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Association analysis of tobacco specific nitrosamines content in tobacco germplasm
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Abstract: Genetic diversity analysis for 24 tobacco accessions was performed with SSR and MFLP markers which distributed in 24
chromosomes. Association analysis was conducted between polymorphic markers and tobacco specific nitrosamine (TSNA) contents
through GLM model using software TASSEL. Result showed that 188 allelic variations were detected among 24 tobacco accessions with
33 MFLP and 28 SSR primer combinations. These accessions were clustered into 3 subgroups in genetic analysis of population structure.
The subgroup is in coincidence with tobacco types, i.e. flue-cured, sun-cured and burley. Association analysis showed that 6 MFLP markers
and 1 SSR marker were associated with at least one of TSNA contents at P<0.01 level. The marker of MFLP26 was significantly associated
with NNN content (P<0.001), and explains 58.31% of phenotypic variation for NNN content in cured leaves. These markers could be used
in tobacco breeding programmes to assist with selection of tobacco genotypes with low TSNA content.
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JH L RE A IV i % (Tobacco Specific Nitrosamines,
TSNA) & 5 K ol & b (0 RE A B4y, £ ZEALHE N-
VR 2 LA (NININ)  4-(N- SIF 7l 3 FE R )-1-(3-
M e 3 )-1- T B (NNK). N- 7 Al 35 5 A Wl (NAB)
1 N- IVl 552 97 00 BB (NAT) DY Fefr 2 70 121, K g
FEIN N TSNA & — K AFSU Ik &am ™, H
H NNK A1 NNN # 5 & 4 — 2K (Class 1) #UE4, 7l
SN BR KR RUR T 4 F R S s R s 1T
NAB Fl NAT X 5258 2h 9 1) S0 M 10 E 3 2 /0,
MBI 4, FrLLeEAIRSoE A e e s

2 J 0 JERE R ) TSNA 2 A A TSNA ) 3
BRYF 2 — 7 AR R [A)E TSNA & & A,
BRI TSNA 7R ELFT &7 B A =] &2,
HE TR] ) S 5% R 1) 264, A [F) 28 BLH B2 b TSNA
H& EAPEE R R EE R L E R B, Wk
T A Ml &Mk, L TSNA JKF# B T (A b
SR U0 AT 0k el B AR [ R 0 B TR TSNAA
B 5N A R A O P, X SRR A 45 SRR,
TSNA 75 & 5 40 5 5t P A B ()38 A% R I R AH G . A
I, JEH HK TSNA &5 M0 5 AR, AT BRARAS AR
AR R 1) fes SRR

TR A1 5 T AR FE RN 22, BAAR KR ).
SR P A = R B EEG AL T A7, 75 0GR B AL
HRIBEF, O E R AU IX L TSNA KM SR A

AL U, RIS AR BT o A AT R, 2
BEARFR A TSNA & &1 —Fpa 20sss U, ik
PR SR FH 5 B b 7 o0t 5 D0 3 Rt A 1
TIPSR A BEAT B R, G H 2 R A A Tl
BT R AR R R BRI B A TSNA 7
B RIEE FEAC, AR E T AR 4 1Y,
X e B g — DU WIS ) TSNA F 8052 32 R0
PRIz, W RAE 1L R 1 SR A N A RS
P e DTG 5 K (10 0 T ot A

BUH ATk, i AR UL B E T 5 0 TSNA 38 f%
R TR 7 TAE, JFR WA NFEH T TSNA &
AL T K BB T HRIE - 45258 7E SSR (Simple
Sequence Repeat) 51t fil MFLP(Microsatellite-anchored
fragment length polymorphism) 7 A & I A [7] 4H &=
MRLE AL 2 R VR R R L, XA R B A R - e
TSNA & &M R Shrid 2 & AT B, LU
RIS M TSNA & &8 % & KRB bR id AL /L, N
TSNA 2 & K AP IE F it 5% .
1 MR5A*
L1 b

