthesis F:GAACTCAAATCGAACGAATC
4CL1I 107803673, 107803813, 107785405, 107814113
R:ATGACCCTCCTGAAAATTGTTTAC
F:ATTATCTCCGTCGACTAATTGAGC
4CL2 107797004, 107766072

R:GTCACGAACGGAAGCCTTAACA
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gkl
B AR FER A4 FK FERE S 51557 -3
Synthetic pathway gene name Gene ID Primer sequence5 ~ -3~
CCRI 107786653, 107804645, 107787492, 107816628,  F:CCTCACTGGCTCTGCTAAAACAT
107770552, 107829067, 107815050, RTTCTCTTGTAGGCTCTICACCG

F:CCTCATTATGTGAAAGTAAGGAAGC

C3H 107800961
R:TTCTGAGTTCATAAATCTCTTCCCA
F:CTCAACCCACTCCCAACCAT

HCTI 107772942, 107789426, 107826939, 107809545,
R:GCCTCCTTTAGCACTTTTCCG
F:AATGGTTCTGTGGTGGCTCC

CConomrs 107770611, 107797097, 104226583, 104229202,

X 104241444 .
KFRELHR 0 R:CGGCGGCACAAGGTAATG

Lignin synthesis 107795225, 107809583, 107808034, 107793948,  F:GATGTTGGAGGTGGTCTTGGA

COMTI
107792974, R:CTGGTTTCACTGGTAAAATGGC
F:GAGGGTATGGCACCAGAACAA
CAD2 107816761, 107790741
R:GATGTCCCATTGCCTTTGCTAT
F:TTCTCTCCAAATCTCGCCGT
FSHI 107811350, 107800782, 107799312, 107792945
R:GTTTTCTCATCTGCCGCCA
F:CTCGTTTTGTACCGGGAC
PAOI 107832568
R:AACCTCACAATCAGCATGGA
% F:GCTTTCTTCGTCCCATCA
e 125 L18902
Reference gene R:CCCCAAGTACCCTCGTAT

M F R LS, RFR TSI,
Note: F indicates the upstream primer and R indicates the downstream primer.

wmum —TAL S mpm O, wEmm O s o mmE U, spEEsm o xFm
Phenylalanin Cinnamic p-Coumaric acid Caffieic acid Ferulic acid S5-Hydroxyferulic acid Sinapic acid
4CL l 4CL 4CL 4CL 4CL
3} & S RUHARA
p-Coumaroyl COA
_ " C3H e
HEDRIFEE —> MR EEL
p-Coumaroyl shikimic acid Caffieoyl shikimic acid
METHETH _CIH o, TR
.p-Coumaroyl quinic acid Caffieoyl quinic acid
CCR HCT
INEHEESAERA CCoAOMT [ SiEishEA FsH S REFURRHEMA ccoaoMT 37 FRUHAA
Caffieoyl COA ~ ~omT > Feruloyl COA SfH_\'dmg'(c)?:lfernloyl JCOMT ~ Sinapoyl COA
ccnl’ CCR cer |, CcCR
—_ FrFEE
NEGE R Bl F5H 5 . '
p-Coumaraldehyde 5 Caffieoyl raldehyde ——> ConiferaldehydﬁS,H).dmgy,fﬁﬁﬁehyde—) Sinapraldehyde
CAD \L CAD \L CADJ, CAD CAD 1’
HETR RS wigE:  FS5H s AR FEFE
p-Coumaroyl alcohol > Caffieoyl alcohol Coniferyl alcohoi >S_H).dm}_mnifm]dehy .o S'l':m:-" alcohol
Al
PAO ‘L PAOJ[ \L
3 -BEAKRER BAAREARE S %Tﬁéﬂtﬁﬁ
Guaiacy lignin Syringyl lignin

p-hydroxypheny lignin

B 1 EYARREMEBEE (B3TH [20-21] 80T AL)
Fig.1 Biosynthesis pathway of lignin in plants (modification based on[20-21])
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2 #R

