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Advances on the Biological Function of Major Latex

Proteins(MLPs) in Plants

YU Dan, WANG Yan
(School of Life Science and Technology, Xinjiang University, Urumqi Xinjiang 830017, China)

Abstract : Major latex proteins(MLPs) are a type of plant-specific proteins that primarily exist in dicotyledonous
and some monocotyledonous plants. They play important roles in plant growth and development, as well as in
defense against biotic and abiotic stresses. This article discusses the spatial structure, biological functions, and
mechanisms of action of MLPs, providing references for further understanding of MLP family members and their

applications in crop improvement.
Key words : major latex proteins; growth and development; biotic stress; abiotic stress; functional mechanism
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FR 4 51 U X AR 1 250 70T, MLP S TBet v F G (F1) . B FRGE W EmtE, 0758
Z5°H15~18 kDa. Bet vIMBEIEM A Z , 53 AW , R FEAHCEH FIPR10 (Pathogenesis Related 10,
PR10) | 40/ 2 45 5 1 (Cytokinin-Specific Binding Proteins, CSBP) . MLP . BEFMEEFS I | (S)-5
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TEGRHEY R R IR, I ELAEEE 45 B 403 202 1 . MLPs/&Bet v F RIS — KEW , SR ZEUR,
BERE T ARAGE R TR, BRTE A 1219 Bet v AWM, P a3 MLPR G . KB
N, MLPZ 5 THEPNARKET EXTT5 3 SE A EARAmR (R1) . ARSCRMLPsIIS5H | M4
Titie XL A T A
1  MLPsZEHHHE

A g e e HIhRE . MLPsHY = Z4E 45 H 1k
FE20094F- 4% %5 7E , Ly tle S8 A1 FHAZ W AR TN XS4 A ik
17 51 X420 JF H AtMLP28F1At1g24000. 1E17 T 4544
fitr (K2) 02 AtMLP28 131> ol iEF64 s E )
B, T At1g24000 1A 54 6418 , RIIRFMLPS;
M ZAFTE2E R, Chot 55 F XSk ARG S b 1
ANZ (Panaz ginseng) MLP151 (GLP) g5y, &
E 3R TE T P B A ). RAEMLPEK %
BB A ) P AN AR R (26.7%~44.8%) 4, (HE
1A BEWCALG = ZE 254, B SR ) i 34 o2,
JEFN5~TA~ B ETE B Bet v145H4 .
1.1 BRKpz

MLPsZ 4 fi i 2 19 R fiE (2 B B 5 1 Y RL g
TKIE , FH R A a3 BRBEFN & I AL LA pr & 2,
FH TIZB K IR ) 2 A 0 K M | I MLPsTE
F Y v n] BE T I 5 A OB K A A e R AE
. DLHAG M Bet v145 ) A9 48R IF AtMLP423 K
i, MLPBKIEA 3N AL, — A OTEE & H &R
W5 alFa2iEBAL ], 10 55 AN A EALF 3Bl )
(E2) . ANFRIMLPsHi KRR 2T 8K, X & Fa3¥rE iy m KA, & A KA IFAtMLP28
HIaS ERFR IR B KR T I KA S GLP R RE (Actinidia chinensis) WJActd1103), Hrp | BBk e 2 k)
R HMLPsA] 5 5 s IS 2 SIE N G, il AR BTz i 2 LA B, AT B 475 e ol