PR 24 ANHHELA R B AR 48 R B W) e R
FREFUATRR ML, R T 19 AN 3 A B A
2 ASEE, HRIFEFIZRA R 1 R

R 1 MRER R RRIER KR

Tab. 1 Type and origin of tobacco accessions

Frs fin PR H Frs st i P I
1 FF6 T IR P M 13 KEI *H 5 1
2 S1640 J7AR FE 1 14 RG112 FEH 2 4
3 H66B J72R &1 15 G140 FkH FEH
4 118-3 J72R yaapi| 16 KHEH; 599 i 2R ya i
5 NC89 & H 0 17 RYH 5 TR Y2
6 NC628 e FE 1 18 T&15 ENT #5 4
7 G28 FE [ FE 1 19 ) 85 F] e
8 CF20 FEH FE M 20 Ha—5 J7R M A4
9 NC27NF *H FE M 21 H IR i 0
10 C316 e 0 22 81-26 IR M 0
11 TI245 *H o 23 KY14 FEE F AR
12 C48 [ yaap i 24 TN90 FEH 4
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1.2 A TSNA &= /E

JHEA R T 2011 SEFAEAE S R 24 MR 52 =] 5 e
BEAGFAAT IR, R 3 AN EE, KR
o T AR AN [R] R )5 47 () s gk AT
AF (105°C, 30 min) FEHIALIEE., ST
28 U0 ) s A ) S I TSNA I & . BUE
BRI 25 R K LE R AR I ON T R B A AIR
it 40 HI%, #ERIFREL 1.000 g £ 8K H 0.1% 2.1
BRI CFHRGZEKECH]D B AEHL 30 min, #HL
WEEERP N ERHEH 100 ng/mL AR TR
f, BMEBOSBEENEEER, £022 um KR
Ly I 8, SR LC-MS/MS X 5E B 43 M7 f it
TSNA & &. LI A FR (NNN-d, #1 NNK-d,, 40
FERTF 99%) FlrkE (NNN. NAT. NAB 1 NNK,
AR RT 98%) ¥ HIME KK TRC 2.
1.3 MAEMRHEE SRS

KM LT, faas et B ki) CTAB 7
2 B 25 RE 5 i DNA. AR 9% Bindler 25 @Y 1) BF
Foas R, A TR 24 AN IEBEERT 30 4 SSR
Frac (3 2) SRA M AE B4 )R8 4% 2 FE 1, PCR
RN R I e e T T B (R S i AR
I 4K 35 Yang 25 PIMFLP $0K (R B, 45 & 90k bx
AR, R AR s A 2 e, IR BT
f\) MFLP 5| #) {5 B 1% 3 Fron. MFLP #:1F i 2
2 A 3 55 % BY Fr iR (10 )7 VA 34T . PCR 93

YI{E LICOR 4300 DNA 8% 4 #r 4% E b7 B R W
W5 Tk i vt JC L K AL, ) GelBuddy 1 2 St 2
S B R 3G S AT B, RIE KR
T, HEBRBORI AN I (1 2% 7 R0 TG 3% A 0 AR R ) 2%
SRIEME 0, 1 ZnH¥asEBE, 55Ot brid DNA
Marker 50-350 4r & AndE, #Ed MKW ST 5
Kt B SSR Fric Al MFLP A5 1c 75 M B R N (1) 2
A M. Bl H NTSYS-pc 2.11 # f (Biostatistics Inc.,
USA) IF 5 7 % M0 B RL 2 1) (1) 388 45 AH AL & 3L
SR JE K H AR I BLE R P ) (Unweighted Pair-Group
Mean Average, UPGMA) J5iAEf4 8 1 M0 FL 44 8L (1)
WAE TR RIS TR 126 514 M13-F-IRDye 700

