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/A% MeNOSIP 5 MeRbohD EHHY
B {EUGE A B XT AR i3 2= B e [z

g #ER, T EAE, an,
%4@‘%1’ %}éﬁ%ﬁh Ffiﬁéﬁff’é% Ekj;‘ﬁ%;l

(1R PR 0, 101 570228; 2. WF IR AR finRka 5 2524 e, g 1 570228)

W E. N T ARZE (Manihot esculenta) MeRbohD FEHUR R T AU BE, 28 7E3K 15 MeRbohD {3k HAEE
H MeNOSIP(nitric oxide synthase-interacting protein, — & L & AW LLAFEE ) B EEAE I, i RT-PCR SR
5 MeNOSIP SER Gt X 751, H-EATAEWE B0, 455K, MeNOSIP 1) CDs J¥ 3141 918 bp, Zih%
£ 305 NEIERRINZ K, 8 T AFEE 193K IR P, WA MO AE 7 F MeNOSIP 7E 2R 31k . RJHmERE
23T 2 P, MeRbohD 5 MeNOSI BEL52 HAE, MeRbohD F1 MeNOSIP 7F JA, SA, ABA 5 T 5:H1 i
Fik; ABA LbFHF, MeRbohDHI MeNOSIP R 3Rk EH—3, HEM TATATREILRIZ 5 T Hh ABA 519

PV IE P
X ##iR: MeRbohD; HAEEF; MeNOSIP; Kik 53t
FESES. S188.1;S 533;Q 344.13 XHEFRERS: A DOI: 10.15886/j.cnki.rdswxb.2020.02.007

FH W) W W k8 K 48 Ak T ( Respiratory burst oxidase homologue, Rboh) El NADPH A 1k il ( NADPH
oxidase, NOX) /& 5I#) NADPH FEALREFZ .0 FE gpo1ohr i [a] P41, ROS(Reactive Oxygen Species) fi$5
0,", Hy0,, OH 4%, F2 %2 fly JTi 5 - 1) Rboh., iz 480 £k 10 Mg A i S AR AR AL TR 8 A 400 2 i) 07 386 5% e
Rboh # B A8 45 O, A U EH B 1, 708 S ALEF AR T =4 H,0,, ROS G e A 55
S FAEB R T URSEER . Rboh 1 k7= ROS 1Y S HEE PR, 76 HE 4 1Y A K & B e BV, 415 40 i v
HIF 2R EACUHRTE . TERRIIT (Arabidopsis thaliana) W' AtRbohD F| AtRbohF & AtRbohs FEH 53
iRt R FE R, LAY AtRboh FE PN PRHFAEAR I IR KT, B 3RIK 1Y AtRbohD AR P AT, A
BEAR AL . X b aa (45 515 F b R HE R AR FHC ), AR A2 44 (PRRs) X 95 JAH G 3 T 155X
(PAMPs) ()81 3 51 ROS 1948 & B AT AtRbohD. RbohF T fg 7t K28 )7 [ W 5 RbohD B [ 1
FH©, TERARG ST atrbohd/ atrbohf X HE Z€ AR R ) ROS 5 (I, ABA 75 FH9FLICH], ROS FLR K Ca*'iil
TE () BRAR BE I 55578, FEY) NADPH AALEG 16 M 247 Ca¥', B AWM Ik . Rac 85 1 R
¥, Ca¥MyFsE$i5F) EGTA REA RPN 45 2 (Solanum tuberosum ) StRboh K 555 #J ROSY); Ca? @i 5
AtRbohD & [ N i) EF—T-VEE P45 G, s Ha (454, IATTiH 42 AtRbohD & M BERR LR Y
AtCDPKS fig if — 20 5 2 fk AtRbohD & [, M 1M 3 3f 1 1k % A9 & & U, AtBikl1(botrytis-induced
kinasel) AEREHEIR{L AtRbohD & [ I 5 343 {3 FlI4S 347 v 22 2 1R, Vs HIE %, fE i ROS MR &, [F] A
IERRIETY Ca? (5%, 2k Ca AN NI, 51 LG, Rac /& —F AT GTP BiEPEEE M, TR
ROS WJE B, 1 T 52 M 200 60 1) 4% i A6 B0 B2 AN s A W DU BE 0 o KR TP NeRaceS 5 PH 3 o £ )8 4
Rboh FEHIETES 5 H,0, BIA R, #F58 & B, 7KHE (Oryza sativa) OsRacl 5 OsRbohB 2 [ ) N ¥ H
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YEF, RIS, 4B B9 Ca? ¥k BE ) T A2 2 T RbohB AOBR TG PEAGHE =1, KAZAR (SA) . RFTR (JA)
FIVE TR (ABA) | 2 S 5P i m b ot 72, ‘e AT 3E Rboh H9FRIK MG HESE & o ARG T 41
JETE N MeJA 7J L5 AtRbohD F AtRbohF ik Tt AN ABA 7 LA B H2H) 3 Rboh AL
HIE I, 77 ROS 2R, 2 SRS 0 A 380 15 i F 0

