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RIS HEH R E MR A, R F, (P XPy) K
Ko [F4E, MHEF,, M F, AT 6 R A BoRiAL 77 7%,
T 2018 AE A1 2019 53 Ak i 17 &A 271 4 F, F Fy
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B PRAEZE . (WPE. VR FIAOC KAV TR bR T Rt
3T

FIFH B0 S T R B R + 2R A8
£& 73 B R B 44 40 SEA  (httPs://cran.r-Project.org/web/
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Tab. 1 Phenotype statistic values for the six yield-related traits in tobacco RIL populations

A HAHZRARE (RILs)
o y’”ii( ?)/@% igf; ff% i wE s b O
! 2
= PH /em
El 266.0049.54  178.78+3.15" 0 87.33~275.67 198.074+39.32  859.71 0.001  0.948
E2 270.56+8.08  193.8943.18* 0 120.03~253.33 183.29424.65  607.56 0283  0.185
E3 221.8849.59  111.72+12.36™ 0 117.01~275.13 186.65+23.62  557.98 0374 0.930
E4 219.92422.76  111.72+14.66™ 0 115.02~278.33 144.22+29.84  890.44 0.714  0.069
P Average  244.59+12.49  149.03+8.34™  0.001 109.85~270.62 178.06+29.36  728.92 0343 0.533
LN
El 37.56+2.74  28.00£5.07"*  0.002 18.50~45.03  29.96+4.21 17.69 0.683  0.944
E2 36.33+£1.73  25.22+0.83" 0 18.67~40.17  26.1443.98 15.85 0.980  0.743
E3 37.16£1.63  25.92+1.15* 0 20.67~39.67  27.24+3.87 14.95 1033 0.800
E4 362142.19  25.75+1.85" 0 19.16~40.87  28.63+3.94 15.56 0.857  0.726
Average 36.8242.07 26224223 0.001 19.25~41.44  27.9944.00 16.01 0.888  0.803
Z£[# SG /em
El 11224122 8.6940.76* 0.004 5.08~13.17  10.18+1.14 1.29 20611 2.011
E2 10.8940.60  6.91+0.15" 0.002 7.02~1222  9.28+1.00 1.01 0.556  0.062
E3 10.09+047  6.34+0.64" 0.002 5.00~1135  7.96+1.23 1.51 0.185  -0.572
E4 9.58+1.13 6.71£0.61* 0.007 5.08~10.83  7.95+1.18 1.39 0281  -0.697
I Average  1045+0.86  7.1640.54 0.006 555~11.89  8.84+1.14 1.30 0.103 0.0l
A IL /em
El 8.1940.69 5.24+0.42% 0.001 3.60~7.55 5.1640.67 0.45 0.161 0354
E2 11.0340.43 6.8440.53* 0 2.67~7.17 4.86+0.72 0.52 0327  0.394
E3 6.07£0.25 3.68+£0.47* 0 2.24~6.15 43140.62 0.39 0242 0237
E4 7.51+0.34 3.68+0.53" 0 2.67~6.05 4.3040.59 0.35 0276  0.159
P Average  8.20+0.43 4.8640.49* 0 2.80~6.73 4.66%0.65 0.43 0252 0.286
4 LL /em
El 78614599  62.61+£4.71" 0 40.33~86.5  69.08+6.54 4281 0.718  1.991
E2 82.94+3.09  65.91+1.79" 0 48.62~9233  68.79+6.64 44.10 0.157 0219
E3 73924263  52.18+4.04" 0 35.89~73.15  56.32%+5.79 33.59 0.150 0267
E4 63.65+5.77  52.88+5.54*  0.002 37.43~72.65  56.47+5.59 31.25 0.075  0.596
I Average 7478437  58.40+4.02%  0.003 40.57~81.16  62.67+6.14 37.94 0.197  0.768
B 58 WL /em
El 36.67£6.09  28.64+£426™  0.001 13.83~4536  30.7145.08 25.83 0.187 0397
E2 45284156  34.91+2.07" 0 21.61~4527  31.87+4.06 16.48 0.099  0.124
E3 342941.65 25514244 0 13.05~38.85  24.05+3.44 11.83 0.081  0.67
E4 34754339  2321+3.65" 0 13.46~37.58 24214327 10.72 0119 0.288
I Average  37.75+3.17  28.07+3.11" 0 15.49~41.77  27.71+3.96 16.22 0.072  0.369

