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QTL Mapping of Chlorophyll Content in Gossypium hirsutum and Gossypium
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Abstract: [Objective] The purpose of this study was to map quantitative trait loci (QTL) related to chlorophyll content based on
Soil and Plant Analyzer Development (SPAD) readings in cotton. [Method] The 195 BILs (Backcross Inbred Lines) were
produced by a cross between Gossypium barbadense Hai 7124 and G. hirsutum CRI 36, using CRI 36 as the recurrent parent for
backcrossing with F, to produce BC,F,, followed by seven generations of selfing. The genetic linkage map was constructed in a
previous study. QTLs of chlorophyll SPAD value in the first flowering and boll development stages were identified with
inclusive composite interval mapping (ICIM) method of the BIP and MET models in IciMapping 4.1 software, respectively.
[Result] In total, nine chlorophyll SPAD reading QTLs were identified on 6 chromosomes. The g-SPAD-A11-1 detected at the
first flowering stage overlapped with g-SPAD-A11-2 detected at the boll development stage, contributing 5.08% and 5.75% of
the phenotypic variation, respectively. The g-SPAD-DO08-2 physical position ranged from 48.71 to 53.65 Mb on chromosome
D08, which overlapped with a chlorophyll content QTL detected in a previous study. [Conclusion] The novel stable QTLs,
q-SPAD-A11-1 and g-SPAD-A11-2 detected in this study provide an important piece of information for fine mapping
chlorophyll content in cotton.
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SPAD-1 and SPAD-2 represent the SPAD value of the
first flowering stage and the boll development stage, respec-
tively.

1 BIL &k SPAD ERE S E
Fig. 1 Frequency distribution of SPAD value for BIL
population

&1 FAF BIL #4H SPAD ERENE
Table 1 Phenotypic determination of SPAD value in parents and BIL population

SRR Parents

[F1 52 # 44 BC,F; population L

1 7124 36

SFIME EAREXE RORME R /ME i £ Vi

Hai 7124 CRI36 Mean * S.D. Maximum Minimum Skewness Kurtosis CV/%  H'/%
SPAD-1 46.9 47.15 46.09+3.11 53.52 35.43 —0.06 0.09 6.75 66.84
SPAD-2 51.6 52.95 52.20+3.75 62.20 42.28 —0.16 0.07 7.18 69.66

TE :SPAD-1 fREHIAEWIHY SPAD {H ; SPAD-2 fR £ 4544 W11 SPAD {H ;S. D. UKAR#EXR ;CV UKL 7 REG H R

i LA

Note: SPAD-1 and SPAD-2 1 indicate SPAD reading of different materials at the first flowering stage and the boll develop-

ment stage, respectively. S. D. stands for standard deviation, CV stands for coefficient of variation. H* stands for heritability.
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Table 2 Analysis of variance for SPAD value in BIL population

SPAD fH F i #H{8
7 S ke Y5 [EREERES SPAD readings F critical value
Sources Degree of freedom B

Mean square F Foo Foo
# & Repeat 1 949.27 60.81" 3.85 6.66
P % Lines 194 38.21 2.45" 1.19 1.28
19 Stage 1 7279.86 466.36™ 3.85 6.66
¥k Z x & Lines X Repeat 194 9.23 0.59 1.19 1.28
9] x # & Stage X Repeat 1 778.83 49.89" 3.85 6.66
AiF ) x Bk % Stage X Lines 194 9.28 0.59 1.19 1.28
A X BRAR x B 194 5.73 0.37 1.19 1.28
Stage x Lines X Repeat
% 22 Error 776 15.61

T * R R A3 3RORTE 0.05 A1 0.01 7K 1 2

Note: * and ** represent the significant level at the 0.05 and 0.01 probability level, respectively.
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1-1 and 1-2 indicate the repetition 1 and 2 at the first flowering stage; 2-1 and 2-2 indicate the repetition 1 and 2 at the boll

development stage. ** indicates the significant difference at the 0.01 probability level.
E 2 BIL ##HAELSE SPAD EZR&5
Fig. 2 Differential analysis of SPAD value of BIL population between two replicates at two stages