K2 (Manihot esculenta) VEJE M = REHRZ — EEEMREIED A EY EEIEED ", KREEN
RO AEY OGR4 FREE R R AR 5 BURK, o R AR ™= i) — N EHZE R R, MY NADPH
A% T RbohD BEH O AIE SCAEAE ) 596 R E M i BAE b £ 24 58 ROS WUJE L. B i, KErh
WA HTF MeRbohD FIZEHIHGE . eI MeRbohD T EAE R 5544 T rp () EE ZLIL N 2 5 A 1 B asing
N ZAE . 2 TE AR MeRbohD 1Y B AE AL LAl b, 1) T BE 250X 5 2% 38 56 3iE J7 7 55 1iE MeRbohD i
MeNOSIP( nitric oxide synthase-interacting protein) ¥ B A/E & & ; A cDNA H 3" 1415 3] MeNOSIP 1)
CDs 75, FI A YIME B 55 000125 438 MeNOSIP & R R 1 B9 B s [RIES, 1) S 28 6 5E
PCR 738t MeNOSIP 7£ JA, SA, ABA 53 T A TH I, BT NARE LM RIS Z TR,

1 MRERE

1.1 #% B 8 S RE R (SCS), BERETE R AH109, KIGHFF 1 E. coli DH5a, B 1k RUZRAE HiAA 5k
pGADT7, pGBKT7, pGADT7-LargeT, pGBKT7-p53, pGBKT7-laminc, pGADT7-MeRbohD ] [ i B K 2
A=W IS AT RS AR A o S S e s AR

1.2 MeNOSIP EEHITEIE LIARZE SC8 1) cDNA W, H Thermo B =) £ Bl AL T A2 IL R 41 5icHfe
FEV T 5L R 4 A X 5 1 ) (primerF: ATGCCTCAGAGACACTCG/primer R: TTAAATCTTCATTGCGGC)
AT H IO EE R CDs 2 B9 438, P 3R 7 42 95 °C 3 min; 30 MEFR, 95 °C 105,58 C 10's, 72 °C 20 s;
72 °C Smin, 3P 2 pL SE4T 1% BEHRBHEER B IR . R RS9 B 45 B T TA sopE 2]
] 44 pEASY-Blunt, ALK MGAT HIIERAZ A, ik FH M e ik A BRI A /T o