FE: kR 4 G FRIR 0.05 F100.01 /K L) 53 M 2Z 5. PH: Plant height (cm); LN: Leaves Number; SG: Stem Girth (cm); IL: Interval Length
(cm); LL: Length of the waist leaves (cm); WL: Width of the waist leaves(cm).
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Tab. 2 Pearson correlation co-efficient of the six yield-related traits

PEIR Traits P PH M4 LN ENEIN¢] T IL [ LL JBEH 58 LW
Pk PH 1 0.706** 0.279% 0.817%* 0.103 0.006
% LN 0.739™ 1 0.233* -0.683%* 0.031 0.016
ENSEINE 0.302" 0.270" 1 0.002 0.053 0.011
iR IL 0.823" -0.684"™" -0.042 1 0.035 0.058
JEr LL 0.081 0.008 0.049 0.103 1 0.742""
JEErt 5 LW 0.016 0.007 0.036 0.115 0.730™ 1

W by N0 5009 2018YH (E1) FT2018SL (E2) AR R ARAHIC R AL, * Rl ** 43 JFR IR 0.05 F110.01 /KF LB EMEZER.
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Tab. 3 Pearson correlation co-efficient of the six yield-related traits

PEIR Traits ¥R PH LN ENEING FTFE IL fEH-K LL FEEI 58 LW
¥k PH 1 0.787" 0.254" 0.826™ 0.036 0.034
LN 0.745™ 1 0.309™ -0.703™ 0.015 0.012
ENSNE 0.290" 0.261" 1 0.007 0.063 0.025
i IL 0.862" -0.676" 0.028 1 0.028 0.089
JEHK LL 0.092 0.031 0.018 0.029 1 0.789™
JEErt 5 LW 0.039 0.029 0.047 0.027 0.778™ 1

W by N0 5008 2019YH (B3) FiT2019SL (E4) PRAREI I B RARAHIC REL, * Rl ** 43 KR 0.05 11 0.01 /KF ER R EEZER.
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Xt 4 NG Py Py Fy A F HEACHI R L 1
. ZEEL WEE. BN SEAE 6 AR 2 ik
ITERER + Z IR G BABA T, K15 7238
AN RAGRERI ) MLV {EA AIC {f . R¥E AIC & /NE
AT AR, S MORAE B — R85 R AIC
/N = BB R A N IR R (R 4) o Eid
BOAICfH, PREVEIRTE 4 MRS 1 3 A5/ AIC
18 9 E2 331 K (19 2397.810. 2407.379 Al 2409.387,
FONE R BT MX2-AT-AL. PG-AI A1 4AMG-AI 7] LE
NFIREGE AR . [FE, M 3 M RS A
A8 E2 3R 85 F B MX2-AI-AI. MX2-CE-A £l 2MG-
AE; FTER R S A BN B3 M58 T [ MX2-Al-
AL, PG-AI fl MX2-1E-A; Z5 [l {1 ol S8 N
E2 315 T () 3MG-AL. MX3-AI-A # PG-AL; B K
iz e e il A LA N B2 A 5E R (1) MX2-1E-A. PG-AI

ATMX2-AI-AlL;  JEM 98 (1) il S B Oy E3 SR EE T 1)
MX2-IE-A. MX2-AE-A 1 PG-Al.
2.3 (RERBRE SR

X3R4 S VEIRTE 4 AN FREE TR 1A% i A5 B 4T
— 4 (U, U,y U23, W FID,) & & YK 5,
IR AIC 5 /NS /N H G ik &0k 31 18 3% K
(P < 0.05) MEUE/D BIBAE g 2835 1) S st AE 5
B HE S AR 4 NIREERAT, R I A
i MX2-AI-Al (E2) & AIC {H f K Hik 2] & 3% K
P ERADIER, Huk, B2 BRI MX2-
AL-AL bk s LB AR A . R EE,  mESCRI T BRI
AR AR AR 2 B2 PR T ) MX2-AL-AL B, BT,
PR HECRATEE 3 AMERIBFF A 2 xP itk - B4
TR + Ik - EALEZ R FERRA BRI, 2K
(1) LB AL AL Oy B3 38858 F 1 3BMG-AL, Bl %23
XPInYE - B B s AR B A A s K (E2)
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filo MeAh, EBRSE S A, TEE ) R AR R E IR
FHOS, T 5 1 I ) T AR B R A O, R
B =ANER AR TR R A DG, dE— AR SE T 1%

