TR EFR(NEERR), 2020 45, 25 18 45, 2 34 k4, 56 1-12 7L

W e
Reaserch Report

KA NRL Fik K 5 ) 4 2k R 20 48 0 5 ARV B 0t

BARHEE PRI E2AE skREs ZOCHE S
bR A B BOR B, 1, 200240
*JH{5/EH, wenguo.cai@sjtu.edu.cn

f E NRL (NPH3/RPT2-Like)#E K 5 A2 ) P ke S A8 IO B R 5 AR US40 T NRL BRI X e 2 5
1) 6 B 1) NPH3 (NONPHOTOTROPIC HYPOCOTYL3)#1 RPT2 (ROOT PHOTOTROPISM2)#i 44« A
WAL FH ARS8 25 0510228 52 1) 27 A/KFE NRL ZE [, AR 7ERR 10 5 Gk o ge ek b, [F] i e R & ] 53
et 2RI, 4 BE IR 5 i B B il L o DE A M AE /KRS NRL JE DR R edr gk e S8 K AOVE R R B 01 i
T BN REAT I R G R 04T, B 192 A NRL JERIF R 20 A 6 MAE 4. /KA NRL 5
(G5 FRFIE AT B 2808 01 5 NRL 5 R 500 1 RFAE 45 35, T2 T~ RNA-Seq AN 71 H04 1) 205 7
T4t FR W, /KRG NRL SRR TE AN ZIRIE, [R50 B KR i AL A2 R is . A FOnt K g
NRL 3 K ST 4 58 R A3 AT, Didt— 20k 78 /KR8 NRL LR S5 M DhRESR Bt T — & 225 Ak .

FEEE KRS, NRL, 2R R, EME B2

Genome-wide Identification and Bioinformatics Analysis of NRL Gene
Family in Rice

Hu Yangyang Sun Linlin Wang Duoxiang Zhang Dabing Cai Wenguo "
School of Life Sciences and Biotechnology, Shanghai Jiaotong University, Shanghai, 200240

* Corresponding author, wenguo.cai@sjtu.edu.cn

DOLI: 10.5376/mpb.cn.2020.18.0034

Abstract NRL (NPH3/RPT2-Like) gene family is plant-specific and it is named after its two members in
Arabidopsis, NPH3 (NONPHOTOTROPIC HYPOCOTYL 3) and RPT2 (ROOT PHOTOTROPISM 2), which are
involved in phototropism. In this study, we identified 27 rice NRL genes distributed on 12chromosomes except
chromosome 10 with bioinformatic analysis. Gene duplication analysis revealed that whole genome duplication
(WGD)/segmental duplication played a more vital role than tandem duplication in rice NRL gene family expansions.
A total of 192 NRL gene family members from seven species were identified and subsequently they were divided into
six groups in phylogenetic relationship analysis. Structural feature analysis showed that most members of rice NRL
gene family contained specific domains of NRL family. Furthermore, based on RNA-Seq data and microarray data,
expression analysis showed that rice NRL family genes were expressed in several tissues and some genes displayed
higher expression in leaves, inflorescence and anther. Identification and analysis were conducted in NRL gene family
from rice and these results provided some reference-able message for further functional research.
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(R0 K B BE RN 7 ) 5 5 THI (%) A8 A 3 A T e 2 87 2,
i — AR e, B B A
A ) B0 5 R E 7 R DG IR S B R (Holland et al.,
2009). #LEFIT A6 2 PHOT1 (PHOTOTROPINT) Al
PHOT2 (PHOTOTROPIN2)Z: 5 14z [ ¢ M L 1 ¢4k
1880 AALTFI A R 5 A 55 A BRVE Bl (Christie
et al., 2015). #1747 NPH3 (NONPHOTOTROPIC
HYPOCOTYL3)#il RPT2 (ROOT PHOTOTROPISM2)
FE D GIEERIA TASAR 1) 73 T8 i gl 2 e, iFAR
F W] NPH3 Fl RPT2 £ 5 DGR AN S 61
IH A fei R RS2 A2 3% [RI RPT2 th7EM-4ikiz sl rh
& ¥ AE H (Christie et al., 2015, Suetsugu et al., 2016,
Christie et al., 2018, ). l# 7~ NPH3 5 RPT2 [A]j&—
ANFEAEY) F 0 A7 E ) NRL (NPH3/RPH2-Like) K 1% »
H GRS 7 B = AR S5 K9 48: N 2 ) BTB
(Broad complex, tramtrack, and brica brac) 4t #3, C
Uiy [ 2 1 W e 45 A g, LA R P TA] ) NPH3 45 44 33
(Motchoulski and Liscum, 1999, Sakai et al., 2000, Lis-
cum et al., 2014), NPH3 £5 #4352 NRL F K] 55 ik
LA I, T ER S NRL F R 5 R 52 Bk N3 )
BTB 45 #4388k C ity ()46 815 45 #4938 (Pedmale et al.,
2010). 7E NRL & [K F M = AMRFAE S5 3938 1) T et 9t
& LN i [ BTB 253k 2 5 B3 12 R iEH:
CRL3NPH3 41 5 1t photl iz & X, C ¥y 1945 Hh &5
#4125 NPH3 5 photl [A]) & H HAE, I NPH3 £5#445
H1 3 BE 1 A A W 5T fik i  (Motchoulski and Liscum,
1999, Roberts et al., 2011).

