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F 1R, 4R o~ 23.01 °C L, 4R R 83.7%,
Mgt i 0 1) Pt o B0 AN [ R Y A B (BT 2D
L2 i 7 0 Sy B B A AR A A R
B IE B A . B ) 45 RIS A Bt s B B R
HH R SO R T Tk MRS R —80°Cl
R VKA T ORAF . FF i 20 BT iy DR ARG L K AR TP BB
FH I, FHET FLAS AT R DO 42 A i 5 3 7 3R AL L 1%
MEE AL PREG (Green spot) , [m] Bf BRJG“ B 36 7 19 1E &
HRAL 1B ML b Ab B N(Normal) .
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Fig.1 Temperature and humidity curve of drying room
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Fig.2 “Green spot” phenotype during air-curing period
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“FEH(G) MIERW (N) 2 HAMA&EE 6 4
F 0N G1~G6, N1~ N6, B4 W A B i (Y
“IF BEVRE A ANE ARG A& 100 mg T EP LA
500 L A 80 % H % (4L . LC-MS grade) /K % W .
WiER R TrikiE T E 5 min, 285 T 13 000
r/min.4 CE.L 20 min, B—& &0 1 BONA TR
T OK R R 2 W E 5 B 53 0%, FRUICA 13 000
r/min.4 ‘CE.0 20 min FFUE FEW . AW EA R
FEAS o A R BURE AR &) 1 S i #2 (quality control s

QOFEA, H 5300 W B K I W AR il g A AR A o &5
H (Blank) HE A, {if 2b #0372 550 A 7]
1.4 KRiG=9NEFE

{4 3% 4 2 HypesilGold column (C18) , {4, 3% 43
BAEEE K W 0.2 mL/min AR 40 °C 5 IEE
TR AR 01 YW R, W aiH B R H B ft
BRI A K 5 mmol/L BE R %% (pH =
9.0) Wi B B Jy B, U Bl AH A BE VR IR AR e DL 3k
1, FiESHNT Wi IR 3.2 kV, 8§ )2 SR HE
40 mL/min 4B ARG H 10 mL/min, £ 40 % i
BE 320 °C, FIEH :m /= 100~1 500,

x1 WEHEHE
Table 1 The gradient of mobile phase
1] /min ?ﬁf)J}EE/ i B A/% i B .B/%
Time (mL/min) Mobile Mobile
Flow rate phase A phase B
0 0.2 98 2
1.5 0.2 98 2
12 0.2 0 100
14 0.2 0 100
17 0.2 98 2

1.5 HiEAIE

JR B G 4R SC S A Compound Discoverer
3.1 B AT 35 Ak P B A R ] Blank FEAR
EEBRE R IR E R R#ETH 1,
MetaX B4 %5 £ 96 2F 17 % £ 4 K bR o Ak b B
2= AR Py i i £ 2 5% VIP (variable importance
in the projection ) ,FC(fold change) fl P { £ %%,
VIP J2& 4 PLS-DA #8155 — )87 iy A2 i Y &
BRI B R 27 1% 25 5 W TN R 40 ) 4 2
S 0 18 552 T AR R fige e BB T B 5 FC 45 22 S 8L
AWFFEH FC R HHE”(G)/IEH (N); P (HFE R 2%
S E MK, i Microsoft Excel 2010 #47%
PE P, B GraphPad Prism 9 2 & #lJ7 22
T

2 ZER55MH

“ERHUSEEBLHEENEE

T BE A5 IEH A R E R 3 T
IRGCHEREIAIM AR R ab RS E T IE R
B, IEH F AL FE o & &OF ¥ 0,165
mg/g, T BE”H AL S E a T A Ak F
0.543 mg/g. JEIEH HBALAY 3.29 £5 . 1 H AL 4%
b &N 0.066 mg/g. “FHHEHAIMHLZER b
FH k) 0.281 mg/g. & IEH FALEY 4.26 .
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Fig.3 Comparison of chlorophyll content between

green spot part and normal part
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Fig.4 PCA diagram of total sample (A) and PCA diagram between group G and N (B)
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Scatter plot of PLS-DA score (A) and sort verification diagram (B)
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Al LR LR ENHZEAL T QF MIHLZ . Q Ial A
L5 Y BAIE RN —0.69,/NT 0,32 WL K “ 3 4l
7 AT LA Wl R AR AT Sy SR AE bR ic M
A4 .
24 ERRGWIEIE

AWFFE I E B H VIP>1.0,FC>4.0 8] FC<<
0.25,P<C0.01"" X Ir A AR HE A7 0 3 . 9 2 45
A LRI 2SI BB 1 430 A4S, Hodh e F B RN S
AE A (8] A7 7E 3 22 S AR 109 A, L4 25
AR FE BV 84 A B IR .

