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WREBRZHERNEN: GHKFSTIES L
SHE, BN REM, ERE

FE R A R A B, FIE 226019

WE AR O KA (Lotus japonicus) ML IR B2 3L R Nin 5 48 I 5L W R B 43 5% Nini) [R5 56 X (Nin-like 3k K ) T fig
W PR AT R o ST B 1) SRR A SR A5 DR 20 v SR IUNIn-like B DO F AT R G0 K B /0T FELIERN b, S BRI
FVER TS5 R 1 5 30RF, SR A M S R RE L IR o« TR LR, BT Nin-like JE R %51 . RAER H B AMY
I T LR HH AR PR (S0 RN, LR T e A2 [ R BE G &R o Nin-like LR (R 450 IR Z FEE, LFFR %
RENHTIIGER . KFEOSNLPSEEREZ W4, W RECIETIER IR FEF . NIN-like R [ 45 /IR AL VR DI e AL S AE AN TR 4
VIR S, BN AR R A T 4040 . HEIR B AR ININ-like B 1 I GAF S5 MR P A E — A S A X, =40 fisy
M R IXAN R 5 D0 R E7 R A [ 2N IN-like 25 3 09— BUR PR %, X —78 57 0] BB R ) B A AR 9 [ SR8 ) - F 46
A 1) W Nin-like 5 R 1) S e 41E T BT Ik 7 S0 %

EEIA b, ThEESME, Nin-likeFEH, RBILE, S5HH 5

KET, B, KREM, ERE (2013). HUBEZHIERIMLEL: SiHEST 5IRe0 0. #2748, 519-530.

W], Schauserss(1999)7E G RM s 71 kAR
(Lotus japonicus) % & T 45 ML I8 b1 B L 22 1 Jl Al
i FE 41 Ml 3 3l ) Nin(nodule  inception)3& [ . Bl f5,
Borisov %% (2003) 7 #i . (Pisum sativum) ™ % 5& T
NinJE A ) B & 7] 5 55 [ Sym35, L) % Schauser s
(2005)7E 8.4 T (Arabidopsis thaliana)F1/K 7 (Oryza
sativa)HE ERHEYI 250 T Nin-like [R1J8 55 4 o itk
UESENInFE PR Jg T —A> 2 HE P 505 « NIN-liked 07
15T I RWP-RK 45 # 1(PF02042) . 14CA 3 1)
PB1 45 #4 15,(SM00666 ) F11—-2/> N 7K 3 1t GAF 45 #4) 33
(PF01590). fELhfE I, RWP-RK4: K1 71 57 5 DNA
g5, PUEHENINING AR D — Fh i s K FAT A D fig
(Schauser et al., 1999, 2005); PB14% 435 11 37 & 1
J-H SR A EAE T, BL RS e A A PB4
B U B 2R 4 (Ito et al., 2001); GAF 45143,
—MAEAE TR Rt 2 RICGMPEE A I IR — IiE il
(cGMP-specific phosphodiesterases)H', 17 7E T
B ] 505 U AR OC 1) M R TR A o T 4% iR NIFA
(Aravind and Ponting, 1997). fiff 57 45 ) (Schauser et
al.,, 2005)%7~, EAKIRENInZE R e fih R T
— BT GAF S5 RS X K e 4, HEX - Bk

ok 1 0: 2012-07-27; 452 H): 2012-12-27

RFPEAE 1S T BRAR Nin 3 IR 35 55 24 M08 [l U . 4R
1M, X — RS W AR AR 2 R U A P 3 2E
S WFFLRIR, Nin-like3E RS D REAN ], (w3
REFRGEY, S S5RIENRHAK, Dt Erlhe
{EAH H R A5 & (Scheible et al., 2004; Barbulova
et al., 2007; Castaings et al., 2009). HHi, XL
REAN [FELAH 56 (1) Nin-like 3 PR 25 ¥z S 3CRE 5 T RE 43
TRIRI2E R WA 78 /AR Bl 2 ERMSE U %
HE R 41 0 2 1) 52 i) (Cannon et al., 2006; Sato et al.,
2008; Schmutz et al., 2010), #RZ&Nin w5 LA 1k
A 5 5 D e 3 A ) 45 A A0 28 T s 3 o AN S A R I
MR A 5K 43 BT Nin-like 5 PR 1) 45 #0557 50 RE
PR i S 5 D Re AL IR &R, B 76 0 Nin-like X
DAL 1) Dy RERTF S04 17 JE 2%