LR IF & 5 B HF NPH3.RPT2 76 A 1 33 4
NRL R RO, H g A & FRAE LA NPH3 Al
RPT2 AARE N2 5 W) ) S i 87 55 A2 217 3 (1)
6 [l P (Pedmale et al., 2010). AtNRL3I (AtNCHI/
AtSRIPI) Z 5K A K R AR Rz 3, [F)
Nt A2 AR A e 928 R 1) IE U 4% Kl F- (Zhang et al., 2014,
Suetsugu et al., 2016). A:NRL6 (AtNYP2)-AtNRL7
(AtNYP4)~AtNRL20 (AtMAB4/ENP/NPY I)~AtNRL21
(AtNYPS) A1 AtNRL30 (AtNYP3){E 5 AGC ¥ I
(CAMP 18 61 5 BB A, cGMP 44 i 1 28 13 4 filg
G R IR AR5 0 2 (1 Bl ©) B [F) R 2 2 B R AR FIAR
(1) 1a) 3 A AR K s i T AR TE DI RE TR
(Cheng et al., 2008, Li et al., 2011). AtNRLS (AtSETHG6)
Z 5iR¥E1ek A K ATER & K, T AtNRL23 (AD-
oT3) 5 M BkEE TR R I 48 R K E L&
£ 58 K B A 5% (Lalanne et al., 2004, Petricka et al.,

2008). XfKFEH AeNPH3 B RIJEEE ] CPTT (COL-
EOPTILE PHOTOTROPISM 1)#ff ¢ & W, CPT1 /&
{140 VS 23 80 i) o' P S ol A 3 et A K R ) s B N o =
(A K 20 A1 S BRI (Haga et al., 2005). /KBS WINI
(WINDING 1)t R IEf5, 2t B e R 2 Ak
KRR B A, ARt i A= A& 28 A 1 i il 741
AR ER A, [FIN I FRIE WINT A sz ) e vk
## i (Cheng et al., 2017). 7 Hh 55 Fh M82 )& T
NRL 2 K Z i 1) SIBTBS 1EAR e & 3R 1A I 52 Ak
IR FRIE TN, 5% NRL 5 K K%
FSCOR SeNRIT W) 5 By 4% 28 I % 093 51 2 1) R AP0 e 2 v
1 BUR R 1, 2 5 ) 9% 1 2 (Yang et al., 2016,
Lietal., 2018). AJ W, NRL J& K 5 e i 51 )12 i &
SRR R B RIS IR R, SR, %122 DR 5K R
SRR BT IR A Hh i 2 DR SR A R Bh RE BT
HFFRN -

H A% T NRL 2 R 5B Fi ikt b , AAE A
A ST HA AR DCHRIE , T KRG NRL 26 PR S0 (1) 4
DRI ZH 73 #r A WAH SGHRIE o« ASTF 92 i 4 SR A3 7K 78 NRL
BRI S5 R, IR A0S 822 0547 3 b, itk
— W FLOKAE NRL 2 R S8 225 A i