F 1 MLPRIEH R &IEE

Dicot PR-10

Conifer PR-10

Monocot PR-10 type II

Monocot PR-10 type I
CSBP

(S)-Norcoclaurine synthases

— Plant polyketide cyclase-like

L Major latex proteins/ripening-related proteins
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Bacterial polyketide cyclase/Bet v 1 subfamily
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0 MERW KB (Salicylic Acid, SA) . Bi7&M2 (Abscisic Acid, ABA). Z/ (Ethylene, ET) . AR (Methyl
Jasmonate, MeJA) . 78 ZE (Gibberellin, GAs); flFIT (Arabidopsis thaliana) . M3 (Brassica rapa) . L (Capsicum
annuum) ,EI3E (Beta vulgaris) . % ( Vitis vinifera) . 35K ( Cucumis sativus) . VEEH ( Cucurbita pepo) | FliHiki ( Gossypium
hirsutum) . K& (Glycine maz) . /NZ ( Triticum aestivum) . REMH ( Nicotiana benthamiana) . #H¥E ( Nicotiana tabacum)
N2 (Panaz ginseng) . & (Morus alba) . SEH (Malus pumila)
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MLPs5 NG RF AT EE4E 02 B30 & & H A MR AYPALA , IR NFRBEHR S & M PERIT . PIE A
AREIRBHE RS, | A TR AL LIRSS S b e, A5 MR PR10EE FEAE HATRNase i 1
T EE A IS AR AR W2 DR R DIAR G . 20 A E R 2B R , K3 RMAMLP 423 iy 41> H 2R
FRAS , SECERAPTTE T B & (Ozalis corniculata) FIBRZET , S E & BB MEE M Ocatin i
KWK E IMLPRI R Y, ST (HRIEARFTEH (Agrobacterium tumefaciens) . JUSE +3EFFE (Agrobacterium
radiobacter) . - OARPANME (Pseudomonas adaceae) ). B (A JIH ( Fusarium oxysporum) . B
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(Armillam'a mellea) ) YIELBURTEE , (AHAGTHE TG TES T S PIRGEH Z A] 1 56 R W AR T A120 . RS MLP R AL
BATE = HE 4540 5PRI0T0 AL, (HAZ 4 AR Kk PR S5 B 51 A RNaseldi M. AT, PPAZEMLPsH A9

ﬁfﬁﬁléﬁxﬁa?%.

MLP28 At1g24000.1 CSBP in complex Betv 1 SPE-16
with zeatin
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Q9SSK9 MLP 28 ~——~TEASSLVKLETDVEIKASDKFHHN JAGKPHHV SK - ASFGN.QGCDLH“DNGTVES VFWNVVHDGEAKVA
POCOBO At1g24000.1 ------- MTLKEIALSVKFDVKCPRDKFFSARVE - - - - - - == - == - o oo e e e e oo - PF------ EKNGJ
Q9SURO ANMg23670 2 - ----=- MATS[TYVTEVPLKGSIJEKHYKSWKSEN-HVFADATGHHHMQNVVVHEE )
Q39467 Bellpepper - ------ MGVK[gKL IASVEVKCG E
Q9SXL8 Cucumber  ------- MSLCKLEKDVPIRASESKFHEM
QIM4GY Grapeberryy - ------ MALT[KLETETEIKAPRIDKFFKI
P19825 Opiumpoppy MAHQHTISGLV[GKLITESEVNCND
Q9AXUO Peaeli * = ~=cene MSSNHE A
QISMFS Soybean @ coismsEs MSQPDSLVAEIEVKTSE
023942 Strawberry =~ - - - - - -~ MSLQEKVEAEFEITAPQDKFYNIQ
Q949M0 Sugarbeet - ------ MHIT[KLEVEVDINCHGDIFHEI]
2FLH CSBP @ --------- MVKEFNTQTELSVRLEALWAVLSKDFITVVPKVLPHI EG G
1BV1 Byl @z ~eromsees GVFNYETETTSVIPRARLFKARILDGDNLFPKVAPQA SSVENINGG—P KKISF
1TWO L MGVFVFRDETSSSVAPAKLYKALTKDSDTIAQKIDG-PHQSTELVENGG - V[§THKKITA

