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Abstract: Plant synthetic biology has significant theoretical advantages in exploration and
production of plant natural products. However, its contribution to the field of biosynthesis is
currently limited due to the lack of efficient chassis systems and related enabling technologies.
Synthetic biologists often avoid tobacco as a chassis system because of its long operation cycle,
difficulties in genetic and metabolic modification, complex metabolism and purification
background, nicotine toxicity, and challenges in accurately controlling for agricultural
production. Nevertheless, the tobacco suspension cell chassis system offers a viable solution to
these challenges. The objective of this research was to develop a tobacco suspension cell chassis
with high scientific and industrial potential. This chassis should exhibit rapid growth, high
biomass, excellent dispersion, high transformation efficiency, and minimal nicotine content.
Nicotiana benthamiana, which has high applicability in molecular technology, was used to
induce suspension cells. The induced suspension cells, named NBS-1, exhibited rapid growth,
excellent dispersion, and high biomass, reaching a maximum biomass of 476.39 g/L (fresh
weight), which was significantly higher than that of BY-2. The transformation efficiency of the
widely utilized pEAQ-HT transient expression system in NBS-1 reached 81%, which was
substantially elevated compared to BY-2. The metabolic characteristics and bias of BY-2 and
NBS-1 were analyzed using transcriptome data. It was found that the gene expression of
pathways related to biosynthesis of flavonoids and their derivatives in NBS-1 was significantly
higher, while the pathways related to alkaloid biosynthesis were significantly lower compared to
BY-2. These findings were further validated by the total content of flavonoid and alkaloid. In
summary, our research demonstrates NBS-1 possesses minimal nicotine content and provides
valuable guidance for selecting appropriate chassis for specific products. In conclusion, this
study developed NBS-1, a tobacco suspension cell chassis with excellent growth and
transformation, high flavonoid content and minimal nicotine content, which has important
guiding significance for the development of tobacco suspension cell chassis.

Keywords: plant chassis; suspension cell; Nicotiana benthamiana; biomass; transient
expression; nicotine; flavonoid
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B 0.255 g/L, WUEEO0.1 g/L, EhFREIEZE 1 mg/L,
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Figure 1
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Tobacco suspension cell. The NBS-1 were cultured for 1 day (A), 6 days (B), and 10 days (C).
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Figure 2 Microscopic observation and dispersion statistics of NBS-1 and BY-2 cells. A: Cell morphologic
observation. B: Cell dispersion statistic. The significance of differences was analyzed by t test (*: P<0.05;
**. P<0.01); ns represents no significant difference between the two groups at 0.05 level; Error lines

represent X£S errors (N=3).
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Figure 3  Growth curves of NBS-1 and BY-2
suspension cell. The significance of differences was
analyzed by t test (*: P<0.05); Error bars represent
X £s errors (N=3).
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Figure 4 GFP transformation in NBS-1 and BY-2 cells.
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A: Fluorescence observation. B: Transient

transformation efficiency. The significance of differences was analyzed by t test (**: P<0.01); Error lines

represent X £S errors (N=3).
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SR BRTSE] 61 105 434, Hp ik & FPKM
ERTF 1 09H 32 311 £5(52.88%), KF 10 (A
10 416 45(17.05%).
2.42 NBS-1 #1 BY-2 RYZARBLARThRELHE R
e

GO T RE B2t 3k IR AN 8 (1 D e R4 7 PR
E R, DA Sk 4 1T i 148 25 4% rh 35 IR A
=g g™, GO R4 £, NBS-1
A 20 839 MIEA BB 40 K£IhREdl, H
H AT 20 B9 2H A (cellular component) A4 3 5%
(1 5A), PUATEY ¥l (biological process)i
A 23 (8 5B), P14 TPtk (molecular function)
A 14 28 5C); BY-2 3 23 433 4~HE[H ¥
HRER 55 4cohredl, Hh P AT 4 i 4 B (cellular
component) A 19 £5(&l 5A), AT EY # it &
(biological process) >k 21 25(& 5B), $id714r 1
i fig (molecular function)fJF 15 (& 50).
NBS-1 1 BY-2 754 M 41843 10 78 B 25 57 4
K, EERBULE TN AE L A B 2 A R TR

