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Abstract: [Objective] To find out the stable QTLs controlling rice seedling height, analyze their epistatic
effects, and provide QTL and theoretical references for molecular breeding of rice seedling height. [ Method]
The single segment substitution lines (SSSLs) with IR65598-112-2 as donor and ‘Huajingxian 74’ as receptor

were used as materials. The difference of seedling height between SSSL and ‘Huajingxian 74’ was measured,
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and the QTLs of seedling height were mapped. The QTL interval was narrowed by substitution mapping, and the
epistatic effects of two seedling height QTLs were also analyzed. [Result] Two adjacent QTLs (¢SH3-1 and

qSH3-2) for seedling height were mapped on the long arm of chromosome 3, which were located in the intervals
of 32.59-33.08 and 33.16—34.81 Mb, with the lengths of 0.49 and 1.65 Mb, respectively. The additive effects

were —0.86 and —1.09 cm, respectively. The phenotypic contribution rate of additive effects were —4.14% and

—5.15%, respectively. However, there was no significant difference of seedling height between SSSL harboring

these two QTLs and ‘Huajingxian 74’. [ Conclusion] Two QTLs for seedling height were identified, and there

may be significant epistasis effects between the two QTLs.

Key words: Seedling height; Single segment substitution line; Substitution mapping; QTL mapping; Epistatic

effect; Oryza sativa L.
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Table 1 Information of testing SSSLs
(N U SENES AR B S B /Mb
SSSL Donor Chromosome Substitution segment Segment position
K1 IR65598-112-2 3 3C52-5—3C33.13 31.76—33.08
K6 IR65598-112-2 3 3C52-5—3C32.70 31.69—32.59
K11 TR65598-112-2 3 3C52-7—3C34.90 33.16—34.81
K13 TIR65598-112-2 3 3C52-5—3C34.90 31.69—34.81
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Table 2 Molecular markers for screening of substitution segments
514 Qe fh 7 E/Mb IE[F31(5'—3") K FPBI(5"—3")
Primer Chromosome Position Forward sequence Reverse sequence
3C52-5 3 31.69 ATTCTATGCCGCCAACCAA GAATTGTCAACTTCAGCATCCC
3C31.83 3 31.83 GATGTCAGGGAAAGAAGAAAC GCATTCTGGGTCAACATACAC
3C31.93 3 31.93 AGAAGGCAAACGGCTGACAAAG CGTGCTGAACTGGAGATACAAA
3C32.10 3 32.10 CCTTTGAACCTCGTGGGC TGGTGCGGGAACCCTATC
3C52-3 3 32.24 TACAGCCTCCTAATAGCATTGACC TCGAAGCTGCCGGTGTTG
3C32.48 3 32.48 CGCAGGAACAAACAACGA GAGGGAGTAATGGATACGAAGA
3C32.70 3 32.70 CCATCTCATTTATCAAGTCAA AGCCGTCTCGGGAGTGTA
3C52-6 3 3291 GAGCATAAAGGCATTGGTTG TACCGTTTGTTCGGATAGATG
3C33.03 3 33.03 GCACTCGCCATCCTGACA CATTAGCTCGCTTCGTTT
3C33.13 3 33.13 GGAAACTTTGGTTGTCCCTGC TTGGAGCGTCGTTTGTGC
3C52-7 3 33.19 AGAACACCCGCTCCATCG AGCAGCACGCAGCCGCCTT
RM130 3 33.39 TGTTGCTTGCCCTCACGAAG GGTCGCGTGCTTGGTTTTGGTTC
3C34.25 3 34.25 GAACTGATACGGTAGGATG GATGGACACGGACTCTTT
3C52-8 3 34.61 GACGAGGAGGAGGAAGAGGA AGCAATCGGAGCAGCAAGAG
3C34.72 3 34.72 TGGAGGAATCAAGGAGAC ATTGAGAAAGAGGCGTAA
3C34.90 3 34.90 TCAGCAAACAATCTACTACCGC ACAGGACGCACTCAACAT
3C35.15 3 35.15 TTGCTGCGGTGGACCTCTTT CGGCACCAGTGGGGACAT
3C35.39 3 35.39 TGCTCGGGAACCAGACGT TGAATCCTGCTGCTTTGA
3C52-4 3 35.74 TGAACCAATGGAAACCTTGA GTCCCTGTATGCGGATGAT
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Fig.1 Differences in seedling height between K1, K11 and ‘Huajingxian 74’
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Table 3 Additive effect and additive effect phenotypic contribution rate of QTL in seedling height

. - SUCHUE AL om HORIIERN om AL TR /%
etttk {7 #/Mb iy - .
SSSL  QTL . Additive effects of three tests Average additive Phenotypic
Chromosome Position L
1 2 3 effect contribution rate
K1 qSH3-1 3 31.76—33.08 -1.57 - -0.27 —0.86** —4.14
K11 qSH3-2 3 33.16—34.81 -0.75 —-0.62 -1.33 —1.09%** -5.15

1) “#*” £FK1.KI15 a7’ @8 HEP <0.0KFEZFMIZ W), “— A7 AkEMNB|QTL; fism “—”