1ER50%H

1.17k%8 NRL EEFHEHEE

EAHEFLH, FF A BLAST 1 HMMER %
MrJ5ik, 3R45 30 N/KAE NRL FKEHE K, Ffaat
NCBI 7£ £k T. H. Batch CD-Search (https://www.ncbi.
nlm.nih.gov/cdd/), SMART (http://smart.embl-heidelb-
erg.de/) LA )% Pfam (http://pfam.xfam.org/) X 3K 45 [ Tl
DI 7K ARG NRL %28 RIgEAT i e , %5 5E 3] 27 N /KF
NRL FKJEEK, Jffir % 4 OsNRLI~OsNRL27 (£ 1).
JKAE NRL KIS 2w i5 X K FEAE 924 bp £ 2289 bp
Z )53 A, BT AN LA 307~762 Ja A, Titill
(8 T 7 7 8 K /INTE 31.37~80.62 kD 2 [], it
S5 HLUR/ME 4.66~10.21 2 [A] . 7KF% NRL 2 R 5Kk
FSC G A TN 7 AN 200 P S 24 ol 4 B A L AR L o
SRR P T X S i N AL B b 11 S NRL
7 PR S50 18 3 A T o A AE A B A% 5 6 ) NRL it
AT 25 5 3 A PN 5 7 76 40 R 1

1.27k#E NRL EREREHLEES HFIER S HI 4

MK FE L R 4 #0472 RGAP (Rice genome anno-
tation project) (http://rice.plantbiology.msu.edu/) 3k 15
JKFE NRL FedE A (1) 7 B AS S, A H TBtools 4
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Table 1 Information of NRL family genes in rice

ek HH ID ISR EHER K SrFE(KD) FHA EEEM TN
Gene name Gene ID Length of CDS  Amino acid sequence length MW (kD) pl Predicted protein location
OsNRLI LOC 0s01g08130 924 307 31.37 7.58  Jifk
Plastid
OsNRL2 LOC 0s01g57230 1980 659 70.63 533 dEMNE K
Peroxisome
OsNRL3 LOC 0s02g35970 2289 762 80.62 773 AR
Cytomembrane
OsNRL4 LOC_0s02g38120 1962 653 69.62 7.04 A%
Nucleus
OsNRL5 ~ LOC_0s03g10800 1818 605 66.66 831 iM%
Nucleus
OsNRL6 ~ LOC_0s03g10880 1881 626 68.03 8.2 S A%
Nucleus
OsNRL7 ~ LOC_0s03g22600 2016 671 71.52 922 Rtk
Plastid
OsNRL8 ~ LOC_0s03g41350 1905 634 69.53 651 A
Nucleus
OsNRL9 ~ LOC_0s03g43990 1875 624 69.53 7.07 Bk
Plastid
OsNRLI0  LOC_0s03g52880 2 004 667 72.93 6.17 AR
Nucleus
OsNRLII  LOC 0s03g55830 2052 683 74.63 591 iz
Nucleus
OsNRLI2  LOC_0s04g40100 1884 627 66.34 9.57 iR
Cytomembrane
OsNRLI3  LOC Os04g54400 1935 644 70.04 4.66  HHffufE
Cytomembrane
OsNRLI4  LOC Os04g57800 1701 566 61.74 8.42  ZHAUAR
Cytomembrane
OsNRLI5  LOC 0s05g08530 1506 501 51.33 1021 ZHpafE
Cytomembrane
OsNRLI6  LOC Os06g08550 1935 644 70.02 597 AWM
Endoplasm
OsNRLI7  LOC 0Os07g36230 1707 568 60.01 8.08  ZHAuAR
Cytomembrane
OsNRLI8  LOC_0s07g39530 2166 721 78.42 6.89 A%
Nucleus
OsNRL19  LOC_0s08g03650 1926 641 71.31 638 A
Nucleus
OsNRL20  LOC_0s09g09370 1764 587 63.96 755 4R
Cytoplasm
OsNRL21 ~ LOC_0s09g25330 1857 618 68.33 829 UM%
Nucleus
OsNRL22  LOC_Osl11g02610 1716 571 60.54 821  ZHHuiZ