*1 HFHBEBRSEIU

TE NBS-1 H A 41 ifs 25 #4) 4& (cellular anatomical
entity) . 40 Jifi N (intracellular) fil 2 1 &2 & W)
(protein-containing complex) 3 ZXINHE4H; A A
T BY-2 Wl 19 ZINREH , R AE AN (cell) . 4
ML 2H 53 (cell part) . 40 i %% (organelle) . 2l fifd Ji
(membrane) . 41 8 i 2 43 (membrane part) 141 il
#2177 (organelle part)%F, DJREAEMESHED
ARRIZH NBS-1 Fl BY-2 740 20 53 )2 1 ) 22
SR, IXEEZEFN Y 2 Fh A A0 a2 S
X, IBAREYS BY-2 498 4R gR ARG R M
NBS-1 {UN ) 1 a4 6
2.4.3 NBS-1 WEEESHERERSRIEM
YIRS B EREKRIE

LI NBS-1 F1 BY-2 4 il 5% s 2100 LU XS
KEGG ##la %, 2:iddiiid NBS-1 #l BY-2 #y4Q
WHERAE K M4 . NBS-1 F1 BY-2 40517 B £
9 209 I 10 215 NHEN, 73AiifE 135 25 KEGG
g, Horp 104 508 558 R (metabolism)
AHOG o S T S b ) P AP 2 200 VS 485 R AR
R, RAET 2 RN R SR A S R
WA A& G A 23 25 A1 L T BY-2,
NBS-1 3k B2 FRMHT 6 255 A
4 S SRS YA G BRDE , 4 A e e K
5 i i (flavone and flavonol biosynthesis), 7K

Table 1 Transcriptome information statistics

Sample name  Clean reads Clean bases GC content (%) >Q30 (%) Total reads Mapped reads
NBS-1 19 355 905 5780 246 432 43.61 91.14 38 711 810 35677 554 (92.16%)
NBS-2 20956 187 6259257410 43.56 90.85 41912 374 38 672 783 (92.27%)
NBS-3 21599 507 6451 858 442 43.51 91.23 43199014 39 802 051 (92.14%)
BY-2-1 21246 203 6 333 568 486 44.78 94.34 42 492 406 40 100 733 (94.37%)
BY-2-2 23 436 036 7011502112 44.48 94.15 46 872 072 44 558 555 (95.06%)
BY-2-3 20975 134 6266 812 644 44.58 93.47 41950 268 39 505 230 (94.17%)

Samples: Sample name; Total reads: Total number of reads; Clean reads: Counts of clean PE (pair-end) reads; Clean bases:

Total base number of clean data; GC content: Percentage of G (guanine) and C (cytosine) in clean data; >Q30: Percentage of

bases with Q-score no less than Q30; Mapped reads: Percentage of G (guanine) and C (cytosine) in clean data.
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Figure 5 GO function annotation analysis of NBS-1 and BY-2 cells. A: Cellular component. B: Biological

process. C: Molecular function.

. Y25 (stilbenoid, diarylheptanoid and gingerol
biosynthesis). Z$ % ili(flavonoid biosynthesis)#l
2K A %t 25 (phenylpropanoid biosynthesis) = ) &
BGEF o 3 2043 B A v I i (1 3R
ik, KB NBS-1 Hb SVBE R G RGE B Y 2R 18 Rl A
BEFT BY-2 (K 6), /% NBS-1 FH i %1k
GG BGETE HE RIE ER

