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Phenotypic Identification and Genetic Mapping of Rice Low

Temperature Albinism Mutant Ital
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Abstract: In recent years, the global low temperature extreme weather occurs frequently, destabilizing the rice production. Low
temperature is a factor that restricts the expansion of rice planting areas. Therefore, the identification and cloning of genes related to
low-temperature and the elucidation of their molecular mechanism might lay a theoretical foundation in low-temperature molecular
breeding of rice. In this study, a mutant Ital (low temperature albinism 1) showing low temperature leaf albinism was identified from
the chemically-induced mutagenesis mutant library of rice "Nipponbare”. Compared with the wild type, the Ital mutant displayed
albino leaves with significantly reduced chlorophyll content, and abnormal chloroplast structure development at 20 “C, whereas there
was no significant difference between Ital and wild type at 30 °C. Through map-based cloning, the mutant gene Ital was allocated
between the insertion/deletion markers LTA1-3 and LTA1-7 on the short arm of chromosome 3, with a physical distance of 132 kb.
Based on the rice gene expression database, 17 candidate genes in the region were annotated, and the proteins of six candidate genes
were proposed to be localized in chloroplasts. Real-time fluorescence quantitative PCR showed that most chloroplast encoding genes
were observed with lower transcripts in the mutant, while most chlorophyll synthesis related genes did not change significantly. Our
results laid a foundation for further cloning the LTAL gene and revealing the mechanism of chloroplast development in rice under low
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Table 1  Primers used in this study
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Primer name Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
RM7 TTCGCCATGAAGTCTCTCG CCTCCCATCATTTCGTTGTT
RM5748 CAGTTGGCAATTGTCACGAG TCGAACATATCCAAGCCTCC
RM14810 GGAAAGGGAAACCACCAGATAAGC AACAAGCACACACCCACCTCTCC
RM14822 GTCCTTCTTCGTCTACGCCATGC CTTCCGCTCCTTGTTCTTCTTGC
YSL9-F AATTGCACTATCTTTGTCTA ACAAGTATTACCTCCATCAT
YSL12 TCACCTGCTAAATTCTCATC GAGTTAGAAGCTAGAAACCC
YSL15 TCAGATGTTGAAGAAGAAAGGGGTAG AAGTCCAAGCTGGGGAGGGT
LTA1-3F GCAGAACAGATGGCATAGAGC TACCCTATGCCAAGGCCAAA
LTA1-7F AGTGATCCATGCCATGTCCT CCGTGTGACAGGATCTAACCT
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A: Phenotypes of the seedlings of the mutant and wild type at 20 “C. Bars= 1 cm. B: Phenotypes of the seedlings of the mutant and wild type at 30 C. Bars= 2

cm. C: Chlorophyll content of the mutant and wild-type at 20 “C. **Represents a significant difference at 0.01 level. D: Chlorophyll contents of the mutant and

wild-type at 30 C.
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Fig. 1 Phenotype identification of the Ital mutant at seedling stage
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A-B: TE(RIR T B A2 B S i 2. C-D: FEMIRIR N RAR IR Ao S i iige. A5 CAafRO85 um: B 5 D A3/U8 1 .
A-B: Transmission electron microscope observation of wild-type chloroplasts under low temperature condition. C-D: Chloroplast observation of the mutant under

low temperature condition by transmission electron microscope. Bars=5 pm in Aand C; Bars=1 pm in B and D.
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Fig. 2 Observation of chloroplast morphology of wild type and the mutant under low temperature condition
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Fig. 3 Map-based cloning of LTA1
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Table 2 List of 17 candidate genes
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Gene Function Subcellular localization
LOC_0s03g19530 DEAD/DEAH DNA fi#iiéfi il ok
LOC_0s03g19540 FIEEN R YIN
LOC_0s03g19550 FIBEA 41
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Fig. 4 Expression level analysis of chloroplast coding genes
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Fig. 5 Expression level analysis of genes related to chlorophyll biosynthesis

3 it

IKAEEBENRIRI R, HRREGH. WA FELESZR B EME . AT, —R5KRRIERM
SR GG SRR B AR R 4 % e o RE, WP I B TR T KRR S R A T AR R 4T AR
WU, BRI, KRERIRM 4R R A RS MG R E R+ E A, R E RN . R MRS
MINU Z8 45 ¢ F2 6 1) — MR AL I J A8 R Ital . ARLLEF A RS, RAKIalfE20°C FIF4EER & =M, 4t
WRE T, MAE0C FHGREREIER, HGARKFIER, WHRAL KL — MR BUSRE R,

