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- TR -

SRHEYISHR-SCRIEL—RIE
“BERLUMAR” ROApIEIETF

AR, BB

R ROR R R R SR, S 230027

WE R Y- MR8 1 3 A [ U T RS A IR ) i R IR . MR D SORME Y AR T AU — R R A A ) A B
B, SRR T AR AR B T IO, AR K B 2 A, DRk, AR IE R R 2 S T R HE A - MR R AR
MR . AR T KRR R RS TR HE I SR L EARa 2. BF IS RHED IR EZREEH TS
RHE VIR K JZ B Rl S B, AT ROAR R B 0 5 2 B w A, BRI DOk Z R e i P AL — BN R .
H, o E R B 7 8 Y AR 8 00557 40 F = % BB DLBE 2 1 %8 (Medicago truncatula) 25 & R AE 9 1 #11 5 I
(Arabidopsis thaliana)%: 34k & RHE Y AT FEXT %, K GRHE Y R < FISHR-SCRT 41 A ik i 1 3L 5 )2 41 i 4 248
RE M, T AR 28 B R AE I GIE . TR 1T G RHE YRR R B AL, S48 T 07F 70 R HE A AE A7) - HR 8 1 [ U AR ik

W E LR, R m ERHED [ R M GRS A TR R R

XKiia

ERHEY-AUR T E RS, EMIER, EEEE, RS E KA, SHR-SCR, HZENR

XAR, B8 (2020). ERHEYSHR-SCRECH—HYJR “BEHEAM” iz iEF. 2=k 55, 661-665.

TR TR KR, R AR
B & A ORI Rk s () B R . GARME TR
B b BB o A5 a8 T XA T e 4K 2 40E
VI — MR, RS ARI8 B B AL AR I RE T . 1E
AR [ S, HRSR TR T AR G SRR AR 1) P 5 T
FER R AR 25 B AR v e i o AR R B B A A L
AR, JARH RO S B AL e AT LA A
HIME . #E5ETh, SRHMEY) -8 B 3L AR [ S04 T LA
722 4x10'-5x 10" tAT AR A L. 18 2R B R
RS () 52 M0 I ThD, 38 AR A EE Tl A BCRUIE B R
e, Je TR A B AL IR ) B EE 2R R (Roy et
al., 2020).
IR SR AR B 2B P [ R AR 85, R AR T 4
) “T 557, DRIHAR R 0 B 4 2 e A [ AT o b
BRI 2 —, R - A ) S AR A
W FT ) #45 (Oldroyd and Downie, 2008). % %
B G ARMEAR & R = AR B k. DL AR YY)
P 15 (Medicago truncatula) A, B AR H: drkd: 8
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(pericycle) 1 4 7 2 (endodermis) 4 i 76 5 1 & A 73
4, ER RCERAR IR 1) R 2 SRR T 2 J2 (cortex)
RN 432, T H R A R SRR IR 4 i A R AR AR IR B
12 (E1A) (Xiao et al., 2014). AWK, SF
HMYARBE R E &S IE SR Y (5 IF
(Arabidopsis thaliana)) =l 4= #% & (MAR) 1 & B i 72
REAFE. EMEIFMRE R BT, & EEZR
Ji 23 28K E R A AL, TR JE A AN R AR AR
Rk, SRHME AR A0 B ke 5w, L
R I AR TR A AR A Ay 2, R EURR B R AE,
HREROR R AZ G o SRHEYILE AT R (T 3R 451X
FhAFTR IR L X Fh 40 & L 10 T WL A 42
iR A — B ANE 2 (Geurts et al., 2016).

o [ RE 27 Bt 23 7 R A A R 0 T BTBA
PLE #1751 /K RS (Oryza sativa) N R, KA
THE - DI A T LR, fELAR(E 5
SHE RIS T — RYVEE R, 5k, %
[ BAAE R 0 AR 98 & B T 4% 1 2 F AL I 7 b S
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WA KRR, RIEDH 25T HMRRE IR
HSHR-SCR (SHORTROOT-SCARECROW)#5E |
GRMEYIR K Z i ig, R NI E S
BEAT AR 3R, I EORE K 2 (Dong et al., 2020).
K —RILEE T SRME AR AT R R ] 3R A5 3
A ] 8 RE ) IX — R A AR ) 2 0]

