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Quantitative Trait Loci Analysis of Responses to Nitrogen and Phosphorus Defi-

ciency in Rice Chromosomal Segment Substitution Lines
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Abstract: Tolerance to low nitrogen and low phosphorus conditions is a highly desired characteristic for sustainable crop production.
In this study, a set of 125 chromosome segment substitution lines (CSSL), each containing a single or few introgression segments from
a japonica cv. Nipponbare with the genetic background of an indica cv. 9311, were evaluated using augmented design under the field
experiment with normal, low nitrogen (NO), and low phosphorus (P0) conditions. The grain yield and panicle number per plant
were measured for each CSSL, and their relative values based on NO or PO and normal conditions were considered as the meas-
urement for tolerance to low soil nutrient. The results showed that both the NO and PO conditions had strong negative effect on yield
and panicle number, and there were different responses among the CSSLs to the stresses, and the relative traits had a significant nega-
tive correlation with the traits under the normal condition. 9311 showed better tolerance to low nutrient conditions than Nipponbare. A
total of 38 chromosomal regions or quantitative trait loci (QTL) all with negative allelic effects from Nipponbare were detected for
the measured traits under the nitrogen and the phosphorus stresses, of those 26 QTLs were for the yield and panicle number, 12
QTLs for the relative traits. Five chromosomal regions were identified in common under both the stresses, while most QTLs (81%)
were specifically detected only in low nitrogen or phosphorus condition. Such different QTLs suggest that the responses to limiting
nitrogen and phosphorus conditions are regulated by different sets of genes in rice. Most QTLs for the relative traits were co-localized
with those for the yield and the panicle number under either nitrogen or phosphorus stresses, indicating that the tolerance QTLs may be
involved in nitrogen and phosphorus uptake or assimilation pathway in rice.

Keywords: Oryza sativa L.; Low nitrogen and phosphorus tolerance; Chromosomal segment substitution lines (CSSLs); Quantitative
trait locus (QTL)
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Table 1 Phenotypic values of panicle number and yield per plant in the CSSLs and parents under three soil nutrient treatments
Parents CSSLs
Trait Treatment 9311
Nipponbare Minimum Maximum Mean+SD
N 6.8 12.3 4.8 10.5 7.1+£1.2
Panicle number per plant NO 6.8 9.0 3.2 7.8 5.6+0.9
PO 7.0 8.2 3.5 8.8 6.1+1.1
N 30.7 215 12.8 38.4 27.9+4.8
Yield per plant (g) NO 24.8 15.9 111 29.7 19.3¢4.1
PO 21.7 4.4 2.6 28.9 17.945.0
N: normal condition; NO: low nitrogen; PO: low phosphorus.
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Fig. 1 Relationship of relative panicle number and yield with panicle number and yield under normal condition
PN: panicle number; YD: yield per plant.
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Table 3 Putative QTLs for panicle number under different soil nutrition treatments
a NO® PO
QTL chr. Introgression s:egment Segment c
marker length(cM) Difference (%) Add. effect Difference (%)  Add. effect
Qpn-2 2 RM211 8.1 42.6 15
Qpn-3 3 RM411-RM3513 39.5 441 15
Qpn-4 4 RM471-RM142 36.2 62.9 2.2
Qpn-6 6 RM587-RM510 11.9 52.9 18
Qpn-7 7 RM505-RM118 27.2 51.4 1.8
Qpn-8 8 RM502-RM264 124 47.1 1.6
Qpn-9 9 RM257-0OSR28 239 42.7 15
Qpn-11 11 RM224 10.8 50.0 1.8
a QTL , b NO: ) PO:
¢ (%) 100 x(9311- ) /9311 ,

? Introgression segment marker represents the putative QTL located in the segment or nearby the marker, and segment length is the
estimated length of the introgression segment containing the QTL. ® NO: low nitrogen treatment; PO: low phosphorus treatment. © Difference (%)
at the putative QTL, describes the mean difference percentage of CSSL from 9311, calculated as 100 x (9311 — CSSL) / 9311. Positive values
of additive effect imply the introgressed allele decreased the trait values.