B AR R B R TR, TEKTE. AN ISRl S e s T A DGR DR, D A
AR AR AL TR, 324 1k, fEKRE R & 20 M IR M (L (R Tk, fuffTCD12, DUALP,
TCM12%%, TCD12% i — -3 52 A FORNAK A il o T, SUMi{GiR (<23°C) TFHLRASE R R IA, H
AP RAEAGIR T 2R AP, I TCDL2GHIGIR T /K M-SR R SE R (0 15 o R B B, M4k
K7 fIPPREE FADUAL 5 444k K I RNAZw 85 K 7-WSP1, 1% -4 L K rps8-1824w i, 12 (I T /K Ag 43



R EP . TCM124w 5 — AN % 55 50U Br A4 2,3- — i E vt 6 =l M gt o B 1 I i 28 B B IPGAM,
13- H I R 3-PGATT 4k, Jy2- TR H e 2-PGARY, G875 fitem127E20°C F LG R, M4k %
S, HERE N R R LR g (e R A,

FEARB U, 8 RAR S HIRE “ B a1l RS R DUE LR, IR 2 FARCHEAT 2R E AT,
LN H bR R 2 AR S 3 UL A R 182 kb I A [ K R I B i S OGSk, AEZIX AN S A 17K
IBFEN, BEAYARTES SRR xR B BT, BERALTALR] REE — IS8T B IR 2 KRE xR B 2 [
LTV R R, A2/ Mk L R g iEPPRAE [, I R TTBEELTAL, (H 2 I PR 5 S 7 76 B A B Fn 5 A
RZ TP 75 LTALIE R SAZ SO0 -2 (G A B AN 2 28 & I INHEME R IR R0, 3 EUKREM
SRR RN G A ROR S . AU F KRR FIT SR BRSOy s ML TALIE
BUE T A

SE 0

[1]Wei S, Li X, Lu Z, Zhang H, Ye X, Zhou Y, Li J, Yan Y, Pei H, Duan F, Wang D, Chen S, Wang P, Zhang C, Shang L, Zhou Y, Yan P, Zhao M, Huang J, Bock R,
Qian Q, Zhou W. A transcriptional regulator that boosts grain yields and shortens the growth duration of rice. Science, 2022, 377(6604):eabi8455

[2]Gong Z, Xiong L, Shi H, Yang S, Herrera-Estrella L R, Xu G, Chao D Y, Li J, Wang P Y, Qin F, Li J, Ding Y, Shi Y, Wang Y, Yang Y, Guo Y, Zhu J K. Plant
abiotic stress response and nutrient use efficiency. Science China-Life Sciences, 2020, 63(5):635-674

[3]Cui S, Huang F, Wang J, Ma X, Cheng Y, Liu J. A proteomic analysis of cold stress responses in rice seedlings. Proteomics, 2005, 5(12):3162-3172

[4]Zhao Y, Han Q, Ding C, Huang Y, Liao J, Chen T, Feng S, Zhou L, Zhang Z, Chen Y, Yuan S, Yuan M. Effect of low temperature on chlorophyll biosynthesis
and chloroplast biogenesis of rice seedlings during greening. International Journal of Molecular Sciences, 2020, 21(4):1390

[BIEE, EEFLr, BILR, WEE, xIE. KiEm GRER ke 5 7T HLHIRT STk R A f ER 4R, 2020, 21(04):794-803
Yang Y R, Huang Q Q, Zhao Y N, Tang J Y, Liu X. Advances on gene isolation and molecular mechanism of riceleaf color genes. Journal of Plant Genetic
Resources, 2020, 21(4):794-803

(615K, MIEEAK, whpbig, BoRsR, REE, MiE, skl KRR R, S TR E R, 2021, 19(17):5712-5719

Zhang P, Liu M L, Ye SH, Zhai R R, Zhu G F, Ye J, Zhang X M. Research progress of rice leaf color mutants. Molecular Plant Breeding, 2021,

19(17):5712-5719

[7]Wang X M, Kong R R, Zhang T, Gao Y Y, Xu J L, Piao Z Z, Lee G, Lin D Z, Dong Y J. A DEAD-box RNA helicase TCD33 that confers chloroplast
development in rice at seedling stage under cold stress. Journal of Plant Physiology, 2020, 248:153138

[8]Liu X, Lan J, Huang Y, Cao P, Zhou C, Ren Y, He N, Liu S, Tian Y, Nguyen T, Jiang L, Wan J M. WSLJ5, a pentatricopeptide repeat protein, is essential for
chloroplast biogenesis in rice under cold stress. Journal of Experimental Botany, 2018, 69(16):3949-3961

[91dung Y J, Lee H J, Yu J, Bae S, Cho Y G, Kang K K. Transcriptomic and physiological analysis of OsCAO1 knockout lines using the CRISPR/Cas9 system in
rice. Plant Cell Reports, 2021, 40(6):1013-1024