(5" -CACGACGTTGTAAAACGAC-3' ) HH £
LICOR ~#F], He5l¥. BEFkA50EH LA
THERARAHA.
1.4 XEXSHT

N T R ik DR Y B 3R R S B 3 B A LE 1R AR FE

P, B H Structure 2.3 A4 (Pritchard et al. 2000)
XT 24 AN HE DR AT R T RO B 2R B 5y, OF
THEMPEABRI) Q 1E (ZF i MR} H IR R 41 AR 7 Y T 26
k BEARIIIER ). REHE&AME Q EAE NI AR, il
] TASSEL % ff #) GLM (General Linear Model) F%
7 B R TSNA & & 5 hrid 2 A 7 4t
FEE 5T, BIEE SR LA P<0.05 MR, P<0.01
S ATE

R2 30/ SSRIFICHIBIR, FMMRHRETERE (PIC)

Tab. 2 Name, number of alleles and polymorphism information content (PIC) of 30 SSR markers

Frid 2 EZN Frid AT EZN Frid 2 EZ
GEBLED HE R EUSN GEBIED F L ERSh GEBED HEEY  FEREE

PT20189(1H) 7 0.89 PT30361(8H) 3 0.57 PT30053(17H) 4 0.54
PT30351(1H) 3 0.42 PT20306(9H) 7 0.85 PT30339(17H) 8 0.87
PT30114(2H) 7 0.85 PT30311(10H) 4 0.83 PT30285(18H) ND ND
PT20172(3H) 7 0.72 PT30457(11H) 6 0.68 PT30230(19H) 4 0.71
PT20343(4H) 2 0.75 PT30301(12H) 5 0.58 PT20286(20H) 5 0.48
PT30151(4H) 3 0.45 PT20382(12H) 4 0.87 PT30110(21H) 2 0.19
PT20196(5H) 5 0.54 PT1089(13H) ND ND PT30235(21H) 2 0.44
PT20165(6H) 4 0.65 PT30314(14H) 3 0.79 PT30177(22H) 3 0.57
PT30292(7H) 5 0.56 PT30446(15H) 6 0.66 PT30257(23H) 4 0.61
PT30174(8H) 3 0.55 PT30052(16H) 4 0.53 PT30170(24H) 7 0.46

TE: ZEEEE (PIO) THITE ™ Pk kT ND, Fon s #di.
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& 3 MFLP fuff A& 18R 5 ] ¥

Tab.3 MFLP primers used in pre- and selective-amplification

GlEUEZR N BT 5 50— 3
Tid 344 514 SSR i 5E 5 GTCC(TAA)5, GGTC(ATT)S5, GACG(CAT)5, GAGT(CGA)5, CTTC(GGA)S
Msel 514 GATGAGTCCTGAGTAA

bk e 2 e s IE Y T SSR #isE54  fGTCC(TAA)S, fGGTC(ATT)S, fGACG(CAT)S, fGAGT(CGA)S, fCTTC(GGA)S

Msel &MY 1 51 7 mTAG, mTCC, mTCT, mTGA, mTTA, mGCA, mGCT, mGTA, mGTG,
mGTT, mCAA, mCCA, mCGC, mCTA, mAGC

Ee “m” TR Msel BEUIRN 519, “f7 FRax MI3 BSOS IR

2 EREH WAL A T 9B o TSNA

E‘/\E/\‘,% - ’ s lps . . ’ “,r\]—i
21 FRBERRBNEE RN gaes P8 D L S

2 LC-MSMS KM, 24 MEEE S A0 AT TNA SRR
L LA T A B T gy TEVAFER AR TSNA S OB 5
o e e Nt ) BRI NAB A, WA
sy TR Sk s 2 A B, LI
o SRR B2 s S T TSNA .5 e L
Bl TSNA £ 4b 1 TR 5] 144,56 nefe, Jot oA S B R G R TSNA 85 B A7 3
ety weee "1 HRIEMISG, BoOiliE 4 1 TSNA # A5 ST
H MV o E AH B A 0 o

fe — LA [F] GRS A
R RHRS A TSNA 4 R ik, waiirem o0 o IR
I 1) NNN. NAT 1 NAB 25 3 Fft 5t 49 (1) 48 53 5 %k

