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PLANT SCIENCE

NIN-like protein transcription factors regulate
leghemoglobin genes in legume nodules

Suyu Jiang', Marie-Francoise Jardinaud?, Jinpeng Gao', Yann Pecrix®3, Jiangqgi Wen*,
Kirankumar Mysore®, Ping Xu®, Carmen Sanchez-Canizares®, Yiting Ruan’, Qiujiu Li*, Meijun Zhu',
Fuyu Li*, Ertao Wang’, Phillip S. Poole®, Pascal Gamas?, Jeremy D. Murray™’*

Leghemoglobins enable the endosymbiotic fixation of molecular nitrogen (N>) in legume nodules by channeling
0, for bacterial respiration while maintaining a micro-oxic environment to protect O-sensitive nitrogenase.
We found that the NIN-like protein (NLP) transcription factors NLP2 and NIN directly activate the expression of
leghemoglobins through a promoter motif, resembling a “double™ version of the nitrate-responsive elements
(NREs) targeted by other NLPs, that has conserved orientation and position across legumes. CRISPR knockout
of the NRE-like element resulted in strongly decreased expression of the associated leghemoglobin. Our
findings indicate that the orjgins of the NLP-leghemoglobin module for O, buffering in nodules can be traced
to an ancient pairing of NLPs with nonsymbiotic hemoglobins that function in hypoxia.
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Family & Domains:

Domains and Repeats
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Isoelectric Molecular Instability Extinction | hydropathicity

Aliphatic

point weight index ndex coefficients ng %jﬁhﬁﬁ*ﬁj‘/a
e H R 1+
. NLP2_ARATH 5.65 107278.54Da 48.18 73.0 géggg -0.476 iZ ﬂ :@j E El iﬁ] % Z: %
. KAH1251980.1 5.46 86992.04Da 53.45 77.2 giggg -0.314 %E E' °
HCRE:
92455
. XP_003523488.1 5.51 86862.93Da 53.09 77.30 91330 -0.310 @ 1%3( iﬁ ﬁﬁ‘ ﬁ XYI‘ Cys%
V 23 .
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- Q@ BB R
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75495
. XP_040865075.1 6.10 69678.77Da 52.04 78.55 24370 -0.304
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Nitrate-responsive NIN-like protein transcription G
factors perform unique and redundant roles in
Arabidopsis

NLP7

Mineko Konishi T, Takayuki Okitsu 1 Shuichi Yanagisawa 1

Affiliations + expand
PMID: 34050740 DOI: 10.1093/jxb/erab246

Abstract

Upon sensing nitrate, NODULE INCEPTION (MNIN)-like protein (MLP) transcription factors alter gene
expression to promote nitrate uptake and utilization. Of the nine NLPs in Arabidopsis, the
physiclogical roles of only three NLPs (NLP6-MNLP8) have been characterized to date. To evaluate the
unique and redundant roles of Arabidopsis NLPs, we assessed the phenotypes of single and higher

AT3G25790

N

order nlp mutants. Unlike other nlp single mutants, nlp2 and nlp7 single mutants showed a reduction R .
E
in shoot fresh weight when grown in the presence of nitrate as the sole nitrogen source, indicating ? : ‘EE'#EL‘I& (BEFEHE) STRING
that NLP2, like NLP7, plays a major role in vegetative growth. Interestingly, the growth defect of nlp7 E?Lﬂqu *
H&: 0071249  HRHENITHERERARIAL
H&: 0051716  HHAERIRIEAIRAL
&z 0048527 MIERE

recovered upon the supply of ammonium or glutamine, whereas that of nlp2 did not. Furthermore,
complementation assays using chimeric constructs revealed that the coding sequence, but not the

promoter region, of NLP genes was responsible for the differences between nlp2 and nlp7 single HE- 0042128 FEESEREM
mutant phenctypes, suggesting differences in protein function. Importantly, nitrate utilization was HE: 0015706  FHEAELITHE
almost completely abolished in the nlp septuple mutant (nlp2 nlp4 nlp5 nlpé nlp7 nlp8 nlpg), SFIEE (BEFEIL)

suggesting that NLPs other than NLP2 and NLF7 also assist in the regulation of nitrate-inducible gene — —
EEAE A ik

tHA&: 0015112 WHERRESIEIGIZEREONEN

HA&: 0016661 SWIXREEEM, (FRATRSEUESMIEAEA

expression and nitrate-dependent promotion of vegetative growth in Arabidopsis.
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