SNMIEARTE 4 NI T BB AA B N MX2-Al-
Al & H M. [FH, K% RIL BEA SR (3
M/ R E D) I R — B, R B R AR
58 2 MR B A R AR s AR B (MX2-1E-A)D
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Tab. 4 Akaike information criterion (AIC) and the Maximum likelihood values (MLV) of the genetic models for tobacco RIL populations

o 2018YH (E1) 2018SL (E2) 2019YH (E3) 2019SL (E4)
i A MLV  AICAH A MLV  AICAH A MLV  AICAH A MLV AICAH
MX2-AI-Al -1320.944 2651.890 MX2-AI-Al -1187.904 2397.810 MX2-AI-AI -1241.519 2493.040 MX2-AI-Al -1484.505 2981.01

Iff;cf;m PG-AI -1321.194  2652.387 PG-Al -1198.689  2407.379 4MG-AI -1241.524  2495.049 PG-Al -1485.854  2981.707
4MG-Al 1315694 2653388 4MG-AI  -1198.693 2409.387 PG-Al -1237.129 2496259 4MG-AI  -1485.854  2981.707
MX2-AI-AT -791.3693  1588.74 MX2-AI-Al -693.248  1408.500 MX2-AI-Al -707.1255 1436.25 MX2-AI-Al -845.7258  1699.45

DL?Z MX2-CE-A  -791.2948  1590.59 MX2-AI-A  -700.0472 1412.094 4MG-AI  -710.0418 1438.084 2MG-AE  -845.7257 1701.451
OIMG-AE  -791.3415 1590.683 4MG-Al  -700.0472 1414.094 MX2-AI-A  -717.2198 144644 MX2-AI-A  -846.8923 1701.785
MX2-AI-Al -295.7583  601.517 MX2-AI-Al -281458 572916 MX2-AI-Al -246.613  499.226 MX2-AI-Al -317.8081  641.616

?f%s n/lcm PG-Al 2957769 601.5537 MX3-AI-Al -279.1184 5742368 3MG-CEA -247.5467 503.0934 PG-Al 317.6498 6432997
MX2-IE-A  -297.6627 6033253 4MG-Al  -281.4635 574927 4MG-Al  -247.07985 505.0934 2MG-AE  -318.7583 643.5166

3MG-AI  -4502507 918502 3MG-AI  -357.4279 724.856 3MG-Al  -426.7868 861.574 3MG-Al  -604.5744 1215.15

icﬁm MX3-AI-A  -450.1902 9223804 MX2-IE-A  -355.659 727318 MX2-AE-A -426.5166 865.0333 MX2-AI-Al -602.6432 1215.286
PG-AI -457.6147 9232293 MX2-AI-Al -360.6334 7312669 MX2-AI-Al -426.5907 865.1813 MX2-IE-A  -602.6432 1215286
MX2-IE-A  -965.9838  1949.97 MX2-IE-A  -857.9363 1725.870 PG-Al -860.1848 173037 MX2-IE-A  -1259.558  2529.12
f%ft:i“m PG-Al -965.0161 1952032  PG-Al -858.0923 1726185 MXI-A-Al -860.1894 1732379 MX2-AE-A -1260.233  2530.466
MX2-AI-A  -971.4036 1952.807 MX2-AE-A -857.9231 1727.846 MX2-IE-A  -861.3116 1732.623 PG-Al -1261.516  2531.033
MX2-IE-A  -910.0459  1830.09 MX2-IE-A  -741.9038 149381 MX2-IE-A  -717.7176 144544 MX2-IE-A  -1052.971  2115.94
E’%ﬁfnﬁcm MX2-AE-A -910.0524 1832.105 PG-Al -742.0508  1494.102 MX2-Al-Al -717.7236 1447.447 PG-Al -1052.972  2117.943

PG-AI -912.0937 1834187 MX2-AE-A -743.0754 1494.151 PG-Al

-719.412  1448.824 MX2-AI-AI -1052.972 2121.943

E: MG: BEERAL; PG: ZEEKMERA, MX: TR + ZRERGHEA; A IR0 1 EAE; B M5 AL ik ALy
AE: BJNfEM: CE: HAMEM: IE: $MHIMEM. Hlan: BA MX2-AL-AL  FoR 2 XPIPE - BALPE B + Itk - Ar 20 2k DR & iR 15 2
BEAS AMG-AT WIZIR 4 SN - EALPE B FEDI B AR . 4 — PRI R AR B 1 AIC . (A RARI =AY AIC D, e, T RIZ0H