1 MRS57EE

1.1 HIERK

PLE BikiR (Lotus japonicus (Regel) K. Larsen)NINZE H
YE R FE Y, AEFH G 24, tBLASTNi 44 EE
BHE A3 RHSE A AE A 1 Nin-like HE K (£.1)

BB R A SRR (No.31000729). Y1754 # kL H A8 R4 4 (No.09KIB180006) A1 F il iy ¥ HIBF 5T 714l (No.BK2012062)
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R AHFUITH LRI Nin-like PR A HURE:

Table 1 The plant species and nodule inception like genes surveyed in this study

Species (Abbr.) Name Gene model GenBank accession Length (aa)
Arabidopsis thaliana (At) AINLP1 AT2G17150 Q8H111 909
AtNLP2 AT4G35270 D7MD23 963
AtNLP3 AT4G38340 Q9SVF1 767
AtNLP4 AT1G20640 D7KJ39 844
AtNLP5 AT1G76350 D7KTC4 808
AtNLP6 AT1G64530 D7KS88 841
AtNLP7 AT4G24020 D7M8Y6 959
AtNLP8 AT2G43500 D7LK24 947
AtNLP9 AT3G59580 Q9M1B0O 894
Oryza sativa (Os) OsNLP1 0s03g03900 NP_001048860 942
OsNLP2 Os04g41850 Q0JC27 936
OsNLP3 0Os01g13540 NP_001042530 938
OsNLP4 Os11g16290 ABA92484 886
OsNLP5 0s09g37710 EEE70166 865
Glycine max (Gm) GmNLP1 Glyma06g00240.1 XP_003527589 682
GmNLP2 Glyma04g00210.1 XP_003523488 744
GmNLP3 Glyma16g30180.1 XP_003548181 963
GmNLP4 Glyma09g25230.1 XP_003533182 933
GmNLP5 Glyma11g13390.1 XP_003539038 965
GmNLP6 Glyma12g05390.1 XP_003540690 946
GmNLP7 Glyma15g03220.1 XP_003546980 973
GmNLP8 Glyma20g29960.1 XP_003555384 897
GmNLP9 Glyma13g42160.1 XP_003542064 974
GmNLP10  Glyma10g37860.1 XP_003536463 883
Medicago truncatula (Mt) M{NLP1 Medtr4g092610 XP_003606812 912
MINLP2 Medtr5g106690 XP_003618108 933
MINLP3 Medtr1g126970 XP_003592270 979
MINLP4 Medtr2g120530 XP_003597538 993
Lotus japonicus (Lj) LiNIN Chr2.CM0102.250.r2.m CAB61243 878
LiNLP1 Chr1.CM0178.280.r2.m CAE30324 904
LiNLP2 Chr3.CM0106.760.r2.m CAE30325 972
LiNLP3 Chr5.CM0148.170.r2.a - 976
LiNLP4 Chr3.CM0091.230.r2.m - 985
Pisum sativum (Ps) PsNIN CAD37948 921
Selaginella moellendorfii (Sm)  SmNLP1 Gw1.3._1005.1 XP_002963404 606
SmNLP2 EstExt_Genewise1Plus.C_180498 XP_002971920 777
Physcomitrella patens (Pp) PpNLP1 EstExt_Genewise1.C_260189 XP_001757159 697
PpNLP2 EstExt_gwp_gw1.C_1280044 XP_001770664 799
PpNLP3 EstExt_Genewise1.C_2500013 XP_001779081| 697
PpNLP4 Gw1.109.16.1 XP_001769027 661

Lotus japonicusi%id >k A http://www.kazusa.or.jp/lotus/, H: 43143k Hphytozome(http://www.phytozome.net/search.php)aJGI%L
2% (http://genome.jgi-psf.org/). — GenBank ik [ 54 & th e = H N 591 .

The data of Lotus japonicus are retrieved from http://www.kazusa.or.jp/lotus/, the rest from phytozome (http://www.phytozome.
net/search.php) or JGI (http://genome.jgi-psf.org/). —: Denotes the lack of corresponding sequences.

