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I 2% A B2, S 463007

BE RFENZZESS5TAHEYRBERER. EEREDPEFERERERERN, TEREEDNAKRE. MIN21
(Medicago truncatula NODULIN 21)3:R i J& T R 45 R AR KR, DBk i 2% . AU B It (Arabidopsis
thaliana) MIN215 e NZ%, KA1E(Gossypium hirsutum) MIN213E R S HEBET 1 AEMME B0, RILKAE SR T
MEN21FE IR [P 5 e, A (7] R 5 F 45 A B Eam ARIPLNO0411; K6 F X £ PLN0041 145 #4358 [ MIN21 2 11 %5 B SR T
FEamAZ MBI R [, WA E A7 EZA R AR SRR, DB, MIN21ER (AT B P9 0 (¥ BR AL AT
WFLEE R W], AEMIN2UAES IR [, RIS, nTRETEATAEAE KR B R B oA G 77 T R 3% — e IR

SRIA R, (RPAIR, ST, MIN21, SR F A

w®EE, T, BB, EHE (2016). MiAE5EM R MIN21E R F LS B4 0. Rk 51, 515-524.

FERIR B Z I, AR B AR G SRHE TR R
. fEE R, KRR VETE T RRIA B S5 R  RR A T
IR (17 1% 5 oh it (Hohnjec et al., 2000; Sousa et
al., 2001; f{EXFIBIAERE, 2013). i B TR B,
A 45 9% H8 4 ). 1 7F (Arabidopsis  thaliana). 7K %
(Oryza sativa). i1t (Gossypium hirsutum). FK
(Zea mays). ##(Populus)#-KEFA(Pinus taeda)
SMAEELTR R, FRONFELE R R LK (Busov et
al., 2004; Ren et al., 2005; Denancé et al., 2014;
Xu, 2015), W R&ERmEEHNEMDEKRE HiL K
HE LB .

ORI R, REE R EO ARG EEM A K
KETEAEEIGE, WEEEFRMR . BEERNGH
# % (Denancé et al., 2014), FELE Y RER R
B 74K i (Denancé et al., 2014), MtN21
FR KR 592 E 75 (Medicago truncatula) NOD-
ULIN 215 R T f7 4 (Gamas et al., 1996). M
TFMEN21 5 R 550 11 444 1l 03 A A/ H08: (R i Th g
WessE . HAkENAEEREYH, MIN213 225
AR AEK RN, ATZAEKR. RS REN
IR R B R R RS, 7R I A 4 i BE (1)
TERG VI E BITE R A LA 73 Bo A AS 8 AR 11

W ks H 3H: 2015-08-25; #52 H #H: 2016-01-12

FE 1% % ¥ B 34 ] (Busov et al., 2004; Ladwig et
al., 2012; Ranocha et al., 2013; Denancé et al.,
2014; Xu, 2015).

e L E R L P E A g1 SR, K24
R B SRR R R A AR BE R TR, I3 2 R Y0
% S A% (Basra and Malik, 1984). Hife4h
R K GhNLPZ 5 i 27 4 1) R B (5K #e ik 4,
2008); T 5 — ML S = P AER T 4R § i
FEh 4y 7 %Ki (Ren et al., 2005). % TMIN21EHZ
HUA A REERTE K, T2 2RISR I, D
TEMA YR B AR P T Re e 2R . B 5L B AER]
I AEAE B2 B 3 B A Hdfs e b 1O AR A E MEN21 5%
IS REAT 08, s AR A KR B IR
B8 5E Al

1 MR5E5EE

1.1 HIEER

A 52 56 M $0L e T # 4 JE (https://www.arabidopsis.
org/)FIRENEI I MIN2 13 K751, LAMEN21 Gossy-
pium 4 < Bt 17 7 GenBank (http://www.ncbi.nim.
nih.gov/genbank/) i & % 43 2| 85 5 1 [ #5 (Gossy-
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pium raimondii) MtN21 % [A J¥ %1 (Benson et al.,
2011). ¥ PALadwing % (2012) # %€ 7 124> 1 5 7%
MIN21BE R i Fr 5 N 2 2% o A8 JURME ik 7 41
R RF AR B E BT, SUE RS K 9 his 751 o
F| F ProtParm £ 7 (http://web.expasy.org/protpa-
ram) 3 L& S 5 AR R 43 o i A S HL R RIS
. (Gasteiger et al., 2003). # X 45#{5 S MNCBI
(http://www.ncbi.nim.nih.gov/gene/) % #& & 3k BL
(Reddy et al., 2015).