R4 MM TSNA 2 E8RBEXESH

Tab.4 TSNA content and its association analysis in tobacco leaves ng/g
i R ] T AR VR AR
NNN NAT NAB Total NNN NAT NAB NNK Total
H/ME 3.66 0.48 0.04 522 17.25 5.06 0.13 13.63 38.58
SN 96.63 92.12 4.98 189.90 727.31 285.30 14.35 73.70 814.63
FEMH 16.21 18.29 1.07 32.85 96.94 26.36 2.50 26.00 144.56
b2 23.56 25.84 1.28 48.44 166.79 58.17 3.54 13.14 216.00
% R 1.45 1.41 1.19 1.47 1.72 221 1.41 0.51 1.49
AR BT
o N :
il NAT  0.935%* 1
f NAB  0.605%* 0.819%* 1
! Total — 0.979%*  (0.988%*  (.741%* 1
NNN  0.825%* 0.615%*  0.146 0.717#* 1
ﬁiﬁ NAT  0.801*%% 0.639%*  0.240 0.720%* 0.940%* 1
J& NAB  0.786%* 0.650**  0.354 0.722%* 0.862%*  0.937%* 1
ﬁ NNK  0.636%*  0.486* 0.044 0.557#* 0.831%*  0.857**  (0.696** 1
Total — 0.822%* 0.630**  0.180 0.724%* 0.988%*  0.980%*  0.901%*  (.874** 1

WA FRORERAG PR (P <005) , WA ** HOREFARERIFEL (P <000 , T* FRRERTEGIHEL (P
>0.05) .
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22 HEMBREE SRS

WIS 30 A~ SSR AxidH, T 2 4~ SSR #5
WA G HR R, H T 28 4~ SSR Frid it
24 4 JH AR 8 A% 2 AR PEIEAT T a0 b, SR As I 2
127 NEALAR SR, S5 RN 3 FoR; 1 MFLP 2 4%
ST, 5 AN SSR A E 5144 il 5 15 Fh Msel
RS WISk T 33 EE S A
B, AE 24 MHEAPR R IR B 61 N2 AN A, FE
T SSR #xic F1 MFLP #ric 3 7] & B 188 > 2 A& AL
Mo THE 24 ANREARHA] AL AR R E, BT
UPGMA K4, giRwE 1 s, HE 1 A,
EFLAR % 0.65 /KF b, ATk 24 ANHREL S A5x4 3
ANr3Z: Cly C2HFIC3. 51332 (CD (LEFEHA
FENR LR, T1245 F1 S1640; 252 702 (C2) HHE 2
AR (81-26 FIFFAT) A1 1 AN F AP (R D H

55) , B3NS (C3) WK1 AEEAEE (B —
5 16 AN AR 2 AN A . SR Structure 2.3
BAEA TSR P R L 454, e SR o i) 0
BH . g5 TR 24 AN E B 0S54 AR AR RRAE
FRIH K=3 (B A Hardy-Weinberger ~V- 1 i) IV 451
HoN3) B HAER S IO M2 i X, AUk 24 /N JE B A
BN 3 AR Gl, G2 M1 G3, A& T 164 4
A AAHERSRE (2D o B 2 150, BT 5kl
Structure 2.3 #AFHIE#E 23T 5 UPGMA 3501k
—5, Ho Gl 1 16 MR EHER > A 7E C1 H,
G2 B8 T C2 11 3 MIHEAM LA C1 R 1 AN,
G3 B8 1 C3 1 2 MEEA LA CL ) 2 ASE T
BB T R AR X R I 24 /T
Ry SANFHE A CRE IR i R D A
—5.
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Fig.1 UPGMA cluster analysis of 24 tobacco accessions based on genetic similarity coefficient
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Fig. 2 Population structure of 24 tobacco accessions
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2.3 fAM TSNA &2 59 FiricBIXE T

YT IR E AR 3 AN R R, K A AR A
N Q {EAE N PhAE &, FIF TASSEL % A44r#r 28 A4
SSR #RiC Al 61 4~ MFLP A5 ic 5 HHIH 4 F TSNA 7
B PR, KRBT R E/R, 6 1 MFLP fx
0 A 1A SSR Frid (942 5 2= /b 5 - H 1 TSNA
TR P <001 KFLEEFERE, Hd 14 MFLP
Fric (MFLP26) fF1EAR L EASME (P < 0.001) ;
7 AN RIRFR 00T 28 BYAR S (1) R 26 1E 28.78%~58.31%
208, “FHEN 36.02% (F5) .

