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Abstract: To investigate the mechanisms of temperature in affecting cytoderm formation of tobacco leaf and tobacco leaf
quality, pot experiment under different temperature treatments (15 °C, 20 °C, 25 °C, 30 C) was set for two consecutive years to
study the effects of different temperatures on the substance contents and composition of cytoderm, as well as expression amount of
synthase genes in tobacco leaves. The results showed that, carbon compounds redistributed during the growth process of tobacco leaves
and under different temperature treatments. With the extension of growth time, contents of structural carbon compounds (cellulose,

hemicellulose, lignin, pectin) in tobacco leaves decreased on the whole, while contents of non—structural carbon compounds ( total

sugar, starch) increased approximately. The cellulose content
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of tobacco leaves at 60 d increased obviously, while the

contents of lignin and the ratio of lignin contents to the total

ZN ]I 4 2N F) E A H (SCYC201909) substance content in the cytoderm reduced significantly with the
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the changes in the expression of related synthase genes. Increasing temperature was beneficial to the up—regulation of cellulose syn-

thase gene CESAI, while decreasing temperature was beneficial to the up—regulation of lignin synthase genes PALI and 4CI2. Temper-

ature changes had slight impact on the expression of hemicelluloses and pectin synthase genes.
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Table 1 Gene information and primer sequences
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H M £k NP EWEGI (5'-3") TG (5'-3")
CESAI XM_016598368 CCACACCAGACACACAATCT GGAACTGGCAATCTAGGATCAA
CESA2 XM_016629637 GGTGCCTCATCTCACCTATTT CTCTTTATCCTCATCAACCTCCTC
CESA3 XM_016590497 CTTCAAAGGGTCAGCTCCTATC ATGGGACAATGCCTACTGAAA
CSIA XM_016627332 GCTGCGTGTAACCTTTCCT AACTTGAATCACGAGACGATCC
CSLC XM_016613104 GAGGATGGTTGGAACGAACA AGCCCTTACGTCATCAACATAG
CSLE XM_016613779 GGACTTGGAAAGCTCAATCCT AAGGGAAGGGACGATAGAGTAG
PALI XM_016579700 TCTCCAAATCTCCTCACAACC AGCTGCCATTTCCCAATTC
PAL2 NM_001325017 CCAGGATCTTTCTACCCATCC GTGCAACACCAGCCATTTTT
C4H1 NM_001326071 CATTGGAAGAAACCCGAAGAG GCAAGTATAATTCCAGGGCAG
C4H2 NM_001325325 GCTTGGCGGGTTTGATATTC AACGTGCTTCTCCTCTTCG
4CL1 NW_015937777 GCGCTTCATATTTAGGAGCC CCTTCACTTTGCCCACAAG
4CL2 NW_015927558 GGCCATTGCTAAGAGTCCTAT GCATTAGGAAATTTGGCTCGA
GAUTI NW_017670288 CTGCCGATGAGCAAGTTAGA TTTCAGGAGGGAGGAGGTAATA
GAUT7 NW_017670517 GACAAAGGACGTGCCTATCA CCTCTTCCAAATCCTCCTTCTC
Actin NW_015932780 CAAGGAAATCACCGCTTTGG AAGGGATGCGAGGATGGA
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Table 2 Influence of temperature on cytoderm substance content of tobacco leaves in 2018

b 3G AN [ 18] f4 40 5 5 (9% )

i L BE ) T iszH
40 d 60 d

FaR T1 17.54£2.06a 15.24+0.83a 13.34+0.99b
T2 17.85+1.16a 15.58+0.63a 14.92+0.77ab

