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Abstract Brown-spot is an important leaf disease to tobacco, which causes huge yield loss on tobacco
production annually. Development of brown-spot resistant cultivars is a great measure to reduce the yield
reduction caused by this pathogen. Thus, identification and utilization of brown-spot resistance genes is of great
value to tobacco resistance breeding. To identify brown-spot resistance molecular markers, we developed an F2
population with tobacco cultivars Beinhart 1000-1, an important brown-spot resistant cultivar, and K326, a
brown-spot susceptible cultivar with good industrial processing qualities, in this study. And, 19 resistant lines and
19 susceptible lines were obtained by brown-spot resistance screening and were subjected to genomic
re-sequencing. Then, marker-trait association analyses was carried out based on the phenotypic characteristics

and the genomic re-sequencing data to identify SNPs associated with tobacco brown-spot resistance. These assays
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identified ~1.7 million differential SNPs and 10 genes associated with tobacco brown-spot resistance. Findings of

this study are helpful for tobacco resistance breeding against brown-spot.
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Tablel Statistics of quality evalution of sequencing data

FEA JFaG MK (bp)  dUEEEREGP) AR (%) BRAEEE IR (%) Q20 (%) Q30 (%)  GC (%)
sample Raw bases (bp) Clean bases (bp)  Effective rate (%)  Error rate (%) GC content (%)
Beinhart 40 693 812 600 40 487 590 800 99.51 0.02 97.03 93.31 39.63

M1-19 96 601 975 200 96 136 657 500 99.52 0.02 97.67 94.75 39.54

R1-19 96 656 274 900 96 206 166 000 99.53 0.02 97.68 94.78 39.51

K326 49 708 476 900 49 208 598 000 99.00 0.02 96.93 93.21 40.88

R 2 B HERBHFEAFIL

Table 2 Basic statistics of reference genome

751 S FE (R 40 285 i K P GC F & (%) N X b A(%) 50%2H 2% )7 51 18 B 90%2H 4 5 41 id s
Seq number Total length GC contents (%) Gap rate (%) N50 length NO90 length

382373 3752 655195 39.02 4.11 346 290 14 544

3 FN PR BE J kN A 78 w6 P it

Table 3 Statistics of sequencing depth and coverage

FEA bt 2% %k IS¥ 5 EEXF R (%) P AR 1X 7 3 (%) 4X 7 i (%)
Sample Mapped reads Total reads Mapping rate (%) Average depth (X) Coverage 1X (%) Coverage 4X (%)
K326 324912310 328 057 320 99.04 10.63 97.94 88.97

Beinhart 265943 761 269 917 272 98.53 9.16 98.16 89.78

M1-19 635621372 640 911 050 99.17 17.9 99.4 98.17

R1-19 636 404 620 641 374 440 99.23 17.66 99.4 98.14
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Table 4 SNP statistical annotation results

Al R A Ay R A
Category Number of SNPs
F B 1 kb X 8429
Upstream 1 kb

HMEFIX

Exonic

Z LT3R5 101
Stop gain

I EREES 40

Stop loss

[ S35 12151
Synonymous

AR [F) AR 5 8494
Non-synonymous

WETKX 38113
Intronic

BEAL 29
Splicing

F T 1 kb X 8646
Downstream 1 kb

I7 J W JE R R 1 kDb X 204
upstream/downstream

BEA] ) X 1619768
Intergenic

He 1 141 360
Ts, transitions

HUELS 554615
Tv, transversions

LS e 2.057
ts/tv

ZESFEISH 1695975
Total

AR B EE T N 0 R B BRI JLE
X B AR AT A DG AL . LS5 (2012) 1
T 5 &5 SR 3 B 14 P 3856 R B2 7 0 A el R Rl
% FED R, IR AL B — A5 P I A OE
SSR 73 FARiC « 1225 (2015) (IR 50 45 5 26 5 i35
A1 Beinhart1000-1 [ 75 B 93 PU 1435 52 9 0 - 5¢
A B R e - SR IR ), R R R
M AR LR R AR 3, I H 2R B 5 4
Ko LA L7 32 BEAE H 7F A% Guist A% 2 AT 724003, X4t
PESE R QTL 2047 HEAT T W 9T, (HIF 3 % e 3 A
(NINETREY P RE-TPT

A5 R vl E 5 VA 19 N PR

73 ORI BRI 19 A I iR 2 0B e ) s 1 A b ) sk
1T SNP ZE 560 fior M, FERHHH B 75 B P14 S B
BT T 808 o PP 4l SR 2 s A [R) B M e R S
2 B S R RN KR 8 R R, ST
ZE 5% SNP A7 580 H 20 170 J3 o 755 B H 7R B i
R SNP 22 o s R Al b, AR AL S Y 10
ANFRRIR PO SCIRE N, Hh RS IR IR IR &
B, X 5 RE SR AT O TR B0 1 Bt Tl R
FH— 30, SR S AR =W Re s JR 15 A 1 i
P, HINIFORS i AT 38 3 3 1 SR (ROS)) B s A P B T2
A A2 B (hypersensitive response, HR), SEHL & 4t
SRAFPUE (kR A S R, 2007); 7 368 21 1) b i
PRIE EL 4 E3 V2 FEHRE MARCHS 2K1U4, 1 A
FIUESZ REAB RS SHEY PR IS
N, SEPIPURE TE EIA OC(HIE IS, 2014),
AN, ASHIE 5 0 1k 21 1) B A% 12 R 6 R W WLRE R
SR 1. Be R QA DG LK ADP- 2 M RGN 4502
VRN EEABSENARER. 28 EINA, At
FUIR L B FE D G Sl Az R, e AR
SRR R T B s A AR R, R
HANEEESEES S TR ER KB,
X MHEL SR R LA R L R SUR
BRI T B Mt — g A

REZEEES by
3.k g w4

A S5 DA Bt P i Ff Beinhart 1000-1 Al
K326 Jil e 1Rk, 3 FAN i Bl 5 g M R R R 0
H IR 158 oI B R AR 5 o 2 s B A 0
WA TR RS 0 SR8 = H CRAT

3.2 BT MBI EE IR

AT N T A2 (177 2 0 R 0 B A R
Beinhart1000-1 5 5 &+ K} K326 (1) F1 KL, 3@
It F1 AR H 2255 E T Beinhart1000-1 F1 K326
() F2 Q20 BIREA 500 Bk AN i 5 (1 732
X IRAF F2 AR AAS RS R BEAT A5 T B B
(5552 , 43 A e B AR 3R 1 B Pt AR AN s KL
FAF I T U 437

3.3 DNA RS R=EMR

M 500 PRAEE F2 AR L 19 PR s P 2
FERRAN 19 MR B AR VE AR IGFE fh . ] CTAB 4
PEHURE S B bR L R 4H DNA, % DNA S48 R 5



BT H P A R IR BUPE SR I SNP A7 ri42 30 5

5 JREIRPUIEIRIBEE KR

Table 5 Annotation of brown spot resistance associated genes

A SR 5[ ID Getoff Z B BREE R EE K
Mutation type Gene ID Chromosome Reference base Variant base Candidate gene Length
e [F) A R gene 83097 Ntab-K326 T C fir BN+ 35 1524
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