2 5 740, SSR krid (PT30151) 5 )5 i
i NAB. NAT I NNK ) & & 48 i 3% ok, &

RIAR SRR R 5 58 30.93%. 40.20% A1 39.30%; [A]
IF, 1% SSR bric 5 1A il B NNN & 8 2
K, HERMAFMERERA117%. 6 5 H KK
MFLP #ric ', MFLP55 F1 MFLP5 73 5 5 i 1] Ji5 1
Hrh NAB FINNK (& & 5 % 008, HRBETRH
R 73 I 28.78% A1 31.83%; MFLP26 Al MFLP1
[ s 55 98 i) J I R ONININ ) B 0 3 ORI, LR A
A5 3B R ) i N 58.31% £ 34.12%; MFLP7 [H
INF 55 8 AT NAT AT NNN 22508, HRAIAR
St HIARRE R 5 3 29.27% F1 31.00%; MFLP31 5 f
HIHT AR A NNN 220k, HRAR 2 iR A
31.28%.

®5 5TSNA @ERERRIRCAARITRE TS IMBEER

Tab. 5 Marker loci associated with TSNA content and their explained portion of phenotypic variation

Tk RHE Fric F P R

WA NAB PT30151 6.21% 0.009459 0.3093

NAT PT30151 10.52% 0.001065 0.4020

NNK PT30151 6.44% 0.008275 0.3930

NAB MFLP55 10.81% 0.004339 0.2878

NNK MFLP5 8.69% 0.009439 0.3183

NNN MFLP26 28.18%* 0.000071 0.5831

NNN MFLPI1 14.01%* 0.001772 0.3412

A 7R NNN PT30151 8.75% 0.002702 0.4117

NAT MFLP7 8.59 * 0.009784 0.2927

NNN MFLP7 10.30* 0.005466 0.3100

NNN MFLP31 9.54% 0.007484 0.3128
T R FRKBAR IO R T TTIRR: b * ERREFARUTFE L (P <000 , WA BRAEFHREG I ERL (P <

0.001) .

3 3Tt Bl Q) TTEER, Tz WB AL AR AT RN 5 2 Ak

5B 23 HT (association analysis), S FR 5% B A
(association mapping), A& DL B A4 R 2L i,
PLERBEAR N FEN R, R HARMIRER R 2 S
B (BbRIdhL ) B2 SRk, ol
HE 5 R AR R UIAH ¢ BB A R € DI RE I 2 R A7
MERREAL S B 54 QTL /ERAHLL, ety
MrBA 3 AHER S () fEFERE D, AFTFEL]]
PR R, B SRR R 5T G5 YRS il A At S

I FRIRAL 5 Je AL AR 5, A2 4648 QTL AR K
“PISRATERD” ROMRE] 3) KERZm, FIH B AR B
R R R EAE S, HAREET R,
AT SR MRS R B RS A e A . FRT, ORI
Srir CAEREE IF UL ORI KR L A A
g B SRz B

