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QTL analysis of low nitrogen tolerance in rice seedlings based on
chromosome segment substitution lines

JIA Peilong', LI Biao®, LI Minghui’, LIU Jianbin®, LI Rongbai'?, LUO Jijing>*
(1 College of Agriculture, Guangxi University, Nanning 530004, China; 2 College of Life Science and Technology,
Guangxi University, Nanning 530004, China; 3 State Key Laboratory for Conservation and Utilization of
Subtropical Agro-bioresources, Guangxi University, Nanning 530004, China)

Abstract: [Objective] To map the quantitative trait loci (QTL) associated with low nitrogen tolerance in rice
(Oryza sativa), provide a basis for future fine mapping, cloning and functional characterization of related genes
and offer theoretical references for breeding of low nitrogen tolerant rice. [Method] A set of chromosomal
segment substitution lines which was constructed by crossing Koshihikari (recurrent parent) and Nona Bokra
(donor parent) were used as test materials. Low nitrogen stress treatment was applied at rice seedling stage. The
relative loss ratios of eight phenotypes including rice plant height, root length, root fresh weight, root dry
weight, shoot fresh weight, shoot dry weight, total fresh weight and total dry weight were analyzed, and QTL
mapping was performed. [Result] Two loci related to low nitrogen tolerance of rice were successfully
mapped. These two QTLs were gRLI-1 and gRFW2-1 which were related to root length and root fresh weight

respectively under low nitrogen stress. gRL1-1 was closed to the M1-29 marker on chromosome 1 with a LOD
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score of 2.89 and explained about 11.23% of total phenotypic variance. gRFW2-1 was closed to the M2-225

marker on chromosome 2 with a LOD score of 2.53 and explained about 9.90% of total phenotypic variance. No

loci was found for other six phenotypic indexes. [Conclusion] QTLs related to root length and root fresh

weight under low nitrogen stress are mapped, which lays the foundation for further genetic fine mapping and

cloning of the underlying genes.

Key words: Oryza sativa; chromosomal segment substitution line; seedling stage; low nitrogen tolerance;

QTL mapping

IKFE Oryza sativa 23R E B EFIREED 2
—, FE /KRG PR Ik R Hp R PR it o 2 AN AT b gt
HAPRREEYERKEE R BEAATTERMEH,
RESESHYT SR EE R BESHE R,
REMZ D HELMEMERKE . IREEEN
FIFH R 0] DATE— e F2 B b sk IR (i o, ] A
A gk > PRt e o AR KR L KRR
S R fEEY . TR KRS AT DUE R R K
IR 2N, 1R B S X AR NP AR, 458
B IEH A K, kb KRS X U F AR 1, i R
To 5 it i R T3 P B B A, DR b KRR A 2
BRI AR AR L N E
YR BB RN BCON 4%, WReZ 3 2
MNAREE R FIFE RS . OsAMTI.4 5 OsAMTS F&
BRI 1) o e 7R 1 20 s B 7R NH, TR R i iz i
FEH M EZ Y DEPT 9wt 505 ARl Bk s &
A R RE I E A, KRG B R IR R
ZE IR 0%, S Bk R R B R A T IR 52 g
718 B 36 KT Dofl 8 52 AE Y I & K R 72
KO EAEYIEARE I T XA R R &4, 3m
HNRR SR, AR, #F 7 EATE KR L
R T S T KR TAR, €460 T2 S5IRE M
JEAH 2 B BCE R A 5 (QTL), Shan 57 R H <2
W 97A° 5 Bk 63 F AR B H A X RIEAM
KL TEKAE 6 St e 3 1 A58 F R A
I QTL 7 5 £ 2 R4 B kasalath/koshihikari
B HZRBEARLE 6.7.8.9 5 Yok kg fir 3
10 AN S SR SR AT 255 J7 450 i) FH 4
TRBEK, A 205064 12 S Yk EAGIE] 5 A
HRZWMBBEA KK QTL £ {H 2 Bk 5t LA
HHH LR NMEL QTL B 1T % %2 8 5 T3,
N T REGIX TP L, A TR G i B B
FAE RIS RE, BT PUR K> 8 G B 1 5 B
0b- A T = O = = R i i T = 3PS D A &
Il §E . AR T BRI, AT LUK BRI
77 AT AL B, 8 AE KRG 56 A B IR R b R
GE B RIEFMREN H . KBS F7 77 DL E KR

