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QTL MAPPING AND EPISTASIS ANALYSIS FOR P—EFFICIENCY IN SOYBEAN [GLYCINE MAX (L.)]
GENG Lei-yue, CUI Shi-you,ZHANG Dan,XING Han,GAI Jun-yi, YU De-yue

(Soybean Research Institute of Nanjing Agricultural University , National Center for Soybean Improvement , Na-
tional Key Laboratory for Crop Genetics and Germplasm Enhancement , Nanjing 210095)

Abstract Phosphorus(P) —efficiency is a complicated quantitative trait,and a number of genes
take part in it. This study used the RIL (NJRIKY) derived from Kefeng—1 X Nannongl138—2,to
map the additive and epistatic QTL which affected P—efficiency and to understand the expressive
difference of QTLs associated with P—efficiency under two P conditions. Five P—efficiency relat-
ed traits were analysed, including shoot dry weight (SDW), root dry weight (RDW), root and
shoot ratio (R/S),P use efficiency (PUE) and P absorb efficiency (PAE). Three additive QTLs
under high P level and twelve additive QTLs under low P level, were mapped respectively, with
4.0% ~13.8% phenotypic variations explained. Epistasis analysis detected nineteen significant
additive-by-additive QTLs, twelve under high P level, seven under low P level, with 3.3% ~
19. 9% phenotypic variations explained. This QTL mapping result will provide an important cue
to understand the genetic mechanism of P—efficiency in soybean.
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Table 1 General statistics for phenotypic traits of the RIL population and their parents
A A3 HKFR RILs A Parents () .35 % Significance
PEAR Ak 7 - )
Trait Treatment ﬂjfﬁ( Mean W i AR R 11382 RILs Reps Parents e
x+SD Range Kurtosis Kefeng Nannongl138—2
SDW —P 2.6740.60 1.28—4.32 0. 26 .91 3.30 *¥K *x ns 41.5
+P 2.7040.64 1.40—4.81 0.72 .50 3. 67 XXX ns ns 38. 4
RDW —P 0.93+0.16 0.60—1.45 0. 54 .68 1. 28 *XH ns *% 41.5
+P 0.9740.14 0.66—1.37 0.21 .73 1.38 KKK ns * 22.9
R/S —P 0.3740.07 0.22—0.62 0.39 0.370.35 *KH ns ns 41.1
+P 0.384+0.07 0.20—0. 64 0.64 0.39 0.37 FR% *%¥% NS 34.7
PUE —P 0.36+0.11 0.13—0.76 1.29 0.250.25 FHK *%¥%¥  ns 42.5
+P 0.36+£0.10 0.18—0.74 1.16 0.250.29 KKK * ns 16.9
PUP —P 11.0843.31 4.55—23.53 0.64 9.6915.80 XKX * ns 35.8
+P 11.8744.01 4.87—30.38 1.09 13.3420. 16 XK * ns 29.6

Hoans HARE, x . o fl

Note:ns.no significant; * , *x ,
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*x% indicated P<C 0. 05,0. 01 and 0. 001, respectively. The same below.
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Table 2 Phenotypic correlations among five traits under two P levels in RIL population
TEAR ETH T H e L IR €S e ES
Trait SDW RDW R/S PUE PAE

25T & SDW 0.32"" 0.55* % —0.77"** —0.06 " 0.67"*

T H RDW 0.54% " 0.53"~ 0.05 0.06 0.36°*

R R/S —0.70" " 0.17* 0.31"~ 0.07 s —0.48* "
BT % PUE 0.15* 0. 148 —0. 07 0.15" —0.65" "
W PAE 0.48" * 0.34"* —0.27* —0.68*~ 0.28*~

e, % uns ISR 1 MR, 76X AR LA B GRS RREFFBEKET 5 MR B B A6 R A, 76X M 4 3 0 B0 268 78 = i

KT S AR R B EX A LT B BUE R R TEARBEACE T 5 AR B9 HC R L.

