L4 2023,45 (4):684-693
Chinese Journal of Oil Crop Sciences doi: 10.19802/}.issn.1007-9084.2022147

H s B Se bk i A B 8 QTL 4B

{q\ﬁféj‘ 1,2’)/%\&‘%7,;3: 1(2’ ?Ii?l 1,2’ i”%‘ 152’7}5]7;@ 1,2’ ii_ﬂl 1,2’ Bﬂ)@."‘ﬁ' 1,2%
(1. MR BE, 5 560, 5500255
2. SN R B EIIFSE T, 52 M 52 BH, 550025)

EE BLE FR MU R G EU AR R BRI R T — . Wik Wi sk s R s S
iE, S K E BBk AHDE QTL, LA —A~HH 189 41 F 38 5K 72 4 U H W LT SRR AR , T 2 R £ 2020
AEBPHIRIEE T 54 Az 4 B B A PR 13 1 A R A Fe 2 bk 5, o0 BT R A S R DG , BEF M B R 6 0 T
et 1% 7% A1 I 1 2 57 QL , I 4 JE IR 4 31 T P9 8 7 B BORF S P 3R R 1 QL ot S R 1 B A5 i e e SR IR . &%
B S AR B BRI Bk 3 K R I TR AR B AR 5 s dk e 3 1 = LA A (CED A\ 2230 J5 i 38— 81 ek, B
B RS S s NI TRE s AR KT BOMR S K B AR S i — A BB W B AHDG . 2 SR B Bt A:
E] 60 4~ QTL, A5 41~ F 4 QTL, 8 4~ QTL 4B FE Wi A R A= B Be e ik , Hody QTL R — A Ky Begs
SbERE . AR L E LR 6 QTL, A& 1 ERL QTL,  HB /T & B, B AY 64~ QTLTE S A& BB it &
R g, AHFSE S E R S A EAK QTL AR il . 25 & L DIRe I RE, WAL I i 3 15 MR A DG e SRR . i by
SRR R R T IR AL MR R & B AR, 355 3 B AT I S R R 4l

SREBIA) T U R S s Mk R 5 2R Y B s AR SR AT s AH G BT 5 QTL R 2

RENHES: S565.4 XEAARIZAD A XEHS:1007-9084(2023)04-0684-10

QTL analysis of plant height development dynamics in Brassica napus L.
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Abstract: To achieve stable high yield and suitable mechanized cultivar for rapeseed (Brassica napus L.),
QTLs on developmental plant height were studied using an population named AH, which composed of 189 recom-
bined inbred members. Net increase in plant height of 5 growth stages and final plant height at maturity were investi-
gated in Guiyang in 2020, and phenotypic variation and their correlations were analyzed. Based on previous con-
structed high—density molecular marker genetic linkage map, QTL mapping was performed to identify the stage—spe-
cific expression QTLs regulating plant height development on a genome—wide scale. Results showed great variations
in plant height during the 5 growth stages after budding. Plant height changed the most in the 1st week, and the in-
crease gradually slowed down over time. Net height growth at each stage was positively correlated with the previous
stage. A total of 60 QTLs were detected in the 5 stages, including 4 major QTLs, 8 QTLs stably expressed in 2 differ-
ent stages, and the others (specifically expressed in at least one stage). 6 QTLs were identified at maturity, including
one major QTL. Comparative analysis showed that 6 QTLs at maturity stage were not detected at 5 developmental
stages. Totally 5 major QTLs identified in this study have not been reported yet, thus can be used as new loci for de-
velopmental plant height breeding in B. napus. Combined with gene function annotation, 15 candidate genes related
to plant height were preliminarily screened. It was expected to deepen the understanding of genetic regulation on
rapeseed plant height, and provide new resources for semi—dwarf breeding.
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Table 1 Variation Analysis of plant height growth at different growth stages and plant height at maturity of AH population

PEIR RRME /M e THE brifE 22 A5 R AL P B 3573
Trait Max Min Range Mean SD CV /% Skewness Kurtosis
PHI 112.2 249 87.3 71.5 16.0 22.42 -0.12 -0.03
PH2 48.7 5.8 429 30.1 8.4 27.80 -0.40 0.09
PH3 355 4.0 315 19.1 5.2 27.39 0.11 0.39
PH4 19.4 3.0 16.4 10.5 3.4 32.45 0.24 -0.03
PH5 17.4 0.1 17.2 5.4 34 63.20 1.02 1.29
PH 182.0 111.0 71.0 144.5 15.4 10.66 -0.11 -0.51