Horr, 7 KM B 210 N ik R i DR 4 B8 P2 (nttp:// H:4x M phytozome sk JGIXUE ¢ i #2 HL (Goodstein et
www.kazusa.or.jp/lotus/)H#2H((Sato et al., 2008),  al., 2012). ItAh, A T 58 L B fg R %R A Nin-



likeXE DR (L0 5, FRATTIE AN T G Rk AR Xk 4 Bt
S INinFE X (Borisov et al., 2003). £ JLFHiFE 77
SRR BRI AR R B BT, (UK
Hllo WHRAAAEARTE 51, D) H OIS DAY . fRe 2%
TERE R RIS P 713K 5 ARNIN R (B B A R RE Y 45
Pyl 2, BI04 GAF . RWP-RKFIPB1 45 i 45, o
R A 45 A U Bl I SMART - & 3k B (Schultz
et al., 1998). I T-EHIEMINin-like3E K, FRATUH &
TIERRIE A e ST X4k iE 741, HF T
KA e AT 4 ML 2, FLG B 20 52 Ak #5004 T
ESTH# % Lk HUx 28 3L P4 (1) K 14 5 2 (Lee et al.,
2005).

1.2 FILMFBRRLZE ST

RARE I E AT Y U4 A U741
1 GAF . RWP-RKFIPB1 44 k4 18 X 3811 /7 41, il ok
Clustal X#E47 741 LL%F (Thompson et al., 1997).
SEHE L3N IR G A IR E S 4, T RO R &5 R,
SRJE A IFIX3AN LR by B — AR AR B . O T kAT
[K 45 ¥ 43 B, 48 1l PAL2NAL 72 £ (Suyama et al.,
2011), P4 K E A5 41 BT b Bl ey A T35 )
F R H B ABISRIE(ML)(Felsenstein, 1981)#ll
AB4%75(NJ)(Saitou and Nei, 1987)y % & it int 73
#HPHYML(Guindon and Gascuel, 2003)fFIMEGA
¥ (Tamura et al., 2011). MLZp 47+, 18 i ProTest
T (Abascal et al., 2005) Ak AR T R4 57 it
PES . NI T P 6 o i B 2 o S2RF I
itnon-parametric bootstrapiFfiti; 4351111 000!
500K H 3 HlTRE 73 AT 3EAT NI FTML 28 G844 242 [ 155 P A
CRE 5 5> K (50%—75%) 1 (76%—85%) Fil =
(86%—100%).

1.3 EESWIH

1 Hspidey#2£¥*(Wheelan et al., 2001) b 4= KB
JF LG 6T FOAH B (R cDNALE XS, BASkAR LR g5, R )5
F LM NS -4 U A FAAAE B . AHA0FE N
TR 0] AR R NS TR
FANZEFRME 2N H R0, MA296 € N T
B T2 MG AL I ML R 2 . W& T
AT B R 26 1 B RN 3 -4 BT IA A
ARG o AW I N A7 B RIS 1B 43 T

ABr A WM IR R R AL S5 MBS 5 IhRe i 521

WA K AT, S A BEHERR S AT 3 Rk U5
(1)) fi&(Rogozin et al., 2000).

1.4 EARSGEHESH

] ScanProsite f /7 (http://prosite.expasy.org/scan-
prosite/)(Gasteiger et al., 2005)73 4 2 (4 i L HEAL 14
(P2 A R4 . A FIWoOLF PSORTRLF (http://wolf-
psort.org/)(Horton et al., 2007)4 41 8 14 5t (1) 3. 41 Hfd
SENL . W Phyre(http://www.sbg.bio.ic.ac.uk/~phyre/)
(Kelley and Sternberg, 2009)izt 4 ] J5 £ 5 J7 92 %)
NIN-like £ [ 1) N A oy GAF 45 #3147 — 4% &5 1y 4t
#i. PL R 5 ¥ (phosphodiesterase)C & i
GAF 5 ¥y, i 14 45 1) (PDBALHY: 2ZMF; SCOPALY:
c2edsA) 4 Fiti . K ] Swiss-Pdbviewer F£ J¥ (Guex
and Peitsch, 1997)LL N B 7R 85 A =R 5 R i .