RFTRNIE BRI

24 HMMERRNEESHEMGT

4 DNIREE T i 2 NIE IR 6 M5 8 B A %
PR S5 0 88 A A A B 1) — W a8 A% S ORIt &
(R 6) AN, EHIPRE RIS 13 R B 0 R
fH (da) M 11.67 5 2 Xt EF K2 wi{E (db)
N 9.597. FB 1T EFEEINME X EE 2 xF EIEE I
Rtk HAERONAE (fab) F2& 16.888, 2 X 3= 3 K i btk
BN (da At db) K BALMEE AR Gab) #4811
FUIEIGAEH; IntENAE (da+db) KT A
HAEMNAE Gab) , HZFHAMHZEAK, FKIHFHEF

RO N S X R A LA N ) o
HAT, AE DU RN 3 o N AL S5 45 ST 4,
TR AL RN 94.304%, 2 IEHBEF N 3.965%,
TR R KT 2R B S, R SR E
P52 2 % FEEE IS MR+ ZREE LRk E T
PR R AAR T (1) 98.269%, AT ZAN 7 K AL AR T (1)
1.731%, Ui AR S IR 2 2z st e R m sl MR
FOO R m R 1 2 mm mT CLZBS AT

32 1) 5P BR ) 2 St 3 3 DR M 2R A B 2
2 35 DRI R n A 1 EAE RN = F AR E], 30
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Tab.5 Fitness tests of selected optimal genetic models in tobacco RIL population
Pk i) e i1t Statistics
Traits Model Generation Ul-’ P(UIZ ) U22 P (Uz? ) U32 P (sz ) nW-’ P, w2 ) D, P (D,
P, 0 0.999 0.253 0.615 4.027" 0.045 0.144 0.412 0.293 0.350
R /em
PH /em MX2-AI-Al P, 0.019 0.889 0.093 0.761 3.088 0.079 0.113 0.532 0.276 0.422
RIL 0 0.988 0 0.985 0 0.984 0.018 0.999 0.027 0.991
P, 0.228 0.633 0.278 0.598 0.068 0.796 0.185 0.299 0.378 0.116
e
Ltfﬁ MX2-Al-Al P, 0 0.986 0.311 0.577 4.677* 0.031 0.279 0.162 0.338 0.202
RIL 0 0.998 0.001 0.983 0.006 0.939 0.030 0.978 0.036 0.900
P, 1.538 0.215 2.159 0.142 1.155 0.283 0.248 0.197 0.385 0.142
TR /
I?_%Emcm MX2-Al-Al P, 0.345 0.557 0.189 0.664 0.285 0.596 0.096 0.615 0.302 0.380
RIL 0.012 0914 0.042 0.839 0.157 0.692 0.072 0.745 0.046 0.641
P, 1.326 0.249 1.420 0.234 0.094 0.759 0.384 0.083 0.492" 0.016
25 fem . .
SG /em 3MG-AI P, 1.510 0.219 0.947 0.330 0.751 0.386 0.501 0.040 0.532 0.007
RIL 0.057 0.811 0.119 0.730 0.206 0.650 0.067 0.777 0.057 0.393
P, 0.023 0.881 0.017 0.898 0.005 0.945 0.022 0.995 0.133 0.990
it
]Hi%_, jj; om MX2-IE-A P, 0.002 0.965 0.003 0.960 0.001 0.975 0.053 0.860 0.180 0.886
RIL 0.015 0.903 0.019 0.892 0.005 0.943 0.020 0.997 0.024 0.999
P, 0.013 0.908 0.066 0.797 0.343 0.558 0.043 0.918 0.184 0.907
A
BN fom MX2-IE-A P, 0.005 0.943 0.006 0.940 0.001 0.981 0.037 0.946 0.168 0.951
WL /cm
RIL 0.059 0.809 0.006 0.936 0.381 0.537 0.064 0.794 0.050 0.525

T USS US U NSRS Giit & W7 Smimov K38 401t D, N Kolmogorov ¥ 36 4t itH; PN USL UYL U W\ D, 1&ilSE
THEAN OREZR, * F % FoRTE P << 0.05 F1 P < 0.01 /KF R BEMNEE . P,. P, A RIL 2 HACEEA K326, Y3 MEHAT AR,