TE: T 2020 4 S A W A6 04k AH B B R AR MRS B0 7 d il — 0, 64k 5 3, IF7E 0TIt 1 e ks S48 em; PHI 4
1R S I B MR i 9 I et PH2 2 55 2 I I JE AR 5 0 A 5 PH3 2 55 3 UM kI FHE AR 425 v 8 1 Bk 5 PH4 55 4 UM A T A B o v
HE A PHS 55 5 YO I RE AR 0 1 i s PH  UTI ) BEMACRR 5 5 )

Note: Measurements begin from budding stage in 2020; measure the plant heights and culculate the amount of growth in every week for 5 weeks; PH1:

Net plant height growth (amount of growth in ¢cm, same as below) of population at the 1st week; PH2: Net plant height growth of population at the 2nd

week; PH3: Net plant height growth of population at the 3rd week; PH4: Net plant height growth of population at the 4th week; PHS: Net plant height

growth of population at the 5th week; PH: Plant height of the population when mature; Same as below
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Table 2 Correlation analysis of plant height traits in different growth stages or periods of AH population

PEAR Trait PHI PH2 PH3 PH4 PH5 PH
PH1 1
PH2 0.136 1
PH3 0.034 0.649™
PH4 -0.011 0.362" 0.420™ 1
PH5 0.078 -0.109 0.156" 0.199™ 1
PH 0.215" 0.217" 0.107 0.088 0.102 1

1 /Note: *P< 0.05, *#P< 0.01

A7 5. PH2 .PH3 .PH4 73 BIAEAE 1.2 14> L QTL,
PH1 .PH5 HAFEAL QTL,

LB R A K B BE B QTL & 81, PHIT 5 PH4 22
[E] 45 343 QTL, PH2 5 PH3 Z [al 47 1 L E (7
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[l — A~ QTL, & B 4% 5 57 ik 5 43 5] oy 3. 22% Fil
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Table 3 Additive effect QTLs of plant height at 5 growth stages detected in 2020 Guiyang environment

(4RN (S Pefafk i EAFIXTE] (E e FHTTIR TR
Trait QTL Chromosome Position /cM Confidence interval /cM LOD PVE /% Add.
PH1 qPHI.AI-1 Al 0 0-0.5 13.83 5.58 -5.02
qPHI1.AI-2 Al 7 6.5-7.5 9.88 4.07 4.29
qPHI.A2 A2 40 39.5-41.5 12.28 4.98 4.77
qPHI1.A3-1 A3 72 68.5-72.5 3.52 1.25 2.37
qPHI1.A3-2 A3 100 98.5-101 3.37 1.20 -2.35
qPHI1.A4 A4 53 52.5-53.5 5.13 1.91 2.94
qPHI.AS5 AS 93 92.5-93.5 7.60 2.92 3.68
qPHI1.A6-1 A6 79 76.5-79.5 2.89 1.04 2.17
qPHI1.A6-2 A6 100 99.5-100.5 5.50 2.05 -3.04
qPHI.A7 A7 81 79.5-81.5 5.16 2.17 3.40
qPHI1.A8-1 A8 39 38.5-39.5 8.19 3.22 -3.83
qPHI1.A8-2 A8 42 41.5-42.5 12.75 5.15 4.85
qPHI1.A10 Al10 57 55.5-57.5 10.64 4.23 -4.38
qPHI1.C1-1 Cl 10 9.5-10.5 6.49 2.53 3.40
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Trait QTL Chromosome Position /cM Confidence interval /cM LOD PVE /% Add.