N T AR G RE A bR R R 2 A R i
FIpE R 7, TR T — e B 2 1 R
TR B I FR R R, R SRR 44t i B 2 4
K SCREE2M Wb BAT B AN R s i Ul
T AtSCR & 311 1£ $2 22 ) 45 DL R I AR S0 i b o
(quiescent center) M1 N fZ & 3R ik, 15 E HE
MtSCRJH 8 T B T 1E iR X3k Rk 4k, &4 & 2R
FeZAp R R IE . MISCRJE 8 A 1924 I =0 1 4% 7T
f£AT-1 boxFlEnhancer} TMtSCRJ& 3l F {E 8L 7+
R 2 J2 4 i () Ak e AN AT 2 (] B g O 3 24 1
2 70 IMISCR R 3)) 17 %< 22 15 15 iR B = 40 i A
FHIEFMISHIRIE . FEI~Z, AT-1 boxfIEnhancer
7E S ARHEYISCRE ) 1 Hh il B AHEE100 bpLAA, M
7£ AEFE %2> 3 (non-nitrogen fixing clade)tE#+, &
INAH BRI, B R —AN . E BRI —
WEHE — ST RHEY), Wik & (Glycine max). ik
i (Lotus japonicus). & (Cicer arietinum). %t
(Pisum sativum)#1 = 5§ & (Lupinus albus)f¥JSCR
()5t e Rt AE AR R SR At s . Bkt o 4 SR AR W
SCRTEMR R )2 40 i Hh (1 232 BA K e H R IE 1241
5 o HE S AR R 571 (Dong et al., 2020).

MtscrZ A8 R i AR 20 H  H R 5L AR 25
FE /T B AR R Mtscrt 3 5 Atscri ALl i)
AR A ) A A R RTAR 7] 2 g 1k B o B R AN [
27 I FMISCRI ELA LT, AT R B A MISCR
H & a3+ RERe B AMERE RN, Wt BAMRK B R
A, T AtSCR I 3l A = A 4% 70 2R Bk 2% 1 MtSCR
JREFALRE EAMB R B R A, NREHAMIR KGR
R, 25 R MtSCR-SRDXHA 8 (R 4 3% B0 3
e AR N e SF A RE ), R AR B R R S A BT
(PMINRTL.3) 3K 3} F Al T E 5 MtscrR LRI K &
BRI RA, R ZE P RIEKSCRS 5wt 4Bt
Tt o A2 R E BKAR 1) J )2 vk 7 22 18 SCR-SRDX
Bv] FEREECE Wb, 3P E SESCRTE BRHHE
YINE KB BEARSTFRIDIEE. A, IR IIMISCR

5 H [FF B FIMtSCL23 T AR M i 4= iR AR M K B
(Dong et al., 2020).

PLEFFASHRAE A A, AtSHRE H b5
HENWEEH 5ASCREAE, HLFEFHENKERE
AR B 20 i (1) 45 K5 (Cui et al., 2007). S5AtSHRZE
8L, PEEEE 75 2 [R5 2 [ MESHR LRI MtSHR2 46 71
P2 B E AT AN i ik, HMESHR1. MtSHR2
EMtSCRYEM 4 F R #h 35 e AR, K% HAELER
FA SIS R A R ORI . BRI, R
HE s, MISHRINIMtSHR2Y AT i h ik #5425 2
W E. BRERMRERE. @il kB, KILZ R
Ak G RHEY I SHRIFNJE & B A 24 K B A BRI P
bl %R, Ho 24X 5 (Region 2)UkE T SHRE A
)55 2 7% 8 ] AE K2 28 i i 7 2 (Dong et al.,
2020) . Mtshr2 FL R AR R MR B K & IEH, H
Mtshr2 5 5t F [ MtSHR1 RNAI 5% # 4 il ! % i&
MtSHR1-SRDXHS 3 FUHR AR 6 AR I8 450 H el o Al
FEAAE B 2 4 7 22 75 MESHR1-SRDX Bl 7] 5 2 i 8
BH W, U R E T I MISHR A 45 AR 98 2% B R 2E
(Dong et al., 2020).