SRR I3 At B K T2 BB PR R R G K, 3K
& T APRH R AR S5 A B e T ST SR 557 32 57
VPA 2 7 A e AR ORI F 43 AT I B 24 Yty
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1) 28 > SSR ARiC A1 MFLP Fric 52 A 20 #r k4 Rl
L Z AP IR b, AR B LS 35T T AT,
24 NMHEA R N 3 ANTRE (G1-G3) , 5 UPGMA
BRSO AR 3 ANDE (C1-C3) i, BT 0%
ML, TR0 5 38 R R S B AR L (GL/CH,
G2/C2 f1 G3/C3) , HIHERI/r SMHFLSRAL % fH
e HP R R T AR AR — . R — LB A o,
P LR BRI [ R RS R () 5 A% 22 S B0K, T Al Y
L ZFEEACPIRAR,  HAS [ BRI b 8] Fr a8t A%
ZERRI R P2 R, BERSE R 4 HT B UPGMA
R M RETE L MM\ 737K P b4 7~ i B o o B
WL RAEg R R,

FIH T BEAR G R 2 M A R Q (B /R N P A &
FFRBEDWT LA A TSNA SRBAMFR, 4558
ISR ELRER AR 1 AN SSR AL AR 6 4 MFLP A7 45 % /b
5 1 # TSNA HAHPESE P<0.01 /KF &2, HAp
SSR 7 s 5 4 Fl TSNA 35 KK, 1% A7 &1 0T g 3 [H)
1EH T3X 4 B0 TSNA HIJE B 11 4 4> MFLP £z 1 %8
5 NNN B2 5CHE, IR NNN 7] 8 i 22 258 R 45 ),
HoAhrid MFLP26 A G5 H = R DR AH OCBK . X 7T
g U3Vt AN [ 2H B fRSE AS A F LA A TSNA BT 7T Ho HE K,
TSNA 7 52— Flt o 2 56 PR 4 1) F A 56 4 B MR st A% B
BRI RS R . 2 B R
s B TSNA FEEEAR I Hp AR SR D B LA,
HIE ST 3R EBRAE R =2 1), B 2=
A TSI . EARERE T, R RS R B
AR I R A R 5 DL R B A (NO,), AR5 5 JH
AR WIBAE B T TSNAM, B i) 5 HE o TSNA
BB SR R A TR Eh A & R IR A R
U0 e s U R S ORI b e st fE
b2 B R ], A o R B R B At e AN
R AR 2 B ] A 2 B AR R H NININ LA TSNA 4 &
Julio 25 "™ FIH 114 MEMEH HZ KRR T 6 %
IR R BS A T R sl 5 8 F 4 > QTL oz i, Hoxh AR Y
A5 S BRI RAE 9.0%~27.8%, X H8 QTL 47 s th ] 22
U TSNA & . AiRig gy BEoR, Wl
Je PRI TSNA (2 5 Ll 8 il gl k384 m 1 3.4 fi%
2%, AERHIHT S AR AR TSNA 55 &0 (A 9% R 5L
1h 0724, HEHI AT S B3E KRB 0 T LA R
FHIE], 3 AT B8 R J5 DR A (] o Ao ) R ot e 0 i A I
REL B —EER, BUAHIT R ED & &R
), BUE S E SRR EE P TSNA & & 8O
o PRI, ARSRES 3 OCHRIN 0 Fhr i 75 ZEAE A4 A0 B
Pt — B0 UE J5 A R N T2 TAR Bh & i

I FH 43 A T4 2 R 2H 1) 28 4™ SSR A Al MFLP
FRCHEAR, 80 7 24 NHEFRPRH B AL RR 1, BERLS
R R RIN, 24 ANIEFEADRVY 9 3 N0, HOEER
Iy SRR GBI, Bt AD (R FH K
X H TSNA & 2138 7 5 hRid 1) 2 & MO
7R, 64 MFLP #ric Al 1 4> SSR Aric (AR S & /0 5
JHH A 1 Fh TSNA S8 P < 0.01 7KF 8 EM L,
Ho 14> MELP #5ic (MFLP26) 17 1E #5235 P 4H 5%
B (P <0001 o XEECHARIL A BEAE—PRETE
HIK TSNA I/ 224 PR Mt 2%, R
Iy FLE T B UG P T BOR AT A O R BRI
THE AR 1) TSNA & =345 T RIS 551812,

SE 3k
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