[10]Lin D, Zhou W, Wang Y, Sun J, Pan X, Dong Y. Rice TSV2 encoding threonyl-tRNA synthetase is needed for early chloroplast development and seedling
growth under cold stress. G3 (Bethesda). 2021, 11(9):jkab196

[11] Sun J, Zheng T, Yu J, Wu T, Wang X, Chen G, Tian Y, Zhang H, Wang Y, Terzaghi W, Wang C M, Wan J M. TSV, a putative plastidic oxidoreductase, protects
rice chloroplasts from cold stress during development by interacting with plastidic thioredoxin Z. New Phytologist, 2017, 215(1):240-255

[12]Cai L, Liu Z, Cai L, Yan X, Hu Y, Hao B, Xu Z, Tian Y, Liu X, Liu L, Jiang L, Zhou S, Wan J. Nuclear encoded elongation factor EF-Tu is required for
chloroplast development in rice grown under low-temperature conditions. Journal of Genetics and Genomics, 2022,49(5):502-505

[13]Wu L, Wu J, Liu Y, Gong X, Xu J, Lin D, Dong Y J. The rice pentatricopeptide repeat gene TCD10 is needed for chloroplast development under cold stress.
Rice, 2016, 9(1):67

[14]Liu X Y, Zhang X, Cao R, Jiao G, Hu S, Shao G, Sheng Z, Xie L, Tang S, Wei X, Hu P S. CDE4 encodes a pentatricopeptide repeat protein involved in
chloroplast RNA splicing and affects chloroplast development under low-temperature conditions in rice. Journal of Integrative Plant Biology, 2021,
63(10):1724-1739

[15]¥FT16, 1247, vhar, B, BEE, W&, KRG R yoI3 1452 5HEE Thag i B R LR, 2021, 54(15): 3149-3157
Xu ZY, Cheng H, Shen Q, Zhao Y N, Tang J Y, Liu X. Identification and gene functional analysis of yellow green leaf mutant ygl3
in rice. Scientia Agricultura Sinica, 2021,54(15):3149-3157

[16] 5k R, A&, xI&, #hER, I, Thanhliem NGUYEN, Bk, BIBE, L. —AN/KREIRBEE (R ASK R R A o AL 52 A AE Y 23R,



2017, 43(10):1426-1433
Zhang T'Y, Zhou C L, Liu X, Sun AL, Cao P H, Thanhliem N, Tian Y L, Zhai H Q, Jiang L. Phenotypes and gene mapping of a thermo-sensitive yellow leaf
mutant of rice. Acta Agronomica Sinica, 2017, 43(10): 1426-1433

[17] Liu X, Cao P H, Huang Q Q, Yang Y R, Tao D D. Disruption of a rice chloroplast-targeted gene OsHMBPP causes a seedling-lethal albino phenotype. Rice,
2020, 13(1):51

[18] JEMEER, 5k=2, SRHEOR, TOURIE, ZIRGE, REEMS, AR, EWEL KRB O G ORI R, AR, 2021, 48(8):9-18
Tang H W, Zhang L, Cai P R, Huang X Y, Qin Y J, Wu Z P, Zhu J H, Wang L M. Research progress of rice green-revertible albino mutants Guangdong
Agricultural Sciences, 2021, 48(8):9-18

[19] Zur 1, Gajecka M, Dubas E, Krzewska M, Szarejko I. Albino Plant Formation in Androgenic Cultures: An Old Problem and New Facts. Methods in
Molecular Biology, 2021, 2288:3-23.

[20] XHEEE, MRAK:, FEEH. KFGRGURMH (RAAPITER. EKFERE, 2015, 29: 439-446
LiuY X, Lin D Z, Dong Y J. Research advances in thermosensitive leaf coloration mutants in rice. Chinese Journal of Rice Science, 2015, 29:439-446

[21]Yu Y, Zhou Z, Pu H, Wang B, Zhang Y, Yang B, Zhao T, Xu D. OsSIG2A is required for chloroplast development in rice (Oryza sativa L.) at low temperature
by regulating plastid genes expression. Functional Plant Biology, 2019,46(8):766-776.

[22]Cui X, Wang Y, Wu J, Han X, Gu X, Lu T, Zhang Z. The RNA editing factor DUAL is crucial to chloroplast development at low temperature in rice. New
Phytologist, 2019, 221(2):834-849

[23]Lin D, Zhang L, Mei J, Chen J, Piao Z, Lee G, Dong Y. Mutation of the rice TCM12 gene encoding 2,3-bisphosphoglycerate-independent phosphoglycerate
mutase affects chlorophyll synthesis, photosynthesis and chloroplast development at seedling stage at low temperatures. Plant Biology, 2019, 21(4):585-594