232 ##H 7”2 QTL 3 18 , ( 4 4 Qyd-4c,
QTL : 3 QTL
4 3 QTL
Table 4 Putative QTLs for yield per plant under three soil nutrition treatments
2 N°® NO PO
QTLs chr. Introgression Segment c
segment marker  length(cM) Difference(%) Add. effect Difference(%) Add. effect Difference(%) Add. effect

Qyd-1 1 RM414 7.9 56.4 6.1
Qyd-2a 2 RM211 8.1 42.3 5.2

Qyd-2b 2 RM573 9.9 42.3 5.2

Qyd-2c 2 RM138 0.8 84.6 9.2
Qyd-3a 3 RM7 9.8 51.5 6.4 49.7 5.4
Qyd-3b 3 RM426 18.4 48.3 6.0

Qyd-4a 4 RM307 1.5 48.3 6.0 47.0 5.1
Qyd-4b 4 RM518-RM261 24.9 45.1 4.9
Qyd-4c 4 RM142-RM252 32.4 58.2 9.0 55.2 6.8 88.1 9.6
Qyd-4d 4 RM317 121 61.1 6.6
Qyd-5a 5 RM548 16.7 47.1 5.8

Qyd-5b 5 RM305 14.3 51.5 6.4

Qyd-7a 7 RM3224-RM542 32.0 49.0 6.1 70.7 7.7
Qyd-7b 7 RM70 4.0 44.8 4.9
Qyd-7c 7 RM248 8.0 70.8 7.7
Qyd-9 9 RM566 7.2 53.5 5.8
Qyd-10 10 RM467 15.6 48.5 6.0 46.4 5.1
Qyd-12 12 RM519 15.9 49.5 5.4

ac 3 °N: ; NO: ; PO:

ac

as the same notes in Table 3. ® N: normal treatment; NO: low nitrogen; PO: low phosphorus.
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Table5  Putative QTLs for the relative panicle number and relative yield
a / NO/N ® / PO/N
QTL Chr. Introgression segment Estimated c
marker length (€M) pifference (%)  Add. effect Difference (%)  Add. effect
Relative panicle number

Qrpn-2a 2 RM211 8.1 53.8 0.27

Qrpn-2b 2 RM322-RM424 29.4 54.1 0.27

Qrpn-4 4 RM471-RM142 36.2 44.4 0.23

Qrpn-6 6 RM587-RM510 11.9 58.2 0.29

Qrpn-7 7 RM542 12.6 51.5 0.26

Qrpn-9a 9 RM566 7.2 46.6 0.24

Qrpn-9b 9 RM257-0OSR28 23.9 52.9 0.27

Qrpn-11 11 RM229-RM21 25.6 54.7 0.28

Relative yield

Qryd-2 2 RM138 0.8 86.0 0.31

Qryd-7a 7 RMb542 12.6 56.1 0.23 80.1 0.28

Qryd-7b 7 RM248 8.0 58.3 0.21

Qryd-10 10 RM467 15.6 51.2 0.21

a QTL , ® NO/N:
: PO/N: ¢ (%) 100 x(9311— )/ 9311

# Introgression segment marker represents that putative QTL located in the segment or nearby the marker, and segment length means the
estimated length of the introgression segment containing the QTL. ® NO/N: trait value ratio under low nitrogen to normal treatment; PO/N: trait
value ratio under low phosphorus to normal treatment. © Difference (%) at the putative QTL, describes the mean difference percentage of CSSL
from 9311, calculated as 100 x (9311-CSSL) / 9311. Positive values of additive effect imply the introgressed allele decreased the relative trait

value.
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Fig. 2 Chromosomal location of putative QTLs for panicle number (PN) and yield per plant (YD) under low phosphorus and nitro-
gen conditions
N: ; PO: ; NO: ; RP: / ; RN: /
N, PO, and NO represent the trait values under normal, low nitrogen, and low phosphorus treatments, respectively. RP: relative trait values in the
two phosphorus conditions; RN: relative trait values in the two nitrogen conditions.
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