2.1 K326 {RHTEE ARSI TWL

HIZE 2 T, RS R AE AT THUS (0 AN [R] i 340 ] 22
S8, RV TR e T e AR L& 5 .
M AEST TR AR A K B A REE. BT
JJRFE S WA AR L DL R e 4 A 2R3 )8 2 TR A7 AE

HAFREERZSR, LR, AR E
AT Py 5 P A T T s R 28018 8 T i 2 25
Mt b2 R 8 R A AR AL AR BT TS 30 d B3
T AR P, AR R MR BT TS 30 d
AR T H AP ;R A 4GS R 2 B AR
TS AR B R AW & MR, 25 i 391 22 7
B

R 2 TEHTI AT AR M A8 EE FNH R AR T (L

Tab.2 Changes in hardness and tissue structure of tobacco leaves at different topping stages

Tt H ) i3 =L HHR /
1) JE%%{ d ﬁ%g/kg*cmz ﬂJr}#J?}?Z/pm J:%%}'{E&/pm Tﬁﬁrf/um *H}H: H/Ff/um /EEE/TV pm
Days after 5 . Upper epidermis  lower epidermis palisade tissue Sponge tissue
. hardness /kg*cm” Leaf thickness /pm . . . .
topping /d thickness /um thickness /um thickness /um thickness /um
0 6.54+0.35bB 712.98+7.02aA  39.39+£1.73¢C 27.56+1.02aA 282.87+3.32aA  341.3442.75bB
30 7.38 £0.49aA 691.23+7.74bB 4447+ 1.67aA 25.12+1.15bB 256.42+4.12aA  363.18+2.93aA
50 5.1240.28¢cC 576.79+8.75¢cC  41.82+1.94bB 28.81+1.04aA 213.03+3.89bB  263.41+3.12bB

e F—ATR ISR RN G 7 BERUR S - B2 2R AE 0.05 A1 0.01 /K BAFE R F AR # 2 5%, TR,

Note: the lowercase letters and uppercase letters in the same row indicate significant and extremely significant differences at the 0.05 and 0.01 levels,

respectively.

22 fHMARRESETN

H P 2 R L, AN T B O ek A K e BT
FrRS, TGRS B AR R & R 2
S 3805 PR A AL 3, L8 RCRR (3T T 30 KD
BRI B RO, 10 B A R — N & R
BEALR, 3K th 5 0 Pt S 2 1) AR AR AR B B — S R A
R AII AR S EARROR, —HA MR R

) E N
a
b
i I I b
10 20 30 40 50

U R#/d
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oo

SIS
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bl
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B2 AR RESEEN

Fig.2 Change of lignin content in tobacco leaves at maturity stage

2.3 KREBEXEHEBERER qRT-PCR Fix£

3 AW, A QRT-PCR £ A % 33E A R 24 30
&R B W B R AR R B A R R e i
AH S DR (P AR 0 FRak B AT 0 #fr, S5 R R &R
MR H AR RIS, (HAANEEES T WA
JiR ZRAH S A R I R 3 08 B ok S S U Bl A R AN S IR
e BT S R IR AR E S, EFT TS 30 d 2k
DRI Rk & fe v, U BH AT TS () R e B B A AR i 3%
B AR B IR O B 455 N 4

PAL. C4H. 4CLI F1 4CL2 R[] Ay IR M- 25 T8 & 182
AR A2 R 33 A 5T 25 A0 H A A 5 4 B 3 FH A DG Tl

B B R TR R B A B R i R DG Tl
Bl fEAWFIEH, PAL. C4H. 4CLI 5: R 15 % 2ot
IR RIA BTG 2 R R, HIYEFH TS 30 d
ﬁlﬁkiﬁﬁ,ﬁﬁmﬁ?ﬁ;ML%ﬁmﬁ%ﬁ

258 A TR R gth AR g C4H fEFTTI
Fmd%ﬁ?ﬁﬁF Rl B 4CLI TEFT TG #ik
EEEEH MR ES, HilEERALE: M 4CL2
BRI Rk AR AL AR AT R AR R Ul AE
KRG RN RR G &2+, FTREAZ PAL.
C4H. 4CLI1 Z:H PR R E HEBCR .