qPHI.C1-2 C1 63 62.5-63.5 3.30 1.23 -2.36
qPHI.C2-1 C2 5 4.5-9.5 4.55 1.76 2.87
qPHI.C2-2 C2 34 33.5-34.5 8.75 3.53 3.99
qPHI1.C2-3 C2 103 102.5-103.5 13.58 5.52 -5.01
qPHI1.C2-4 C2 107 106.5-107.5 19.77 8.94 6.40
qPHI1.C3-1 C3 71 69.5-75.5 5.00 1.94 -2.97
qPHI.C3-2 C3 101 98.5-102.5 3.25 1.16 2.30
qPHI.C4 C4 105 104.5-106.5 4.76 1.78 2.84
qPHI1.C7 C7 133 130.5-135.5 4.27 1.68 -2.76
qPHI.C8 C8 91 89.5-95.5 3.89 1.53 2.64
qPHI.C9 C9 27 22.5-28.5 3.63 1.32 -2.45
PH2 qPH2.A1 Al 28 27.5-28.5 66.88 2.21 -5.70
qPH2.A3 A3 0 0-0.5 45.66 1.02 3.92
qPH2.A5-1 A5 24 22.5-24.5 93.61 4.67 -8.49
qPH2.A5-2 A5 97 96.5-97.5 70.46 2.42 -5.99
qPH2.C1-1 C1 51 50.5-51.5 141.30 16.47 -15.58
qPH2.C1-2 Cl 60 59.5-60.5 49.68 1.18 4.15
qPH2.C3 C3 83 82.5-83.5 45.24 1.06 -3.95
PH3 qPH3.A3 A3 0 0-1.5 24.88 1.43 2.05
qPH3.A4 A4 62 61.5-62.5 19.59 1.05 -1.73
qPH3.A5-1 A5 45 44.5-45.5 22.62 1.28 1.91
qPH3.A5-2 A5 65 64.5-65.5 21.01 1.19 -1.84
qPH3.A5-3 AS 70 69.5-70.5 103.21 20.99 7.74
qPH3.A7-1 A7 14 13.5-14.5 22.61 1.31 -1.94
qPH3.A7-2 A7 16 15.5-16.5 75.75 10.14 5.38
qPH3.A7-3 A7 25 24.5-25.5 45.72 3.57 3.20
qPH3.C6 C6 9 8.5-10.5 19.14 1.06 -1.75
PH4 qPH4.A1 Al 92 91.5-92.5 47.87 13.37 2.88
qPH4.A2-1 A2 52 51.5-52.5 33.40 6.81 2.05
qPH4.A2-2 A2 54 53.5-54.5 15.16 2.36 1.21
qPH4.A3 A3 54 52.5-54.5 11.15 1.67 1.02
qPH4.A7 A7 0 0-0.5 9.62 1.38 -1.08
qPH4.A8-1 A8 13 12.5-17.5 7.33 1.09 -0.82
qPH4.A8-2 A8 39 38.5-39.5 16.05 2.66 1.28
qPH4.A9 A9 46 43.5-46.5 8.23 1.17 0.86
qPH4.A10 Al10 55 54.5-55.5 15.17 2.36 1.21
qPH4.C2 C2 108 107.5-109.5 37.75 9.18 -2.39
qPH4.C4 C4 37 36.5-37.5 10.75 1.57 0.99
qPH4.C7 C7 90 89.5-90.5 12.59 2.19 1.19
PHS5 qPH5.A2 A2 103 101.5-103.5 2.68 3.94 0.73
qPH5.A7 A7 48 47.5-48.5 2.53 3.70 -0.73
qPH5.A8 A8 5 4.5-5.5 4.07 6.53 0.94
qPH5.A9-1 A9 9 7.5-9.5 3.06 4.71 -0.81
qPH5.A9-2 A9 124 123.5-124.5 3.21 4.74 -0.81
qPH5.C4 C4 0 0-3.5 3.10 4.57 -0.79
qPH5.C6 C6 30 28.5-31.5 3.60 5.59 0.87

TE LAY QTL A BER AR 5 KT 10% ; S IR RIZ A QTLAEAN R AR K B B e ik

Note: bold QTLs explain more than 10% of the phenotypic variation. Underlined QTLs are stably expressed at different growth stages
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T4 7E2020 & 5 PATRE A& T B B BB AR S 48 X I E R QTL
Table 4 Additive effect QTLs of plant height at maturity detected in 2020 Guiyang environment

(¥ PASEEREN (AL A DX ) 12 {8 RBTTHCR kRN
QTL Chromosome Position /cM Confidence interval /cM LOD PVE /% Add.
qPH.A6 A6 14 11.5-14.5 4.25 2.39 3.86
qPH.A10-1 A10 19 18.5-19.5 3.84 2.17 -3.73
qPH.A10-2 A10 32 31.5-32.5 20.55 15.30 9.77
qPH.C3 C3 108 106.5-109.5 4.97 3.11 -4.42
qPH.C4 C4 55 52.5-55.5 4.45 2.50 3.95
qPH.C8 C8 26 21.5-27.5 3.29 1.89 3.43