FH B M B A R AR AL S 4, R M
o h i AR, — M AR R R 90%
PO B W A A S v R A B
£ W1 & R (isoquinoline alkaloid biosynthesis) . G
A oE | R IE I AHE BE A= ) B F) A= ) 65 ) (tropane,
piperidine and pyridine alkaloid biosynthesis)-5 |
WA= Wrmsi A 914 A (indole alkaloid biosynthesis),
EATE NBS-1 PRI BELT BY-2, B4
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Vw5 G P 2R R A i 0T BY-2 (1 6),
i 7 NBS-1 A P08 S AR 25 A 59 0 A AR
W B 3 55 T BY-2,
2.5 NBS-1 MEIIEKEYIEESMEDRE
BEWMIK

SRR, EREZRAE YA
W, NBS-1 By FRk & B S T BY-2,
EAE A Wil G 6, NBS-1 AYJEH Skt
WBENT BY-2. N T RIUEX —453%, % NBS-1
A BY-2 H A R A RS A YA B
137 3 it o BY-2 40 A 4 S B 7 A0 5
ERRTINZE , AA I B AR SE ; NBS-1 2
i rp B R Y B 0.11 me/g (B ), HERK
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Monoterpenoid biosynthesis
Flavone and flavonol biosynthesis

Sesquiterpenoid and triterpenoid biosynthesis 1.4
Stilbenoid, diarylheptanoid and gingerol biosynthesis
Flavonoid biosynthesis
Phenylpropanoid biosynthesis
Caffeine metabolism

1.2

Brassinosteroid biosynthesis

Anthocyanin biosynthesis

Isoquinoline alkaloid biosynthesis

Limonene and pinene degradation

Carotenoid biosynthesis

Terpenoid backbone biosynthesis 1.0

Tropane, piperidine and pyridine alkaloid biosynthesis
Zeatin biosynthesis

Monobactam biosynthesis

Benzoxazinoid biosynthesis

Indole alkaloid biosynthesis

Isoflavonoid biosynthesis

Glucosinolate biosynthesis

Diterpenoid biosynthesis

Betalain biosynthesis

Biosynthesis of various secondary metabolites-part 2

Total flavonoid and derivatives biosynthesis
Total alkaloid and derivatives biosynthesis

NBS-1 BY-2

E 6 NBS-17#0 BY-2 4iifl KEGG @& RiA R E
Figure 6 KEGG pathway expression heat map of NBS-1 and BY-2 cells. The right ordinate represents the
KEGG orthology (KO) number of the KEGG metabolic pathway.
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Figure 7 Total alkaloids and total flavonoids were determined in tobacco. A: Total flavonoids in NBS-1 and
BY-2 cells. B: Total alkaloids in NBS-1, BY-2, Nb-Leaf, and Nt-Leaf. The significance of differences was
analyzed by t test (**: P<0.01); Error lines represent X &S errors (n=3).
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SRy T A b, B A AN [ AR S 5 v R )
H, KT NBS-1 Zie . BY-2 4iAf 3 A
I AR PR S R e S A e (18] 7B).
TEADEE Y, 38 A FE e R rb S AR W e
i, N 2.61 mg/g (BFHE); ARJHRM Rk,
J 1.10 mg/g (B ) ; BY-2 40 ML A Mo & 2
EALTHHEE M F, 4 0.13 mg/g (B F); NBS-1
S AE PR AR 0.003 4 mg/g (BFE), J& BY-2
ARG 2.62%, B EMKT BY-2 4000 %% |, NBS-1
MR A AT ) AR G 5 A

3 WREER

TEA & A o T B A R AR i aod
FEr, A EE TR S0 i i R e U i
BEXS H bR = Pyt 545 1 00 R 45 200 R S A S
XY R IR R R G R, AR HARSE R
YA AL, A AR AR 2w AT
HA SRS AN A = AL A L e 4 i, A
BT 220 5 2% 5 U B R AE RPN 5 AR
240 i R B I3 1 8 W 2R 8 8 45 R0 Al (400 i £
R PA5S0 M) RIS s & BB AR S P i)
T 32 P B G 45 1P A A A8 A7 A AT o
. ARG ARBRAR I 2 A L S
Tl ARSI, BV AP R RS,
17T A8 e 5 200 i RS 2 1 AR AT AT S e L 3 1)
B BRI o EUELY . AE e — AR L
PR AT K 11 R A T T 1) 202,

