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ZR BB BRUR(FRE T BMERRVRETRRMARAS : TIRerER
MREFNEIARAFRRARE (BRI SE50~1001) | BITHMERNAER,
Smart-Seq2Z M, RELLEFFIBINMERKRARRE, HPHI25NMERE AR
RPFEERM, GESMERRFMI3MNEGEER (BE2) . BREMHEREHEX
RNERNSMAERER (LjLbs) MIMBRBELEEORER (LjSST1) EEIMERFS
IKFERIE; Bk, SFEEES (LAMT1.1) FIERFEREF (LERF1) (RIEHE5RMHE
BBRIK, ZARAI A RS AEEER PRR N EE MU BEER PR — &
RAEIHRIERPRAKTRS, XREERTIFRERNCRIAMRMEEH DA TR
EREAUIREL, BEERGHEE (GS) MRZMIZSHEE (AS) REREABRBZA
REFBRAIFIFPCRES, IZARAIRBGSHA N ER PRI ERERBIE A
FEFAMRIARRPIIRERL; RUGsEH (JAMTLT) fEHEIVERPRRE,
RIPIHEIAIETTREREI T ERIEML. LS, 731 AS BREFRIFMEIHRIARIETRY
REABESTRIVER, RBPESEKRYEEEMENAHERARHEE IS K.
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(GIUTR) LM REMESARAIREL R, BIMEERARB=1"GIUTRER, %=
RAERFALGIUTR2 AEERMEEFRIX. BEIF-GUSEIE DT ATLERMEIE+
LiGIUTR2RIFRIA B &R, FLUEHN (Fluorescence in blue light) @iZ#P4IGIUTRIE
MARIEEDERRS, FIRERAESPREANIL2ENFIRAFLVER, 5
XY RRIEYITELLIS RAFLURYEZ SR>, AERER), BT ESHERE,
IREEFRIMAT SRR N, XLERFIR, MAREMEMRAIENEETEIEX R ERY
SHEREXEE (B3) .
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Symbiotic nitrogen fixation (SNF) is an efficient and
environmentally friendly biological nitrogen-fixing system. The mechanism of
SNF has been extensively studied in root nodules. Over the past two decades,
most studies focused on the early stages of root nodule symbiosis. However,
little is known about mechanisms in maintaining an efficient SNF in mature
nodules. In this study, we separated two main types of cells in mature nodules,
known as infected cells (ICs) and uninfected cells (UCs). Using Smart-Seq?2
single-cell RNA sequencing approach, hundreds of genes were found to be
significantly differentially expressed between ICs and UCs. Notably, most of
them were uncharacterized previously, including many transcription factors
and putative transporters. Specific isoforms of genes encoding key enzymes
involved in sucrose metabolism and ammonia assimilation were identified.
Our results confirm that asparagine, one of the nodule exported nitrogen
componds, is mainly synthesized in UCs. In contrast, glutamine might be
actively synthesized in both ICs and UCs. Leghemoglobins are the most
abundant proteins in nodules and heme is an essential prosthetic group of Lbs.
Our study identified distinctive expression patterns of three glutamyl-tRNA



reductase (GIUTR) genes encoding the key enzyme catalyzing the rate-limiting
step of heme synthesis. We additionally overexpressed the GIUTR feedback
inhibitor protein, FLU (Fluorescence in blue light) in ICs, and observed a
dramatically reduced heme content and a SNF deficiency phenotype,
indicating that posttranslational regulation of heme biosynthesis is essential
for nodule functioning. Our study therefore provides a valuable resource for
investigating specific genetic components responsible for the complex cellular
processes between ICs and UCs in mature nodules. It also lays the foundation
for improving the SNF efficiency in legumes in the future and even ultimately
being engineered into non-legume crops.
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