C3H. HCTI. COMTI. CCoAOMTS ¥ F5HI J&
YA IR A BT 2R A B R S R AT L U0 (XA O B
K. fEAH 55t CCoAOMTS. COMTI 1 F5HI JE A
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(AT Rk AR R PGS R R AT S 2 R, BB
AN AN, HIE R R IA RS B B G R g
2 b kash, fE4T T 30 d HEL R IA 2 & s
C3H F HCTI kPR 3¢ 32 & 7 0 it s s ot 1 v A8 A0 4
/Ny ULBATE A T 3R BRI R R AR B, TR
CCoAOMTS. COMTI 1 FSHI %R B K 4% 19 8 4% 4
MK

CCRI. CAD2 F1 PAOI B K] J2& 1 42 R b A i 25 52
G BURE S AR NI AE R B IH o TR ASHIE 90 i
BRIk SR oA AR ok, B SR,
FEAT T 30 d 35 B f AT Ja 13 T 1 1) e 70 1
e, U BH I L AT 2R AR A BT U A DGR [
AT BEXRTA 5T 2R 1) & O A K

GEE AR E I, KILPAL. C4H, 4CLI .
CCRI. CCoAOMT5. COMTI. CAD2. PAOIFIF5HI
EREEMEESRTREA RN NN —5, Hh
PAL. C4H. CCRI. CAD2MIPAOI )3k B
Ko FRATTHHE M3k e DR ] R A0 R T T 5 A A
KRB M B BIA I AR 2 R OB .

24 ARESEEHEHEXBERREEMHEX
k)

HER3I ST RE, KAKRTESPAL. C4H,
CCRI. CAD2FIPAOIXE R ik & B AR 35 IE A KR
%, 54CLl. CCoAOMTS5, COMTI. F5HIR:H %
EEERFEIEMARR, 54CL2. C3HFHCTI}H
FKILEMEMATE, PAL. C4H. 4CLI. F5HI.
HCTI. CCoAOMTS5. COMTI. CAD2. CCRIAI
PAOIFER M ZRIEA W R FAEFH, AHE Z (8] 140
KMABREFTRMEZEMNRR, HREENZ
FaA WA FL. 4CL2FNCIHE: R ) R 15 B840
PG HAM LR ZE R, HEARRS &AM K
REEN, HEFNRERES KRR SEZ N N7
KRR
25 AKRESESEHAMEXBEAREENER
ST

H R4t R W, MR 5T 2% 6 BOAH G Bl 5 A
F a8 BRI K BT R B B S e AR B A ZE LK
Fi4 CL2AN C3H I 5 R 2 ik &0 I b K i R & &K
B Ah, H AR B R 3 R TR o R R R i R
BRI KR PAL. C4H, PAOI. CAD2F
CCRI, BB A2 5 5140.24. 0.19. 0.19. 0.17
F0.16, HPAL. C4HFIPAOI) A58 15 R B &
K, FOHHALFEF @ L PAL. C4HFIPAOIN AR %

30r [TJod [] 1od [ 20d [ 30d [l 40d [ 50d
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Fig.3 Gene expression of lignin biosynthesis in tobacco
leaves at maturity stage

TERWA BRI, BIR4CLITIMEERE R
BN, 260 Hopth 3 KB 4CL T3 BRI AR R &5 &
() 1) 322 B2 i M /N, {H4CL1HE PR 6 ik B 5 Rl & &
EA N R EEZ N, HEEAERECN0.12;
CCoAOMTS. COMTIFMFSHI )3 R 22 % 8% K i
BBV WMENARK, HCTIF4CL2M K& & &
RIS LN, o g m g N R 4CL2 R IL &, H
FmA RECR-0.03. TJAE, AR R SELIT
FHRZENPAL., C4H. PAOI. CAD2HICCRIff)%:
KRk E.
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Tab.3 Correlation analysis between lignin content and expression quantity of lignin synthase-related genes

