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Abstract: To clarify the impact of different production areas on the metabolic characteristics and agronomic traits of cigar
tobacco, in this study, the Shifang area in Sichuan and the Linqu area in Shandong were taken as the research objects, five cigar
tobacco lines(QX102, QX105, QX107, QX200, and QX205) with the same genetic background were selected. The non-
targeted derivatization GC-MS metabolomics technology combined with the orthogonal partial least squares discriminant
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analysis(OPLS-DA) model was used to systematically analyze the differences in the metabolome of tobacco leaves in the two
places and the key metabolic pathways. The results showed that a total of 192 metabolites were identified from tobacco leaves,
among which 44 showed significant regional specificity of the production areas. The accumulation amounts of uracil, tyramine,
and trimethylsilyl phosphate in the Sichuan production area were 17.59 times, 14.22 times, and 5 times higher than those in
Shandong, respectively. The differential metabolites were mainly enriched in the amino acid metabolism and carbon—nitrogen
balance pathways. The analysis of agronomic traits showed that the plant height 221.01 cm, stem circumference 8.59 cm, and
the number of leaves of tobacco in the Shandong production area were significantly better than those in Sichuan, and the
population phenotypic stability was higher. Its metabolic regulation network was closely related to the upregulated expression of
key genes in nitrogen metabolism. The QX105 line showed metabolomic specificity in both places: uracil accumulated
abnormally in QX105 planted in Sichuan, while the monoterpene synthase activity was relatively high in QX105 planted in
Shandong, driving the synthesis of terpenoids such as phytol, highlighting the regulatory potential of the interaction between
genotype and environment on the metabolic network. In conclusion, the synergistic response mechanism of metabolite
accumulation and agronomic traits of cigar tobacco under different ecological environments was clarified, it was confirmed that
the Shandong production area was more conducive to the formation of high—yield and high—quality tobacco leaves, the feasibility
of metabolomics—assisted variety adaptability evaluation was verified, and it was suggested that the planting scale of cigar
tobacco should be expanded with Linqu in Shandong as the central demonstration area and promoting of high adaptability
product lines such as QX105 should be prioritized.

Keywords: cigar tobacco; non—targeted derivatization GC-MS metabolomics; OPLS-DA model; differential metabolites;

uracil; agronomic traits
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Tab.1 Differential metabolites of cigar in Shifang, Sichuan province and Linqu, Shandong province
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31.95% , A R i 7 B b PO I AT T8 22 17.64 %, it &

HII 58 43 538 0 1 16.60% F126.90% . X i & ik
A7 Ak B, 1O )1 Hb X B200 Bk 55 80w L 25 [ 4
Kb R8s 22, B105 25 [ B4l b B B b g
N RO N & ! B R G o2 ik =1 1 |
75 i X D200 £k = R, D205 25 Bl AR i e
TER AR, D105 ZE W 4, it 98Ik 2, S kL
SR 0 e K E o 2R A LR I, QX105
(B105/D105) #l %y & J 88 i R e 10 B A A 245 1k
R

x2 DmINAMEMBREZERAELER

Tab.2 Survey results of agronomic traits of cigars in Shifang, Sichuan province

Z£Hl/em LI Ik 2%

ﬁ'{k H&T%‘/gm Stem circum- Number of PP /em ﬂi";’r’.ﬁ@m ﬂﬂ%‘)?ﬁi/mm i‘ﬂﬂ(*ﬂéﬂi/mm Number of ﬁﬂE/cm

Trait Plant height f . leaves Leaf length Leaf width Leaf thickness Branch thickness branches Pitch
erence

B102 175.80+ 7.00+ 22.67+ 47.80+ 27.25+ 0.25+ 1.63+ 8.40+ 4,514+
9.41b 0.76b 3.34a 4.86ab 3.20a 0.04d 0.19b 0.25b 1.16d
B105 167.27+ 5.57+ 15.07+ 36.99+ 20.154+ 0.324+ 1.28+ 8.67+ 4.51+
9.41c 0.76e 3.34d 4.86¢ 3.20¢ 0.04b 0.19¢ 0.25ab 1.16d
B107 160.00+ 6.63+ 18.60+ 46.68+ 2747+ 0.314 1.63+ 9.00+ 5.53+
9.41d 0.76¢ 3.34c 4.86b 3.20a 0.04bc 0.19b 0.25a 1.16¢
B200 183.00+ 7.43+ 21.40+ 49.05+ 27.83+ 0.29+ 1.81+ 8.80+ 7.25+
9.41a 0.76a 3.34b 4.86a 3.20a 0.04c 0.19a 0.25ab 1.16a
B205 163.33+ 5.91+ 15.80+ 47.20+ 25.53+ 0.364 1.57+ 9.00+ 6.48+
9.41cd 0.76d 3.34d 4.86ab 3.20b 0.04a 0.19b 0.25a 1.16b
SD 9.41 0.76 3.34 4.86 3.20 0.04 0.19 0.25 1.16
Mean 169.88 6.51 18.71 45.55 25.65 0.31 1.58 8.77 5.71
CV/% 6.00 12.00 18.00 11.00 12.00 13.00 12.00 3.00 20.00