T3 19.27£0.82a 17.68+1.63a 17.15%1.52a

S 18.22+1.48a 16.17£1.50b 15.13£1.93b

etz Tl 7.29+0.53a 6.49+1.04a 4.42+0.48a

T2 7.99+0.44a 5.27+1.44a 3.88+0.77a

T3 7.71+1.58a 4.30+0.65a 3.5920.69a

F-HMH 7.66+0.92a 5.35+1.34b 3.96+0.68¢

ENIES Tl 11.58+0.40a 8.94+0.63a 7.35+0.86a
T2 8.77+1.23b 6.47+0.73b 6.37+0.52ab

T3 8.85+1.01b 5.56+0.69b 5.460.26b

EHIE 9.73+1.61a 6.99+1.62b 6.39+0.97h

i T1 1.38+0.05a 1.50+0.29a 1.66+0.17a

T2 1.58+0.15a 1.45+0.12a 1.47+0.18a

T3 1.45+0.33a 1.58+0.14a 1.500.15a

A 1.47+0.20a 1.510.18a 1.55+0.17a

I i BE S ) 5 Tl 37.80+1.78a 32.16+1.50a 26.76+0.49a

T2 36.20+2.62a 28.77+2.52a 26.64+1.04a

T3 37.27+2.31a 29.12+0.31a 27.70+1.87a

S 37.09+2.08a 30.02+2.19b 27.04+1.21c¢
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Table 3 Influence of temperature on cytoderm substance content of tobacco leaves in 2019

Ak B A TR s i) B ) o i (9% )

2 i BE IS b
154d 30 d 45d 60 d
Y T1 17.62£0.73a 14.81£1.17a 12.89+1.13a 12.01£0.48b
T2 18.71£0.61a 16.21£0.70a 14.30+1.18a 11.88+0.52b
T3 18.02£1.27a 15.77£1.20a 15.02+1.44a 14.29£0.56a
T4 18.38+1.16a 16.86+1.57a 16.16+1.34a 14.56+1.41a
S 18.18+0.94a 15.91+1.28b 14.59+1.65¢ 13.18+1.48d
FLFYER T1 8.86+0.24a 7.45+0.50a 7.05+0.50a 6.13+0.66a
T2 8.7920.32a 7.79+0.46a 7.1120.61a 5.53+0.57a
T3 8.1420.93a 7.36+0.59 6.960.72a 6.04+0.70a
T4 8.3620.41a 6.88+0.80a 6.4020.58a 5.66+0.68a
FHE 8.5420.56a 7.37+0.61b 6.88+0.60b 5.84+0.62¢
KIFRHE T1 10.96+0.33a 8.76+0.92a 8.18+0.21a 7.68+0.39a
T2 10.24+0.80a 8.72+0.63a 8.02+0.86a 7.32+0.06ab
T3 9.50+0.83a 8.1220.67a 7.44+0.45a 6.47+0.38bc
T4 9.57+0.50a 7.79+0.35a 7.09+0.76a 5.98+0.37¢
SEHE 10.07+0.83a 8.35+0.72b 7.68+0.70c 6.86+0.76d
i T1 1.89+0.08a 1.63+0.11a 1.50+0.20a 1.52£0.34a
T2 1.75+0.34a 1.750.07a 1.44£0.14a 1.52+0.33a
T3 1.84+0.04a 1.60+0.08a 1.4240.17a 1.53+0.17a
T4 1.87£0.21a 1.75%0.13a 1.36+0.20a 1.45+0.18a
SE A 1.84+0.18a 1.68+0.11b 1.43+0.16¢ 1.51£0.23¢
I L RE Y T T1 39.33x1.34a 32.65+2.05a 29.63+1.10a 27.33£0.51a
T2 39.49+0.94a 34.47+1.53a 30.87+2.11a 26.25+0.74a
T3 37.49+2.76a 32.85+0.72a 30.83+2.22a 28.32+1.70a
T4 38.18+0.86a 33.28+2.34a 31.01+2.26a 27.65+2.36a
F-H{H 38.62+1.66a 33.31+1.68b 30.59+1.78¢ 27.39+1.52d
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70 70 70 701
g 60 S eof S oof = 60F
250 =t R = SoF
5;5 40 o Hﬂ% T 40f
S 30 <f:/[ 4 Efi 30k
X 20 Qﬁ jg & 20t
E—t 10 ;H; X B 10Fgaa aaa aaa
7 l[com CCE [(TH
70 40 60 =0 40 60
ALPERSTE] (d) ALFRI[E] (d) ALFRITE] (d) ALPERSE] (d)

OT1; OT12; WMT3
ARR)/ING B3 [R]— B[R] AS ) 9 B A 3 ] — 4 o 7% i o L 25 57 3% (P<0. 05)
2 2018 &R E XTI E R 40 B B2 ) B 48 A% b 5 B 22 0