2 GRS

2.1 HEHRE

BATNTA B AP R AR 3Rk 4540 4%
NIN-like & [ 5T 7 1) FIAH W IR cDNA(R 1) LA LI
(¥ 7% (Schauser et al., 2005), FATE F HkAR &K 41
o o S T2 Bk b, B LNLP3(chr5.CMO0-148.
170.r2.a) 1 LjNLP4(chr3.CM0091.230.r2.m); 7t /K
e 5 TR 20 5000 v S 0 T 24N B i, R OsNLP4
(0s11g16290) 1 OsNLP5(0s09g37710). AW 57 {4
Fr LLRTRIF 5T o0 A8 (1) Nin-like 55 X 44 % (Schauser et
al., 2005) LAf# L4

22 RABAEE

HEBR3AN S5 48825 151 LT o FRASER X SR B A kA A\
Joi, WA SRAFKE N 2934 S L IR ik S IR R R
7EAICHRUE(Kullback and Leibler, 1951) K &ALk
R JJTT(Jones et al., 1992), Hds 5 it S 4
JG=1.258, [=0.063. LL/N37HikE(Physcomitrella
patens)NIN-like & 1 A AEHE R ML B 7 A= 5
PR (E1)INLSME —10 573.337 444. NI
A2 JLF 5 MUVE S B AR R R 30 dh 2 8, 22 0] = B AP A
THO I 23 5L B (K)o AT RGN W
(E1), i 2550 B 4 HININ-like 25 1 1 52 AT
PAG3 b 3AN s BE SCRFIRI 0 32, 43l 44 2 43 3K 1R
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100/99 [ GrakLP1
100,99 GrmhLP2 e (=
ggr [ LMINA
M[ MENLPZ -
PshLP1a T F PRy PEL g
AtWLPD & {0 JFEERRE o BREN ]
AtMLP1A T Ll
AtMLP3 & EICEERE | PET
LiNLP1 & car RERE gy PR
AtNLP A GLF ENP-RE ey PET ]
AtNLPS & ISIEN, R PE1
75155 OshLP1A S
266 g OsNLPS 4 —— =
1 91,92 AtNLP7 &
67/ AtNLPE&
OshLP3 A&
1003995 2 — WNLP3 A
m 65| LMLP3
95/99 | I GmNLPE
77/98 GrMLP10 &
10099 SrLes [ GLF ENP-RE o PE1 ]
GmhLP3 &
84,98 51789 LiNLP4 T
100506 | rGmMLPS ek PR
90/94 GriNLPE & I — -
htLP 1 i BGRE,  FAP-RE o PE1
LiMLFZ & RNP-RE S PR
MNP & SRR oy ST
| GmNLP? -
SmhLPY RN P-RE gy PET
35:93 ANLPS A r R e
100/99 AtNLPD & s ELERE g PET
1 OshLPZA e
L OsNLP4A GAF (FRP-RE gy PE1

T SmNLP2 A
SmMNLP1 &
100,99 PpNLP4

178 PRHLFS

100/99 r PprLP2

PphLRT A

h

—
0.1

B1  NIN-likeE A HIMLARZ Kk &

933 LT3 50K T 50 IMLAINJEbootstrap 71 7MH; 7332 N 75 A SCAFR e — RIRFENI T AT 3 BRI 03 3205 2 = ffaon
LD BATESTSH; 25 R (K RIS N S A afCaok B L RHME I KININ-like 8 1 507 3. A3 MG RS 2 DO R 1R 45
PR ZR

Figure 1 ML phylogenetic tree of NIN-like proteins

The numbers above branches are ML and NJ bootstrap percentages >50, respectively; Those below branches are the clade
name. “=” denote the relationships not resolved in NJ analysis; The genes with available EST sequences are indicated by trian-
gles; The stars denote the inferred early duplication events. The lowercase letter “a” represents the nitrogen fixation subclade
from legume plants. The domain organizations within each clade are depicted on the right.



Mo X—5REIL T LLATEE T4 I+ KRS F A kAR
3R )53 HT (Schauser et al., 2005). BT A [A] (42,
AT HEIRIBAN 43 S 3AT 1 FE SRR o 22343 3K
2 b, R B, SSRGS kAR, )
I SRAFMLAIND 77 G RE SCRF, $7m e AT ] RE A i
I AL, 4 SRR W e — 3. #E
Gy SRS, B R 53 21 1 [ 00 S ask A
CRE(E), RS I R SR E Y
NIN-like & PR () — YR AH S 55 DR &2 A T B T 3% /N
o

2.3 LEHERARHEY

A T IB EENIN-like 25 11 45 R sk 41 2 B e R, Al
ESMATRY- & FRICE I 4 M 25 B T f
Z: 543 B 1 NIN-like & 1 76 2L C I H A7 1/~RWP-RK
FASPBALE M3, 1 N (¥) GAF 45 4y 35 A7 5 A2k (K
1o LE53 VRGN Y, GAF S5 R ) B Ay
1-24; WRAFAE2 D GAF S5 R I, A7T-Cll () GAF 45
otk 2 3B Ak (degeneration) ), Bl % A i 2% A8 57 Bl
R, AL TN TR GAF 25 g 35 LA P A g SE R 4 i L
e, E 2N, Br sk o SRR T N
fRIGAF S5 638, T CON Y GAF 45 K s I 52 421 2% . i
TAE 58 I R 5 Bl A AR N ST B #E R BT
NIN-like & [1 {5 24 GAF 4 3k (K1), AT K H
124 GAF L i L SO SR . b i
R, AL T-CO ) GAF 45 #3808 3 5 2% .