1.2 EEAFFIEEX. LT RREEEN

FI H Clustal WK 4%t /7 %1l i3k 47 58 4 Lt st . F ME-
GAS5.0% M4, EiL 4l #22:(neighbor joining, NJ) %z
FEK 7 AR, 338 1 MapInspect 4k 4 2 i 4t tf,
e ERLE

1.3 BEERGHSHT

& A 4585 2l id NCBI Conserved Domain
Search (CDD, http://www.ncbi.nlm.nih.gov/Structu-
re/cdd/wrpsb.cgi)*F- & 3k H (Aron et al., 2011). @ik
Phyre 2.0 (http://www.sbg.bio.ic.ac.uk/phyre2
/html/page.cgi?id=index) (Kelley and Sternberg,
2009) #1 NetPhos 2.0 Server (http://www.cbs.dtu.
dk/services/NetPhos/)Jf: 454 TMHMM Server v.2.0
(http://www.cbs.dtu.dk/services/ TMHMMY/) (Chen et
al., 2003)F {3 OR <7 S5 AL I ) = 4E B . BEIR AL
Br R RA S i g DX A3k AT X b 43 #r . B FHWoOLF PS-
ORT 7% 7 (http://www.genscript.com/psort/wolf_psort.
html) 2k 17 25 F 51 0 48 g 5€ £ 1503l (Horton et al.,
2007), Jf iz A MultiLoc (https://abi.inf.unituebin-
gen.de/Services/MultiLoc) i 17 5 & 1 Il 3% 1iF (HOgl-
und et al., 2006).

2 ZER5iTR

21 ARG FnERSH

AT 78 HL G B T 12400 FE I MEN213E [R A1 33/ K AE
MEN21 5L K T 16 i 3R Gt R B AR Tk AT B DR &5
T (R BE1). SLadwig®(2012)3H3E (10l 5 77
BRI ARZRABL, AR 58 AR AR AN DL R T+ MEN2 13K R 5K
TR 230 43 e AN, AN AL N IV VAT

VI R2F I ILAT, SN EsRs = 250, IV
FK(LadwigZr )N I REA . BEAh, RAANETTE
PR, 3 2R H AR ZE R BT84k
MEAEFIAL M T IMIN2 1R R K 2 S/ T BT,
HEAS-6MIME T, MLFEITAt1g1 1450 IR 1L Gr-
89623471 HM & T A K oy A A2, A AEAN UL R I
MIN21FE R K i )9466-8 627 bp A&, W& K E
84-6 800 bp. HifE AL 7+ MEN2 1 (K () 4M &+
0 H AT RS

22 FeFE(r

R 4 5 5% 1 PR 2 IR ) B, A R 33N AR AE
MEIN21 BRI G ik B b, 458 (B2)%R, 334
BRIy HEAAES1. 2. 4. 5. 6. 7. 8. 9. 107
125 e ttfk b, FEEMEH6. 8. 9. 1011254
tatk b, MESE3. 11R135 Je ik b 35 Af N 2k
FSpreL VAR

2.3 FBBERRTEERITMHEENL

FIFINCBI Conserved Domain Search (CDD)fiill
MtN218 I R4 UFTF12MIN21EE
A EamA. PLN00411fIRhaT =i 5 45 kydek, #J5k5
(A, B. C. DAIE) (KI3A-E); #31£331"MtN21
A A EamARIPLNOO4 11 Fil 45 Ky 4, 4 Bl 37
FEAI(A. BRIC) (KEI4A-C), F5HIREFT 1Al 3R
AT o A6 MEN2 1555 [R] SR 1 255 LRI 35 11 2 0 R 4 )
HAUBSE MR, I IVAIVEE LLCEE F
RN, TEEVIZRU DAAG MR . e A
A PLNO0411 {55 25 My I IFIMIN21 28 T &5 L S 200N
4.79-6.56, & 171/ EamARI14~PLN00411 {# 57 &5
P IMEN21 25 1 16 55 L AT 29 8.15-9.43, & 24
EamAFI 1/ PLNO0411 £ 51 45 #4) 38 [{] MtN21 25 [ 1)
2L H 1 %) 48.92-9.65.

SR FH 270 7 1 330 AT S48 5 7 T ) & SRR B,
LR I MEN2 15 R g 8 1 3 A T R R s A
24k, A543 519 33.3%—66.7%. 8.3%—25%#!1
8.3%; MHALMEN2THE[H g fith B 11 35 LA T IE L 4
PR, FEER 43 )R 30.3%-51.5% 18.2%-
27.3%F16.1%-15.2%. HdLa] &1, LI AR
MtN21 8 E 2 AL e TR b, FF H 2wt e 7 T i i
HEAEFTE6AN FE 2 040 T e e AL T g
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Table 1 MitN21 genes in Arabidopsis and cotton surveyed in this study
Species Name GenBank accession  Protein length  pl Molecular weight (Da) Subcellular