Fig.2 Effect of temperature on cytoderm substance proportion of tobacco leaves in 2018



44 AR i N (A 3

2022 4F 4 38 % 1M

£

THER SR A (%)

PR AR (%)

15 30 45 60
Rb3EMTTE] (d)
OT1;, BT2; @T3;, 3T4
RTINS 75 P 2 ] — ] R 5 A SR — 0 5 - 17 FL 2% 5 8. 25 ( P<0. 05)
B3 2019 35 B XHE S 4 RS MR 4 AR L B B

Fig.3 Effect of temperature on cytoderm substance proportion of tobacco leaves in 2019
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Table 4 Influence of temperature on content of non-structural car-

bohydrates in tobacco leaves in 2018

A B G AN [ ] i B K A S (%)

B leat e

wokicay P 20 d 40 d 60 d
et T1 8.99£0.91b  8.51+1.02b  9.61+0.54b
T2 10.72£0.60ab 10.61£1.00ab 10.80£0.30ab
T3  11.07£0.84a 11.56x1.44a 12.48%1.27a
S 10.2621.18a 10.23£1.69a  10.96+1.43a
TEH T1 8.61+1.50a  8.46+0.43a 11.95+1.17a
T2 8.03x1.02a  7.70+0.36a 10.16+0.63ab
T3 6.8320.69a  7.26+1.52a  9.89+0.31b
T 7.82+1.25b  7.81+0.96b  10.66+1.19a
B Tl 17.60£0.95a 16.96+1.25a 21.56+0.63a
T2  18.76£0.60a 18.31x1.34a 20.95+0.38a
T3 17.89%0.35a 18.82+1.64a 22.371.5la
M 18.0820.79b  18.03+1.49h  21.63+1.04a

[ — B (T1~T3) J5 AN 8] /N 57 B 25 7] — I ] AR [ 3 J22 b
If] 22 5 . 3 (P<0. 05 ) 5 FHERURG A /NG B s JFh ) i e
ANRI ] 2257 .3 (P<0. 05)
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Table 5 Influence of temperature on content of non-structural car-

bohydrates in tobacco leaves in 2019

Ik AR EAS R R oK fe A 5 e (% )
ok b3
N 15d 304d 454 60 d
SHE TI 8910252  8.86+0.54h  9.71:0.46b  10.90+0.29h
T2 9.11£057a  930+025ab 10.20+0.63ab 11.41+0.67ab
T3 9.680.62a  9.93+020ab 10.96+0.58ab 12.19+0.35a
T4  9.85+0.63a 10.18+0.32a 11.30:024a  12.54+0.45a
THE 939:06lc  9.57+0.62c 10.54:0.78b  11.76+0.78a
FEMS  TI 8150542  8.04+02la  885:0.182  9.91+0.26a
T2 77240582  7.72+0.66a  833:036a  9.51x0.27ab
T3 790£028a  7.60+046a  8.02+030a  9.09+0.50ab
T4  784x036a 743:034a  8.04:0.50a  8.87+0.30b
FEE 7.90£042¢  7.70:045¢  831:046b  9.35+0.51a
MER TL 17.06£071a  1691£0.75a  18.56:0.64a  20.82+0.55a
T2 1684x0.13a 17.03:042a 18.54:042a  20.93+0.94a
T3 17.58+047a 17.53+030a 18.98+0.82a  21.28+0.58a
T4  17.69:0.99 17.61:054a 1934:030a 21.41+0.64a
FEHE 17.2940.67c  17.27+0.55¢  18.85:0.61b  21.11+0.64a

[ — B K5l (T1~Td) J5 A ] /NG - R) 38 7 [] — A 18] AS i) 9B Ak
i) 22 5 8 3 (P<0. 05) ; V- I(E 5 5 R R/ING S8 38R S b ) S5 7
AS[E) i A] 22 53 8 % (P<0.05)
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Fig.4 Influence of temperature on the relative expression of cellulose synthase genes
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Fig.5 Influence of temperature on relative expression of hemicellulosic synthase genes
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Fig.6 Influence of temperature on relative expression of lignin synthase genes
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Fig.7 Influence of temperature on relative expression of pectin synthase gene
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