2.4 BEESHIMEL

AT 3N 1 HE ) 53 3 1) 45 XA ) Niin-like i [X]
S BEAT T AL, R2E7R T W& T4 A
AL AT BT 45 S o ATV IR, 7133/ 43 47 (1) Nin-like
FENF, LI OSNLPSEZ &1, HAKE N

%2 MR RE(Nin-like)JE BRI TR A & TR0 FIRE L

A4 MR RN R AL S ESr 5 ohRe e 523

VTR E AR G R 3-9; 1E324 B W
P 142D NS 1, PR RN 4.440; BRI
DRI R ST-34) ) B 1B A A TR 2 TR AN TR, 29
I 23 SZIA 2104550 4 3.09. 5.44F14.924; #4142
MHE T, 751 (53%) M7 20, 564 (39% )i 2
1, 11ANB%)MINLZE2, RIERT NS AL E D
Wb Ae BRI H, TR 35 M7 IR Nin-like & [X] v
FEAE3MAF NS FHEALLE, BRI E11. 190131,
MmN AR AL E R R AR, Nin-like 1A
A CARI A 3R FE R G54, FEARXT N T RGKE /bt
I3 SC(B) e AES I, — MANAEAE AR SE I
WEFHRANE, LHENS TR, RO E197E
AN ) A 7 2 TA) R 288 At H 11 AR AT R X B — N 1)
TR B AP A (AL E 16 17F118). 7E43 321,
P B ) A 3 1) T A AE A H AN S FLRE L
I & AN o LE SN, 550 3219 A B QR A5
FAL, 7B A TN AT R B AN B R A
AT BUAN ] 1 D3 TR AE AR S (AN 47 B 12F013), 18
KB AR BT 2 [0 L S A7 31 R i A7 AE 3 H AN () B
BLA & AN

25 EARMBEMNSFIZHEMER

A7 40NIN-like &5 U A ML ENE S, FFEH
SR T A X 5 AL AIE o X6 343 32 [ININ-like B [
D REAL s BT AT, L% T 8AN D Refr A . o,
N- 5% 1t A6 (N-myristoylation) . N-F#5E4k (N-glycosy-
lation). Z& 13l CK2% % 1k (casein kinase I
phosphorylation )l [ F i CHilf B2 117 55 (protein
kinase C phosphorylation)ff-1E T BT #% 43 M7 ) £ 5
Feairh, BHZ HALEBNL. 553Dt Sk
PE A AEANR R R P, A H R 1-24 (R
4). cAMP HIcGMP A #IK) 2 1 e B35 18 A0 o7 5

Table 2 Phase and number of introns in nodule inception like genes

Clade (No. of genes)

No. of introns in each phase (%)

Total No. of introns  Mean No. of introns per gene

0 1 2
r(11) 17 14 3 34 3.09

11 (9) 22 24 3 49 5.44

Il (12) 36 18 5 59 4.92
Total (32) 75(53) 56(39) 11(8) 142 4.44
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Table 4 Distribution pattern of functional sites of nodule inception like proteins

Clades Gene name

Functional site (PROSITE ID)

Amidation site
(PS00009)

Tyrosine kinase
phosphorylation
(PS00007)

cAMP- and cGMP-dependent

protein kinase phosphorylation

(PS00004)

Cell attachment
sequence
(PS00016)

[ AINLP1
ANLP2
ANLP3
AtNLP4
AINLP5
LiNLP1
LiNIN
PsNIN
MINLP2
GmNLP1
GmNLP2
OsNLP1
OsNLP5

Il AtNLP6
AtNLP7
OsNLP3
MINLP3
GmNLP3
GmNLP4
GmNLP8
GmNLP10
LiNLP3

M ANLP8
ANLP9
OsNLP2
OsNLP4
MtNLP1
M{NLP4
GmNLP5
GmNLP6
GmNLP7
GmNLP9
LiNLP2
LiNLP4

R I o R ANATAEAR DY [ D) B AT A5

The shaded part in this table represents the presence of corresponding functional sites.

