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Abstract: 159 genetically-variable rice varieties were tested for low potassium tolerance according to the
synthetic appraisal index. The results indicated that there were 18 and 10 rice varieties that were tolerant and
sensitive to potassium deficiency, respectively. By deployment of the recombinant inbred lines( RILs ) that
were derived from the crossing between the varieties of Tainong67 ( potassium tolerant ) and Zhixi ( potassium
sensitive ), 27 QTLs for potassium deficiency resistance were detected. The LOD values arranged from 2.52
to 9.23, which explained the phenotypic variance of 2.22% to 7.25%. A major QTL gKC-2 was mapped on
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chromosome 2 of rice. This locus was yet reported, and might encode for an unknown gene that is valuable for future

fine mapping and gene isolation. The newly-developed indel markers could be used to rapidly screen the genotypes
with potassium deficiency resistance, thus shortening the breeding period. The lines with good agronomic traits and

potassium deficiency resistance could be chosen from RILs and applied to rice breeding directly.
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Tablel Differences of traits related with potassium deficiency resistance under low K ( 3 mg/L K™ ) and control ( 40 mg/L K™ ) conditions

PER fbE FHMY + bRz S FE (%) gl tfil

Trait Treatment Mean + SD Cv Range t-value

kK (em)SL L 19.74 + 3.87 19.60 10.12~34.67 5.3851"
N 22.15+4.22 19.05 11.39~35.86

K (ecm)RL L 8.26 +2.01 24.39 3.75~13.44 2.1098
N 7.82+1.72 21.97 3.17~12.25

Hitif (g ) SFW L 0.45+0.22 48.62 0.03~1.21 10.8599”
N 0.67 £0.31 46.62 0.08~1.73

HE T (g ) RFW L 0.22£0.15 65.86 0.01~0.59 12.7674"
N 0.27 £0.16 60.30 0.03~0.68

W+E(g)SDW L 0.17 +0.07 41.41 0.04~0.43 3.9184™
N 0.21+0.09 41.43 0.04~0.53

R+ (g) RDW L 0.04 +0.01 38.30 0.01~0.08 0.9616
N 0.04 +0.01 38.32 0.01~0.09

Lo ARREPADER; N . XHREARER; " 7 0.05 K P35 ™ 16 0.01 KB, T
L: condition of low K*, N: condition of Control. significant at P<0.05, " significant at P<0.01.SL: Seedling length, RL : Root length, SFW:
Seedling fresh weight, RFW : Root fresh weight, SDW: Seedling dry weight, RDW : Root dry weight.The same as below
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Table 2 Synthetic appraisal index classification of potassium deficiency resistance of different varieties
BRI 732 LRAREL AR SAETRIN
Sensitivity classification of Low potassium Synthetic appraisal index ~ Number of varieties Symptoms of potassium deficiency
TiHICEP Not sensitive to low potassium 1.198~1.446 18 FEATCHE PR
BTt EP Sensitive to low potassium slightly 0.956~1.157 46 M EEAT , A T R R AR A PRIR
EORTHEAR Sensitive to low potassium 0.671~0.944 85 R B AR BE , AR
AR Sensitive to low potassium seriously 0.483~0.662 10 - A A B A, R AR A 55
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Table 3 Relative index and comprehensive index of potassium deficiency resistance varieties

A LS UERSEER S AR ALK R AR i ARXTHE T LRATREL
Varieties RSL RRL RPFW RPDW SYI
G4 67 1.46 1.69 1.38 1.26 1.45
F[H 46 1.46 148 1.34 1.43 1.43
ik 642 1.33 1.66 1.49 1.18 141
sz 1.10 150 1.60 1.45 1.41
IR Y 1.18 1.01 2.25 1.10 1.38
LN A 0.89 0.93 2.33 1.25 1.35
1 413 0.90 145 1.34 1.68 1.34
I 1211 1.05 1.01 2.16 1.12 1.33
T 1.06 1.44 1.57 1.23 1.33
Ptk 17 1.13 1.16 1.35 1.56 1.30
1% 86 1.05 1.18 1.45 1.47 1.29
PRI 1.20 1.10 1.39 1.41 1.27
ik 771 0.94 1.06 2.11 0.88 1.25
YL P164 1.15 0.99 1.39 1.44 1.24
ENJE A 1.24 1.20 0.97 1.56 1.24
ESS 1.24 1.39 1.26 1.07 1.24
A 1.03 1.44 1.05 1.30 1.20
S 3429-40-PN-1-1-2 1.05 1.35 0.95 1.44 1.20