+ » k2 5 LR 3 »
B4 2 Al 6 13
MLP28 h S * * 006000006.600060000000
I 110 120 3 4 150 6o 170
Q9SSK9 MLP 28 DKNLITFRVI N - - SEEVAHETLLQFCVEVSKEIDEHLLAEE-------
POCOBO At1g24000.1 VKKTMTIQMS E --HKDIDDIIHSTIDESVKYFKKLDEAILNFKE-----
Q9SURO Atag23670 --NDDFPERSGYMKFVKQMVVDIEGHVNKA - -
Q39467 Bell pepper BEDVLESYNSFTIVTFSEHEWTT ------ --TEGTPERLVQLGIVLDMTKDIDAHLLKT - -
Q9sxLs Cucumber EG < E --HDKIPDSHTLLQFCVDVSKDIDKQLSAN- -
QIM4GY Grape berry [qHNCLEFSVNITKDIESHLVNG
P19825 Opium poppy NEDSPVJdFDYLAFFQQNIEDLNSHLCASD-------
Q9AXUO Peach HGDIEDHTLLQFAVDVSKDVDAHLTSAQA-- -~~~
QISMF5 Soybean DHTAPERTKYKDLVVKLTKNVEAHLVEAR- ------
023942 Strawberry SEEVAARIDKYIRLMTNIVKDLDAHFVKA----~---
Q949M0 Sugar beet E K -HDEGHYRTKLIDFCIAVTKDIEAYQID---------
2FLH CcsBP GYLNQGLSYYKTTFKLSE]EEDKTLVNVKIS DSDIEEKVTTKTSQSTLHYLRRLERYLSNGSA ------
1BV1 Betv1 [A8GPIGDTLEKISNEIKIVATPDGGSILKISNKHTK - -GDHEVKAEQVKASKEMGETLLRAVESYLLAHSDAYN
1TWO SPE-16 ANLGYDYSIVGTGLPESLEKLSFETKVVAGSGGGSISKVTLKFHTK- -GDAPLSDAVRDDALAKGAGFFKAIETYL-~~-~---~
L - @ » + +

2 Bet vIRIRAK R L1
: (A) BIREIFIIMLP28RIAL1g24000.1 , S AI2FLH | MR AER S U Bet v1 (1BV1) MISPE-16/9 =44 45 ; (B) [ (A)

TR F BRI Bet vIRZ LIRS LY, *EMIE?(??O%EM%??*W@%éﬁtﬂ PR PR GAR 57
it i U S B R AR LA A AR 7 2R R 4 A, + 7 B il i Y P PUH AT A LA A A

2 MLPsZ5EMEKAE

MLPsTEAEYI R S AIE S AR R B b R i 2 . BEsE o, BT (I ( Cucumis melo) P91
BT BFRES (Fragaria vesca) B8 %%[3915’1%7&&, AR EL O % B b B rh MLPRE 3k B3 B, Guots
FIFHLC-MS /MSX} &1 5t i PR AR R Y 4UA R I 1A T 25 S AR 1 B 2o, AR BAL S 2SI R FH ZCEL M
ZCE23%3i5 B, HTHRIE M zcel %@E%#ﬁﬁﬂhﬂﬁi’?ﬂagﬁﬁ%ﬂ FIREEREN , ZCEMEHE T RIS 57
A, FFIER TAERTE 2. SR TF i B il 2 3 R LCRZmiR 3940 , —E A AR A 251
TR FNZESR S AR A LR i . MLP28¥ il 25 R T 3 E 22 Clavata 3F Wuschel 93235, FIFHTHHARE
R MLP28HFRIEIT , FURG IR I HE AT B 58 . BRI ZEJBE & B 50 , H#EIMLP28 ] i &miR394-
LCRAEH AR A e o, SE M Y e 8 SR A S B B A KA B 122 . XU -9 B AMA I itk —
HAESE TR ST LCR F-Box 5 AtMLP423 2[RI ELAE. DL 45 FRRMTEIIR ST IEH 4 K A B i i, MLP3:
A FK G EmiR394-LCRIFFE AU S , ZLCREBIVEIG 22, [HRY, i FRIKEHZE BuMLP1 . BuMLP2F1 BuMLP31)
e L PRI ADL R I A 3 B M B IR JAE I R SR R A R B . A, AR BRI R R AR 518 S ARG A-LIKE2
(RGL2) 5DNAZEG#HE6 (DOF6) 45 G IE G sk R G YHT T T iif MLP329 R ZRIA , #1201 40
FASTFI ARG R Y R, MLPRERE 175 5 U R A 8 2 A FE B B AR K R & 7