1.3  MeNOSIP £4MERF 4 FIHEH M A ExPAS (http://web.expasy.org/protparam/) % 5E MeNOSIP
HEHEP B, F R (http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) ¥ MeNOSIP £ FH #E17 V.41
Jif 5 A5 T . F1) 1] MapGene2chrom( http://mg2c.iask.in/mg2¢_v2.1/) #E4T MeNOSIP 14 4% 6 4 5 157 43 B
iz [ MEGA7.0 X K2 (Manihot esculenta) . $\Fa 57 (Arabidopsis thaliana) . /KFi(Oryza sativa) . fH¥E (Nico-
tiana tomentosiformis) . T hti(Solanum lycopersicum) . 25 (Solanum tuberosum) . ELVIIRIEHR (Hevea brasi-
liensis) . EXK(Zea mays) . K3 (Hordeum vulgare) %51 NOSIP 25 H NI4T 2 75 L, A 7E NT FEALART
1.4 BRI Z3ZLGIE MeNOSIP 5 MeRbohD I EAEXFH K 1 WL EF A MeNOSIP 5 MeRbohD /&
HESHAR, E#5W MeNOSIP #7321 H# A pGBKT7-BD, 5 pGAD 4 AL AH109 Htk, A 7E
SD/TL ¥, %5 TCiRIA, sAE SD/TL, SD/TLHA il SD/TLHA+20 mg-L ' x-a-gal B -4+, 48:3F MeNOSIP
BB HBOETEYE . B pGBKT7-MeNOSIP 5 pGADT7-MeRbohD H:[al %% kB BE bk AH109., 28 °C It
K537 3 d 5, PRI VS ETT IR VS PCR, %58 PEE il o FF FH I s fE 55 % SD/TL, SD/TLHA F1 SD/TLHA+
20 mg-L™" x-a-gal B EARH, 28 °C K537 4 d J5 MESHTE A KB, Bk AR R .

1.5 MeNOSIP RIEIRA T4 KAFRJA) . KIHER(SA) . IETR (ABA) 25 3 AE LY N X 45 Fh blae T
RIEFRBERFTVEN . N THRIY MeRbohD H1 MeNOSIP J2-4523W i iX 3 R R 5 S, BUvE K2 30d
KR A AR B2 SC8 41, 43 3 TA(100 pmol-L™"), SA(2 umol-L™"), ABA(100 pmol-L™) ¥ & i 55 4b
P, PRI FEAS [F] I AT AR RNA 47 5% 5 T MeRbohD Fl MeNOSIP 3 R iA #0507 .
qRT-PCR #2/74% SYBR Premix Ex TaqTM(TaKaRa) Ut HEEAE: 95 °C TASME: 30 s; 40 MEHAUFE 95 °C 48
PE S5, 58 C iRk 30s, 72 C LA 30 s, Ubql0 FEFAVE RS IILR, 115 272l . BAFES . BATE]
M 3ANEYFER, B 3RS, 4550 A GraphPad 442K

2 HZBR5SH
2.1 MeNOSIP EFERI5ERE LIAZE SC8 Y cDNA s, FIFH MeNOSIP ifIX5 [ #5155 1 4524 900 bp


http://web.expasy.org/protparam/
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1 B R B 1), LT LA Bk AR B—, ToHi R, Fesekas, SR/ N—2 TA Fopes| i ik
pEASY-Blunt, 544k KIAHF FEZ ST . P45 SRR, %7541 918 bp, Zifi% 1 255 F 305 M4
FEFRAYZ K, 144 "N MeNOSIP(Phytozome 25 : Manes.S039100.1; GeneBank & 5%5: XM _021746786.1)
2.2 MeNOSIP ZEHRIBMUMRDH X} MeNOSIPE H i 17 B4k M 57 43 T, MeNOSIP 2 H 43 T2k
C1475H2374N4240453S 23, FHXT 70 F BT 2978 34.03%10°, S5 S 200 8.95, MLAR I i 2R (11.8%), 522
2 (9.2%) 2R (7.5%) , 2282 (72%) . FHAATESRECH 46.82, J& TAFREHE . X MeNOSIP
R AR M, B 2 AT, 18R SR K R BN -0.628, J& T /KK E . i 7l & 3 MeNOSIP
EN TN
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Fig. 2 Hydropilia analysis of MeNOSIP protein