RSL : Relative seedling length, RRL : Relative root length, RPFW: Relative plant fresh weight, RPDW: Relative plant dry weight, SYI: Synthetic
appraisal index.The same as below
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Table 4 Relative index and comprehensive index of low potassium sensitive varieties

s AR AR AFDXT A AR fif ARXT A AR LRETREL
Varieties RSL RRL RPFW RPDW Syl

T HInS 0.94 0.90 0.28 0.52 0.66
CICINE= 0.71 0.90 0.42 0.61 0.66
Kl 1% 0.82 11 0.25 0.38 0.64
Mtk 115 0.72 0.96 0.34 0.46 0.62
IR80098-40-3-1-2 0.73 0.91 0.16 0.57 0.59
il 74 0.71 0.80 0.37 0.38 0.57
FATR 0.77 0.71 0.28 0.46 0.55
LAV 0.76 0.79 0.19 0.40 0.54

i % 3301 0.79 0.56 0.35 0.34 0.51
ey 25 0.63 0.73 0.19 0.38 0.48
2.2 KFEMHMESREMEHEX MR QTL EfL HUT 4% 67 B THIPE , A/ N TP, 85 5
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Table 5 Performance of the parents and RIL population under potassium deficiency condition

SE7R Parents

HE4 AR RIL

ﬁ:imem E:jl: ik 67 e TARE PRI+ dRikzE BRRE ) 353 i g
Tainong67  Zhixi T test Mean + SD (%)CV Range Kurtosis ~ Skewness

i T (em) 20.40 15.49  18.28" 19.46 + 2.97 15.26 14.23~26.19  -0.556 0.280
Low potassium M Cem) 5.25 6.06 343" 6.53+ 1.08 16.54 4.44~9.33 0.116 0.278
T bREfE (g) 0.89 0.86 0.38 2.67+0.66 24.72 0.855~4.06 0.403  -0.210

TR TE (g) 0.55 0.53 0.29 0.65+0.13 20.00 0.395~0.97  -0.310 0.234

gt (mg/g) 5.74 5.26 5.65" 5.69 + 1.58 27.77 3.33~11.20 2.944 1.607

Xt Hi (em) 22.67 22.77 2.27 25.67 +3.24 12.62 19.82~32.09  -0.600 0.188
Contral & (em) 343 5.27 5.23" 5.40 + 0.58 10.74 4.37~6.61 -0.895 0.202
FEAREET (g) 1.15 2.15 7577 2.70 +0.84 31.11 1.14~4.92 0.194 0.794

Mtk FE(g) 0.61 1.20 8.33" 0.77+0.18 23.38 0.455~1.23  -0.065 0.510

gt (mg/g) 6.16 19.60 10.50” 14.10 + 6.31 44.75 5.69~25.40 -1.599 0.212

IR 1 % AR K 0.90 0.68 9.85" 0.76 + 0.08 10.53 0.58~0.94 0132  -0.180
Low potassium/ AAXHAR K 1.53 1.15 1.33" 1.21+0.20 16.53 0.80~1.70 -0.253 0.320
contral HIXT AR S 2 0.77 040 10717 1.04£0.29 27.88 037~159  -0404  0.170
ARXTAE T 0.90 0.44 3.65" 0.87+0.21 24.14 0.54~1.52 3.085 1.470

AHXFER Bk 0.93 027  17.78" 0.52+0.31 59.62 0.16~1.36 0.304 0.961

P AR QTL HAG I 2] 3 4, AIRAR &5 14 T 46
ME] 2 4>, 4350/ qRL-3, qRL-6a, Xf BB 2514 T A&l
#] 1/~,qRL-6b; H: H gRL-6a.qRL-6b ¥4 2 {if 7£ 6
Sy R AR FE ARG X E , 1118-1119, 3~ QTL
(IR AR FE PR R F 54k 67, gRL-6b 1 BTk
H 4.11% 5 Bk 34 QTL Hril i mifi.

5 4 6 T Y QTL A% Il 3] 6 4, K47 2% 1
TR F] 14 gFW-11a; XF IR 4 1 R R E 2
A qFW-2 ., qFW-11b; IR B /%5 B8 2544 T K il 21 3
4~: qQRFW-2 . qRFW-4b . qRFW-4a, H: 1 qFW-2,
qQRFW-2 ¥ 728 {7 2 5 4L ok T AR R A5 e X [a]
137-W12, B& T qFW-2 f9 38 20 55 40 56 R ok 1 il 7Y
Hh, HoAth 54~ QTL #k A &5 4¢ 67, qFW-11b Y 51
BN 5.51%, J& ik 6 4~ QTL H Ay,

P T A QTL eAs I 2] 9 A~ ARBR &4 T
i 5] 3 4~ .qDW-6 .qDW-1b .qDW-1a; % 8 4% {4

RN E] 2 4 gDW-4, qDW-11; fIR4R / XF B 2%
™ K M %] 4 4. qRDW-4, gQRDW-12 ., gQRDW-11,
qRDW-6; H 1 qDW-4.qRDW-4 3] %E fii 1£ 4 5
Yo Ak A ) B A5 i X [E], 195-197, gRDW-11
qDW-11 ., qRDW-4 . qRDW-6 . qDW-6 [J $ % %5 fif
Bk A A 4 67; gDW-1a. gDW-1b . qRDW-12,
qDW-4 3G R A5 JEPRK FH iP5 . qRDW-11 9 51
BR N 6.49%, & ik 94 QTL AR fH .

