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Mapping of Quantitative Trait Loci Underlying Seven Yield-related

Traits in Flue-cured Tobacco (Nicotiana tabacum L. )
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Abstract: A population of 262 recombinant inbred lines (RILs) from a flue-cured tobacco cross between Y3
and K326 by single seed descent (SSD) method was used to construct a genetic linkage map. 626 SSR loci
were evenly mapped into 24 linkage groups (LLGs) which spanned a total length of 1 120. 45 ¢cM. With a
randomized complete block design, one location field tests with three replicates in two years were conduc-
ted to characterize seven agronomic traits related to leaf yield, including plant height (PH), internode
length (IL), leaf number (LN), stem girth (SG), angle between leaf and stem (ALS), length of waist
leaf (LWL) and width of waist leaf (WWL). Based on the data of field trials and rMQM method, we

mapped and analyzed the QTLs for seven target characters. The results showed: (1)the seven target traits
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of flue-cured tobacco had a wide range of continuous variation in the RILs population, with significant bidi-
rectional super-parental segregation, and the average value of each trait was very close to the mid-parent
value. The average broad heritability of 7 agronomic traits was 73. 33%, of which the generalized herita-
bility of PH and IL was above 80% , while the SG and ALS was less than 60% , indicating that 7 agronom-
ic traits related to flue-cured tobacco yield were quantitative traits controlled by both micro-effects and en-
vironmental conditions. (2) A total of 30 QTLs were detected on 9 linkage groups, while five major QTLs
with relatively large effects, explaining for more than 10% of the phenotypic variation in the RILs popula-
tion, related to PH, IL, LN, LWL, and WWL were detected by both two years. (3)The seven traits were
largely correlated with each other. Consistent with this, some small regions harboring two or more closely
linked QTLs of different traits were found in the genome. The results provide an important theoretical ba-
sis for developing high yield cultivars in tobacco through marker-assisted selection (MAS).
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Table 1 Performances of the seven yield-related traits in the RIL population and the parental lines

A Parent RILs #4& RILs population

HEAR i s Ko 891+ f7 2 % 5 e i it %
Mean=+SD Range Kurtosis Skewness H%/%

e PH/em 258. 77 167.35* 209.35+21.17 145.33~303.77 0.53 0.14 83.15
%0 LN 47.00 33.00* " 40.0042. 00 18.00~53. 00 0.38 —0.24 75. 41
TR 1L/ cm 10. 59 4,81 7.1140.93 3.18~12.31 0.61 0. 33 81. 33
Z5[H SG/cm 11.01 8.73" 9.02+0. 87 6.67~15.67 0. 57 —0.61 59. 68
Sl ALS/° 50. 72 140.79° 45.3743.09 20. 00~90. 00 0.63 0.27 58. 73
fEM K LWL/cm 83. 84 60.96* * 72.46+5.72 45.76~92.03 0.32 —0.46 78.16
fE M 96 WWL/cm 41.97 36.83* 39.28+2.87 29.50~58.59 —0.48 0. 37 76.82

T A A ) SO A 0 A AR XUR ) 22 535 005 1 0. 01 35K F

Note: Heritability is the heritability in broad sense. * and* * mean significant difference between parents at 0. 05 and 0. 01 levels, respec-

tively
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Table 2 Correlations between the seven yield-related traits in the RILs population

e PH % LN W IL 25 [ SG 2 B ASL Em K LWL
% LN 0.826* "
R T 0.913* —0.803" "
25 SG 0.242 0.307" 0.313*
X ) ASL 0.163 0.173 0.203 0.128
fEM K LWL 0.406" 0. 204 0.201 0.352" 0.307*
JE M 58 WWL 0.212 —0.125 0. 187 0.327~ 0.221 0.835* %
TE: R SRR AR PR #] 0. 05 F1 0. 01 i FAKF-
Note: * and* * indicate significant correlation at 0. 05 and 0. 01 level, respectively
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Fig. 1 Genetic map of flue-cured tobacco showing the positions of QTLs of seven yield-related

traits estimated by composite interval mapping
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Table 3 QTLs detected for the seven traits in the RILs population