EHANEFAEKRE, WEFE R 51T, T2
R, A2, ARV,

AHFF 5T LA Koshihikari (53244) 1 Nona Bokra (fit
) Ae P e (AR B B 3R SN BRI 94 KL
BEATAREUAL B, 78 37 5 7K A B T I 80RH SR 1 IR 1)
QTL, LA 9 LL 5 7K A o 30 i A1 60 AH 50 MR 1)
QTL F54H € Az A7 5o B LA K Dy REAFE 7T B2 7€ Al o

1 MR57EE

1.1 RIEMR

PL Koshihikari ('F 3CH Koshi &7R) AA,
Nona Bokra ('~ 3 Nona £7R) NEEAZ 1T £ Ik A
A FFIL A 43 A 10 i B30k R A A ) e AR PR B
R4 2 SN BER AR, 1% SN BEARTRL A [ R}
S E b A A A A A ST BT AR B e . I
H Koshi N [FISE A, Nona A HEAEA, R R
SN BHAGLE 154 MR
1.2 KIEEFFEEALE

B SN AR %5 4K R SR A I A1~ 100 K,
T & A PRI FR LA, SR AT 30 g/L 1) Hy0,
WIH T 10 min, Z&MKPMPYE 3~4 I SRTE IS &
ZEMKE T 30 C [HERE R P TR R 75 . 1S
7% 3 d JEIEBUR ZF — BT 40 KL, B4R EF] 96 FL
SRR R, FREBORCT IR RS A8 b EER
HOINIE & (1) 28 TR /K M P, T iR R R R .
WK 3~5 d G, K 2K R KRS e A IR
T, 7KFE 56 4 35 77 R ) TC 1) 2 R I B 7Kk e P e 7,
3 d EH 1 RGBT RS = B
(30 d), T SEHEAT SR AR 2 Rl 32 WK FE 9 8, DA
IKFE TR AT AR & B AN (L NH4NO;
R FE TR, I KT NHyNO; i E KN
80.00 mg/L. fEIEH /K F#4T 10, 100, 200
500 1% #i B R B AR A IR BL, 73 % BT .00,
0.80. 0.40 1 0.16 mg/L ] NH,NO;. Bl X} 35 ALE
AN FURE AT IRy, vH &AL AR A XS
AAAE (GO FR ), T3 A3 MR S Ak B K
& o AHREAEFIR EE J5, SN BHALE (IR EIKRZ



13 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

540 5

NHHATAEE, & 3 d B 1 IRIRE R IR, 78 A
14 d J45 b3 7%, HUREAS PR F 000 0) HE 4 R0 Ak 2 240
& 3 PRKHM UMY, MEEERIK S B 2
I i o R RAR B T &, RS R B AR RO AR R
L, T RR, O B ARE R T A L 110 'C R
30 min, 80 ‘C Ht+ 4 d, fHF R 5, FREZEM T E
AR i . 25 58 BAS R KRS SR AR K 22 57 AR
FLAAE XS 53 2K R BEAT et o0 #, 4R A k5
FEXF 45 2 B« M X452 El=1 (b B ZH /% R 4H) . BAE
IR FBILE ) P R 2% 0 s Al A ) B2 YR AR 4 5 A
F B X E s sE I = i = AT .
1.3 KIEERBEGIT O

FIH Excel 2010 %44 0K 2040 3 5T /5 (1A ¢
KBTSt 47, 12 A IBM SPSS Statistics 23 %K
PEXSAS TR 2 2 S S0 B (A DG P EAT 20 AT, R
LSD ¥:%F 2 ANSEARA [F R BLEA FMREIKRE T
GUITER AT H N 2 E L, R — iR B AT 4
[] student ¢ ¥ 56
1.4 MBIEEEDIEL

BT RES SN BRI K 5 2] QTL
IciMapping 4.1.0"" 71, 32 ] QTL mapping in CSS lines
FE#AT QTL 20 #r . HRPEHES MK Permutations=
1 000, P=0.001, A &L H LOD & =2.5 1E A4l
QTL M BRIAE, 115t QTL [ R Al AT fig B 1)
TR 2y . QTL #4484 McCouch 5" [ Ji
. FIH Mapchart 2.3 FAFEAT Geafkisi & B A i .