1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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(g-mSPAD-A11-1 . g¢-mSPAD-D08-1 , g-mSPAD-
D10-1.,g-mSPAD-D10-2 Fl g-mSPAD-D10-3) 43
e A11.D08 Hil D10 4L o {4 (£ 4), X R 1)
il R R 2.34%~2.69%; HH g-mSPAD-D08-1
B INPAE SGOEAE R IE KON, LA 4 4~ QTLs Jnt 2%

*3 MHFEEZEIEH SPAD EEREEAK QTL EfL
Table 3 Mapping quantitative trait loci of SPAD value of chlorophyll content index in a single state

oL 3] Wy LIX [R] LoD F AR S i R IO
Stage Physical interval / Mb PVE /% Additive effect
q-SPAD-A04-1 1-2 22.35-24.23 2.33 4.86 1.06
q-SPAD-A10-1 2-2 67.03-80.96 2.28 5.28 1.15
q-SPAD-A11-1 1-2 86.97-87.97 2.44 5.08 —1.10
q-SPAD-A11-2 2-1 83.50-90.29 2.15 5.75 —1.14
g-SPAD-D08-1 1-1 58.27-63.25 2.21 4.93 0.88
q-SPAD-D08-2 1-2 48.71-53.65 2.77 5.98 1.06
q-SPAD-D10-1 2-1 36.48-36.65 2.18 5.18 —1.16

T -1, R RPIEM SR 1 A 12, R R WIE WIS 2 A 2-1 RoR iR IS | 42,22 SRR I 5 2

5 ;PVE. £ SRR,

Note: 1-1: the first repetition of the first flowering stage; 1-2: the second repetition of the first flowering stage; 2-1 : The first

repetition of the boll development stage; 2-2: The second repetition of the boll development stage; PVE: Phenotypic variance ex-

plained.
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Table 4 QTL mapping i of SPAD value in two stages with MET model

Wy X il LOD F ML S B R PVE /% R

QTL Physical LOD LOD PVE PVE Additive
interval /Mb LoD (A) (AbyE) PVE (A) (AbyE) effect
g-mSPAD-A11-1 83.50-90.29 3.03 3.02 0.01 2.40 2.37 0.03 —0.62
q-mSPAD-DO08-1 48.71-53.65 3.03 3.00 0.04 2.34 2.33 0.01 0.62
q-mSPAD-D10-1 36.48-36.65 3.38 3.38 0.001 2.69 2.62 0.07 —0.67
q-mSPAD-D10-2 43.19-43.55 3.12 3.12 0.002 2.47 2.42 0.05 —0.65
q-mSPAD-D10-3 54.18-54.31 3.30 3.29 0.001 2.65 2.59 0.07 —0.70

{E:QTL " mSPAD #/5 JTl MET 2 U%¢ 2 A ) i ¢ 32 7 B4 b SPAD (B9 7E 1 45 3R s A SRR L0 , A by E 3

/NSRS R EE AR PVE 2R FRRAE g R

Note: The mSPAD in the QTL indicates that the mapping results of the SPAD value of chlorophyll content index in two
stages via the MET model; A stands for additive effect; A by E stands for gene and environment interaction; PVE means pheno-

typic variance explainde.
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The black represents the QTL localization results of SPAD value of chlorophyll content index in one stage; Green repre-

sents the result of QTL mapping for SPAD value of chlorophyll content index in two periods using MET model. Green deepen-

ing represents the same mapping results of SPAD value of chlorophyll content in the single and two periods; The results of

SPAD value of chlorophyll content mapping in red deep for single and two periods are consistent with the results of chlorophyll

content mapping in published articles.
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Fig. 3 The QTL mapping of SPAD value of chlorophyll content index
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