HREH  porx

Correlation lignin PAL  C4H 4CLI 4CL2 CCRI C3H HCTI CCoAOMT5 COMTI CAD2 F5HI PAOI
coefficient

PAL 0.93" 1

C4H 0.90"  0.92” 1

4CLI 076" 087  0.73 1

4CL2 -0.18 0 0.15  0.18 1

CCRI 0917 095" 0947 089" 023 1

C3H 026  -022  -0.16 -0.19 032 -0.17 1

HCTI 069 087 082 078 029 088 06 1

CCoAOMTS  0.82° 0947 084" 0907 0.04 087 054 096" 1

COMTI 0777 078 0907 055 041 080 02  0.74 0.73 1

CAD?2 090" 0947 087 093 001 095 056 089" 0.90" 0.63 1

FSHI 079" 092" 0917 089" 031 093" 06 087 0.83" 079" 0937 1
PAOI 0.89" 0.897 073 0997 006 089 076 090" 0.90" 052 096" 088" 1

e TR ERERE KT (P<0.05) ¢ T RRAHIGHEEFEREEKFE (P<0.0D) .

Note: " indicates the correlation difference was significant (P<0.05), " indicates the correlation difference was extremely significant (P<0.01).

RAXRZSESEHIEXBERREEBHNBRENN

Tab.4 Path analysis of lignin content and expression quantity of lignin synthase-related genes

AT R PAL C4H  4CLI  4CL2 CCRI C3H HCTI CCoAOMT5 COMTI CAD2  F5HI PAOI
PAL 0.24 0.15 0.02 -0.03 0.09 -0.07 0.07 0.06 0.07 0.16 0.08 0.11
C4H 0.16 0.19 0.05 -0.03 0.10 -0.06 0.05 0.07 0.10 0.15 0.07 0.13
4CLI 0.12 0.12 0.12 -0.02 0.08 -0.10 0.03 0.06 0.07 0.11 0.08 0.17
4CL2 0.19 0.17 0.02 -0.03 0.08 -0.05 0.06 0.07 0.08 0.16 0.08 0.12
CCRI 0.11 0.02 0.01 -0.01 0.16 -0.04 0.04 0.06 0.05 0.12 0.03 0.06
C3H 0.20 0.18 0.04 -0.03 0.10 -0.10 0.06 0.07 0.09 0.16 0.08 0.14
HCTI 0.16 0.12 0.02 -0.02 0.12 -0.06 0.08 0.07 0.08 0.16 0.02 0.05
CCoAOMT5  0.13 0.10 0.00 -0.02 0.14 -0.09 0.03 0.11 0.06 0.12 0.05 0.12
COMTI 0.18 0.16 0.02 -0.03 0.08 -0.04 0.04 0.06 0.14 0.16 0.07 0.15
CAD2 0.18 0.15 0.02 -0.03 0.16 -0.01 0.06 0.05 0.06 0.17 0.04 0.08
F5HI 0.15 0.14 0.09 -0.03 0.11 -0.02 0.01 0.07 0.10 0.12 0.10 0.14
PAOI 0.12 0.13 0.10 -0.02 0.05 -0.07 0.02 0.07 0.10 0.12 0.09 0.19

TE: QIR A R Rz O AR IR B R A R

Note: The data with underline indicates the direct path coefficient of factor on lignin content.

3 it

RIFEAENED MBI, S 4ERa &
JE AR AN AR BT R RO RE AR, H AR
R A A UL,

B,
W

Wi 2H 23 45

IR H, i

R AA —5E MFTER K Tmae 7 Y. Bl
AR FACHH R SCHRIN YT, AT FUSR B 25 A R - Ao
IR BE AT TR B B S K s B AR AR AL
o FTTR 30 RIEPIEME, B )5 M 32 2R RN
ARG B, XS TR il FE
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AR B AR AR A — 2 2, trT e S B
T ) 6 2 MR P 4 R 4 5T T A A O BT DA
FEFT TG AR AR AL AL S5 M R B B R G ,
TR S 3N Ja B, X TR SRR KR B R R AR
FRERSETHER, XHE5ELIED Y NHIARE
B R 8 A2 3 A P B PRI AT e 45 SRAH — B e
2 DOV S A A MR P A S5 2 o ORI FEE ) 448 o g
WL, AT ROAARI R 745 S, FTT0 30d J5
JEJEIR/INAT e B TR 22, g AR 2 DL
A 2H 205 T 2 45 5 AR )

