rp 7K 54} 2 (Chin J Rice Sci), 2018, 32(6): 529—537
http://www.ricesci.cn
DOI: 10.16819/j.1001-7216.2018.8001 529

IKFER WD EERET R dIt3 WERE ENMERREBESR
ke ZWEY? mm EH5ED BHRD pHEEY xrl

C PHAE R AR R RS AR AR R R K AR B A 2 E K R S S R, BRIV s 712100; 2 PEALRARRH KR AR, B ik
712100; SWHL K fl S54RSS K% 5, B 310058; @ HE:FR A, E-mail: wgli@nwsuaf.edu.cn; chhshi@zju.edu.cn)

Genetic Mapping and Proteomic Analysis of the Dwarf and Low-tillering Mutant dIt3 in Rice

ZHANG Minjuan®?, LI Shuaijun® %, CHEN Qionggiong*, JING Xiuging", CHEN Kunming®, SHI Chunhai®"

LI Wengiang"”"

(*state Key Laboratory of Crop Stress Biology in Arid Areas, College of Life Sciences, Northwest A&F University, Yangling 712100, China; 2College of Animal
Science and Technology, Northwest A&F University, Yangling 712100, China; *Department of Agronomy, College of Agriculture and Biotechnology, Zhejiang
University, Hangzhou 310058, China; *Corresponding author, E-mail: wgli@nwsuaf.edu.cn; chhshi@zju.edu.cn)

Abstract: [Objective JPlant height is an important agronomic trait for crops because dwarf cultivars are more resistant to
lodging. Many factors are responsible for dwarfism in plants, but gibberellin (GA) and brassinosteroid (BR) are the most
intensely studied factors, since their molecular mechanism in regulating plant height is important for both basic and
applied researches of plant breeding. [Method] In the present study, we reported the characterization and genetic
mapping of a dwarf and low-tillering mutant, dlt3, gained through gamma ray mutagenesis of O. sativa indica 9311. The
agronomic traits of the dIt3 mutant including plant height, tiller number, lamina inclination, leaf length and width, and
seed-setting rate were analyzed by morphological observation and statistics. The responses to GA and BR were detected
based on the changes of leaf angle by exogenous application of BR and GA-induced a-amylase activity. The F,
population and molecular markers were used for genetic mapping of the dIt3 gene. Furthermore, isobaric tags for the
relative and absolute quantitation (iTRAQ)-based proteomic method were applied to determine the proteomics of the dit3
mutant as compared with wild type. [Result] The plant height, tiller number, leaf angle, leaf length and seed-setting rate
were significantly reduced in dIt3. The mutant also showed increased width of leaf blades, dark green and crinkled leaves.
The mutant showed normal response to GA, but no response to exogenous BR. Genetic analysis revealed that the dIt3
phenotype was controlled by a single recessive nuclear gene. The dIt3 gene was mapped on the short arm of chromosome
6 between molecular markers RM2615 and R6M14. The iTRAQ-based proteomic analysis revealed that a total of 330
proteins were differentially expressed in the dIt3 mutant, including 222 up-regulated proteins and 108 down-regulated
proteins. It showed that four proteins were directly involved in BR signaling pathway and several proteins involved in
plant height and developmental regulation were differentially expressed in the mutant. Furthermore, many proteins
especially some kinase and phosphatase related proteins, Ca** binding related proteins and zinc finger containing proteins
were significantly enriched in the mutant. [ Conclusion]These results indicate that the dIt3 is a BR-insensitive dwarf and
low-tillering mutant. The DLT3 locus, whose mutation results in abnormal BR signaling, could play important roles in
regulating both plant height and other aspects of rice growth and development.
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A and B, Plant and leaf blade at the tillering stage. C to H, Morphology of mature plant, middle portion of blade, lamina joint, panicle, internodes and top three
leaf blades. The left represents wild type and the right the dIt3 mutant. Mean = SD, n=12. **Difference between mutant and WT was significant at 0.01 level.
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Fig. 1. Phenotypic characterization of WT and dIt3 mutant.
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Fig. 2. Responses of WT and dIt3 to exogenous GA and BR based on the changes of a-amylase activity(A) and lamina

inclination(B).
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Table 1. Molecular markers and its sequences used for genetic mapping of dlt3 in this study.
[AREZY S EI 57 5(5-3) S a5 51 (57-31) Betafh YEALE

Marker name Forward primer sequence Reverse primer sequence Chromosome Physical position/kb