Hetk s R T 0 67 5 i 2016 2017
Trait QTL LGs Marker Position/cM LOD® Addb R2/ %e LOD® Addb R2/ Ve
qPH3 1.G03 TM61400-TM57320 31.208 8.03 6.15 9.03 7.29 5.73 6. 24
qPH7 LGO07 TM66151-TM61938 6.021 7.65 5.37 4.67 6.21 4,83 5.97
bk qPH13 L.G13 TM65050-TM52608 22.397 4,27 2.96 2.32
PH qPH14 [.G14 TM53844-TM52769 47.936 6.93 4.12 4.09 6. 26 4,17 3.95
qPH17 LG17 PT53015-PT53756 33.425 21.53 18. 69 23.18 18. 83 16. 86 21.37
qPH24 LG24 TM60036-TM53011 8.616 4,09 2.73 3.02
qLN3 L.G0O3 TM61400-TM57320 31.208 4,54 —0.65 4.72 4,25 —0.58 3.77
qLN4 LG04 TM51123-TM51930 72.803 5.12 0. 66 4. 36
HL%( qLN7 LGO7 TM66151-TM61938 6.021 11.84 —1.04 8.55 9.08 —0.82 7.01
qLN17 1L.G17 PT53015-PT53756 33.425 14.27 0.99 11.28 11.72 0. 87 10.51
qLN22 1L.G22 TM53486-PT50721 19.031 4.01 0. 36 3.17
qlL3 L.GO3 TM61400-TM57320 31. 208 4. 83 0.52 4.31 4.15 0.51 3.98
qllL7 LGO07 TM66151-TM61938 6.021 7.26 —1.08 8. 49 6.87 —0.92 7.99
%I—I%E qllL14 L.G14 TM53844-TM52769 47.936 3.51 0.43 3.01
qlLL17 LG17 PT53015-PT53756 33.425 24.6 1.63 25.75 21.74 1. 39 20. 09
qlLL22 1.G22 TM53486-PT50721 19. 031 3.58 —0.41 3.01
qSG1 [LGO1 TM52028-TM52037 20. 637 4,65 0. 34 4.03
ExiE qSGA4 LG04 TM61477-TM52016 26.423 8. 87 0.48 7.59 8. 06 0.51 6.82
SG qSGT7 LGO07 TM50275-TM61956 20. 738 4.73 0. 39 4.18 4.16 0. 36 3. 96
qSG17 LG17 TM66721-TM62196 46. 371 8. 04 0.39 6.8 7.26 0.52 7.17
gALS1 LGO1 PT54449-PT52165 8.153 4. 25 5.75 3. 14 4.21 5.14 3.04
éilé;g qALS4 LG04 TM52887-TM60013 51.762 3. 24 3. 96 2.71
qALS14 1L.G14 TM54360-TM51177 10. 734 5.32 7.36 7.34 5.04 6.76 6.96
qLWL4 LG04 TM61477-TM52016 26.423 5.82 2.58 4. 06 5.58 2.14 3.92
H%%f qLWL17 LG17 TM66721-TM62196 46. 371 18.01 5.11 11.07 17. 67 5.03 10.13
qLWL22 LG22 TM60013-TM65486 5.836 3.38 0. 88 2.36 3.72 0. 83 2.27
qWWIL4 1L.G04 TM61477-TM52016 26.423 6.13 2.49 5.98 6. 44 2.47 5.63
W 5 qWWL17 LG17 TM66721-TM62196 46. 371 21.17 3.18 15. 29 20. 39 2.87 13. 86
WWL qWWL22 1.G22 TM60013-TM65486 5.836 7.36 2.65 6. 14 7.48 2.49 6.79
qWWL24 [.G24 PT51794-TM62238 13.193 3.41 —1.14 2.23