(cAMP- and cGMP-dependent protein kinase
phosphorylation))™ 2 73 i T34~ 73 S I B 41 o,
DR HIBRZ . WERZ AL AT i (amidation site) FHEK 2
1% BT 2 1147 55 (tyrosine kinase phosphorylation)
WA AGAE S R4y SN, 765 SZ I LT 58 4
= . AIIB 5 (cell attachment sequence) % AL %)
ATAEST SV 3 SN D BUF H1 v, 25y S I 58 42
= . AN ININ-like 2 1 D BEAT &9 1 2 5

R CATHEZ AR RGBS n GEsgmANm
LRI . AL, ARk, RArg-
Gly-Asp(RGD) = Jik, LA FUR BT &b -5 41 i 3 T
2 ARH EL AR T 1) 2 (4 5 P (Ruoslahti and Pierschba-
cher, 1986).

LENU I GAF & Ky sk e 1) v, R 0 52 (1
(RN 2 @) R B3 AFAE — A3 X (BI2A), I HE D
XA AR S X S5 R] R B0 KRR 10 Nin 55 R B 4 55 0 R
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A
AtNLP1 VKERLLQALS GLNEAVQ-D- FDFLVQIUVP IQ-QEGKSFL QEYS5--LAE YPHVSETYNF
AtNLP2 VKERLVQALIE GLNEEVQ-D- KDFLIQIULP IQ-QEGKNFL PKYSS--LER YFDVSVAYNF
0sNLPS VRERFDQALA YIRETQS-D- ADVLVQLUVP VHGNDGQLVL QRENS--LIQ FREVSTRYQF
0sMLP1 =D ======= =======-—- GELLVQUWVP TR-ICGDRIVL PENQR--LAN YRTVSMEYQF
AtNLP4 VTERLVQAVE HIFDYTT-A- RGSLIQLUVP VN-RGGERVL PLCOQR~--LAN YREISVNYHF
AtNLPS =-ERLVQAVT HIFDFTS-E- RGSLIQLUVP VD-RGGERVL FHCQR--LAH YREISENYQF
LIMLP1L IMEFLIPALE WIKQFNW-N- FDMLIQIUVP VP-RGDRPIL SGSEN--LAR YREISEGFQF
AtNLP3 LEERVACAMG HLQEVMG-E- RELLIQLUVP VET
MENLP2 VKERLVVAVG YLKEVTENSS MNVLIQIUVP HYLOQESSSA
PsNIN <
LININ VEERLVIAVG YLEDYTRNS- -NVLIQIUVP L YHINYLLSHN PPPOPEAAAD
GmdLP2 VEERLVIAVG YLEEYAKNS- -NLPIQVWVP E —SAPAQPQDN IYPYAAALLN GDARAFQIQE
GmLP3 VEERLVIAVG YLFKEYAFNS- -NLLIQVWVP E -SAPAQPODN -YPY-AALLN -TTSAFQFQE
AtNLP1 PADEQRMFD-~ =-= FVGLPGR VFLOKFPEWT FDVEFFRFDE YPRIKEAQHC DVRGSLALPV FERGSGICLG
RtNLP2 LAD EDSKE-=~ —=—- SVGLPGR VFLEELPEWT FDVEFFRSEE YPRIFEAEQC DVRGSLALPYV FERGEGTCLG
OsNLPS SADVASGS-- --- SPCLPGR VFIGRLPEWS FDVEYFTSYE YPRINHAQVL DVHGTMGLPV FERGNYSCLG
0sNLP1 SADESAPA-- ---DLGLPGR VFVGRVPEWT PDVEVFSTEE YPRVQHAQYF DIRGSVALPV FEPRSRACLG
AtNLP4 SAEQDDS--- -FALAGLPGR VFLGKLPEWT PDVEFFESEE YPRVHHAQDC DVEGTLAIPV FEQGSKICLG
ANLP5 STEQEDSDSS SHDLVCGLPGR VFLCEVPEUT PDVRFFENEE YPRVQHAQDC DVRCTLAIPY FEQGSQICLG
LjNLP1 SAEEDSK--- -ELVPGLPGR VFEDEVPEWT PFDVRFFRSDE YPRVEHAREF DICCTLAVPI FEQGSRTCLG
AtNLP3 AAEVGS EQ-— === LVGLPGR VFLREMPEUT FDVEFFREEE YPRIGYAREY QVPATLALPL FQGTSGNCVA
MENLP2 E—_————— [FFFPSHD YPR-HOQQQQ -YGSLLALPV FERGSGTCLG
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AtNLP2 VWEIVTITIQK -MNYPRPELDN ICKALES--- ----
0sNLP5 VIELIMTEQE -LNFTSELNT ICSALQAVNL TSTE
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AtNLPG VIEVVMTTEM -VELEPELES ICPALQAVDL RSTE
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B2 LjNLP1 [ GAFS: M35k i) — 2 4 Hyps 7
(A) GAF SR 22 Fe B LU (1 5% 355 90 % R A AE [ I S a 1) b i (23548 52 X B ); (B) LINLPA 2K 1 GAF 45 Rk 11 = L 45 R A Y
BRIE (K SRR AT B AR LINLP [ GAF Z5 M 112 i (1le 1) 122 2 (Glu156) U KA 13 - R85 X (1 15 (Arg31) F1 2% 1 (Val94).