Xof 4 B A A AT T B8 RN 43 2 T REL 109
N EZ S Y E Human Metabolome Data-
base (HMDB) %416 i H s ) 70 S TE R 61 4, (45
50 AN TR A 11 A4 B (R 2. MR
2 UL, PRZH LERRAL 3 22 S AR ) rh BRI L IR K
HEY 2, 38 25 A, 5 ) o0 2 B AR
B 41.0% , “HREAACH AR 1 Fha@d i =
I R TR SR, A R AL LR TN AR L
IR 24 Fha BLIR IR KR B 355 T % 57
AL,

*2 WAHLABUPEEERYERER
Table 2

Annotation results of important foreign bodies in two tissue parts

25

Category

TR

Down regulated metabolites

LA

Up regulated metabolites

TR IR B H 2
Amino acids. peptides,

and analogues

2 Flavonoid

LW Alkaloid

A HLEZ Organic acid
HILEME Y

Organic nitrogen compounds

AYLZEH S Y

Organoheterocyclic compounds

ARG

Benzenoids
g W5t Fatty acyls
HHLEY)

Organooxygen compounds

L-KITA& &K R L-Aspartic acid, N-Z Bk H & B2 N-Acetyl-glycine, L-
B bt & R L-Homocystine, N-a-Z, Bt-L-#i & iE N-a-Acetyl-L-ly-
sine, A BEAH & i2 Valylproline . f§ & 35 318 Argininosuccinic acid, %
W2 Tyrosine,4-AK#E TR 4-Guanidinobutyric acid, L-# N & iR L-
Phenylalanine, L-¥ 22 & it L-Cycloserine, & & Bt ¢ Glutamine, L-
B R&EE-L-A & R L-Glutamyl-L-glutamic acid, y-%& & Bt i 5 55 &
g v-Glutamylleucine, N-Z Bt 7% N & 2 N-Acetyl-phenylalanine, -
O-B§ R 22 & iR O-Phospho-L-serine, N-Z, k- K & & B2 -4 & 2 N-A-
cetyl-Asp-Glu, # Z i H 2 2 Phenylacetyl-glycine ., "]t 2 2 4 2 TR
TIAA-Glu, N-a-Z Bt-L K5 % 8 N-a-Acetyl-L-arginine, K& &R 5 &
iR Asp-Glu, W& B-F 52 AR Ala-Tle, 1-Z FE IR N L R BZ 1- Amino-
cyclopropanecarboxylic acid, {Z Bt Z i Pantetheine, y-2 3 T R 7-
Aminobutyric acid

1125 B Kaempferol, JLZE#E Catechin, ## & F JLZK % Epigallocat-
echin, I £33 -3-O-2E FBEH Kaempferol-3-O-galactoside

FREE PR, Jervine, 10-32 5 B A 5 10-Hydroxycamptothecin, 12 3k B
Songorine, i % Lupinine, X £ R Vindoline, T H 48 Sene-
cionine, %% # % R i Corynoline

N R Malonic acid, 7 i} Benzoic acid, L-3 2 L-Malic acid

5-¥2 % 6 5 BR 5-Hydroxytryptophan, DL-{4 2 X DL-Tryptophan,
& E K ZE Dihydrozeatin, |t Indole, £ £ Carbadox. Wil ME & %
Kahweol

4-¥2F K £ R 4-Hydroxyphenylacetic acid, 3-F %( 3L % it 3-Me-
thoxytyramine, & JR i Hippuric acid

BB A=) % Desthiobiotin, + =%t —.f8 1,11-Undecanedicarboxylic

acid

D-KEiHE D-Xylulose.7Z & Pantothenic acid

{6, 2 Tryptanthrin

T Bl %2 F Phytolaccagenin, # 4&
2 # Ophiopogonin, & [ 3% &
Bergenin, & B Sinomenine, %
# % Shikonin

#H ¢ Histamine

K #HZ Rhein
F-E &R Heptadecanoic acid

2R Chlorogenic acid

25

BENFIRICYIHIE

TARAEKE FC A, EIL 2012, 05 5 T HAL TR

S TR R B 5 IE F A S v A
b bRic . i B % LR 22 St VIP [HHEY . &
PR R VIP fH e . 0 1,705 3% FC {EHEF & # 4%
SRR HEA S —, 2 F A HOCN 13,42, Wtk nl WL, HAE
VAR BT R X WA R T BT IR Y
KHEAL bR . 7R T 2250, 0 i & 3