P B i QTL LA 21 9 /S AR BP 4% 1
™ K i 3 4 4~ .gKC-9 .gKC-3b gKC-3¢c. gKC-3a; X}
PR F A I 2] 14 grC-2; IR A/ X IR 25 1
K I %) 44~. gRKC-12., gRKC-9b, gRKC-10, qRKC-
9a, Hir, qKC-2. qRKC-12 Fity 143k 25 4v7 35 K 3k [ il
PO, LAY 74> QTL 19 3 2% 55 46 36 R ok A 5 4k 67,
qKC-2 B BTHk R N 7.25%, 4 ik 9 4~ QTL iy
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Table 6 QTLs mapping of the related traits of low K stress

b PR B R A 5 POCHN FRic X ] LOD f& TR (%) kR Y
Treatment Trait QTL Chromosome Marker interval LOD scores PVE Additive®’
iR s8I gRL-3 3 173~W66 2.67 4.07 1.230
Low potassium gRL-6a 6 1118~1119 2.52 3.38 0.290
e Pk gFW-11a 11 1193~1196 3.28 3.74 0.417
(IELY S A gqDW-1a 1 14~19 3.06 3.21 -0.001
gDW-1b 1 111~W6 3.04 4.02 -0.051
gqDW-6 6 1117~1118 3.07 4.22 0.056
PR gKC-3a 3 149~152 3.28 2.35 1.263
gKC-3b 3 153~157 3.42 2.39 1.468
gKC-3c 3 157~W65 3.10 2.60 1.354
gKC-9 9 1167~W46 2.89 6.24 2.142
XFHE (SN gRL-6b 6 1118~1119 2.74 4.11 0.234
Contral Rk fof o qFW-2 2 137~W12 3.74 241 -0.292
gFW-11b 1 1189~W52 2.95 5.51 0.137
TR qDW-4 4 195~197 2.89 222 -0.124
gDW-11 1 1189~W52 2.78 5.31 0.073
iy gKC-2 2 136~137 9.23 7.25 -0.373
IR/ X RE AFX A A fif 2 gqRFW-2 2 137~W12 2.64 4,77 0.058
Low potassium/ qRFW-4a 4 192~195 2.80 452 0.027
contral qRFW-4b 4 195~197 2.58 3.57 0.259
XK T gRDW-4 4 195~197 5.72 6.32 0.345
gRDW-6 6 1123~1124 2.89 6.11 0.335
gRDW-11 1 1196~1197 3.59 6.49 0.318
gRDW-12 12 1204~1205 31 5.85 -0.254
AT A gRKC-9a 9 1164~W45 3.27 6.81 0.089
gRKC-9b 9 W45~1166 4.10 4.44 0.224
gRKC-10 10 1179~1181 3.03 6.28 0.006
gRKC-12 12 wW82~1212 2.76 5.83 -0.268

VIEAHRIGUE 5 IR B R R 1 A 4% 67 Akl PG

Y Positive value and negative value indicated that the positive allele came from Tainong67 and Zhixi, respectively

SISk UL, 27 A4 QTL Hr, 5 AR K M 3¢ 19 QTL
B34, SEEEMEMN QTLA 64, 5T EA KK
QTLA 94, S &ML QTL A 9 (1),
2 Sy fa R 1 137 ~ W12 X JB) AH A G 2] 2 A4~
FEH TN QTL, 35 YL i ik 149 ~ W65 Z [H i A
[FI7 s R 2] 3 AMIER 45 F M & 519 QTL, 4%
e (A 1Y 195 ~ 197 DX 1] 14 FH 3T A7 s K I 2] 3 4>
f T EAICN QTL, 6 S YR 1% 1118 ~ 1119
X 61 Fibg A 0 57 5 K6 0 5] 2 A4 R AR K 9 QTL, 9
YA R 1164 ~ WAG 2 [H] [ AN [a] A7 i A6 1) 3 A4~
P AP A A QTL, 11 5 4t 4 4K 1Y 1189 ~ W52
X JE] Fi R 0 57 A5G I 38 2 AN 5 e o ER A OG0

QTL. iR, ] — o7 s A I 21 AN 5] 1tk 1
QTL, =[] — MR AE [7] — Y G AR fr AH ST DX [ 4 A
F) o 3T ot SR 100 B 45 o ARG B R S PR 1 3 TR
TEE— N 2RO R B
3 itk

FEARON P RAE IR, HA /D88 43 3 o6 2 3 5 it
JIE RS AT 55 0538 31 - 4 v, KR o8 e R B R AE
YISO A AE , BT DA AN T ) b 75 B I 3 £
SErp U TR M B I AR SR BE 2 2 PR
FORVE P 7= 8 R VBT 588 v S Gl 60 0L 5 ok ok b 7™ o
R T T [ A0 AR = 1 BRI R LR
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