Note: ** , * ,ns,the same to table 1. Data along diagonal (bold) represent the correlation coefficients among five traits under two P condi-

tions. Data above the diagonal correspond to correlations under high P condition; Data below the diagonal correspond to correlation

under low P condition.
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Table 3 Additive QTLs associated with P—efficiency under low and high P condition

PGB PEAR (A= B bR X i LOD T &R piY e
Treatment Trait QTL Linkage Marker interval Additivity Hz (%)

—PpP SDW qlsdwCl. 1 Cl satt194 — sat_337 2.8 0. 191 11. 4

RDW qlrdwBl. 1 Bl sat_151— sat_261 2.9 —0.039 5.8

qlrdwCl. 1 C1l sat_322— satt294 3.8 —0.042 7.0

qlrdwC2. 1 C2 satt365— satt658 5.7 —0.057 12.5

qlrdwl—2.1 1—2 sattd62— sat_174 2.0 0.033 4.3

R/S qlr/sC2. 1 C2 satt365— satt658 3.1 —0.019 7.2

qlr/sD2. 1 D2 sattbl4— satt311 2.7 0.016 5.3

qlr/sO. 1 O sat_291— sat_145 2.5 —0.016 5.0

PUE qlpueD2. 1 D2 satt669— sat_292 2.8 0. 030 6.6

qlpuel —1. 1 1I—1 sat_419— satt623 2.0 —0.023 4.0

qlpue] —2. 1 J—2 sat_394— sat_224 3.0 —0.031 7.4

PAE qlpaeD2. 1 D2 satt669— sat_292 3.8 —0.925 8.8

+Pp SDW qhsdwO. 1 O sat_291— sat_145 2.0 0.143 4.9

RDW qhrdwC2. 1 C2 satt365— satt658 5.7 —0.039 13.8

R/S qhr/sO. 1 O sat_291— sat_145 3.7 —0.023 9.1

TE = DR » /I — > A A S5 {7 35 PR HCP B AR 5 07 58 B 144 280

TR BRE BT R

Note: 1) Additive effect,the genetic effect when a maternal allele is replaced by a paternal allele

2) Variation explained due to additive effect
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Table 4 Epistatic QTL associated with P efficiency under low and high P condition
3 PR B X i BB KX LOD i wfEdn otk
Treatment Trait Linkage Interval Linkage Interval LOD score AiA]j Hia %
—P C2 satt681 —satt227 M sat_148—sat_258 5.5 —0. 045 7.2
RDW
Dla+Q sattd68 —sat_160 L—2 sat_245— satt373 3.5 —0. 044 7.0
R/S ] sct_001— satt215 K sct_196— sattd6 4.7 0.021 9.1
PUE F—1 satt335— satt522 satt326 — sat_363 4.1 —0.037 9.6
PAE c2 satt681— satt227 J—1 sattd14— sattl132 4.8 1. 035 9.3
E satt210— satt336 J—1 sattd14— sattl32 3.8 —1.015 8.9
O sat_318—satt259 J—2 sat_394—sat_224 2.2 —0.799 5.5
+P RDW Al sat_171—satt648 F—1 satt554 — satt651 7.2 —0.053 11.4
Bl satt251 —sat_151 J—1 satt4d14— sattl32 5.7 —0.033 4.3
B2 satt168—sat_355 F—1 satt269— AW186493 2.9 —0.029 3.3
C1 sct_191— Al794821 N satt237 — satt312 3.3 0.035 4.8
C1 AI794821—satt164 M satt590— satt245 4.9 —0.043 7.5
Dla+Q satt267 — sat_201 G sat_223— sat_164 4.8 0. 065 16. 8
Dib+w satt703— satt546 K sattd6— satt727 4.4 —0.039 6.0
K satt710— satt273 O sattl73— satt262 4.8 —0.033 4.4
PUE A2 sattd09— satt228 K sat_352— sat_293 3.7 —0.024 4.6
Bl sat_261— sat_156 C2 satt640— satt322 4.0 —0.031 7.2
B2 sattl68— sat_355 D2 sat_292— sat_222 6.5 0.051 19.9
F satt335— satth22 1—2 sat_174— sat_219 4.7 0.033 8.3

D RSO . B RAS R > T A S R AR <F

s

2)HAn Y0, 40 B EALYE QTL simk R .

1) Epistatic effects. Positive value, parental type>>recombinant type; Negative value, parental type<recombinant type.

2) Hia % is the general contribution from epistatic QTL.
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