3 MLPs&E54%48ME

T A RO R W T 52 AR AR IR, AN B SR A S E M G 25 ALY 2 B AL L PR IIRAR 2R )
(RER T — PR SR AR A R R A = e B LA BT L I AR 5 55— PRI K AR BERIAR A S 2 AL



1 Wy PF, A AR T BEFURCEE A A D RERT T 77

A AL e . WS BH ML PG IR () )i 8h 1 X 58 Z2 Fhma i A= W aa i ook, nhiiid 252
T 300 S e 17 A 0 3, e 22 Ao A 0 A 14 5P DR 2 AR J S S 5 R P SR AR e B 1 5 HIK D D e [
?'%[33] .
3.1 ESEMER

973 D A A 5 S A 5 RO S5 T ML P 3k, DN S ) 0 20 B L L R0 7 S (R B 12
FM MuMLPL3293E R (A 5 IR AR TSRk T PR-5 . 5-1,3- 5 A B A PDF 1. 255 B A1 5E IR i 26
i5, [RIAHESE TS BHNA &, WS TR R T R (Botrytis cinerea) FT 75 {5 5B bR
( Pseudomonas syringae) PR

A Gh-MLPIER Z KNSR B ( Verticillium dahliae) PR EL ( Bemisia tabaci ) PR RS . @i VIGST
WARAE GRML P23 3L PFE X T PO RIBR TG J 84T T A , KB PE AR R P9 S A B AR T ) o % B A
PR, Mt E AL S A BB TR AR , DI RIRE AL GhML P4 233 N 8 BEHE AR AL HE S AL 5 AL S 128
AN, E S DIREGR R FIINREARTT 0 T4, KA AE GRML P28 25 T A N A AL B g B AR 200

o Tl o 22 5 H R A K BRTEBEAS U (Alternaria alternata) 55 F, M NtMLPJ23FIA [CAH
NOMLP423REMS I N 63k , H NOMLP4233d 63k 3 W50 T A M 66 A% A R BT 12 . X Fh 22 4%
W (Rhizoctonia solani) MRS T S I 53 Hr , KM BvMLP1 . BuMLP2FI BuMLP3 A ] Gy tE A .
WA KRG , 133K BuMLP1 R BuMLP3 R W A, 11T atmip 1 / atmip3 SRS VR 5y IR il 3514
SR29T. CsMLP1WIREBRIENS T 8RR A R PitE. A2, CsMLPSRITTBRI /> T 3 IR 5 | iyt 45
PR AR R B [ FNbBBX 24 5 NbMLP4SHI EAE A , i1z AL ARHAR#NDMLP43, e EY)
X TE 1) 7 T 132
3.2 Z54%YEHEXERNRIEAT

