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Abstract: [ Objective | Tobacco is an important economic crop, and its growth and quality are significantly
affected by low temperature. In order to analyze the genetic mechanism of tobacco cold tolerance traits, this
study aims to clarify the genetic rules of key indicators of cold tolerance by constructing genetic population and
mixed genetic model analysis, thus providing theoretical basis for cold tolerance breeding. [ Method | In this
study, F, and F, genetic populations were constructed from the parents of cold—sensitive variety H382 and cold-
tolerant variety QX208, which had significant differences in cold tolerance. After low temperature treatment at
seedling stage, the yellowing, softening and new leaves were observed and recorded.The main gene + multi—
gene mixed genetic model was used, and the best genetic model was screened by the Chichi Information
Criterion (AIC) to estimate the genetic parameters and heritability. [ Result] The study found that there were
differences in the heritability of genes controlling different traits of tobacco cold tolerance. Leaf yellowing,
softening and newborn leaves were controlled by 2 pairs of additive=dominant major genes+additive—dominant
polygenes, 2 pairs of additive—dominant—epistatic major genes+additive—dominant—epistatic polygenes, and 2
pairs of isomorphic major genes + additive—dominant polygenes, respectively. Among them, the heritability rate
of major genes in leaves with yellowing phenotype in F, population was 58.84% , while the heritability rates of
major genes in leaves with softening and newborn leaves were 78.06% and 86.38% , respectively, indicating the
importance of major genes in cold tolerance traits.[ Conclusion ] Tobacco cold tolerance traits are regulated by
both main genes and polygenes, the heritability of main genes is significant, and dominant effects have a key
impact on phenotype formation.The findings provide a new perspective for the genetic analysis of tobacco cold
tolerance traits and offer important genetic parameters for molecular-assisted breeding of cold—tolerant
varieties.

Keywords: tobacco cold tolerance ;major gene plus polygene ; genetic mechanism

(W58 8 SC MR IR S M Ve 7 i B R B 22—, X LA S WO 4 1 A s 5 iy e g W8 A
TR ) e S, — RN A 1 B, Hodnes A KR 25~28 °CL Ik 10~13 °C
FHARAS B A5, 1~2 CROMRIR I 2 S BURE AYFET ", RUAE BRI 5 1 2 RS LML 245 B, (R o
KA B AR TRATS T BT AR v X AN T 4 o A v e R X, KRS R 2 S e sl a7 {5
FRFETI R, AR 58 A Ak i) H T 2% B8 TR PR BT, AT X R I 7= g Ao i = A P S (R S . AT R
B3 Ao 3 S A R A T R N X IR M (AR AR | figf e A ) BRA R TR B A T AR AR T
B AR AV S5 R, 2 7 ARG P 08 e A (i AR5 i ] 2 I IR+ 22 L DRNTR G it A A 3 B
B WIS, T ah Wit G2 5 G AN 5%, 2 e S0 E RO B R A SE Rl -, R R T —E MY BCRE R
O EMTIR R o AR R TCTE AT 41, A GEAE  AOULIN (B RV AT B S A A DGR %) e s AL AR A
FILRESH, X ESHON BB — @ 48 T2 . MR R B iR R BT &
2 M VR AR08 A AT b, R N R R KR

(A FE I S ) S AR AR MR R A PR R o pE > b2z il oy A B 2 i L 3
7 FFY b 5 X6 P i 4 e st A% R A T I 9 2 A o DL ARG o (DA D 1) S B ) T ] A 5% LA T 4 1 L
F B2 R —XF EA (H382,0X208) Hy 2 P, P, F, I F, it (G BEVR , 76 B WIEAT I 4 |, iz PRIk 20 2
Sy MR ZR SEA TR VA MR AR (0 38 45 20 AT , 30K A R B TR ¥4 i o 114 328 8 0 i R B ABE B AR, A 2 i AR e T
By T HUH Ao B AR 3
1 R 5FZ*E
1.1 R