RM1163 TGGACGCGGATAGGAGGAGACG TCCTCCGCAAGGTCGGTTTCC 6 4021
RM3408 AGTGAATCCCATCAGATCACTCC CATATCAAATCGCCGAGAAGG 6 4608
RM19556 TTCTGGCCTATGAGGGATGATCG ACCAAATATCAAGCCTGCACAGC 6 5249
RM19570 CCCAGATATTCTGTGTGATCATGAGG GAGTGAATGTGAGCCGTCTATTGG 6 5422
RM2615 ATCTCGTTCATACTGCTTGACC GACTGGTTTCCTTCATGTTACC 6 5970
RM276 GTCCTCCATCGAGCAGTATCAGC CTAGCAAGACATGGACCTCAACG 6 6241
RM19638 CCACACTGTACCGGTCGAAGACG CTCTACAACTTGCAGCCCTGTCAGC 6 6387
R6M14 AAATGTCCATGTGTTTGCTTC CATGTGTGGAATGTGGTTG 6 7710
RM527 CGGTTTGTACGTAAGTAGCATCAGG TCCAATGCCAACAGCTATACTCG 6 9874

PIP21 2 3 45 6 78 910 1112 13 14 15 16 1718 19 20 2122 2324 2526 27 28 2930 31

RM3408

P1P212 3 4 567 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2829 30 31

RM276

PIP212 3 4 567 8 91011 12 131415 1617 18 19 20 212223 24 25 26 27 28 29 30 31

R6M 14

RM527

B

RM19570

Frid Marker RM1163 RM3408 RM19556:

Chr. 6

LR A 1B ER

Recombinants

PIP21 2 3 456 7 89 101112 13 1415 16 1718 19 20 2122 2324 2526 27 2829 30 31

RM2615 RM276 RMI19638

R6M14 RM527

6 0 i 11 1=106

1740 kb >

Ay dIt3 B[R 1IES 4> FHR1C RM3408. RM276. R6M14 Fil RM527 KrilllFB 43 Fp S8R SR I VK /AT 45 SR B J dIt3 BRI E i 4h R, HIfdE

R4 AL TESS 6 Juifh s> F-hRic RM2615 Al R6M14 [X i), *ft 3¢ 520 Bkk.

A, Genotyping of F, mutant plants by dIt3-linked molecular markers RM3408, RM276, R6M14 and RM527; B, Genetic mapping of dIt3 gene by the molecular

markers. *Recombinant.
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Fig. 3. Genetic linkage analysis and molecular mapping of dlt3 gene.
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#2 iTRAQ EEERAREFNINEEENBAERTEER
Table 2. Selected differentially expressed proteins identified by iTRAQ-based quantitative proteomic analysis.

HAGRS KRG 5 4= VoRvILi i iipu Fik A P18 2 CFY
Protein accession RAP_locus Protein description Ratio (dIt3/WT) P-value Regulation
MEEEK N ERHISE [ Brassinosteroid related proteins
Q62730 050290122300 Translation initiation factor elF3 subunit domain containing protein, Brassinosteroid 0.651 1.08x10°? Down
receptor kinase (BRI1)-interacting protein 121, BIP121
Q0JBZ3 0s04g0501600 AT hook, DNA-binding, conserved site domain containing protein, brassinosteroid 1.372 9.26x10°° Up
receptor kinase (BRI1)-interacting protein 106, BIP106
Q6K624 0s02g0612800 AT hook, DNA-binding, conserved site domain containing protein, brassinosteroid 1.374 4.11x10? Up
receptor kinase (BRI1)-interacting protein 135, BIP135
Q0J5J5 0s08g0430500 14-3-3 protein, Florigen receptor, G-box factor 14-3-3c protein, OsGF14c 3.355 3.15%107° Up
AR EMILE H Auxin related proteins
QODSY8 0s03g0280000 Similar to MDR-like ABC transporter, P-Glycoprotein 13, OSABCB13, OsPGP13 1.329 2.71x10°° Up
QOIR61 0s11g0673200 Similar to Auxin-induced beta-glucosidase 1.828 1.65%10°? Up
Q84QW4 0s08g0524400 Protein of unknown function DUF568, DOMON-like domain containing protein, 1.857 4.48%1072 Up

auxin-responsive family protein AIR12
VARG FRIS A A S HE 9 Kinase and phosphatase related proteins