Figure 2 Three-dimensional structural model of GAF domain in LjNLP1 protein

(A) Multiple sequence alignment of GAF domain regions; The shaded part indicates the significantly variable region occurred in
NIN-like proteins from legume plants (see the clade a in Figure 1); (B) Three-dimensional structural model of GAF domain in
LjNLP1 protein; The labelled amino acids, lle1 and Glu156, represent the starting and ending points of GAF domain in LjNLP1,
respectively, and in which, the Arg31 and Val94 represent the starting and ending points corresponding to the variable part in
legume plants.
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Clade Gene name Function Reference
| LjNIN, PsNIN, LiNIN and PsNIN involved in early stages of root nod- Schauser et al., 1999; Borisov et al.,
OsNLP1, ule formation; OsNLP1 did not rescue abortion of in- 2003; Scheible et al., 2004; Yokota
AtNLP3 fection in nin mutant plants, whereas LjNIN did; etal., 2010
AtNLP3 responsed quickly to N nutrition
Il AtNLP7 Response to N nutrition; may play a role in stomatal Castaings et al., 2009
movements and drought resistance
1l AtNLP8 Response to N nutrition Scheible et al., 2004

Je [t 3 Rl (Schauser et al., 2005), AHF5T %7 750
FEI3A B AR M (K . 53 1 15 (Medicago
truncatula)F1 1 BkAR ) AR IXFEAAN AL T X o X 4)
SR LINLP A [ GAF 45 Fa 3k A7 2o 75 [ Y5 e 45 (1412B)
KU, R T L RHE SN GAF 45 Fay a5 A% 57 [X 35,
(02— BUOR ST (R B-4T & + %% M +a-WRTE R 42, Y5 LA
Arg(R)31£]Val(V)94([€2B). 1 GIu(E)73%IGIu(E)
89 H BOU M FLNIN R ) — B & R X 8k, X — Fr BE AL
T Aa-IBNEX . AW S AR R R R RN
N GAF 45 R 38 1) A2 S sl 7 BE R O, T RECAR 11X 48
SERII TR, oA AR ] U R

2.6 11t

HE DK 2 B AE W M R AE 2 — (Horan et al.,
2005). FEWMRERES T HIEFSREE, R4
T A [5] (1 728 [R5 B LLPAT AN 5] ¥ 2 ¢ (Lespinet
etal., 2002), WY K G RHE ZAED R I, H
B T i S AR S 52 K (Niin-like) 22 3 DR 5K T (1) &5
M R DR I DG ZR o BATTI 23 i AN B
T UAHTRI A 34 AR A, HLSE T e T2 R
RGERE KRR, WU SRR S R (K1),
TE4Y 31, [ T S a i 7 A 143 S I — Ik pH o
NIN-like %5 R 1) 852 i Atk, JL )5 % 25 R T GAF 45 14
S P A S RGeS PRI LR SR A R R [ e 7 43
SR R 53— B R A S GAF k. p 23 il
HAH PININ-like 25 1 6L 5 2 GAF £t 3, 4% [ gk Ak
(1 17 249 B0 0, FRATTIA b B A7 24 GAF 45 14 18 11
NIN-like 2 A HE Lt TE .