K1 MeNOSIP PCR ¥ 1%
M: DL2000 DNA Maker; 1: MeNOSIP F3 14774 .
Fig. 1 Amplification of the full length cDNA of MeNOSIP
M: DL2000 DNA Marker; 1: PCR product of MeNOSIP.
2.3 MeNOSIPRYFEIREN  FIH Phytozome W3l T2 A2 2 L4445, 76 MapGene2chrom |73 #r
MeNOSIP Z (o fR E 37 . 45 FAn1E 3 FT7R: MeNOSIP JEPR B M AE AR ZEES 17 S ye ik b, BERA B NS
14 842 551 {2 14 844 636 gt
2.4 MeNOSIP By S # L FH MEGA 7.0 Xf A % (XM_021746786.1) , #l B I+ (AT1G61620) , 7K
(LOC4332437), ELPH IR A (LOC110661181), #H L (LOC107823767) , & /il (LOC101247881) , Eh 4% 15
(LOC102602935), F 4 (LOC1103639300), K # (AK370636.1) i) NOSIP 7& [1 & 51 #4722 41 LA i
AR, DAE 4 AT0: AR NOSIP 55 L PEAR R Y NOSIP SEZ% ¢ R IEIT, 290 92.81%, H/KF, £k
SRS R R
2.5 MeRbohD 5 MeNOSIP Z HHIIGUE  F TG A5 rhr, 5256 2H (BD-MeNOSIP+AD) F1 BH 4 %f HE (AD-
largeT+BD-p53) . BAPEXS B (AD-large T+BD-laminc) A RELE SD/TL ~F-A ¥R IE # A4, (B4 FH M
ME7E SD/TLHA VAR I E K, 7E SD/TLHA+ x-a-gal “V-AR I BBk PR VR A2 1, SEu 2 iy A KRS 5 X IR — 2K

Negative values: hydrophilic; positive values:
hydrophobicit.

_ 0 Mb Chrom17 100 —Solanum lycopersicum T

| 3 Mb N 100 \Solanum tuberosum s

L 6 Mb 65 ——— Nicotiana toment'os;'fmjmis JH R
b s iy
L12 M Hevea brasiliensis &© KEH
L 15 Mb MeNOSIP—1 Manihot esculenta ﬂ(%ﬂ&

L 18 Mb ——— Hordeumvulgare K
-21 Mb 100 | Oryza sativa IKFE

L 24 Mb u |0_02| 9 Zeamays E5P/N

B3 KE MeNOSIP YLt i

Fig.3 Chromosomal localization of the MeNOSIP gene in
cassava

K4 KRR NOSIP 25047
Fig.4 NOSIP cluster analysis
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(FE 5), LK, MeNOSIP AN EL AT H G 6 1 o 78 B U2 3 10 UE 5256 2H ( AD-MeRbohD+BD-
MeNOSIP) Xt BE7E SD/TL - L34 RE1E # AR, (A 256 2H A1 BH % XT BEZE SD/TLHA A AR, H
T£ SD/TLHA+x-a-gal ~F-H I BBk TR V& A28 W (5] 6), 553, MeNOSIP £ 15 MeRbohD & 17 7E B AH
YEH .

2.6 MeNOSIP FKEHER D T AKZE MeRbohD Fl MeNOSIP J:INTEMI YL ZE JA, SA, ABA B3 I
LR, GER AN A TA, B iR . SEEG K IR, MeRbohD YIREZE R IAMA N 3 RNl E B9i5%S, 20 0I7E JA,

1 10107107 1 107102107 1 10107107

®0 0 |®
AD+BD-MeNOSIP SIS

AD-largeT+BD-p53 @ 0 @
AD-largeT+BD-laminc

THLA THLA+x-a-gal

K5 MeNOSIP & H i A6
Fig. 5 Self-activation assay of MeNOSIP

1 10'10%10°% 1 101102103 1 10102107
AD-MeRbohD+BD-MeNOSIP f

AD-largeT+BD-p53 5
AD-largeT+BD-laminc 55

TH THLA THLA+x-a-gal

K6 MR XAACHIE MeRbohD FI MeNOSIP {1 H.AE
Fig. 6 Identification of the interaction between MeRbohD and MeNOSIP by yeast two-hybrid assays
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%z e X'z
HEls 9 g4 X g4
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Z%0s g Eh
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JA i R )/ SA i Y]/ ABA %S (i) /h