QO0D6J6 0s07g0472400 Serine/threonine protein kinase-related domain containing protein 0.548 1.01<10°? Down
Q69NF8 0s09g0529900 Pyruvate/Phosphoenolpyruvate kinase, catalytic core domain containing protein 0.716 8.12E-03 Down
Q5Z8F2 0s01g0337600 Suppressor of Mek, PH domain-like protein 0.697 1.38x10°? Down
QOD4F7 0s07g0628700 Similar to Receptor protein kinase 1.328 1.51x10°° Up
Q5QLG3 0s01g0682500 Similar to Protein Kinase C630.09¢c 1.431 1.86x10° Up
Q2R2T6 051190549615 Ser/Thr protein phosphatase family protein, purple acid phosphatase 3a 1.889 2.72x10°° Up
QOIP84 051290236400 Adenylate kinase A (EC 2.7.4.3) (ATP-AMP transphosphorylase) 1.471 1.44x10°* Up
Q60DT7 0s05g0190500 Similar to acid phosphatase, HAD superfamily phosphatase, VEGETATIVE 1.550 3.50%102 Up
STORAGE PROTEIN 2, OsVSP2
Q6AVA8 0s05g0405000 floury endosperm 4, pyruvate orthophospate dikinase, OsPBDK 1.641 7.29%10°* Up
Q6H444 0s09g0279400 Rhodanese-like domain containing protein, Rhodanese / Cell cycle control 2.096 8.54x10° Up
phosphatase superfamily protein
QOIPL3 051290189300 Pyruvate/Phosphoenolpyruvate kinase, catalytic core domain containing protein 2.248 6.06x10"* Up
Q6KA61 0s02g0285800 Similar to GTP-binding protein typA (Tyrosine phosphorylated protein A) 3.491 3.91x10°* Up
Q7XQz5 0s0490661300 ATP/GTP binding protein 1.356 1.09x10°? Up
Q0JQ62 0s01g0179700 Similar to GTP-binding protein YPTM2, ras-related protein, OsRabl 1.302 2.27x10°° Up
QODH67 0s05g0489600 ADP-ribosylation factor, Ras-related small GTP-binding family protein 1.608 3.99x10° Up
Q84T71 0s03g0854100 Similar to ARF GAP-like zinc finger-containing protein ZIGA2, GTPase-activating 1.322 3.38x10° Up
protein
4t &8 [ Ca’* binding related proteins
Q6F334 0s05g0491000 EF-Hand type domain containing protein, calmodulin-like protein 9, OsCML9 0.621 1.71x0°° Down
Q84VG0O 0s08g0117400 Calmodulin-related calcium sensor protein, Ser/Thr kinase/calmodulin, OSCML7, 0.732 7.55%10°° Down
OsSTKC
QODFA8 0s06g0104400 1Q calmodulin-binding motif family protein 1.458 1.17x10" Up
QOD7H6 0s07g0246200 Similar to calreticulin, CRT 1.325 6.48x10°° Up
R4 HIRER 1 Zine finger containing proteins
Q6K977 050290831100 Zinc finger CCCH domain-containing protein 19 0.400 4.02x107 Down
Q2R4J4 051190472000 Zinc finger CCCH-type domain containing protein 63 0.436 2.02x10°° Down
Q6Z6E6 050290203700 Zinc finger family protein, SRZ1 0.563 55010 Down
Q5NAV3 0s01g0257400 Zinc finger CCCH-type domain containing protein, OsSC3H5 0.638 1.30x10°? Down
Q6YURS8 050290121100 Zinc finger CCHC-type domain containing protein, cold shock domain protein 1, 0.679 8.90x10° Down
CSD protein 1
Q6K4NO 0s02g0789400 Similar to 9G8-like SR protein, RNA recognition motif and CCHC-type zinc finger 1.332 4.31x1072 Up
domains containing protein
Q75L7 0s03g0836200 Similar to RNA-binding protein RZ-1, zinc finger-containing glycine-rich 1.374 2.39x10°° Up
RNA-binding protein 1
Q6YTY3 0s07g0608400 PHD/F-BOX containing protein, PHD zinc finger protein ALFIN-LIKE 9 1.313 1.73x10°* Up
JKFERR RS M1 < B 11 Regulation of plant architecture and growth related proteins
Q6EU14 050290672200 Similar to AGO1 homologous protein, OsAGO1la 0.471 1.96x10°° Down
Q2QNO08 051290583500 Broad Complex BTB domain with non-phototropic hypocotyl 3 NPH3 domain, BTB 0.375 9.84x10°° Down
domain containing protein
QOJOF4 0s09g0513000 Similar to TGB12K interacting protein 3, ankyrin repeat domain containing protein, 0.712 3.06%102 Down
XAZ21 binding protein 25
Q10L71 050390356700 Villin/gelsolin superfamily protein, Actin binding protein, Regulation of plant 1.350 2.66x10°* Up
architecture, VLN2
QOITK1 051190247300 Tubulin/FtsZ domain containing protein, Cell elongation and division, TWISTED 2.936 3.45x10° Up
DWAREF 1, Tubulin alpha-2, small and round seed 5, TID1, TubA2, SRS5
QODH37 0s05g0494000 Cytochrome P450 1.507 4.15x10° Up
Q2R176 051190615200 SSXT family protein, GRF-interacting factor 2, protein binding/transcription 1.428 2.04x10* Up
coactivator
Q7XHW8 0s07g0681000 Zinc-binding domain of translation initiation factor 2 beta 1.429 4.84x10"* Up
QOJAK9 050490592400 Protein transport protein-related, t-snare domain containing protein 1.574 9.88x10* Up
Q0JP92 0s0190235400  similar to Importin-alpha re-exporter, Cellular apoptosis susceptibility protein 2.102 1.54>10°* Up

homolog
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