6 MEBEABXREE 6 MERXERNREREN—MIIZMEESH

Tab. 6 Estimates of 1st and 2nd order genetic parameter of six yield-related traits for tobacco RIL population

RIN R —MrigtfE 250 1% order genetic parameter WAL S5 2™ order genetic parameter /%

Trait — Model 1) m2  m3  d(da) db  de  iab(i*) iac ibc dabc [d] & &, o Kol% G K%
PH/cm MX2-AI-Al 245.934 202.3 183.511 11.67 9.597 —  16.888 — - - - 10.116 33.277 550.895 94.304 23.161 3.965

LN  MX2-AI-AI 30.779 27.078 26352 1.855 1.855 — 1855 — - - - 0391 0.391 8541  95.632 0 0
IL /em MX2-AI-AI 4408 3905 4317 0222 0219 — 0218 — - - - 0.006 0.016 0.175 91.532 0.011 5.489
SG/em  3MG-AI 7984 - - 0.902 0.249 0416 0267 0.164 0.262 -0.255 — 0221 0.221 0.568  72.051 - -
LL/cm MX2-IE-A  69.91 - - - - - 2272 — - — 1906 2.134 5806 44.169 88383 3.672 7.348
WL /em MX2-IE-A  25.034 - - - - - 1.896 — - — 2202 0.102 0975 8939 90.166 0.873 8.807

P mo UHCEERISG: mle FRP IR m2: AP m3: RILBERIIE: o FIEEIMREAL da 5150 EHEH IR
Biffls db: SE2XEIEPNGIE MBI de: AR EIMMMIEABIL: i MfE X MFEERCHE (TR BB iab(¥): 55— FIERMIEE X 4
“IEBUNE B TR e S5 EIEBIANNE X 9= EAEGMME AR dbe: A EIEDIIME X 5= EMEME LAtk
TAEMEIA fabe: S5 FIEBIIME X 5 ERBIME X B EREME ERCE TSI (A BB, o HEI%E (B2
B) ¢ Py FHIE BHNE) 5 O BHBVBHIT S o ZHRIITH: Iy (%) BIBBBIH: 1y, 06): ZHBBIEE: il
7 BRI,
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Genetic analysis of six important yield-related traits in tobacco (Nicotiana tabacum L.)

TONG Zhijun, FANG Dunhuang, CHEN Xuejun, ZEN Jianmin, JIAO Fangchan, XIAO Bingguang*

Yunnan Academy of Tobacco Agricultural Sciences / Key Laboratory of Tobacco Biotechnological Breeding / National Tobacco Genetic

Engineering Research Center, Kunming 650021, China

Abstract: [Objective] This study analyzes the genetic law of important yield-related traits of tobacco (Nicotiana tabacum L.) in order
to provide basis for further study on the genetic mechanism and yield-related traits selection in tobacco breeding. [Methods] A hybrid
combination with Y3 and K326 as parents was prepared, and the mixed major gene plus polygene genetic model was applied to analyze
the correlation among plant height (PH), leaf number (LN), internode length (IL), stem girth (SG), length of waist leaf (LL) and width of
waist leaf (WL). for tobacco in the single generation (P1, P2, F7 and F8) at four environments in two years. [Results] (1) Under all the
four environments, PH was extremely significantly positively correlated with LN and IL, respectively; there was an extremely significant
correlation between LL and WL as well; while IL had a significant negative correlation with LN. The average correlation coefficient among
those traits ranged -0.687 to 0.832. (2) The optimal genetic model for PH, LN and IL was compatible with MX2-AI-Al model characterized
by two major genes of additive - epistasis effects plus additive - epistasis polygene. The heritability of major gene was 94.304%, 95.632%
and 91.532%, respectively; the heritability of polygene was 3.965%, 0 and 5.489%, respectively. The LL and WL were controlled by 2 pairs
of main inhibitory genes + additive polygenes (MX2-IE-A), where the main gene heritability was 88.383% and 90.166%, and the polygene
heritability was 7.348% and 8.807%, respectively. The optimal genetic model of SG was an additive - epistasis effects major genes genetic
model with a genetic rate of 72.051% for main genes. [Conclusion] These traits are mainly controlled by the combination of major gene
plus polygene in multiple environments, and the heritability of the main genes is far greater than that of the polygene i.e. the environment
shows very little effect on six yield-related traits. So, in tobacco high-yield breeding, it is desirable to select yield-related traits in early
generation tobacco.
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