T A PR [R]/INE TR 7R b 3 ) 22 55 g 25 (P<<0.05) . R 3K .
Note: Different lowercase letters in each column indicated statistically significant differences between the treatments(P<C0.05). The same
as below.
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Tab.3 Survey results of agronomic traits of cigar tobacco in Linqu, Shandong province
s ES I 4 14 U -
Ak k/em  S/em o BERBC e e oh g e OO mm BB,
. . Stem cir Number of . . Branch thick Number of .
Trait Plant height Leaflength  Leaf width Leaf thickness Pitch
cumference leaves ness branches
D102 223.13+£ 8.70+ 24,13+ 50.60+ 30.75+ 0.31+ 1.30+ 9.80+ 711+
7.79b 0.41b 1.40a 3.26¢ 2.66d 0.02a 0.09a 0.67b 1.15¢
D105 214.67+ 8.15+ 21.2+ 49.14+ 29.53+ 0.29+ 1.14+ 9.60+ 8.30+
7.79¢ 0.41c 1.40cd 3.26¢ 2.66d 0.02b 0.09b 0.67b 1.15b
D107 222.20+ 8.51+ 22.27+ 54.37+ 32.25+ 0.30+ 1.30+ 9.33+ 8.05+
7.79b 0.41bc 1.40b 3.26b 2.66¢ 0.02ab 0.09a 0.67b 1.15b
D200 232.33+% 8.36+ 20.40+ 57.34+ 36.28+ 0.27+ 1.33+ 11.07+ 9.96+
7.79a 0.41bc 1.40d 3.26a 2.66a 0.02¢ 0.09a 0.67a 1.15a
D205 212.73+ 9.23+ 22.07+ 54.09+ 33.93+ 0.31+ 1.40+ 9.73+ 7.20+
7.79¢ 0.41a 1.40bc 3.26b 2.66b 0.02a 0.09a 0.67b 1.15¢
SD 7.79 0.41 1.40 3.26 2.66 0.02 0.09 0.67 1.15
Mean 221.01 8.59 22.01 53.11 32.55 0.30 1.29 9.91 8.12
CV/% 4.00 5.00 6.00 6.00 8.00 5.00 7.00 7.00 14.00

3 %t 5itik

DU AT T30 0 LR I e ) A 2% R A A 2
ST M Y ) A B G EL 3 b 25 5 5 A
AR A R R R AR AR T B W . U
A8 2t Ak 0O 1] b b S v S AR Y A
AR E 15.8 °CL A FE/K B 1 230 mm, A R R
TS A A A T L AR I R JE T R TR AT 2
JRUTR > Y8 31 R ol A A%, AR 40 B 12.5 °C L AR [ K
710 mm, DU, H R RIME W, RS W
Mo B R0 [ AR IAEE LA — o AR R R
FAF 22 7 BT TFm A R 0 B E A

FEABIEFE T, D 1A R0 L 2R I B 5 ik
FEARZMIR LRI B 25 U R AE bk 2
Bl AT R I 05 5 A O R IR s I AR
e B9 25 750 A s S R 1 R B A AR B X T
5521 iR 1 SR SR B DDA DG . DO AT A
B K AE — o B B 1 AT LA i T s e AR L (R
AR ROR , S8R A R (AR ) &
e PR AIC 5 T I R i s IR DU R e R R R B G
e R PR S B A v AR R 1 S B TRD IR R A 0
(7 SRR ) G 35 R 780 55 BR % 0 A 3000

845 1 B 0 2, QX105 &b & 78 P b 24 2 30 i
i A AL e AR o S R P S A
AR B B 22 5 b, o R et AR -k
RURR A 09 P IR g 42 A =G rb o 8 DO A A 9 i <
BT, QX105 1 b m nE F SR i A H At &R
17.59 i , 33X — B4 v fil 5 H w1 9 30 6 14 47 5

4D

PEBOIG A DG o PR IE A R RNA A AT &, Hoad &
FEBR T R 3 A B Bt 0 o) L R S R I [ 45
i) 280 28 P40 BO 0%, E T B0 2 A DU )1 1) 25
KEHZB . SR, 7E LR I B A SR OE IR AR T
QX105 J& B & 2 A0 10 i o7 4, HE 2R 4 il T
PR AL S R AR T T 32.6% , IR B Y b R
FMERY TR R B X R AU
AR CANGHT AR 05 ) B TR 3 W 3 Ao 90 4 240 i g
WA M R R R T, X 5 IR I QX105 Bk =
(214.67 cm) By B A FIE W IR R R0 o T P 4t
22 AP KEGG & £ 00 R, B &R — 2
R — I A R QT s R s A W a4
fE—pr 0 2 5SS . 456 QX105 78 )it
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Al 77 7 1 e QI 5 — e A 0% B[R] 98 4 B G
AR P b R B A A T DA G R
Bl — AP EIE T E R AR B 0 A W R
QX105 7 I B 119 25 [l 55 7% 20k e 7 i 52 b 2% B A
% (r=0.71, P<<0.01) , 1M 4% & W e 1 R L2 1
ot # Ak, B BT RB I TE TOR(Target of Rapa-
mycin) {5 5 F% , f2 JF 40 M A0 K o X R AR — %
RUFR A MU LAy 44 0 R Pl g Rk M i
QX105 JE K A 5 345 B AE MR 5 M. 28 0, Wit
A 2 S5 6 2 i K AR I A B R e L) a3 TR AR
M) 7 i Ay AU, QX105 3 i JHL 4 1 43 38 7
TEARTIES RTS8 T A K 5 ot (4 B [a) - .
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