Nucleus
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Contiuning table 1
ik £ ID XA EIERF I TEKD)  SFERA I E AT
Gene name Gene ID Length of CDS  Amino acid sequence length MW (kD) pl Predicted protein location
OsNRL23  LOC_Os11g02620 1932 643 70.89 6.51 Jii A
Plastid
OsNRL24  LOC 0s12g02530 1716 571 60.68 8.47 A
Nucleus
OsNRL25  LOC 0s12g02540 1956 651 71.85 6.74 itk
Plastid
OsNRL26 ~ LOC Os12g39380 1917 638 69.63 526 RN
Endoplasm
OsNRL27  LOC_Osl2g41910 1953 650 72.09 585 4T - 4HAuAX

Cytoplasm-nucleus

il 7K FE NRL 5 i 55 [R] 1 e e 4k o0 A B (B 1) 27 A
JKFE NRL 5% M 5 PR AN 35 5 Hb 73 A 72 R 26 10 5 %
RSN KRG Gk b, Horp 3 S ek A
NRL K& %2, HH 7 NMEEEAME 3 55k
F, 0 5.6 F1 8 S gLtk F 4yl A — A NRL &
BRI 73 Afi o

FIF MCScanX At X 7K F8 £ 196 52 1) 44 A0 4=
DR 2H S B BeE A AT A, R 7 AR
[R5 il F 4 A B AE KRS NRL JE R e, 5 2 A
FR DS T SR A 5 A 4 2 DR A R A B8 B S A
(F 1; 3 2)0 ZEHXT OsNRL22~0sNRL23 A1 OsNRL24~
OsNRL25 &SRB, B KX OsNRLI~OsNRL15-
OsNRL4~OsNRLI2+OsNRL22~OsNRL24~ OsNRL26~
OsNRLS8 1 OsNRL27~0sNRL9 &4 3L K 4 & il 58
Bt E #l . 1 F DnaSP 6.0 #4F 1+ 5 3 K & 1] %t i1
Ka/Ks {8 LA P 5 7K f5 NRL K 32 4k 1 3K 55 77 .
Ka/Ks >1 B IF % %, Ka/Ks<1 BJ 4k i% £ , Ka/Ks=1
R FR i . KRS NRL 536 R o A7 78 8 R 52 1l
14 1 22 IR X6 1) Ka/Ks {E7E 0.107 0~0.546 5 2 [8], &
B AR AL I A% o 52 B4R 3 (R 2).

1.3 k% NRL EE Rk Z S HL X RO

Tt T MK NRL R BH 5 1, MAE 2 B4
J%£ Phytozome (https://phytozome.jgi.doe.gov/pz/portal.
html) FR1F XTI AE ) $0 R I i 4 S 35 60, B A
PR KEE RN RS 74, 40 ) %0 31 33
24.27.31.26 F1 24 > NRL £ KA, 3T &
G R R HT(E] 2). 5 H BoR, B/ MM T NRL %
RFWBIEE 192 A, 7T 754 (Group T ~VI),
Iy AIAT 8.23.42.39.54 H126 INEL A . Group VI
OsNRL3 (0sCPT1)'5 AtNPH3 72 [RIURIE, 5 2 /i 1)

RiE — % (Haga et al., 2005). 7E Group VI, K KAl
i o A A5 OsNRL3 (0sCPTI)F1 AtNPH3
AR RAHIE IR, B Zm00001d004440 Zm000-
01d016898~Solyc01g105680 F1 Solyc 10047530, 1fij K
7 RSN BRI & 3 0 R HORV U6Hr1G0154-
80~Bradi3g46480 1 VIT 2035003800270 #& OsNRL3
(0OsCPTHAN AtNPH3 B [FYRFE (K] 2). £ Group IV
W, OsNRL22OsNRL24 UL} Zm00001d005051 Zm-
000014023314 #& AtRPT2 WI[RIYRFEA, T ARPT2 1
K F R 2 i R T R R IR S R ) )
HORV U4Hr1G023260-~ Bradi4g25900- Solyc07g043130
I VIT_20650004g08230. Group V H &4 54 4~ NRL
FERI G 7L & NRL 3 [R5 il A e %2 16 40 4.
T 400 e T A K FE 3 A 8 A NRL 22 PR 50 A 5 7 1%
Hrp, HA AtNRL6A(NRL7-AtNRL20-AtNRL21 I
AtNRL30 17 {E I fi£ JU 43 (Cheng et al., 2008, Li et
al., 2011).