IR AT KL A H382(P,) .QX208(P,) K HJGICF, F, 4 tHACEEA , B4} i [ S0 b o 0% 98 P 39 )22

AL Hof CEARTERIRAC PG F 7 22 S B 2, BEAR (H382) IR IR AL B IS - - 4k Ab T 8 R AR A K A5
R E W B AL MR EEATE TS A (QX208 I IR AR FH 5 JCFR A= A= (K 1), H382 1 QX208



902 - TP Rl K R 547 &

T2023 4 8 F A AV AR B M8 FLT 5 I B A B i AR AR 52, ARG FACRR 5 T 2024 4F- 8 H XS
F AR E4% A 52, 305 F AR T

752 H382 (IR AU At A ) 5 45 D QX208 (AR IL AT )
On the left is H382(low temperature sensitive ) ; QX208 (low temperature resistant )on the right.
BT g R A AR (LA LS T AR Y

Fig.1 Morphological phenotype of the parent material after low temperature treatment at seedling stage
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Tab.1 Phenotypic proportions of tobacco seedlings of different generations
A FEAA B w1k/% BAk/% A%
Generation Number of groups Yellowing Soften Newborn leaves
P 19 100 0
P 15 100
F 49 40.8 44.9 69.4
F, 224 11.2 232 82.1
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Tab.2 AIC values of genetic model cold tolerance indexes for each generation after low temperature stress

T Al ik 144 e
Model code Model Yellowing Soften Newborn leaves
Al IMG-AD 228.023 5 271.5419 682.1312
A2 IMG-A 243.252 8 349.427 3 683.636 3
A3 IMG-EAD 237.964 6 383.546 8 729.021 4
A4 IMG-AEND 238.943 4 286.599 6 697.513 3
Bl 2MG-ADI 138.076 8 225.022 8 559.430 1
B2 2MG-AD 225.972 3 255.865 2 672.696 6
B3 2MG-A 243.250 8 350.153 6 679.178 6
B4 2MG-EA 241.250 5 348.213 0 703.420 9
B5 2MG-AED 265.059 7 443.962 2 778.2519
B6 2MG-EEAD 233.6512 375.004 2 724.405 2
Cco PG-ADI 2142792 335.669 5 662.016 9
Cl1 PG-AD 217.168 8 354.062 6 713.147 1
DO MX1-AD-ADI 63.2667 137.649 9 596.836 7
D1 MX1-AD-AD 63.1810 199.387 4 830.140 7
D2 MX1-A-AD 219.169 3 355.5359 675.788 2
D3 MX1-EAD-AD 219.1692 356.048 4 663.176 1
D4 MX1-AEND-AD 61.2852 201.192 8 663.176 1
EO MX2-ADI-ADI 71.2667 145.649 9 548.727 1
El MX2-ADI-AD 66.462 4 140.027 2 562.4157
E2 MX2-AD-AD 59.2852 199.192 8 610.179 7
E3 MX2-A-AD 108.482 1 349.460 9 669.788 4
E4 MX2-EAED-AD 211.169 3 347.846 5 690.484 0
ES MX2-AED-AD 215.2823 128.639 0 664.701 1
E6 MX2-EEAD-AD 211.169 3 126.2179 626.249 6

MG : ERE B ; PG 2 HE PRI s MX : ERE DN+ 22 SRR B 5 A e s D A s B AR S 1 AR N B
MG : main gene model ; PG : polygenic model; MX : master gene + polygene mixed model; A : Additive; D: Dominant; E: Equal;

I:Interaction; N: Negative.
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Tab.3 Suitability test results of alternative models for yellowing