0 fE a=0. 05 AKE T F FH A8 #e 3 F7 % (permutation times = 10 000) 7E 4> 3% X 40 36 B P9 /% 31 LOD W2 3 & . PH A1 1L 9 LOD=
3.5,ALS 1y LOD=3.2,LN f§ LOD=3. 4,SG.WWL Il LWL ff§ LOD= 3. 3,> Add 48 Jint:%0n; , Jo b i 1F /2 s ok B T HEA Y3/K326 (1
S B R PR O . R? 4 QTL il e 8 AE A8 519 LL 1)

Note:* LOD thresholds at the genome-wise significance level of 0. 05 estimated by 10 000 permutation tests were: 3.5 for PH and IL, 3. 2
for ALS, 3.4 for LN, 3.2 for SG, WWL and LWL. > Add is additive effect, of which the positive/negative sign indicates the action direction of
the allele from parent Y3/K326. ¢ R? is the proportion of phenotypic variance explained by the QTL
qIL7 Fl qLN7 {ii F LGO7 L, & qLWL22, qW- 3 ‘J‘ A
WL22 fl gLN22 .qIL22 fii F LG22 F(E 1;3 3), r e
I a5 R SRS 7 A B AR AR (8] A7 78 35 A AH O R T 5T R B 55 00 7 A G I A AR
PERZS R & (R 2). J&F 5 3% 6 B R om0 B AR, R E
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SR FH 2 0 DH B A X AR T A6 307 R 4 2 A4S
PORFEAT Tt o A A5 R 2 MORAAE — 1R
JEE BRI SR B G B A IR A A3 A FRAE BT
2APERE T 2 5 D A Al vk 1 B O
EUURIR AR AT AR R 14 53
KSRGS 2 LA 2 6 AR 7T AR
PR AN 4 A5 BT HEAR BEAT T 38 A 40 BT L 5 R R
B[R AR R PR A B Y N 2K ] CERRD
S5 6 MR 2 o 2 P B PR . 24
ST F L BEMAR LT 6 N0 B B MR UE AT T s
LM 25 H R < T WER 1) 6 APk 5L 3 22 40 A
LA MR I A7 A0 R[] B2 32 10 0L ) 8 S B4, 36 B 1
B PR R . AR AE S A X I RILs B 4 3%
S 2 AR R) 2 B B Al ot A5 R T 0
A OCH) 7 AR E T ek 22 3 PR ) ) B
AR5 BRI BB FT 4 R —

AR T RN I B e AR QTL & 7 43 #r
W8, AR BT HE4T QTL & 057 43 7 7 FH 11 38 4% ]
T ELAT B A SR RO AR PR 0 R R A
HEEAE PN QTL HAli i, Julio % %
T R 0 J S O R 5 A P (A A 18 A FE B
XF 59 AN M B AR A2 AR Al 2 B4y B AR
17 QTL 43#1, &L M E T 75 4~ QTLs, ¥y
BAMORACRE RN E) 1. 27 4~ QTLs. #HERKFHED
BT 160 M ARic ks @A A 23 A BRI 58
B 6 2 ASPEAREAT QTL 43 Hr JF 345 3 A4~
QTLs, BEA-HR AT A I AR A3 1) QTL ¥4 1.5
Ao [FRE RN A0 3 T4 3R AT A 3 40 A i
B (190 ARy S e br e M g R A4 & 26 4~ i%
BT Y R A% IR RO XF 6 SRR BEAT QTL 2047
2R 11 A QTLs, B A MR F 3 0] & ) 5
QTLs ¥l 1. 83 A, MAMRET — K& 626
A~ SSR ARIC AN 24 4 7 AVURE Y 55 0T ik A LS % 7
A B PR PR TE 2 B G L AT QTL H4 430
IR &R 45 30 A QTLs, 34 4 A Mok ] 6 2] £
ik 4.3 4 QTLs, &M Fak QTL &l g Jy Rzl 4k
15 QTL it 2 /) W IR Z A ZFh, 40, 44 BURE 7R 1Y)
AR 5 AL O R RER AR 2E CR/N Bk 38t 4% )
AT T LA QTL H4 4 Hr 1 15t 4% &
T A T O bR 0 R 28 BSOS L R L RS A SR
HEHEE O RECHRNEZ —, AR, Lk
T QTL & {57 43 H7 1 35t 4% &3 5 &2 A s (s A i
AR E PR R 22 L b 10 B0 B D | R 1 o7 R AR
S5 U B A M R A T X TR A A 5 1 A 2

