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Genetic Analysis of Harmful Components in Main Stream Cigarette Smoke
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Abstract: In order to analyze the genetic mechanisms of harmful components in mainstream cigarette smoke, the recombinant
inbred lines (RIL) crossed by flue-cured tobaccos Y3 and K326 were used in the major gene plus polygene mixed genetic model
method analyses for Carbon Monoxide (CO), Hydrocyanic acid (HCN), 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK:),
Ammonia (NH3), Benzo[a]pyrene (B[a]P), Phenol (PHE), Crotonaldehyde (CRO) and Tar (TAR) in three consecutive generations
(2018Fs:7, 2019F7:s and 2020Fs.9). The main results were as follows: (1) The 8 traits value of RIL populations in three generations all
showed normal or partial normal distribution of single or multi peaks, belonging to typical quantitative inheritance. (2) The optimal
genetic models for the 8 traits were all controlled by four major genes with partially equally additive (PEA) effects inheritance in
three consecutive years. The optimal genetic model of CO, HCN, NNK, NH3, B[a]P and CRO was 4MG-EEA, controlled by four
major genes with partially equally additive 1 (PEA1) effect mixed inheritance; The optimal genetic model of PHE and TAR was
4AMG-EEEA, controlled by four major-genes with partially equally additive 2 (PEA2) effect mixed inheritance.(3) These typical
harmful components in mainstream cigarette smoke were only controlled by the major gene genetic model in 3 generations, and the
heritability of the main genes was higher than 85% (mean 89.01%) and much greater than that of the environmental effect. In
conclusion, these traits are mainly determined by genetic basis, which can provide theoretical basis for cultivating low-harm tobacco
varieties.
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Table 1 Statistical analysis of harmful components in main stream cigarette smoke between RILs and their parents
+ Mean=+SD of parents RIL 2018Fs7 2019F7.5 2020Fs.
Traits Year K326 Y3 p . =
Min Max Mean+SD CV/% Skew Kurt
CO/ 2018 12.17+0.37 9.754£2.01%* 0.007 2.97 14.33 11.27+1.53 12.35 -1.25 431
(mg-cig) 2019 7.78+1.71 6.47+1.11% 0.022 4.39 12.93 8.79+1.65 2.73 -0.19 -0.40
2020 11.32+0.94 10.45+£1.01* 0.039 0.75 11.34 6.504+2.15 4.62 -0.18 -0.27
BLUP  7.65+1.36 7.8942.23ns 0.359 6.99 10.14 8.85+0.50 0.25 -0.35 0.38
HCN/ 2018 59.71+6.38 23.774+9.88* 0.027 0.00 99.34 46.81+23.71 562.37 -1.11 3.47
(pg-cigh 2019 40.02+£27.74  19.13+18.93* 0.012 5.06 110.55 60.82+19.70 388.21 -0.23 0.26
2020 80.86+19.13 35.35+31.04** 0.002 2.06 70.15 24.31+18.80 353.63 0.53 —0.88
BLUP  35.05+23.28 24.924+24.12* 0.045 33.52 53.05 44.19+3.63 13.16 —0.18 —0.28
NHs/ 2018 5.43+0.81 3.93+1.56* 0.033 0.18 8.56 5.07+1.49 12.23 —0.39 0.32
(p—Lg'Cigfl) 2019 8.59+0.73 6.64+1.32%* 0.004 2.33 9.45 7.04+1.28 1.63 —0.70 0.54
2020 8.81+0.44 6.82+0.04** 0.000 1.72 10.08 6.51+1.53 2.34 —0.49 —0.02
BLUP  8.64+0.58 6.70+1.04** 0.000 5.15 6.69 6.21+0.23 0.05 —0.65 1.82
B[a]P/ 2018 10.80+0.47 9.69+0.19** 0.000 6.59 12.18 10.17+0.91 11.33 —0.63 0.99
(ng-cig") 2019 8.91+0.69 7.95+1.13* 0.021 477 11.71 8.44+1.21 1.47 -0.21 0.27
2020 11.80+0.23 11.07+0.35* 0.045 4.44 14.32 9.03+1.63 2.65 0.39 0.46
BLUP  9.33+2.11 8.71+0.68* 0.028 8.53 9.87 9.21+0.25 0.06 0.14 —-0.06
CRO/ 2018 17.65+1.51 12.3243.01%%* 0.001 3.28 19.90 13.9242.59 13.71 -0.71 1.57
(pg-cigh 2019 8.97+2.84 6.26+2.71% 0.015 1.36 15.94 8.67+3.1 9.58 -0.21 -0.43
2020 15.67+1.19 14.31£1.57* 0.033 0.25 14.77 6.37+3.29 10.82 0.22 -0.68
BLUP  9.14+4.62 8.75+2.36ns 0.767 7.74 11.03 9.65+0.5 0.25 -0.15 0.78
PHE/ 2018 11.51+£1.98 9.3142.33* 0.041 0.21 17.45 8.91+3.02 19.09 -0.01 0.47
(ng-cig" 2019 16.99+1.6 14.7442.52%%* 0.006 7.18 24.64 16.56+£2.97 8.84 0.11 0.12
2020 14.77+1.99 14.14+1.20ns 0.680 3.29 22.11 13.80+3.58 12.85 —0.33 0.18
BLUP 18.16+2.32 14.5342.11%* 0.000 10.92 14.86 13.10+£0.63 0.40 —0.03 0.01
TAR/ 2018 10.77+0.42 8.48+1.82%* 0.005 2.02 12.13 9.44+1.31 15.12 —1.65 5.85
(mg-cig") 2019 8.62+1.08 7.12+1.44%* 0.004 4.84 12.08 9.24+1.15 1.33 —0.40 0.86
2020 11.13+0.19 10.63+0.62* 0.032 2.02 10.31 7.39+1.63 2.67 —0.66 0.21
BLUP 8.71+0.86 8.37+2.11ns 0.509 7.16 9.38 8.70+0.32 0.10 —0.94 2.77
* (p 0.05); ** (»p 0.01);ns p= 0.05
Note: *, ** indicate significant difference between parents at the 0.05 and 0.01 probability levels respectively; ns indicate no significant difference.
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2 RILs AIC (MLV)