Arabidopsis thaliana (At)  At1g11450 NP_172612 260 8.70 28532.7 Chlo
At1g01070 NP_563617 365 9.11 39809.9 Vacu
At1g25270 NP_173898 355 9.28 38575.9 Plas
At1g68170 NP_176984 356 9.23 38797.2 Vacu
At1g44800 NP_175101 370 9.48 39947.4 Plas
At4g08300 NP_192570 373 9.34 40517.0 Plas
At1g43650 NP_175030 343 9.24 37715.0 Plas
At5g64700 NP_201275 359 9.25 39752.5 Plas
At1g75500 NP_565111 389 9.16 42571.0 Plas
At3g53210 NP_566981 369 8.11 40804.8 Plas
At3g28070 NP_189446 360 9.46 39530.9 Vacu
At3g28100 NP_189449 353 9.68 38560.0 Plas

Gossypium raimondii (Gr) Gr09g66187 XP_012440994 108 4.8 12024.8 Chlo
Gr01g98090 XP_012483464 108 4.79 11943.7 Chlo
Gr089g65377 XP_012439887 371 9.49 41239.0 Plas
Gr07902450 XP_012489549 358 9.41 39336.6 Plas
Gr07902306 XP_012489325 375 9.17 41030.6 Vacu
Gr06g00281 XP_012486761 347 8.15 37631.1 Vacu
Gr06g00012 XP_012486312 348 8.97 37166.1 Plas
Gro6g99877 XP_012486123 385 9.21 42284.5 Vacu
Gr06g98291 XP_012483762 353 9.19 38489.8 Vacu
Gr05994682 XP_012479427 361 9.03 39931.4 Plas
Gr05994679 XP_012479426 346 9.39 37918.2 Plas
Gro49g93519 XP_012477875 346 9.08 38172.3 Plas
Gr04g92066 XP_012475903 351 5.79 37930.1 Nucl
Gr029g84845 XP_012466223 385 9.05 42037.5 Plas
Gr129g80961 XP_012460967 363 9.65 39961.6 Plas
Gr12980009 XP_012459521 353 8.94 38181.2 Vacu
Gr12980008 XP_012459520 369 9.19 40485.9 Nucl
Gr129g78841 XP_012458054 361 8.50 39365.3 Chlo
Gr10974610 XP_012452611 390 8.98 42451.3 Chlo
Gr10973856 XP_012451468 386 9.27 41891.2 Plas
Gr10973069 XP_012450148 384 9.52 41907.6 Plas
Gr10973068 XP_012450147 384 9.33 41943.8 Chlo
Gr10g71567 XP_012448453 377 9.32 40907.5 Chlo
Gr09g71220 XP_012448086 377 9.39 41028.9 Plas
Gr09g69647 XP_012445870 385 9.36 41619.9 Chlo
Gr09g69646 XP_012445869 385 9.41 41746.2 Plas
Gr09969000 XP_012444787 384 9.33 41683.1 Plas
Gr01968549 XP_012443967 396 9.43 43602.6 Plas
Gr09968216 XP_012443484 377 9.12 41525.5 Plas
Gr09g66102 XP_012440879 351 9.14 37804.9 Chlo
Gr08g65399 XP_012439925 389 9.51 42856.6 Plas
Gr08g62992 XP_012436446 391 8.92 42237.2 Plas
Gr08g62347 XP_012435654 90 6.56 9829.4 Chlo

Chlo: M-44A:; Plas: J5iJiE; Vacu: WA Nucl: 40 f1k%
Chlo: Chloroplast; Plas: Plasma membrane; Vacu: Tonoplast; Nucl: Nucleus
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Figure 1 The phylogenetic tree (A) and gene structure (B) of MtN21 in Arabidopsis and cotton
The number in the parenthesis represents classification by Ladwig et al. (2012)
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Figure 2 The chromosome location analysis of MtN21 in cotton
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Figure 3 The predicted conserved domains of MtN21 proteins in Arabidopsis
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Figure 4 The predicted conserved domains of MtN21 proteins in cotton
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Figure 5 The tertiary structure of 3 domains
(A) EamA domain; (B) PLN00411 domain; (C) RhaT domain
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Th4b, 523407 1Ser. F2700 Tyr 0 T E5 a
120E b (EI8B); RhaT4htdg 21754 )Ser. 553
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Figure 6 Analysis of transmembrane helices of 3 domains
(A) EamA domain; (B) PLN00411 domain; (C) RhaT domain.
The x-axis indicates the position in the amino acid sequence
starting at the N-terminal end and the y-axis indicates the
probability of residing inside of, outside of, or in the mem-
brane. Different positions relative to the membrane are coded
as follows: thin lines onside represent outside of the mem-
brane, thin lines underside represent inside of the membrane,
and solid bars represent transmembrane helices.
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Figure 7 Phosphorylation site analysis of 3 domains
(A) EamA domain; (B) PLN00411 domain; (C) RhaT domain

ARG R R I T KRR FERLE, eI
AT =2 5B RE, TiRAEMYAEKKE TR H
RAEH & EE/EH(Denancé et al., 2014). MIN21%
WGRA R R IR KL —, | ZAAET IR
¥ (Denancé et al., 2014). A% %Ki 46 1)
MEN21 5 BRI BEAT T ARG B 50 M, il — DR
W HAEMAAE KR E DR B E T HLAt .