T AR T R A SRS, R B JE H IMESCR
HIMESHR® T M8 B 175 5 1) 52 2= 20 B o0 2 b AN w] 2
Yy R R R MR K B AR AR, ANIE N
i R AT AR A AT T T R4 R T
FORI, AR5 2R 5 T 10 K= 20 oy 2L R RO T
MtSHRAIMISCR., Ilb4F, 6-BALLHE T EMISHR-GUS
MR R LS S MISCREIS . it B R EF R I E
HF ) B B SR RFNIN (NODULE INCEPTION) AR
AR AR S T HARIR AR, T I R ARR A AR
B H fEMtscra A iRk bt B3 PR AR . Bk 4 R,
SHR-SCRELH IR E | SR AR K2 = 4H L 1) 45 7
£ (&1B) (Dong et al., 2020).

FEFE R E b it R IAMISHRL S 87 0004
FEN B FRIE KA, For40% ) 5 6] B 52 F AR R B
F M RE RN . HRA S RIEMISHRL $ 8%
RN o2, 7 A AL TR TR AR R AN 1E R AR 25
o WAk, 1E5Z e R R IEMISHRL ] DL T 8ok 22
EE AN B TR =2 I
MtSCR, H 2357 [ EIL A (E 55 e 4
4¥NOD FACTOR PERCEPTION. NSP1 (NODU-
LATION SIGNALING PATHWAY 1). NSP2HININ.
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A et T it A MISHRLE A 5 5 — oML RT
1RGAH B R [RIE, FEFLAE 264 T 5 3 B K
P E R34 15 5 R i pENOD11::GUS R R ik . 1t
&b, Mtscrl. MtscriMtscl23%875 44 x MtSHR1-SRDX
HERIEMBIRR A, R YL B E AL, KW
SHR-SCRELH R [ 52 K & 4k, ICAEHAH RS T
fE AR IR 1 12 2L 1Y B Th g (Dong et al., 2020).

ORI 2 7 S MISCREEH B 2% FiR KA, H
KT MtSHRL/SHR2 LA K [l 3L A4 45 5 4 5 vh 1 %
SEIRFNSPL. NSP2FININ. AR 8 1# #% b BAR A R

MtSHRF# 57KF, (H AT LG IIMtSHR1-GUS ) £
K, JHGRTE R E R 2 A K, HiX
T I G TNSPL. NSP2FININ. AR¥E LL_E 45
R, EHERBRH LN REEESEH LSS
MtSHR1/SHR2%& H/K P31, MtSHR1/SHR2i#—
# EWMESCR, MM 34 5% 7 2 40 i H MtSHR-
MtSCRI) & P, i3 1 9K 3 K2 J= 40 1 7 2 S AR 1) K
H . MtSHRIZ &R IA 1 LU FMISCRIFRIE, 1 H
MtSHR 7] PL45 & T MtSCRJE 5 T-AT-1 box Al Enhan-
cerff T, XL Rk — P HF 17 FIRBEAL. PR,

A EEEERE B #mgF BREERE

EpCoEnPe | PeEn_Co Ep

Bl SR SHR-SCREH pE M K J= 40 70 2 A AR T 1R e v i

(A) R85 B R A AR T AR G 3 [ b W AN AR EL R A A 2, T o SR 5 A W TR A DT (O 438 SO ARR A 4 ke
H R, RV L 2% B an i) T AR R T R 2, /i Shom HUB R R LR (PELL (), (B) U IF () M B H 7 () Z
SCRIEFIFIEMSHRE A 25 . Ep: KK Cor K En: IR, Per Hitll. A AR RSHREHEE R PERIEL; 4
TRIRSCRIENFEAN R IR N B R AR B BRI N R . R KR PR PRIk, O FRIRSHRED R BN K= (I LN
IR BRRR )R (R E )