WY QTL BRI AR R KT 10%

Note: The bold QTL explained more than 10% of the phenotypic variation

L RRET 12, 82% IR IUAR (K 5)
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o LA DEY R R W ROk SR N R
(BR) B 2 (GA) KR (TAA) FM A A L
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B MERZ R ES SRR T M 2
WA i CRNA S A2 DB GWA kS i
& 7 R - RGE R I8 D R R 45 A oG i
7 Az B )2 S 5 IR A Ny 2
AR, MRS RS AEE ORI
JEE S PE ALY A A FERE(SD )
o S5,

7 b2 7 B 5 A 8% QTL B AF X 8] P9, 4%
BT I 145 A LR AR ok 6 35 PR A UL T R ] D
SER BT Re RS, 125 0k 2L 154> 1] BB i i =%
Mm A LR, EMNEES5EAREZ R
b R B R AL A0 B O 2L AR A A R
5 {5555 5 LA S A 00 B AR S0 55 (K 6) o
3 tib

PRim e — A 2R Y 7 i R
HEEEEM . AR ER, MR AT ZZN
BN S SRR, B QTL kA7 AE W 5 A s ) 4
SEERBhAYE . FESERTITT i A I S e
QTL 73 M F B4 v T LU PR IR R LEmT g 2
MR G B S 5 A . F e, A5

TA R A5 BB 4 1 s W B B B A A 3007, 5 Pl B (4%
PR 15 B4 38 A% STk 6 kg BE el

HI A H 3 R SR & 0 4 BT B, PR QTL
B H RN SR A 19 e (6 1, H A~ QTL
(1) 5T Bk RAE 0. 7%~54. 59% 2 [0 ANEE2 . ARBFFEAE
2020 4F 5t FHAAEE T % 42 1 H i AL SRR 1Y 2 2485
R, 45 A QTLAE R, 76 42 3L R 2 9 & B8 i =R vk =
KB AR ERINM QTL, 78 H W AL =24k &
KBS A K B B ok S A T #1664~
QTL, a1 54~ E8 QTL, 5 E WY QTL M
P B2 3 5 A R QTL(gPH2. CI-1.qPH3.
A5-3 .qPH3. A7-2 .qPH4. Al .qPH. A10-2) ¥ K9 ik
I8, T2 QTL HAEK & A B W — 1 B =
PEFIE UL EATA] B R & R B 1B .
Z JE i QTL A A0 45 RN 3 PR D) RE 1 VR RS, 025 i
TR 15 4> FTBEHT IR s A e B A, fop itk — 20 i F
I YESE

PR R R T B S AR BB, N iR Mg
AT R, MR & B R CRUZZ I S 1) B3 K vk
FIHEK, I Bl A B ] O HE S | R v 34 K 1 34 3 08 /)
I TR s NIRRTk E , 5 M BLrh S
FEARR = WG 2 8 2 i 70 S () TE S B A o0 A
FAMARZ Z A TR AL R JR 4% | | T R P
AR s MINPERON QTL 5E 45 Bk F |, 84 QTL 7 BI7E
PSS ] A K B B (] e e 381, 26 BB T AE ik s &
B2 A KB BedsE ik, MiH A 524 QTLAAE
F— KB BERIA N B BURE R IR QTL, AN EAE

x5 7E2020 = PAE TN E HHRSHE XK _EAE QTL
Table 5 Epistatic QTL related to plant height detected in 2020 Guiyang environment