AT BT LR AR R EE . 5T
i AR B AR T e A 7 ) A e 7 A LT
o B\, ARPHESL T o EUE AR Y RS
AOAS FRO BB R IR IR R, HE G Tl AR TOR
A7 AEREMIAIRTIORAE T, KA R 2R o)
I AR — e mT LAl /b 20 i 41 SR AT 1l A 40 i
MR KA, SRR RS, MT
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00 400 0 1) S I R A R e S R R L TR T
JEVE A SR A R T AN AR R SRR R R
Z—, Wi AE R R A A R
2l Kt A B Ak R A B 4y . 89—k
AR )2 IF A R NBS-1, HAY &
FICHRRIE R, SRR R R TR . EK
KA KA R T LA B ERw, 85k
BSR4 B R A i o AL R R, AR T
AT HUE R R A R, OE R RS
HER B A B T A R AR B R AR )
VT A AR E AN B R R R A H R sk
MIYGH HFRRETT, B LLAN MG 5 RN R 7=
HE, 5350 HFR R A s,
LB 5 7%y QB T % 95 o R P X 6 A R
H, A SN (4 T 2 B R el R AR A5 5 7
A AT o AR R, SEBE R
Tl ALK A . e, A7 SN R IR 2
P —SE R A KT R B R, X A A
KIEFEAFN P B ARG & NBS-1, 5
RS FRAR H L B2 R R A8 7 A0 B i 2R K
HARHANG YR EAL, HFE AR,
— S 2 A ) TR AN I AE S Y ORI e e
A N A I AR B, L AN TR R A
B BE FE 41038 % R 4 H IR e EOEmE 2 8P X
WAF S YA GG S A e, K H E
PIALEE T 0 AR KR B A 2k AR KR DG IR Y R - AT
e EH Z DL TS5, R4
AR T A Y 15 R, AR MR R RS
At — 2 i 4 Ak . (R0 B RERE 4 0 R A X
J5 A2 A0 AT RRE /N, A R R B B i
B 95 2% A 3E o R R E  BAl, O R RS ]
KA BRI 5 X A A o A0 1 AR R Bk
A R A i — 2D g . O BACH
7B A R — A A A K R TR 2B
1), 5 BY-2 4 iaAH E, A% FQAR 40 i 7 45 5%
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B 7 F A Y B ) 5 22 B (R BE K, X LS R
NBS-1 FEACE Y& ™ 8 7 T 3.

VERG KRR S, ARELFR
I SE N TREGE TS 1, A R 28 H
IBERT =R B RS pEAQ-HT, 7E NBS-1
AL SR B T BY-2, XARA AT 6E R T4
G R e R 3L 3 P X 2 T R 2 1) o e 1) 22
S ZJE, I S A SE e E K
BENBS-1 119 g o5 il 2 RV A Pk i 4 i e
A= WA IR R R S R AR Y, RS
MR % (nicotine) . K AHB (nornicotine) . MK ELHK
(anatabine)ZE101 ) DL T AR 2R A HE BB
K e R 4 LR KR S R 2 —
FEAR RO A5 B . 2t T P 0 5 A 7= i S SR
RIS ST K B AR YL 1) BY-2 B
RO B8 75 2t 0 AR B i 2R 0, A 5T S Y
NBS-1 FJHEA & 7 b BY-2 R ZARR 2, Ul I
Bl BT TR . DL R A 3 AR
TR AT as A, WA B F48 5 NBS-1 X hj ™
A B RE S A
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