Figure 1 The legume SHR-SCR module predetermines cortical cell identity for cell division and accommodation of rhizobia
(A) Longitudinal section of a developing Medicago truncatula nodule illustrating coordinated nodule organogenesis and rhizobial
infection, which are the two fundamental processes during legume-rhizobial nitrogen fixing symbiosis (Bracket indicates that the
majority of nodule cells originates from cortical cell division, and only these cells and the epidermal cells can be infected by
rhizobia, arrow indicates root hair, arrowheads indicate rhizobial infection threads (magenta color)); (B) Differential SCR gene
expression and SHR protein accumulation between Arabidopsis thaliana (left) and M. truncatula (right). Ep: Epidermis; Co: Cor-
tex; En: Endodermis; Pe: Pericycle. The red indicates SHR expression in pericycle; green indicates SCR expressions in the
endodermis of A. thaliana root, and the endodermis, cortex and epidermis in M. truncatula; yellow indicates SHR protein
accumulation in the endodermis of A. thaliana, and the endodermis, cortex and epidermis in M. truncatula.
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W 2 M1 = 2 T T DUEMESCRE TA 4 F7 72 FE A
7KF, X T AR B S MESHR-MSCR 41 i A B
At — SRS @2 A A e/ (Dong et al.,
2020).
Dong%%(2020) f) & I & . RHE - HR 98 18 J& A= [
BRI HE KRR . 2%, it sdEs 7R AR
Frplh o AR AR T B AR MRS TR i R A
WU B S A 4 283k T 3 BRI R AE ) B KR,
24 SHR-SCREEHR I T 56 e iE 13X 28 J 2 41 fild G
Wi 3L AR A 5 NI HEAT A 20 R s . IR, 2K
3y [e8) Y 2 AL D - R T A ] S ) R AL AL ) i AR
THEELR. EFERIBITERIN, MR A R A
AR T — YGRS Z ML R 2k, HaE TR
P f5 90 4n 4] SR AT 5 AR U8 T I A B B 0 T AN A
(Griesmann et al., 2018). E&HH {57 )SHR-SCR
BEHSRAF AR AT B 2 3 2R [ R Ak i A v e SRR
B A M 4y 2 RE ) 2L Sy T A, TR J5 LBD16
AR K B I ik — 0 4 S B AR B R A
(Schiessl et al., 2019; Soyano et al., 2019; Dong et
al., 2020). #&/j5, WKL B RIESHR (BSHR
FISCR) ] LA 5401 5 3T A1 /K Fe 5 JE ERHE IR ) )2
i3, GFRISCRJE T HAT-1 box. Enhancer
FEH A A R IE ARV R AL e, R AR R
oy ] 2 R AR B ) a8 A% D50 1k a2 T 4 (Huisman
and Geurts, 2020). [Kt, %A 700 AR I8 B e 2%
T e [ U P R A S A 0 i SRR 1
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The Legume SHR-SCR Module Predetermines Nodule
Founder Cell Identity

Chengwu Liu, Zhong Zhao

Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei 230027, China

Abstract Symbiotic nitrogen fixation between legumes and rhizobia is the most important nitrogen source for sustain-
able agriculture. As the final accommodation for rhizobia, the specialized lateral organ, root nodule, that provides the
essential microenvironments for rhizobia and its proper development, is vital for biological nitrogen fixation. Nodule de
novo organogenesis mainly initiates from cortical cell division and it is generally accepted that cortical cells of legumes
possess certain identity, which enables them to respond to and establish symbiosis with rhizobia, but the underlying
mechanisms remain unknown. Recently a team led by Ertao Wang in Centre for Excellence in Molecular Plant Science,
Chinese Academy of Science showed that the SHORTROOT-SCARECROW (SHR-SCR) module predetermines this
cortical cell identity in legumes. This study uncovers a novel molecular mechanism for nodule organogenesis, and pro-
vides important clues for an evolutionary understanding of root nodule symbiosis, which is both practically and theoreti-
cally valuable for improving nitrogen fixation efficiency in legumes and engineering nitrogen symbiosis in non-legumes.

Key words legume-rhizobial nitrogen fixing symbiosis, biological nitrogen fixation, Medicago truncatula, nodule organo-
genesis, SHR-SCR, cortical cell division
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