W9 W PAL. C4H. 4CLI. 4CL2. F5HI,
HCTI. C3H. CCoAOMT5. COMTI. CAD2. CCRI
FIPAO I HE IRITEA T 2 1A B FE R P8 45 51 22 (1)
FEAEHRY, HRERN KD SHEDAR KSR
Z /D E YR R LRI, PAL. C4H.
4CL1. HCTI. CCoAOMT5. COMTI. CAD2.
F5HI. CCRIMPAOIR:NFRILEILA B PIEARL0E
B, A 3G IR R Rk 2 RS, TR
30K M I&E AR A B B KE, 5 REM g R A =
%, X5 AEECHE T TR U
Fe SR AR 2K A R OB s 4CL2FE R RIL B AE
BCASAAR R AR, TR K, H54CLIFE
R ERAERNRK, XRIICLIFEF N AR &
A R R A FHECR, 4CL2FE PRI A5 254 1 1
BEAERAKR: CIHEERRIE BT TG YR T
H, NTRESZHT TV AR N AR B AR AN IR A AR A Bl
SO, B AR AN, U B CIHER IR ] RE X 45 A
HAARBRRSEEAHEE, X555
SR

FHIG oM B2 bR 8, PAL. C4H. 4CLI,
HCTI. CCoAOMTS. F5HI M PAOI R 1E 5 MM A
JRE SRR HERE RBECR, R
{140 FE T 2 38 B 0 0 I AR 5 2R 1) R AR A R T K
C3H (1) 2 K 8 80 A i 3= A B 7= A 47 ) 52
{HE A RN, N -0.10, 8IS AT AR
RAARFREM G REA AREER, WRE—EEEN
FEARHRIA R, XA RN & &L e 2 1E s
M), LT 17 1) L R0 X 0o MR AR P A 5 2R o ) 52 T
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Transcriptional analysis of key enzyme genes in synthesis of lignin
in flue-cured tobacco leaves during maturity stage

GAO Yabei', SUN Shuguang’, WANG Shenglei’, CHEN Erlong’, YANG Xiaoliang’,
SUN Zhanwei‘, SONG Zhaopeng'”
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Abstract: Lignin plays an important role in the formation of tobacco leaf resistance, but excessive content of lignin affect quality of
cigarette products. In order to systematically explore the key points for lignin synthesis and accumulation in tobacco leaves at maturity
stage as well as the change of regulatory genes, this study analyzes leaf hardness, tissue structure, lignin content and expression patterns of
lignin synthase-related genes in middle leaves of flue-cured tobacco at maturity stage using K326 as experimental material. Results showed
that maturity stage is an important period for the accumulation of lignin in flue-cured tobacco; the lignin content and hardness of tobacco
leaves increased first and then decreased after entering maturity period and then reached the maximum 30 days after topping. Results of
quantitative RT-PCR analysis of lignin synthase-related genes in mature tobacco leaves indicated that the expression patterns of PAL, C4H,
4CLI1, CCRI1, CCoAOMTS5, COMTI, CAD, PAOI and F5HI were consistent with that of lignin changes, i.e. showing a trend of increasing
first and then decreasing, and reaching its peak 30 days after topping. Among them, PAL, C4H, CCRI, CAD2 and PAOI genes contributed
more to lignin synthesis and accumulation in tobacco leaves (»p<0.01, =0.93, 0.90, 0.91, 0.90, 0.89; P=0.24, 0.19, 0.16, 0.17, 0.19), which
can be regarded as key regulatory genes for lignin synthesis and accumulation in middle leaves of flue-cured tobacco.

Keywords: flue-cured tobacco; lignin; gene expression patterns; the maturity stage
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