, . EAF XA 1 . BRI 2 . , X AR
Pefafkl frE 1 " Rfafk2  frE2 " B RMTTEGE MM b2
Confidence Confidence epistatic ef-
Chrl Positionl Chr2 Position2 LOD PVE /% Add.1 Add.2
intervall /ecM interval2 /eM fect
Cc3 15 14.5-15.5 C3 25 24.5-25.5 5.76 12.82 -0.03 0.41 1.26
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Table 6 Candidate genes within the confidence interval of major QTLs for plant height in B. napus
‘ ] \ WA IR A N
(A Tk FE A L/BE A . i DINAE Y
Best hit in Arabi-
QTL Candidate gene Physical position Gene annotation
dopsis
D REAELA 1 (UPLL) 2 5 & A0z 201 WY ey
qPH2. chrCO1; G E SR
BnaC01g13550D AT1G55860
Cl-1 8851132..8852471 Ubiquitin protein ligase 1 (UPL1), protein ubiquitination, biosynthesis and
signal transduction of plant hormones
chrCO1; F-box/RNIZSBAIKE H , 2512 29 T A9 H ik As
BnaC01g13560D AT3G18150
8863130..8865422 F~box/RNI superfamily proteins, ubiquitin—mediated protein degradation
BRI 14(MES14) , FUK R, 2 SRR ORI AE KR AR
qPH3. chrA05:16,022,
BnaA05g20670D AT16G33990 Methylesterase 14 (MES14) , hydrolase activity, metabolism of jasmonic ac-
A5-3 544..16,023,327
id, salicylic acid and auxin
FY U-box25(PUB25) , HZ R FEHRRGE, 2 5 E A Bz R
chrA05:16, 148, LA B AR S
BnaA05g20790D AT3G19380
560..16, 149,831 Plant U-box25 (PUB25) , ubiquitin protein ligase activity, protein ubiqui-
tination, biological defense response
chrA05:16,258, DEM2, T4 AL TR BB AL A o3 A 21 80D X A 43 248 45 T2/ EH]
BnaA05g20960D AT3G19240
726..16,261,112 DEM2, mainly found in embryonic defects and meristems, cell division
KIPAACHE 11 6 (KRP6) , HL 22 SR /75 R I ) 15 1 , A0 e 43284 67 981
chrA05:16,299, ) 31 24 L 30
BnaA05g21020D AT3G19150
491..16,300,298 KIP-related protein 6 (KRP6), serine/threonine kinase inhibitory activity,
negative regulator of cell division, regulating cell cycle
A0S 16,300 TAGK?2, 8 HiMEHE R 1, A8 2 RIS 1, I R R F e
chr : ) )
BnaA05g21040D AT3G19100 TAGK2, protein kinase superfamily protein, yrosine kinase activity, positive-
097..16,312,614
ly regulates gibberellin signal transduction
chrA05:16,338, POK2, —FIE M YK SR 1R , 2 S 2000 24 AT 22000445
BnaA05g21080D AT3G19050
119..16,349,552 POK2, a directional drive protein kinase, cell division, mitosis, etc.
BARHEBRRG T LA A FRREE RIS IR T BRBERE, W RES A KR K
chrA05:16,357, A KPR
BnaA05g21100D AT2G23610
204..16,358,471 Carboxyl esterase, methyl IAA esterase and methyl jasmonate esterase activi-
ty, auxin, jasmonic acid and salicylic acid metabolism
KIN3, 22 2 W2 /55 24 PR AE 0 , b al AR R 1k, 2 5 A NTE =
qPH3. chrA07:2,713, SOEYHEYEREE
BnaA07g03070D AT2G17220
A7-2 470..2,715,585 KIN3, serine/threonine protein kinase, protein phosphorylation, intracellular
signal transduction, plant growth and development
TE X5 qPHAAT A7 DX 0] SR 1) 05 70 3ol S8 % 8 MR A R 7 4 B 8 ), R B2 i T AE 1Y DNA i B AR T TR € A2 i) 14 32 U3k, LRt
qPHA.AT W JIT7E X B 1 e L A7 C 1 4tk |

Note: After mapping the confidence interval of gPH4.A1 to the corresponding physical location of Brassica napus chromosome, it was found that the

DNA fragment of this locus had been cross—exchanged between homologous chromosomes, so the candidate gene locus of gPH4.A1 was on chromosome C1

ZF 240U B B FRIR N QTL, 5 AR AE KB
B 44 QTL#BE 10% LA LR 2 AR5 3L
QTL, H:H, PH1 ., PH5 X 2 4™ By BE A& 6 i 3] 3= %%
QTL. S SI A 1) 6 1k /=i AH G QTL, A 7 14>
F 8 QTL, {H3X 6 4~ QTL 5 71 Ifif 5 4~ By BEAG I 1] 11
60 1~ QTL AR B AT He g i o 33X L2 JLHR F ke T 42 o]
PR 09 QTL Ak T ] o i gl A28 Ak vy, B WY 4% By

By e, U B R i AR SC L DA T A [R) & 3 B 1k %

PR R TR R B R, N R R i
SEPR A S SR AL T TR A AT A Sk e 3t
LV HLH ST . N A PERLR QTL i £ 45 3
FeFE L ANAEL S B BE(PHS) A& 2 14 QTL A7 5%
I, & W] QTL ELAE RN A AE k8 & & ik R v A By
BUREVER

17 AV — P AR TR RS A, R
MY ANM N Z R A B R MR R S S R
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