S HFRERA EH QTLs # il fE Sy, [FIAE &3 T
SSR A i 4 HE 1) 7 B K A 35t A% Dk X 6 A4S A
MR Ok AT I 2R B B R RN )
1 QTL & 53 Bt » Tong 55 % HARER #E 207 A4
DH ¥R —4F 2 HE W R BB AT QTL 43471, 45
KRG 2 69 1 QTLs, Hrp . 4 4~ QTLs B
R R TR 15 % ~20 N Y KRB A S, &
Z M AW A ARSI QTLs i b % /b sk, {H 3%
L2 AR Re R I B 2 A ROV AER QTLs 24 5
A o, Sk AU A DG 2 A~ QTLs O {E
FE 2000 Lk b 3K — 25 SR WA 5 bk = AT E 2 A
RAE RILs v HLAT 558 9 7 SCast A% 58 OFk = A1 iR
BT s Z 4 ik 83, 15% A1 81, 33% 5 % 1) Al
WA . WA AREIE ST E X 17 S AR LSk 2 AR
(2016~2017) B4 5 &0 (6 QTLs P br
ICHEATAIN L e B PR s L B T R 3 AN PR G
B QTLs WMl #5iC (PT53015 1 PT53756) 78 262
A~ RILs A 10 MR SMEE A K326 1) 5P Al
AH TR S AR S48 20 5900 170, 39 em(PH 28 575 Fl «
160. 83~191.57).5. 21 cm (IL 45 545 [l . 4. 26 ~
6. 17)F1 35. 50 (LN 745 5 3 [l : 32. 00 ~40. 00); 13
MRR S EAEFEA Y3 HAAH R 56 R A, L pR
BIE 4> 9 K 236. 33 cm (PH 748 5§ [ : 207, 27 ~
303.77).9. 63 em (1L 28 B3 . 8. 03 ~12. 31) Al
45, 33(LN 7% 576 [ : 40. 00~53. 00), [6] k¢, 4 I
) 5 I RN BE 2 A PEARAE SCH QTLs P4
IE(TM66721 F1 TM62196) 4 7 A4k & S8 % A&
K326 1) 4 X 2 — 20, HHR A 50 5 62. 82 cm
(LWL 7% & 3l [l 58. 76 ~ 70. 04) F1 38. 05 cm
(WWL 25 5355 B : 36. 16 ~41. 03) ;11 MR 5
ERA Y3 KL PR AL — 3, HoAEAR 4300 o 81, 04
em (LWL 28 B J5 . 71. 49 ~92. 03) fl 40. 95 cm
(WWL 725 536 il : 38. 66 ~58.59), b ik 2 40 Ay Bk
i fE 25 5 O 65, 94 (2 5 W 2% A W] PH {8 2% 5 (1
T290) fHERET 29 59. 60 (qPHIT 1 Jin it %0 v 5/
AR QTLs (90 280 0 18D B4 in M 200 18 5 W)
BE LTI T RN B AR 4 A PR A E B
A IE] B 22 43 ) R 4L A2 CH B SEAR TE) TL B 22 R
29 76%0).9. 83 WA LN {H 2 25 70%0) .
18. 22 HWisEA N LWL {25 51 25 80%6) F1 2. 9
(HPIEARBE WWLEZFHNA 5600 BT Y
43.8%.31.2% .61. 2% Fll 35. 0 % (4 ik &% i .
AR ARG T8 17 SR L sk
2 AR5 REAG I B Y ON (E K F 10209 5 4 QTLs,
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