FR F AR R AR

1) “**” indicates that the seedling heights of K1 and K11 are highly significantly different from that of ‘Huajingxian 74’ at P <

0.01 (¢ test); “—" indicates that no QTL is detected; Negative effect “—” indicates a decrease in receptor phenotype value

FT7R o qSH3-1 1E0E 1A 3 f 4 28087 43 )
—1.57 F1-0.27 cm, 7EBRE 2 Hp AR I 30 0 P4 R 5
gSH3-2 7£ 3 Y56 vh #f A U 2 8L, 3 ) 2
—0.75+ —0.62. —1.33 cm. J# L 3 YRI5 A Al 5
qSH3-1 F1 gSH3-2 N1t 24843 7] 9 -0.86 F1-1.09
cm, BN 2R R B TTRR E 2 0 A —4.14% Al
~5.15%. &5 K 1.2 ML 305, gSH3-1
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Different lowercase letters on the columns indicate significant differences
at P <0.05 level (Duncan’s method)
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2.3 24 QTL X|a] A f&E T

R4 SSSL K13(fX#e X A N 28 3 5 YLt 4 (1)
31.69—34.81 Mb) LA J “AEHEHl 747 FFE R 4T 5]
58, WHE gSH3-1(32.59—33.08 Mb) [X [a] P ()3 ]
7 AT 22 T o0 0T, Z X RS 90 AN TE A,
BARIFEE N 79 4>, Hr 15 4> CDS 22 5 [ 5
K, 64 Na s TAR SRR . [FRE CDS X AlG
HTFALRMERILSE 114X 11 ADNEEW
CDS XIH A 4 FpAr 288, Ho R AE R S KA
A 4 ANEE, 52 05030788000,
050320790000 Os03g0793100 F1 0s03g0793700

(R 4).

7E gSH3-2(33.16—34.81 Mb) [X[a], L4 270 4
TRIEEDE, 4G22 R (I FE R D 200 Ay, by 41 M
KI7E CDS X3k A8 7, 159 MERIEH 3T Bk
AR AE 2 AN RKIEHEOR AR R EE R 31 AN
X 31 MEFR CDS XA 7 MAs 288, Horp ik
C AN G R A RS T N S R U SR SN
TRMA 6 MK, 7hl2 0s03g0814500.
050320824300+ 0s03g0824400. Os03g0826600-
0s03g0815100 F1 Os03g0821250(% 4).

K4 qSH3-1 7 qSH3-2 X[8A CDS MBI FXIGE L4+ TR NER
Table 4 Variation genes in both CDS and promoter regions in ¢gSH3-1 and ¢SH3-2 intervals

L AT FER A HR
Q Variation type Gene name
gSH3-1 B0 A 05030793300 Os03g0786600
Codon change and deletion
LM% Codon deletion 050320785200
WY 74 A\ Codon insertion 050320785800 Os03g0787000~ Os03g0791432. Os03g0792300
#4% Frame shift 05030788000 Os03g0790000 Os03g0793100 Os03g0793700
gSH3-2 BRSO R bR 050320800200~ Os03g0800500. Os03g0809400. Os03g0812800-
Codon change and deletion 050320816000~ Os03g0820700
ZAS MR Codon deletion 050320796900, Os03g0797500. Os03g0798400. Os03g0802900-
05030810800 Os03g0811400. Os03g0812400. Os03g0816500-
0s03g0816700- Os03g0821200+ Os03g0825900
W89 T4 A\ Codon insertion 050320800900 Os03g0801800. Os03g0802700~ Os03g0817200-
0s503g0823400. 0s03g0824650. Os03g0828300
SR N /BT i X 05030828500
Codon insertion/splice site region
#144 Frame shift 0s03g0814500. Os03g0824300. Os03g0824400. Os03g0826600
HRIRFE S B2k Start codon lost — Os03g0815100
LBk Stop codon lost 05030821250
e = 25
24 24 QTL By EAIMIN 24 £ 220
N 5= 15
gy T T = QTL gSH3-1 Fl gSH3-2 [#) SSSL E 20
_ — N e . S
KIFIKILEES AR 747 25 8234, Tl i
AL i QTL gSH3-1 M gSH3-2 K SSSL K11 K13 H‘F;%E*WM
. . , e s uajingxian
K13 Mtms AR 74 LTREZER (K 5). 7] ¥ 2 Strain

W, gSH3-1 Fl gSH3-2 A LERS, KigHma S

CAERERN 747 RIVMZER, 2 qSH3-1 F qSH3-2 [F]
WAEAERS, s KR 747 R W E R
I, gSH3-1 1 gSH3-2 f71E 2 3% I EAL RN,
2.07 em(& 5. 6).

T EJ7 MARVNG FBERRTE P<0.05 /KF-Z 57 % (Duncan’s %)
Different lowercase letters on the columns indicate significant differences
at P<0.05 level (Duncan’s method)

5 KI. K11, K131 “fi8Hl 74 WESESR
Fig. 5 Differences in seedling height of K1, K11, K13 and
‘Huajingxian 74’
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