VE2E Y, B LU L SRR R R A EOR R AE N
“TBETIE BT R B Ak A bR e W, 1 AR B AR L
FE LU A B ) & 22 5 (E 6,
26 KEGG EBHBEESH

A R VAR T A =S A 7/ IRE o |
KEGG ¥c#it g , il 3 Pathway 2 Hr i@ Rt 2 5
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Fig.6 Relative content abundance of chlorogenic acid(A) and dihydrozeatin(B)
3 BEEREBRREEERIEY
Table 3 Significant difference pathway and its metabolite enrichment
i #% 1D R P A AR R 4 FR
Map 1D Metabolic pathway P value The name of enriched metabolite
Mab 00350 ik 4 R A 0.046 4 21 5 KH Salidroside, ¥t 7 %R p-Coumaric acid, E&fE Tyrosol. 3-H 4 & I
ap Tyrosine metabolism ’ 3-Methoxytyramine, 4-¥2 3£ Z ik 4-Hydroxyphenylacetic acid
T AR KL H &R Phenylacetyl-glycine, X # G R p-Coumaric acid, 2 LA &
Map 00360 . . 0.047 1 Bt % Phenylacetylglutamine, % R R Hippuric acid, L-# N % R L-Phenylala-
Phenylalanine metabolism . - e . .
nine, A B i# Benzoic acid
W A ) B . 24 )5 iR Chlorogenic acid, JLZXZE Catechin, % & F JLX &£ Epigallocate-
Map 00941 0.049 3

Flavonoid biosynthesis

chin, 1% Kaempferol, 5-O-MIME®EZE F 2 5-O-Caffeoylshikimic acid

3 ATAAE W, “HH” (G FMIEHR (N)2 41 4b
L[] i 2 TR A A R TN R A I R S I A ) S
wWRAARELES, HPhREWAY G NGRS
BT AERIEY — & )E#R. 3 T KEGG Path-
way U 38 B ECHE L 2 )T B ] e rp g R A=
WA B ST A A R AR (BT

ABIESE K B it AR v R A ) LR AR A
2 %0 1 Xl NN R HR CoA &N & OBt ZE T
R B LR IR 56 2 4B WX R CoA &Nt 7
TLTBETE REIR M T E AR A 4G R IR R . i A
7RO PR A YA G RE L I AR 2 5
0 - 5 TR s ) A 4 1, AL 2 L A i R A
oy Y P E SR HE T I A IR AW
3 it
= Fin JE I A B B B B A R A R AL
TP R R R FESEA R GRS
DL AR BIE XAFAE T kb, AR v 55 4
REAMEH Y E A AW 50, M H R
FE 53 W SR S 2 o it R AR AR L R R

i#
3.1

P 7 B o] 3 7 2 I i i B R 22 K X A
B A PEAT o3 2RI S B B HIE AR AL
Z A A 25 A R R L 2 IR R
IEH IR AR Z IR A 24 S RFW L,
T IR AR S 28.6 %0, 1 BE TR AL 1
M SR bl & BRI SRR 40000, B
Pathway 7047 ol LUB & AU 2 5 10 fe £ 200 22 4L
PR A R L R A 4 3 22 S AU 56 4
7 28 S AR S 51.4 06, AR 2% S i B O R AR
(A DD 2 s N T 7 i S V) )
AR B T AR o R S R A B 2o R 2 A
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KBUR . eSO 2R 3R R IR R
(LY 3.57 A, Bk 254 2 24k 2 i AR 20 5 22 7
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Fig.7 Pathway map of flavonoid biosynthesis in cigar tobacco
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Metabolomic analysis of metabolic differences and causes of green
spot tissue of cigar tobacco during air-curing

YU Lianying', YANG Jinpeng®,YU Jun®,LI Nanfen', YANG Rongzhou',
WANG Sheliang' ,DING Guangda' , YANG Chunlei”* , XU Fangsen'

1.National Key Laboratory of Crop Genetic Im provement /Microelement Research Center ,
Huazhong Agricultural University sWuhan 430070,China
2.Academy of Tobacco Science of Hubei Province ,Wuhan 430030,China

Abstract In order to explore the physiological mechanism and metabolic differences of the green
spots ("GrS") formed during the natural air-curing process of cigar tobacco,to improve the appearance
quality of wrapper tobacco leaves, and to improve the air-curing technology, the cigar tobacco ‘ Chuxue
10’ was used as an experiment materials, using high-pressure liquid chromatography-tandem mass spec-
trometry( HPLC-MS/MS) non-targeted metabolomics technology to analyze the metabolic differences
between the GrS and normal tissues of tobacco leaves. The results of the study showed that the contents
of chlorophyll and chlorogenic acid in GrS were significantly higher than those in normal parts,and a
large amount of undecomposed chlorophyll and chlorogenic acid deposited at the end of the drying period
was the physiological basis for the formation of GrS. There were significant differences in tyrosine me-
tabolism, phenylalanine metabolism and flavonoid biosynthesis between GrS and normal tissues. Chloro-
genic acid and dihydrozeatin can be used as chemical markers in the formation process of GrS,and their
content can be detected to monitor whether there will be GrS in the process of air drying. During the
yellowing period of tobacco leaves, the humidity in the drying room drops suddenly and the extreme
difference is too large, which may be the external environmental factor for the formation of GrS. It is rec-
ommended to use the humidity controlled drying room and appropriately increase the humidity in the
yellowing period.

Keywords cigar tobacco; wrapper; green spots; chlorophyll; non-targeted metabonomics; tobacco
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