1.4 /K& NRL RIEEREEHIRTFEF 2

XF7KAE NRL ZBREE R G5 7 SR o, 17 A
/KR8 NRL K GEF N5 4 MMNEFF 3 AR E T
W OsNRLI18OsNRL7~OsNRL11 1 OsNRL20,5 1>7K
& NRL KRB A 3 ANMME T8 2 NN &, B
OsNRL10~OsNRL14~OsNRL17-~OsNRL22 1 OsNRL-
24,2 N JKFE NRL KGR A S 5 MM EFH 4 4
WET B OsNRL3 F1 OsNRL6, fi OsNRLIS &H 24
SRRTFLANWE T, OsNRLT REE 1 ANMNE T,
OsNRL20 S5 AN FIN & T E &, 56 6 4~
SNEFR S ANEF(E 3B). #E— P HIR TR
Mrés IR, 280K NRL KRR A5 14~15 4
PR3 7 (B 3C). BTB 45 M3 TN B N 3 1R 58 2.
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Figure 1 Chromosomal distribution and gene duplications of OsNRLs

Note: The length of chromosome is scaled in Megabase; Whole genome duplication (WGD)/segmental duplication gene pairs are

linked by a red line; Tandem duplication gene pairs are marked with asterisks

4706 FEFPLAR, 55 1.3.5.7.104 11 F1 14 354 13
WIZH A NPH3 ZE R4k, T C i R 56 13 2863 4 Tl 44
F s R e 45 M3 . 27 /N 7K 8 NRL FR R #8 & FH
NPH3 £5#35, 2 M/ N 3 i) BTB 45 #4938, 10 />
Bl C i A IR e 45 M4k . BTB S5 4 38R 45 i 12
RSB 2 5 R A AR, SRR — AT BE
SN 5 VAR B € B ROA EAE A, T NPH3 4%
W B AR R A f5 i3t — 2P W 9T (Motchoulski and
Liscum, 1999, Inada et al., 2004, Roberts et al., 2011).

1.5 7k & NRL EEREHRE S

T HE—20  MT KRG NRL 50 2 R 7R AN [R) 45
ZUR RIS RFAE,  FRATT ARG 3 (R 4 208 72 RGAP
(http://rice.plantbiology.msu.edu/) K43 /KFE+AA A
HLU RNA-Seq Fidli, Hx0I7KFE NRL Fg AL 1) 2%
EHARAE R IR R (K 4). B3RP, KAE NRL
FIGFHEAEA [ KRG AL 2 R A A A2 B 3R
R TR Rl Loy IUZE, 55— B 5E P04
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Figure 2 Phylogenetic relationship of NRL gene family in rice, maize, barely, Brachypodium Arabidopsis, grape and tomato

Note: Neighbor-joining tree is constructed using MEGA 7.0 with 1000 bootstrap replicates; Rice, mazie, barely and Brachypodium are
marked with red squares, black stars, green circles and cyan triangles; Arabidopis, grape and tomato are marked with magenta trian-
gles, orange stars and blue cirlces

Bl OsNRL7~OsNRL8~OsNRLI14~OsNRL16~OsNRLI17- H1 OsNRL26 W15 B & KL=, OsNRL20
OsNRL19 F1 OsNRL21 fEHFERT AL 7 FIMERS i MBI EMAF P ER S RE. F=4HH MW
FKik, HH OsNRL7 F1 OsNRL14 TE32HK JG 5 KEIFT  OsNRL6~OsNRL12-OsNRL22 F1 OsNRL24 1E J H
FHFRIAEWE . FH AT 13 KR NRL Kk mRkiA, MV OsNRL2\OsNRL13 F1 OsNR-
FERFERBERT A7 3R I8, HoHH OsNRL23-OsNRL25  L18 TEHBE G AL P e 25 h Rk . [EAHERET
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R 2 7KRE NRL 0 B il 2 A X ) Ka/Ks 6
Table 2 Ka/Ks values for duplication gene pairs of NRL family in rice