ARG AR , , , ,
Model code  Generation o v: Y a D,
D4 P, 3.2838(0.0700) 6.003 1(0.0143)"  7.740 7(0.005 4)" 1.642 7(0.000 1)" 0.052 6(1.000 0)
P, 0.926 0(0.3359) 3.6420(0.0563)  15.261 5(0.000 1)" 1.243 8(0.000 7)" 0.574 2(0.000 1)"
F, 4.991 8(0.0255)" 2.0163(0.1556) 205.4364(0.000 0)" 4.171 9(0.0009)" 0.018 8(1.000 0)
F, 0.4527(0.5010) 5.3540(0.0207)" 140.693 3(0.000 0)" 13.073 7(0.033 1)" 0.051 4(0.580 4)
E2 P, 3.2837(0.0700) 6.003 1(0.0143)"  7.740 7(0.0054)" 1.6427(0.000 1)" 0.052 6(1.000 0)
P, 0.9260(0.3359) 3.6420(0.0563)  15.261 5(0.000 1) 1.243 8(0.000 7)" 0.574 2(0.000 1)
F, 4.991 8(0.0255)" 2.0163(0.1556) 205.4364(0.000 0)° 4.171 9(0.0009)" 0.018 8(1.000 0)

F, 0.4527(0.501 0) 5.3540(0.020 7)" 140.693 3(0.000 0)* 13.073 7(0.033 1) 0.051 4(0.580 4)

U2 U USRS B e T4t 5, WS Smirnov K35 88114 5 D, 24 Kolmogorov # B AE T4k s 455 AU F RN MR s+ 3R
71 0.05 7K 1 R0 4 22 55 SIS AR 28 27 1] 22 5 1

U7, U, and U, are uniformity test statistics; W is the Smirnov test statistic; D, is the Kolmogorov test statistic ; Numbers in

parentheses indicate probabilities; * indicates a significant difference between the empirical and theoretical frequencies at the

0.05 level.
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Tab.4 Suitability test results of softening alternative models

BRI AR , , , ,
Model code Generation U v Us a b,
DO P, 0.000 0(1.0000)  1.4062(0.2357)  22.500 0(0.000 0)" 1.500 0(0.0002)" 0.500 0(0.000 1)
P, 0.000 0(1.0000)  1.093 7(0.2956)  17.500 0(0.000 0)" 1.166 7(0.001 0)" 0.500 0(0.000 9)"
F, 0.808 8(0.368 5)  8.060 0(0.004 5)" 220.198 1(0.000 0)* 3.907 9(0.000 6)* 0.017 7(1.000 0)
F, 0.000 0(0.9999) 3.744 2(0.0530)  59.9002(0.000 0)" 8.614 7(0.0129)" 0.116 6(0.004 3)"
ES P, 0.1929(0.660 5)  2.5549(0.1100)  22.020 3(0.000 0)" 1.516 1(0.0002)" 0.529 9(0.000 0)
P, 0.247 7(0.618 7)  2.2778(0.1312)  16.8862(0.000 0)" 1.187 3(0.000 9)" 0.538 4(0.000 2)
F, 0.8537(0.3555) 7.982 0(0.004 7)" 221.400 6(0.000 0)* 3.920 1(0.000 6)° 0.017 0(1.000 0)
F, 0.094 7(0.758 3) 2.5338(0.1114)  57.1375(0.000 0)" 8.623 5(0.0130)" 0.106 9(0.011 3)"
E6 P, 0.1932(0.6602)  2.556 0(0.1099)  22.019 5(0.000 0)" 1.516 1(0.0002)" 0.529 9(0.000 0)"
P, 0.248 1(0.6184) 2.2789(0.1311)  16.8852(0.000 0)" 1.187 3(0.000 9)" 0.538 4(0.000 2)"
F, 0.8543(0.3553) 7.984 5(0.004 7)" 221.487 5(0.000 0)" 3.920 9(0.000 6)° 0.017 1(1.000 0)
F, 0.062 4(0.8027) 2.8619(0.0907)  59.8252(0.0000)" 8.6199(0.0130)" 0.111 8(0.007 0)"