The time after inducing with JA The time after inducing with SA The time after inducing with ABA
K7 MeRbohD, MeNOSIP 32335 JA, SA Hl ABA 1753 Jm YR IK /3T
A: MeRbohD; B: MeNOSIP.
Fig. 7 Expression analysis of MeRbohD and MeNOSIP induced by JA, SA and ABA, respectively
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SA 43 30 min Jii, ABA AbFH 3 h G R F5E R 5~ 10 %5, JA AR MeNOSIP H) 3K 515 W 5.1
A4k, M MeNOSIP I HEARS 5 JA 5IRME 515 S . SA LB 1 h J5H1 ABA AL 3 h J5, MeNOSIP [
Tk LAY 4 f5. 75 ABA BES T, MeRbohD 5 MeNOSIP 3 [F it 6 35 1 45 AL /K S 3 AR — 2, HI,
=M MeRbohD Fl MeNOSIP W REAL[RI 25 T H ABA /40l i

3 ¥ i

ARZENE R I X B 2 5 MR VR, Ho a2 2024 W ae (AN PEAG 2900 . 48 (2R B0 . A in4%)
FEEA Y E (IR T-5) 6129, RIRHAEARBWGR G, YR 5 & A A PR R, A7 . ROS J2AE YY)
EBENE S0, EREARK KT AR Y00 FNOR A ) S e RN TR AR A R AR, 4
R ARZE AR BR ROS WIRE T, A Rl T RES A PRI L2 A & A . RbohD AE R ROS J7 A= 2 5 v 1% G 4 Ik
DKL, 6 A 4y el 7 336 85 B ) R b R ¥R AR T . MY Rboh R IS PR 52 21 H B AR & AR,
AtBik1, OsRacl, 7E 3k 1% MeRbohD 3 i f 3% B 1F & 1 MeNOSIP iy B fili [, AR EH e T
MeNOSIP f S FEA, 42K 918 bp, Zif 305 P2 FEH2, MeNOSIP 25 7> TN C1475H2374N40404535 23,
ARSI TR 34.03%10°, 585204 8.95, MeNOSIP FIRERF TARZE 17 SYeiA, 1 SEPHEh NOSIP
AR (92.81%) o W20 E 3 T MeNOSIP 25 A7 7E T4 -

H i, MY th A A 5T NOSIP W IRe e ditid . NOSIP /E b — AL A A B (NOS) (R &
1, 5 NOS AR AWk N —F AR K, 4HiE N Ca* i i 5 858 2 1 i AH B AR F R OS2t
1 —A LA A T (NOS) AL = A — AL A, —E AR (NOME I —Fh S s 550+, SR
(ROS) S 7 A= ol B 55 K AR A8 AL 790 36 R 20 (RNS) TS A T RE LY, 15 515 S AR AN 45 s B A v R 45
HEAMEH, ROS FI RNSIER AN HEE 2 F 2 5F S-S, M4 K, k. Hid5A ROS Fl
RNS #9774 2 0™ BE A0 . NOSIP WIZE X — i #2 rh 4 ST R 15 2 oo 4 i rh i) — S AL AR A0