Table 2 Akaike information criterion (AIC) and the Maximum likelihood values (MLV) of the genetic models for RILs from
flue-cured tobacco K326 and Y3 in each year

/ AIC
Traits Year/generation Model Log max likelihood value Akaike information criterion value
CcO 2018 4MG-EEA —413.27 834.53
2019 4MG-CEA -476.37 958.74
2020 4MG-EEEA —435.86 879.72
HCN 2018 4MG-CEA —1058.83 2123.67
2019 4MG-EEA -1094.09 2196.18
2020 4MG-EEA —792.44 1592.88
NNK 2018 4MG-EEEA —483.48 974.97
2019 4MG-CEA —594.30 1194.59
2020 4MG-EEA —454.46 916.91
NH; 2018 4MG-EEEA —424.30 856.60
2019 4MG-EEEA -396.54 801.09
2020 4MG-EEA —355.28 718.55
B[a]P 2018 4MG-EEA -301.48 610.97
2019 4MG-EEA —394.08 796.15
2020 4MG-EEA -377.62 763.24
PHE 2018 4MG-EEEA —547.19 1102.38
2019 4MG-EEA —631.92 1269.85
2020 4MG-EEEA -512.97 1033.93
CRO 2018 4MG-EEA —547.19 1102.38
2019 4MG-CEA —631.92 1269.85
2020 4MG-EEA -512.97 1033.93
TAR 2018 4MG-EEEA -364.69 737.38
2019 4MG-EEEA —380.50 768.99
2020 4MG-EEEA -364.03 736.06
MG CEA EEA 1 PEAIl EEEA 2 PEA2 , 4MG-EEA 4
1 4MG-CEA 4 AIC B

Note: MG, major gene model; CEA, completely equally additive; EEA, partially equally additive effect 1(PEAL); EEEA, partially equally additive effect
2(PEA2). Model 4MG-EEA, four major-genes with partially equally additive effect 1 model; Model 4MG-CEA, four major-genes with completely equally
additive effects model. The smallest AIC values in each year are the selected optimal models for each trait, respectively.

3 K326xY3
Table 3  Fitness tests of selected genetic models in RILs based on flue-cured tobacco K326 and Y3
/ Statistics
Traits Model Year/generation U, Up Uz, nW? D,
CO 4MG-EEA 2018 0.0002(0.9876) 0.0002(0.9877) 0(0.9988) 0.0078(1.0078) 0.0209(0.9999)
4MG-CEA 2019 0.0106(0.9179) 0.011(0.9166) 0.0004(0.9842) 0.0157(0.9995) 0.0214(0.9998)
4MG-EEEA 2020 0(0.9966) 0.0002(0.9897) 0.0047(0.9456) 0.0069(1.0023) 0.0206(1)
HCN 4MG-CEA 2018 0.0171(0.8958) 0.0326(0.8567) 0.0463(0.8297) 0.0139(0.9998) 0.0272(0.9946)
4MG-EEA 2019 0.002(0.9643) 0.0015(0.9692) 0.0004(0.9849) 0.0104(1) 0.0199(1)
4AMG-EEA 2020 0.0143(0.9048) 0.0027(0.9585) 0.4509(0.5019) 0.387(0.9396) 0.0444(0.8205)
NNK 4MG-EEEA 2018 0.0044(0.947) 0.0007(0.9784) 0.0222(0.8814) 0.0147(0.9997) 0.0255(0.9978)
4AMG-CEA 2019 0 (0.9991) 0 (0.9952) 0.0004(0.9841) 0.0098(1.0001) 0.0213(0.9999)
4MG-EEA 2020 0.0013(0.9708) 0.0043(0.9479) 0.0142(0.905) 0.01(1) 0.0207(1)