HE T FET Ka/Ks {8 =Rt alifh ik
Gene | Gene [ Value of Ka/Ks Duplication type Purifying selection
OsNRL22 OsNRL23 0.424 0 £ 1B 2 ) b
Tandem duplication Yes
OsNRL24 OsNRL25 0.460 2 £ 1B 2 1) 2
Tandem duplication Yes
OsNRLI OsNRLIS 0.546 5 A5 R 2H 5 ) B B R &
WGD or segmental duplication Yes
OsNRL4 OsNRLI2 0.504 2 A B[R 2H 5 B B &
WGD or segmental duplication Yes
OsNRL22 OsNRL24 02189 4 LRI 4H 5 B B AR o &
WGD or segmental duplication Yes
OsNRL26 OsNRLS 0.107 0 4 LRI 4H 5 By B AR o &
WGD or segmental duplication Yes
OsNRL27 OsNRL9 0.1274 4 LRI 4H 5 By B o &
WGD or segmental duplication Yes
A B C i
OsNRL18 - —— DS —8——o— I ——— -, Moti
T M ——— - R Seeeeme Si
: — — R ——
OsNRL17 e Intron -l-.—.g_ e
i S8 ey - - — e — — Motif 7
OsNRL6 - : Molif 10
OsNRL23 e : — Al — 8T — — —e
OsNRL25 —_— - R N e ™ — i
OsNRL22 - - o alpn il ol s Bl = Motif 1
— - = —
(sNRI.24 - - S o Motif 8
OWREIE b e —— - — = — i)
OsNRL10 s i - 48— gE—mm—m— 0 M“ !f
OsNRL2 —i — -SSR - Mzi;f?l
OsNRL13 —-—— - i el el m Motif 14
sipg e =2 — - aE— — - — — S Moiif 15
OsNRL27 = s 15 -5 SIS -
OSNRLO Al | =il - - —
L] OsNRI.20 S — S-S —S— N mEm—
OsNRL12 - e - - — - —
OsNRL4 - —— -850 — S8 —mamt——
OsNRL26 ————— S——— e mE——
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OsNRL21 e — - e - e ——
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OsNRLIS —_— —_—— = —
OsNRLI ' —_—— g
OsNRL3 ——— - . i —E- 500 u—
T2 3 4 5 6 7T 0700 200 300 200 300 600 700 800(aa)

P 3 7KHE NRL SR, 5 5 G5k A0 £R S35 17 20 B

TE: A ZKHE NRL ZAEAR; B: 7KAH NRL S0 R 2544 73 #; C: /K8 NRL ZB LR <14 17 43

Figure 3 Phylogenetic tree, exon - intron structures and conserved motif analysis of NRL gene family in rice

Note: A: Phylogenetic tree of NRL family in rice; B: exon-intron structures analysis of NRL family in rice; C: Conserved motif analysis

of NRL family in rice

F&, — S HIFE R, B0 OsNRL22 A1 OsNRL24, #54) ) FH B 1) 54 X 7K R NRL 288 R 5 e ) 4
TEFR—ANEAF, WER—Se B R sl B ) R4 53 ) i F B A 1) 356 R ) AR s TG A2 o) 35 TR ) 1) %
J5 BRI R A AH [R] SRR AU Rk 4% 7 A B AR AT 0T, e OsNRL T F OsNRL15.0sNRL27
TR I, X R ISR RIEIAT N OsNRLY P 4LIE DR X R B b 35 4 R IE B RN
2R BT o ST 5)e OsNRL22 1 OsNRL23~OsNRL24 F1 Os-
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Figure 4 Expression of OsNRLs in different tissues and developmental stages
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Figure 5 Expression patterns of duplication gene pairs of NRL family in rice
Note: The X-axis represents developmental stages of rice; The Y-axis represents the raw expression values obtained from the microar-
ray data (GSE21396); 1~6: Leaf blade; 7~10: Leaf sheath; 11~14: Root; 15~18: Stem; 19~21: Inflorescence; 22~25: Anther; 26~28:
Pistil; 29~31: Lemma; 32~34: Palea; 35~38: Ovary; 39~43: Embryo; 44~48: Endosperm; The matching Information between rice de-

velopmental stages and serial numbers obtains from the microarray data (GSE21396)
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