ARSI e 15 5] MeRbohD F1 MeNOSIP (14w A, SR FHIFERE R0 88 2228 7 50 E T MeNOSIP
5 MeRbohD HAEEZ . MeNOSIP £ [ Tl & v T4 HL B, 411 MeRbohD 5 MeNOSIP B AE{ & 7E 4
MR b #2005 B, JA, SA, ABA BJHE5F MeNOSIP Y5 MeRbohD 1) 3% 3k it 2 & , ¢ mll J& 7E
ABA 5%~ , MeRbohD 5 MeNOSIP (3R ik i AR fb e ¥ —3%, KL, #EI MeRbohD 1 MeNOSIP T fig
K25 T H ABA /- U@ K. EMZLoc4iiE -+ NOSIP 5 NOS(—4 b & A ) B EJE 7N —4&
R, FEFL S B i b — 2 AL A S5 TP (ROS) SOV E MR (RNS)/E RS 2 (5 13k
5 S S0, [, HE7E A 2265 T2 52 % 77, RbohD 5 NOSIP. NOS = 3% 2 [al A H.1E 1 97 i Y
RNS M4, ST 5 515 S o ABFSE T B B9 EERE cDNA SCEE R Fh AR 8006 41 BUW 0 Xanthomonas
axonopodis pv. manihotis(Xam ) b FEARZE SC8 HEME J5 A4 AT B 1Y o HHEIN A 28 240 B 2 1 ) A2 = 1) 32 4k
$ 52 309 R AE Wi R D5 5 5, SR AR N — RFME S A% B TR, B0 Ca? 14 i, MAPK 113
1k, S T 4NAE I - MeRbohD A93E 74, F:2( ROS 4R %, 5 MeNOSIP HAE A ¥ g N — A AL &0 A= i
SALKH], DHIRRUTIES . ALK KL T MeNOSIP 5 MeRbohD fY ELAE H AR, 2534 N 7E A 22 40 i i
MeNOSIP 5 MeRbohD HAE, J-HEJ##% MeRbohD A4 & M, FEIM T M40 MI  ROS AYZE K,
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Verification of the Interaction Between Cassava MeNOSIP and

MeRbohD Proteins and Their Response to Exogenous Hormones

ZHAO Rui'?, FAN Ruochen', DING Kaixuan', TANG Zhijuan', WANG Honggang',

HUANG Siyuan', JIANG Lingyan', CHEN Yinhua', GENG Mengting'

(1. College of Tropical Crops, Hainan University, Haikou, Hainan 570228, China; 2. College of Life Science and Pharmacy,
Hainan University, Haikou, Hainan 570228, China)

Abstract: MeNOSIP (Nitric oxide synthase interaction protein) gene coding region sequence in cassava was
obtained by RT-PCR cloning based on the MeRbohD candidate interaction protein MeNOSIP to study the
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function of cassava MeRbohD in the disease resistance pathway. Bioinformatics analysis revealed that the CDs
sequence of MeNOSIP was 918 bp, encoding a polypeptide containing 305 amino acids, and MeNOSIP belongs
to an unstable hydrophilic protein. The subcellular localization predicted the expression of MeNOSIP on the
cell membrane. Yeast hybridization was used to verify the true interaction between MeRbohD and MeNOSIP.
MeRbohD and MeNOSIP genes were up-regulated under the induction of JA, SA, and ABA treatment, and
MeRbohD and MeNOSIP gene expression under the ABA treatment tended to be consistent, which indicated

that that they might be involved in the ABA-mediated stress resistance pathway.
Keywords: MeRbohD; interaction protein; MeNOSIP; expression analysis
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Morphology of Thuidium cymbifolium and GC-MS
Analysis of Its Volatile Compounds

QIN Xinting'*’, YANG Lin*, XU Qiongyu’, HU Xu’, WANG Xinguang'?’, ZHANG Lina'**

(1. Key Laboratory of Tropical Biological Resources of Ministry of Education, Hainan University, Haikou, Hainan 570228; 2. Center for Terrestrial
Biodiversity of the South China Sea, Hainan University, Haikou, Hainan 570228; 3. College of Life and Pharmaceutical Sciences, Hainan
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Abstract: Thuidium cymbifolium, a traditional medicine, was collected from Limu Mountain in Hainan to
observe its morphology and analyze its volatile composition. Its morphology was compared with that of its 4
relatives and varieties to find out their morphological difference, and its volatile compounds was extracted by
using accelerated solvent extraction (ASE) with petroleum ether as solvent and then analyzed by using gas
chromatography-mass spectrometry (GC-MS). The analysis showed that the volatile compounds of T.
cymbifolium were identified to contain 31 constituents, accounting for 91.1% of the total chemical composition.
The main constituents were esters (25.48%), terpenes (22.64%), ketones (20.64%) and sterols (10.61%),
including butyl butyrate (18.96%), 4-heptanone (10.90%), squalene (10.75%) and 4-heptanone,3-methyl
(9.74%).

Keywords: Thuidium cymbifolium; morphological characteristics; volatile constituents; GC-MS
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