Nin-like % K & I H 45 46 2 FEVE (R 3), B 1L
LA R T A T A A & 14 AR 2 2k (Park
etal., 2008). T A& FrlReAT M= TI6E, W& T H)

AT F R 0] B e B R (R Dy e o4k, e A1 i g ik
b Y EE Bl e 3 SO oK 22 7 (Lyneh and
Conery, 2000); 75—, 30X WEAEN & FAL
1. 19FN312 = BEOR S IV (R3), Ab T ok £ &
JIF, BWA XA K B AP ae . AN,
Jo N E 1 OsNLPSHE DA mT RS Y5 T~ J A1k s (Roy
et al., 2003)iM A e N & 1 kT, TRy Hg e
(10 3% J3 5 HE DX OSNLP 1 AT 34N W 3 1 (3K 3), 1 KR
BURHEN R H A 1] BePEAR(K(Zhu et al., 2012). —
FIN Ay, IR R RS TR H T = U A o0 R I A R R IA
(Graur and Li, 2000), {HA 5T &7~ 1 e A RE
i ik HREE A AETU AR I Dy fiE(Kong et al., 2004).
OsNLPSHNE W (L (1)1 )3 5 55 K OSNLP 1# A 1 Ay
TR S L A I ESTHE SR (K17 1970 3¢b), BAITER
18 A FE B2 45— 2P KT (Sakai et al,
2011).

FE3A ELR R, — L p 01 ) D L& E
(#5). 73 32N O ZalfILNINFIPsNIN, Thfg L5
[l S HR 988 (1) 5L 309 JE AT 5% (Schauser et al., 1999,
2005; Borisov et al., 2003), X243k Pl i v R 98 41
BRI TR B 2 S AR T8 o FE TR B 4 . 40 SCIK
OSNLPIASEERAR E KARLiNINT B fiE(Yokota et al.,
2010). /L% OsNLP15LiNINIAJ& — itk sy 52, 13
AR b . BE— DA B &R AL [ 0
AE )2 — PG RAFAE, YR T A H AT AR [ 205 ) 1
VS RE R o 43 32 (R AtNLP3BE M i WA 8 2k iR N A5
5, RULEANLPIA BAT LR [H % 6e )7, H5NJE
IR O, AT N Y& 2 PR 99 2% 1 (Scheible et
al., 2004). 7£53 3211, AINLP7I) HhfE CA VI8
AINLP753 7 7 IR R B VR Y, I 56 Wi g 12 56
R FH A DG 5 DAL (a2 50 W WS R 125 5 55 DAL ) 1 ) i
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I, AINLP7 5 AtNLP3TIRERAL, #W AR #h 4
FIR 45 (Castaings et al., 2009). 7R 1) 2, R4
2 FE DR A AN TR R kAL 23 52, P (R D Re A i o A
HUZAH R (4), BICEAIEDh g b o4 7 22t
— BT LRSS, JET T AENL P8I FY: i [ i 1R
EHHINJETE 5 (Scheible et al., 2004), H5F & 142,
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FHK(Hou et al., 2007), 7E#%/Cr&#e) X IR 5848 2
Jill 54 25 4 E148% (binding pocket) TR o FATT 1) A
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AT B ABE T -
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Evolution of the Nodule Inception-like Genes: Structural Divergence
and Functional Differentiation

Xinyu Zhu', Wansheng Lii, Chunmei Yu, Baohua Wang

School of Life Sciences, Nantong University, Nantong 226019, China

Abstract The nodule inception gene Nin is related to early stages of root nodule formation in the model plant Lotus
Japonicus. Functionally, its homologs, Nin-like genes, are also involved in N metabolism. In this study, Nin-like gene data
were retrieved from completely sequencing genomes of legume and non-legume plants for investigating phylogeny to

trace the divergence of genes and proteins and build relationships between structural divergence and functional differen-

tiation. We revealed novel Nin-like genes; previously resolved orthologous groups were recovered and their sister rela-

tionships resolved. Nin-like genes showed a diversity of structures, which supports the results of phylogenetic and func-

tional studies; OsNLP5 from Oryza sativa was found to be intronless, which probably originated from a gene retroposition

event. We found discrepancies in domain organizations and functional sites among NIN-like proteins, which indicates
possible functional differentiation. 3-D structural analysis revealed the occurrence of significant conformational changes in
GAF domains of NIN-like proteins from nodule legume plants, which could become the basis of recruitment as nodule
inception genes. Our findings will contribute to the design of further experimental studies.

Key words evolution, functional differentiation, Nin-like genes, rhizobia symbiosis, structural divergence
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