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Abstract: To explore candidate genes of tobacco important traits and provide insights of space
mutagenesis, we conducted the whole genome re-sequencing ( 30x coverage ) in tobacco mutant NC89-M that
was generated by space mutagenesis, and wild-type NC89.In comparison to the reference genome, 1848013
single nucleotide polymorphisms ( SNPs ) , 398922 Indels and 41969 structure variations ( SVs ) were observed
in NC89, while 1876219 SNPs, 402011 Indels and 42699 SVs were detected in NC89-M.A total of 271655
SNPs and 23450 Indels differed between NC89-M and NC89, which resulted in sequence modifications on
8378 and 2156 genes, respectively.SNPs were often observed in mutant, suggesting that single nucleotide
mutation is predominant using spare mutagenesis.The ratio of conversion type to transversion type is 2.053.
It is proved that the single-base mutations are the main mutation type in the tobacco genome induced by space

and conversion type is the main mutation type among the single base mutation.The number of insertion was
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significantly more than that of the deletion.It is proved that the insertion is the main mutation type in Indel caused

by space mutagenesis.Among the SV, space mutagenesis mainly results in five types of structural variation

including insertion, deletion, inversion, intra-chromosomal translocation and inter-chromosomal translocation.

KEGG annotation of mutant genes indicated that the number of mutant genes in the metabolic pathway and

biosynthesis of secondary metabolites are the highest.Gene function annotation indicated that several functional

genes were modified in mutant, including MADS-box genes that control flowering time, KNOXI gene that

regulates development of lateral organ and leaf edge shape and also the genes that associate to the synthesis of

terpenoids.
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Fig.1 Phenotypic variation between NC89 and NC89-M
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Table 1 Botanical Traits of NC89 and NC89-M
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o Leaf Leaf Angle between ~ Main vein Lateral . Flower
Varieties Plant type  Leaf shape . . inflorescence
color Margin stem and leaf thickness branch color
NC89 P A2 g ki PN gl % i et
NC89-M il g ek Ptk /I I > ferp a
&2 NC89 1 NC89-M FERE MK
Table 2 Major agronomic traits of NC89 and NC89-M
. e . it it il .
73 . iR , KHAF B
- 4 (cm) Waist leaf Upper second leaf Lower second leaf
mn (em) (em) (d)
o Leaf Stem .
Varieties Plant . Plant K (ecm) %i(em) K(em) Fi(em) K(em) Ti(em)  Field growth
. number circumfe . R
height pitch Length Width Length Width Length Width period
rence
NC89 148.8 25 7.7 6.1 61.8 255 56.1 20.9 62.4 27.8 118
NC89-M  160.3" 22 9.7 73" 62.4 26.1 55.6 223 51.7 312 123%*

T AT (P<0.01); * 227 B3 (P<0.05)

"extremely significant difference at 0.01 probability level, “significant difference at 0.05 level
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Fig.2 Variation analysis of NC89 and NC89-M
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Table 4 Indel annotations
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382 L N7/ I S A S S 4 20 &
NC89
NC89-M
21- 21- §
20 20 |
19- 19_L
18- 18- §
17 -, 17|
16 - | 16-iI
g 15 | = 15-
Ve 2 14- |
= 13- 313 -
a 12 a2 m
£ ERTR |
B O10- | i 10 - 4
M9 R 9—==
Q (3
=] 8" b= 8-
S 7. S 7-F
6- 1 6 - —
5- 1 5-m
- B 4 m
3- mm 3 - ——
E— | —
2 - —— 2 - —
| —— 1
0- 1 i i 0- i . . . .
0 20 40 60 0 10 20 30 40 50
B (%) B (%)
Percentage Percentage
A B

Az 2IEN Indel KI5 B: 4ifS1X Indel 1 BE5M &
A': Length distribution of Indels in whole genome, B: Length distribution of Indels in CDS

B4 £EFRAMEHBEX Indel KESHE
Fig.4 Length distribution of Indels in whole genome and CDS
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Table 5 SV annotations

A SHY

Type NC89 NC89-M
FEP 1357 1 kb X Upstream 393 404
LA 1 kb X Downstream 291 305
S XIS Exonic 593 613
T IX IS¢ Intronic 1131 1151
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DGR N SE R 32 23228 23004
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e R TR 1187 1071
Inter-chromosomal translocation
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Fig.5 Classification of mutant genes blasted by KEGG database
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Fig.6 Sequence alignment of gene Nitab4.5_0001113g0010.1
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Table 6 Verification of homozygous variant sites
TiH Pk (R ) ID frE R S R A X sl i TR
Item Chromosome ( gene ) ID Location Mutation area Mutation type Amino acid changes
IEAf S Nitab4.5_ 0000651 353767 FE A [i] IX A>G
Correct verification Nitab4.5 0002829 108928 FEPA ] X C>A
Nitab4.5 0000058 621772 BEPRI ] X T>C
Nitab4.5_0000058 622652 [ [i] X C>T
Nitab4.5 0000002 5157934 FEHE] X G>A
Nitab4.5_0000164 1306958 FEF ] X C>A
Nitab4.5 0001653 464337 P[] X G>A
Nitab4.5 0000263 1044444 FEA ] [X. A>G
Nitab4.5_0001952g0170.1 339159 NEF A>G
Nitab4.5_0001952g0090.1 155895 T A>G Jo
Nitab4.5_0001008g0010.1 13711 T A>G ¥
Nitab4.5_0004457g0020.1 133009 LT T>C T
Nitab4.5 0006573g0010.1 79295 PN T>C o
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