23 FHREESER S MEERRESEERNSEERN S
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Tab.5 Results of suitability test of alternative models for neonatal leaves
BORACH b 2 2 2 2
Model code Generation ] v U W D,
Bl P, 0.000 8(0.9775) 1.4716(0.2251) 22.4980(0.0000)" 1.500 1(0.0002)" 0.501 9(0.000 1)°
P, 0.046 3(0.829 6)  0.3244(0.5690)  9.6833(0.0019)" 0.646 4(0.017 3)" 0.065 8(1.000 0)
F, 0.1304(0.7180)  0.1490(0.6994)  8.659 8(0.0033") 1.1782(0.0010) 0.020 7(1.000 0)
F, 0.006 6(0.9352) 0.7197(0.3962) 13.750 1(0.0002)" 3.891 1(0.000 6)" 0.004 3(1.000 0)
EO P, 0.000 0(1.0000)  1.4062(0.2357) 22.5000(0.0000)" 1.5000(0.0002)" 0.500 0(0.000 1)
P, 1.0256(0.3112) 0.077 0(0.7814) 25.3249(0.000 0)" 0.910 8(0.004 0)" 0.058 5(1.000 0)
F, 0.7595(0.3835) 3.7147(0.0539) 18.7854(0.000 0)" 1.544 2(0.0002)" 0.020 8(1.000 0)
F, 0.003 7(0.9516) 0.8747(0.3496) 12.2925(0.0005)" 3.8858(0.000 6)" 0.004 3(1.000 0)
El P, 3.769 4(0.0522) 7.937 6(0.004 8)" 14.063 2(0.0002)" 1.814 1(0.000 1) 0.632 1(0.000 0)"
P, 2.6232(0.1053) 0.0037(0.9516) 36.363 2(0.000 0)" 1.107 7(0.001 4)" 0.043 5(1.000 0)
F, 0.247 0(0.6192) 0.0522(0.8193)  8.056 7(0.004 5)° 1.164 7(0.001 0)" 0.020 7(1.000 0)
F, 0.6339(0.4259) 0.001 3(0.9717) 8.6529(0.003 3)" 3.959 0(0.000 7)" 0.004 3(1.000 0)
x6 ARMENBEERESY
Tab.6 Genetic model parameters for different criteria
LS EL Genetic parameter Wik Yellowing AL Soften FiH: M Newborn leaves
—Brigfe 25 m, 0.059 3 0.517 0.997 9
1-order genetic parameter m, -0.1437
m, 0.3593
m, 1.005
d,(d) 0.493 4 0.496 4 -0.9979
d, 0 0
h,(h) -0.493 4 0.496 6
h, 0 0
i 0
Jus 0
i -0.501 3
I 0.501 3
[d] -0.472 1 -0.494 9
[A] 0.8521 -1.040 3
e S o’ mg 0.058 8 0.140 2 0.5279
2-order genetic parameter h*mg(%) 58.84 78.06 86.38
o’ pg 0 0 0
1 pg(%) 0 0 0

m, 4 WA 5 d 2 ERER AR 5, , d, < 55— Xk EFE DR, 58 Xk SRR DR B0 0 PR 20007 L 5 A - 2 DAY ) 8 4 2500 17
By by 55— X0 T LR 57 0 32 BE R A S PR AN AR 54 = PROXE R BRI kb L8O AR 37, - 55— X B PRI x 25 —
Xf 2 A B PR EARSONLARL 5, - B — A F2 3 PR MBS ok R DRI b (S A RGONE AR 5 1 PR SRR A B S M A
RLAERLVAR 3 [d] - 22 HE DR B I 8ONAEL 5 [ 22 PR ) SR P8O0 (L s 07 g FEREDR 7 28 507 mg : FEREDR 38416 485 07 pg: Z AL
T2 507 pg: IR AL R

m,_,:4 generation average ; d: Additive effect size of major genes;d,,d,: Additive effect size of the first pair of main genes and
the second pair of main genes; h: Dominant effect size of the main gene;h , h,: Dominant effect values of the first pair of major
genes and the second pair of major genes;i: Additive epistatic effect value of two pairs of main genes X;j , : Effect value of additive
interaction between the first pair of main genes X the second pair of dominant epistatic interactions;j, : The dominant X the first
pair of major genes and the second pair of major genes additive epistatic interaction effect value ;/: Dominant X dominant epistatic
effect values of two pairs of main genes;[d]: Additive effect size for polygenics ; [h]: Dominant effect size of polygenic; o’ mg: Vari-

ance of main gene ; h’ mg : Heritability of major genes ;0 pg: Polygenic variance ; h° pg : Polygenic heritability™".
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