NH; 4MG-EEEA 2018 0.0005(0.9816) 0.0004(0.9849) 0.0002(0.9894) 0.0085(1.0003) 0.019(1)
4MG-EEEA 2019 0.0913(0.7625) 0.068(0.7943) 0.0163(0.8985) 0.0229(0.9934) 0.0355(0.9113)
4MG-EEA 2020 0.0408(0.8399) 0.034(0.8537) 0.002(0.9644) 0.0183(0.9983) 0.0296(0.9944)

B[a]P 4MG-EEA 2018 0.0002(0.9895) 0.0008(0.9772) 0.004(0.9497) 0.0129(0.9999) 0.0243(0.9989)
4AMG-EEA 2019 0.0008(0.978) 0.0003(0.9867) 0.0016(0.9681) 0.0151(0.9996) 0.0258(0.9963)
4MG-EEA 2020 0.0019(0.9694) 0.0018(0.9659) 0(0.9996) 0.0091(1.0002) 0.0279(0.9976)

PHE  4MG-EEEA 2018 0.0281(0.8669) 0.0247(0.875) 0.0004(0.984) 0.0208(0.9962) 0.0294(0.9865)
4MG-EEA 2019 0.0013(0.9709) 0.0011(0.9737) 0.0001(0.9925) 0.0062(1.0057) 0.0183(1)
4MG-EEEA 2020 0.0017(0.9672) 0.0007(0.9784) 0.0026(0.9595) 0.0078(1.0008) 0.0195(1)

CRO 4MG-EEA 2018 0.0041(0.9492) 0.0038(0.9507) 0 (0.9998) 0.0152(0.9996) 0.0304(0.9806)
4MG-CEA 2019 0.0132(0.9084) 0.0115(0.9146) 0.0003(0.9866) 0.0145(0.9997) 0.0259(0.9961)
4MG-EEA 2020 0.0102(0.9197) 0.012(0.9127) 0.0023(0.9615) 0.0121(1) 0.0229(0.9999)

TAR  4MG-EEEA 2018 0.0064(0.936) 0.0135(0.9074) 0.0239(0.8771) 0.0102(1) 0.0186(1)
4MG-EEEA 2019 0.011(0.9165) 0.0045(0.9464) 0.0188(0.891) 0.0133(0.9999) 0.0211(0.9999)
4MG-EEEA 2020 0.0047(0.9454) 0.006(0.9381) 0.002(0.9639) 0.0172(0.9989) 0.031(0.9902)
U12 U22 U32 }’II/V2 Smirnov Du Kolmogorov U12 Uzz U32 }’IVV2 Dn
p 3

Note: Uy Uy Us, are the statistic of Uniformity test; n/#? is the statistic of Smirnov test; D, is the statistic of Kolmogorov test; The numbers in brackets
behind U;; Uy Us; nW? and D, means the probability p value, respectively. Bond and underlined letters are the good fitness for each trait during the three
years, respectively.



20 2023 44

4MG-EEA PHE TAR 2 1
4MG-EEEA 4
2 98.04% 74.00% 99.01% 80.46%
2.4 79.52% 1.96% 26.00%
8 0.99% 19.54% 20.48% HCN NNK
4 co 1 NHs; B[aJP CRO
2 da b 0.76
0.47 PHE TAR
97.16% CO 4 4MG-EEEA 4
2 2
2 12
97.16% 2
2.84% co 2 do 1
da
HCN NNK NHs; B[aJP CRO CO 2 PHE TAR
4MG-EEA 1 87.13% 96.77% PHE TAR
2 4
HCN 4 1
2
4 K326xY3

Table 4 Estimates of 1st and 2nd order genetic parameter of harmful components in main stream cigarette smoke for RILs from
flue-cured tobacco K326 and Y3

Trait Model ’lnst order genetic E:rameter — iged order ogt;r;etic paramitzemrg/%
Cco 4MG-EEA 11.24 0.76 0.47 0.07 2.29 97.16
HCN 4MG-EEA 25.36 10.59 9.01 6.90 345.04 98.04
NNK AMG-EEA 4.86 1.32 0.64 1.55 4.40 74.00
NH; 4MG-EEA 6.42 0.73 0.53 0.02 231 99.01
B[a]P 4MG-EEA 10.15 0.46 0.17 016 067 80.46
PHE AMG-EEEA 13.73 1.39 214 1.66 11.24 87.13
CRO 4AMG-EEA 6.59 191 0.84 221 8.58 79.52
TAR 4MG-EEEA 7.37 0.37 1.17 0.09 2.57 96.77

m RIL da 1 dp 2 o% ( + )
Uzmg hzmg °

Note: m, mean value of RIL generation; d, additive effect of the first pair major gene; dp, additive effect of the second pair major gene; 0%, environmental
variance (residual variance + polygene variance); 6%mg, Major gene variance; 4%mg, heritability of major gene.
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