2 FEREDR

2.1 FARBERWZREMTFIE

N T FHEE R EIKE, AT B E 7
75 K FEARMKEIFE R, Koshi 15 Nona %
RUAHEE TR L 7 — @ i 2= 5 (B 1), 18
XPANE R R L 5 R A A M A (R 1), KL
2 PNSEARIAR A 2R T 2 i S5
HARIMNE SRR IRENEFEM K. Rtz s,
Koshi (bR iEFF & R THRE. B THRESR
FOARFE L R I A 3 AHOG, T Nona R AH SR A
A 5 IR FE AR 9%, 1] BE Nona 7EPE &1 AR i
JoT B AR A T B AR Y T T S A R M) L
§5ECASZ H 2 . /KGR R NHNO; Ji 2K
FE4 0.4 mg/L B, Nona 75 AH X AC 25 6 i 72
MR AEE 5T B AT S, ST RS 6 MR
A B Koshi 32 2 38 1. Nona 3 I H 4 58 11 18 B
RE /7, 3R A L I A AR A AN, IR 52 g 7
e, 1M Koshi MIBZAREFZMELK, 5 SR AAH LT

Nona i
e
Koshi /f:-
Xof R 2 AbFRAH
Control Treatment

1 FAMRASRERLEHRE
Fig.1 Parental phenotypes of low nitrogen treatment
(0.4 mg/L NH,NOs) and control groups

R1 FARBESRRREEXMED T
Table 1 Correlation analysis between parental phenotype
and nitrogen level

Pearson #H2¢ A& 47"

Pearson correlation P

A R

Parent Phenotype

coefficient
0.732%* 0.002
0.776** 0.001
0.880** 0.000
0.743%* 0.002
0.850%* 0.000

Koshi #£i% Plant height
R4 Root length
2L i 5 Shoot fresh weight
HfF JT Root fresh weight
25T Fifi Shoot dry weight

i Root dry weight 0.666** 0.007
R T E Total fresh weight 0.873%* 0.000
K JFUE Total dry weight 0.821%* 0.000

Nona i Plant height -0.125 0.658

HRK: Root length 0.775%* 0.001
22 )5 & Shoot fresh weight 0.707** 0.003
R4 )i & Root fresh weight 0.308 0.264
ZXI-F 2 Shoot dry weight 0.707%* 0.003
HRF Fi i Root dry weight 0.014 0.960
R R Total fresh weight 0.652%* 0.008
BT B Total dry weight 0.029 0.918

1) o 55 55 kw2 0.05 47 0.01 KT 540 %
1) “*” and “**” represent significant correlation at 0.05 and

0.01 levels respectively
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In each figure, different lowercase letters on bars of the same color indicate significant difference in Koshi or Nona group (P<0.05, LSD method); “*” and
“**» represent significant difference between Koshi and Nona groups of the same NH,NOj; content at 0.05 and 0.01 levels respectively (# test)
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Fig.2 Selection of suitable low nitrogen level for parents
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The purple part in figure is the phenotypic loss ratio of SN group, and the blue part is the error bar
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Fig. 3 The loss ratios of different phenotypes under low nitrogen stress among SN population
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Fig. 4 Phenotypes of line 43 and line 87 of the treatment
and control groups under low nitrogen stress
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Table 2 Analysis of the phenotypes in the chromosomal segment substitution lines of SN population under low nitrogen

stress

X (80.00 mg/L NH,NO5)

A AL H(0.40 mg/L NH,NO5)

Control Low N treatment
#E Phenotype P AREE R e mpam o

Mean Variation range Varlat%on Mean Variation range Varlat%on

coefficient coefficient
¥k &i/cm Plant height 43.886  28.500~56.766 9.61 33.690  26.333~43.200 9.96
H2 K /em Root length 21.648  17.433~28.433 11.30 25317  18.900~33.333 12.68
ZEnHEF 5T /g Shoot fresh weight  0.613 0.446~0.817 13.15 0.326 0.223~0.496 14.33
FREF )5 i2:/g Root fresh weight 0.170 0.135~0.231 13.11 0.178 0.135~0.242 14.73
260 i #2/g Shoot dry weight 0.094 0.075~0.113 11.68 0.073 0.047~0.094 14.16
HEF Ji &:/g Root dry weight 0.020 0.015~0.025 13.28 0.034 0.025~0.043 14.67
S5 /g Total fresh weight 0.099 0.077~0.131 10.80 0.076 0.053~0.101 13.36
TR /g Total dry weight 0.111 0.075~0.146 1431 0.105 0.076~0.128 13.82
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Fig. 5 Location of QTL mapped on rice chromosome
#F 3 REMEEXERE QTL LR 5747
Table 3 Analysis of QTL identified trait related to low nitrogen tolerance
EXTN BORPEIRE AL Rt A Frid IPERN, TR R YA /%
Trait QTL Chr. number Marker Additive effect PVE
HK: Root length gRLI-1 1 M1-29 2.89 -0.15 11.23
HRAEE 7 i Root fresh weight — gRFW2-1 2 M2-225 2.53 -0.31 9.90
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