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QTL Analysis for Dynamic Expression of Chlorophyll Content in Soybean
(Glycine max L. Merri.)
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Abstract: Chlorophyll is the most important photosynthetic pigment and closely related to soybean seed yield. However, there are
still very few studies at different developmental stages under multiple environments. A genetic linkage map using 244 F, plants
derived from a soybean cross between Lishuizhongzihuang and Nannong 493-1 was constructed. The F,.; and F,.4 families were
used to dissect the developmental behavior for chlorophyll content across different environments by quantitative trait locus (QTL)
mapping approach. Chlorophyll contents for the function leaf (in vivo) in the 244 F,.; and F,., families from seedling to blooming
stages at Jiangpu and/or Linyi experimental stations in 2007 and/or 2008 were measured by SPAD-502 chlorophyll instrument.
Composite interval mapping (CIM) of Windows QTL Cartographer v2.5 was used for the QTL analysis. A total of 20 QTLs were
detected at various developmental stages under the two environments. However, there were few common QTLs identified across
different developmental stages, years, and experimental stations, although there were 3 to 4 QTLs detected on each of the N, Dla,
F, and K linkage groups. In the two years, one common QTL, qchl-D1a-1, located between markers sat 160 and satt147 on the
linkage group Dla, was identified at Jiangpu experimental station. At the two experimental stations above, three common QTLs
on the K, M, and N linkage groups were mapped. These results provide a theoretical basis for genetic analysis of chlorophyll traits
and marker-assisted breeding.
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Table 1 Phenotypic variation of chlorophyll content in 244 F,.; and F,., families from a cross of Lishuizhongzihuang (P;) and Nan-
nong 493-1 (P,)

/ Parent Estimate
Year/site Test fre- P, P, Family ] )
quency Max. Min. Mean SD Kurtosis  Skewness
2007/JP 1 34.98+1.62  38.50+0.93 Fas 45.00 29.82 37.51 2.33 0.66 -0.23
2 35.28+1.41 39.44+0.86 45.90 28.16 35.65 2.60 0.70 0.14
3 40.2240.33  42.84+1.69 46.94 29.84 40.83 7.87 1.24 -0.73
4 35.76£1.97  36.86+1.74 45.60 36.50 41.13 1.55 0.48 0.04
5 45184048  41.24+1.41 55.06 30.76 39.01 4.00 0.57 0.37
6 45.56+3.09  42.70+1.31 57.30 39.26 4451 2.09 8.16 1.50
7 44.50+1.87  43.66+1.00 56.76 40.46 46.32 1.99 3.48 0.47
8 46.52+1.15  41.98+1.10 50.32 39.50 45.97 2.86 0.62 -0.27
2008/LY 1 30.22£0.99  24.44+1.89 Fau 36.64 21.16 26.96 2.60 0.68 0.45
2 26.08+0.99  32.14+1.13 35.14 23.04 29.52 2.45 —-0.34 -0.16
3 30.44+0.77  30.16+1.50 36.22 20.78 25.97 2.46 0.97 0.65
4 33.32+0.58  30.60+1.35 37.94 23.76 31.23 2.17 -0.63 -0.37
2008/JP 1 34.44+1.13  33.724+0.96 39.26 25.22 31.92 2.54 -0.53 0.23
JP: ; LY:

JP: Jiangpu experimental station; ~": LY: Linyi experimental station.
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Table 2 Mapping QTL for chlorophyll content in soybean in F,.;and F,., family populations

/ Effect .
Year/site QTL Test frequency Linkage group P(()zli\t/i;)n Marker interval Lob Additive Dominant R
2007/JP  qchl-F-1 1 F 42.09 satt343—satt160  2.70 0.48 -1.28 0.02

qchl-G 1 G 17.01 satt309-satt688  3.21 0.80 -1.37 0.05
qchl-N-1 1 N 43.01 satt234-satt022  2.56 0.97 0.74 0.05
qchl-Dla-1 3 Dla 0.01 sat_160-sattl47  7.38 1.49 -2.18 0.17
qchl-D1b-1 3 Di1b 31.69 sat_254-satt282  3.92 -1.53 1.33 0.13
qchl-Dla-2 4 Dla 30.01 satt580-satt077  3.68 —0.10 0.99 0.01
qchl-N-1 4 N 34.01 satt234—satt022  2.56 0.71 —0.02 0.10
qchl-N-1 5 N 6.01 satt234-satt022  3.25 5.61 —-0.79 0.57
qchl-F-2 6 F 34.01 satt649—satt348  5.18 1.56 -1.22 0.16
qchl-O-1 7 (6] 42.42 satt633—satt345  3.22 -0.08 0.81 0.01
2008/LY  qchl-C2-1 1 C2 13.70 sat_402-satt277  3.00 —-0.98 0.13 0.05
qchl-F-3 1 F 61.88 BE387-satt659  2.58 0.52 -1.35 0.02
qchl-D2-2 2 D2 32.79 sat_365-satt514  4.12 -1.61 1.38 0.14
qchl-K 2 K 24.86 satt441-satt417  4.82 —-1.48 0.86 0.13
qchl-M-3 3 M 26.01 sat_391-sattl150  2.50 0.41 0.53 0.01
qchl-N-2 4 N 21.01 satt237-satt255  2.77 0.96 -0.25 0.09
2008/JP  qchl-Dla-1 1 Dla 11.01 sat_160-sattl47  7.12 1.91 -3.05 0.30
qchl-1 1 I 0.01 satt419—satt354  2.79 —0.98 0.13 0.06
qchl-K 1 K 33.86 satt441-satt417  2.51 -1.05 1.14 0.07
qchl-M-1 1 M 0.01 sat_258-satt463  3.35 0.59 -1.20 0.03

1. Abbreviations as in Table 1.
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Fig. 1 Mapping quantitative trait loci for chlorophyll content in soybean
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Table 3 Comparison of QTLs for chlorophyll content with those for photooxidation and seed shape in soybean
QTL number QTL number
Linkage Marker Linkage Marker
group Chlorophyll ~ Photooxidation  Seed shape group Chlorophyll  Photooxidation  Seed shape
A2 sat 233 3 2 2 F BE387 1 1
Cc2 sat_402 2 2 G satt688 1 1
satt277 2 2 1 satt419 4 1 1
satt640 1 8 J sat_224 4 1 4
Dla AW285 3 3 K satt441 3 3
sat 110 2 3 satt417 3 5
sat_160 5 9 L satt166 1 1
Dl1b sat_254 1 2 satt527 1 1
satt282 1 2 M sat 258 2 3 3
D2 satt669 3 3 satt463 3 3 3
sat 365 1 4 2 satt245 3 3 3
sat514 1 4 2 satt323 3 2 3
satt413 2 8 sat_150 1 8
satt265 2 7 N satt234 4 2 5
F satt649 1 1 satt022 4 4
satt160 1 1 sat 266 1 1
satt659 1 1 (6] satt262 1 2 5
Total 72 104 33
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