H AT, ARSI i T I MEN 213
R R R ELFRAT A B, Hogm s & A ] 7 H6 KK
(Ladwig et al., 2012). KFEHMIN21HE K KA 17
ARG, W N5 RZE, SR I K T 5 28 AH [
(Ladwig et al., 2012). CLIJ7 56 A 6 52 4 G Al
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domains’ secondary structure
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%, BHHEABSR WM TR, RYIMIN21RE K EE
SRTEY RN AR ST (Busov et al., 2004), {H [,
HA @R AT 50 MEN271JE K 505 5 125
NRRAE TG o A, MEN2THE DR 52 B 53 (E 3 R 45
B HEA—E RSN, SN T2 NTAN

T YIMIN21 J& T 25 W) AU 1 e 32 28 138 KR,
VI SRR AN B 10124 B8 i a5 My Sk i I R A
(Denance et al., 2014). ARFFRLERER, ffLAl
g I o MN21 5 F #9 3% [F] 45 #4350 )y EamA 1 PLN-
00411, ULAMUEETFHI1ANREA 25148 9RhaT, 3Fk{k
S 45 6 3 B AT RO ARALL 2 T R G, 35 B 3 ol g
A—Le TR i #4 i, HIA 2 AN R, R
MtN21 8 [ 7 25 IR0 e 8 7 OR 57 4 5% =1 (Busov et al.,
2004). EamAZE 4] el iy 44 Y5 T % K B b U 2 R
FEHUWEmMaA (O-acetylserine and cysteine). RhtA
(threonine and homoserine)f1YdeD (cysteine, as-
paragine and glutamine)45 i) {43 BT i, X468
¥ 5 25 AR 7 1) e 3 45 4 5 (Franke et al.,

2003; Livshits et al., 2003). %45 K EMIN21E A
LAY SRk, RIEMIN21 88 B X FR 2R EamAS:
iz & H(Denancé et al., 2014). RhaT %% (rhamnose
transporter families) & 241/ 4C ¥ 7™ W) % iz i 5 e
DMT (drug/metabolite transporter superfamily)fj14
MERL —, FEIETER. FER A HARE Y
(Jack et al., 2001). PLNOO041145 #y1s5 (1y Th &g H 1y i
NG MpAE A PLNO0411 45 IR FIMEN21 &
S5 R BN TS A B2 EamA S I IR K B
W] EamAZE /I8 1 55 i R 8K

E R 7043 BN 2 FIMIN2 12 3RS T I WAT 1
(the walls are thin1)F1SIAR1 (siliques are red1). i
HHA1T MO E M A KRR, 25X
Y () VR A 2 i BE T B (Ranocha et al., 2010, 2013),
[ B T e o e 4 7K A TR N €8 T 5 AR Ui A8 S Wi
TR 58 2595 14 1 v &5 (Denancé et al., 2013); J&
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Bioinformatics Analysis of the Medicago truncatula NODULIN
21-like Gene Family in Cotton

Yuanyuan Yuan, Li Wang, Panpan Zhao, Linsong Wang*

College of Life Sciences, Henan Normal University, Xinxiang 453007, China

Abstract Nodulin genes are involved in nodulation in leguminous species. Nodulin-like genes are also found in
non-nodulating species, playing important roles during plant development. The Medicago truncatula NODULIN 21
(MtN21) family is one member of the nodulin-like gene family. However, only a few MtN21-like genes have been charac-
terized. We compared MtN21-like genes in cotton with MtN21-like genes in Arabidopsis by bioinformatics methods.
MtN21-like genes in cotton are homologous to those in Arabidopsis. MtN21-like proteins in cotton and Arabidopsis both
have the same transmembrane domains, such as EamA and PLN0O0411. In cotton, the isoelectric points are predicted to
be lower in MtN21-like proteins containing only the PLN00411 domain than those of MtN21-like proteins containing the
EamA domain. The MtN21-like proteins are predicted to localize to the plasma membrane, tonoplast, chloroplast or nu-
cleus in cotton. MtN21-like proteins in cotton have phosphorylation sites in the cytoplasmic portion of membrane.
MtN21-like proteins in cotton may be transmembrane proteins with transporter activities. They may play roles in devel-
opment and defense against pathogens in cotton.

Key words auxin, conserved domain, evolution analysis, MtN21, nodulin gene
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