MLPsid 1] 38 18 175 T B AH OB 11 PREEIR 0 228 [ 3 S A A= it otk . 3 3%38 GhML P28 (1) 3%
JHE AN IS F K MuMLPL329 W SE R Z i rh, — L FRAROC AR LR (A0 PR-2BFIPR-512%) ik i 2 1.
1 FIK NOML P23 B 2E 3458 1T A [CHRIXT A& AL B BT, et T PR10 (NtPR10) F 2 LIRSS, SR, 783¢
Rt Rk MaML P23, B AP E AH I PR R G SR T 10 23552 8 T, BN R RIMLPsI?) U 6E
AT 25% . GhMLP28iHE it 5L 216 SOV N 76 (GhERF6) & EHAE, M58 GhERF65 PREEA [ X R
NS GCCEMES A, 5 PRI 7R MLPs AT 1 350 40 A% b %8 53 D R0 5 PRIEIR G % 3k
IKIKRE JI0s PR10 B FEIE R FAE R 25175 5 PR-2 I PR-5 1 235149 | T OsERF1A[ 5 /KR RSOsPR101 | Hy
IHEMMLPS ] figi@ it SERFHAE, MIMiAES/KRE T PR-10s . PR-2FIPR-5MF35. AN, PEHM FEFLRE
FIMLP-PGIUL# I 5 F PR2 . PREFEIMZRIE , AR oy B DR IR R0 T A (i B A T AR B 8 TR i 1)
3.3 Z5EMBEESHS

MY E KGR (SA) . BiJEIR (ABA) . M (ET) . FRHMRHEE (MeJA) Sl N SAMGESH TS
FEPIAS ) A B BE 1 A 0 B A0 S

R IR , SNESA S EME T ASMLP1511FE0 | idé s 1 3% MLP LR O FUR R Nb ML P23 1% 5%
IKAF33) | FERMLPsAELA R 7 I RIS A , 76 A= 4 B A=t A v 44 2 B A

ABAMERNZG MY EZ — , TR A KA ST iy oh 2 2R . Wang S AE Bl IF i it 7 —4
XTABAN UK A M mip 3, ST R a Uk, #F—LL R B/R, MLP435ABA(G 55 ke
ISnRK2.6I B FIABF1EAE , SEMiVESY TR I A Je KR | FU g i o 35 PR SRR DL ABARH G SE R A 26
ik, TERARE ST AB AR SEae )07 o & FE IE AR A ). B9 SR , MLPs 5 ABAZ{APYR1/RCAR1H ) HA —
A5 B0 WL S S R 20 Y9 25 A IR B RS 45 R 38K, $ 7R MILPs 2 Rl J4 T REZS S A ZE HIRE U B ABA S

ETRMYERE B REZNMANTEREZ —, iyt Kk O, AR Ay v & E 2R .
ZIEFE SR AR T GRMLP2SIIFEE , DTG 015 58 i, Baom kil A X3 8 29 i pbk ). Rim, Bk
( Prunus persica) BERGHFEFR NIRO S T PpMLP1 A, R AR MLPs Z R 7E I RE 24 5.

MeJAMY S SHYE K L& F T B S5EYPUS 2 DIME. AR EN , JATBETE2 AN MLPR Y
F3k , R HBARAR i GRMLP28 . FRH 1) MuMLPL329 AR B h i No ML P28 . SNRIARIMEIN 2 B 55
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JHFE NbML P28 )ik , JAMME Sl i F IR LA (coronatine-insensitive protein 1) WITTERIN 2] No ML P28
Fak , Ml K B T4 YR AR U B . BEAl , GRMLP2S I MuMLPL329 it Feik th 2317 K& A (S 5l N iif
PRCEEFHEYI IR 1.2 (PDF1.2) BYFGAR5 AT I, —SEMLPstERIAMR il b N E A 5y, 2
HIAMG S5 S M = A Y A p i v

4 MLPs& 534

BRI T5 39 8 B A R B R S AN ZE A X L R A 2k PR T O B, FlHAR Gh-MLPRY IS 3h
TSR W N TTHE - B R TR i R TR R, MdMLP423") . NbMLP28¥® | VoMLP1-1/191%
H g sh P R BSAGE . 5 0 SCRAMBIK &Y hRa Mook, Ak, BIREIF MLP4SP R
L NEMLPA 23 B A Feak 48 i T 36 SE A Y i i 20k . R, RMhia S5 S 2 MLPIER Pk, i kik
Fili AR A4 Gh- ML PRI K G GmML PR & 1858 T A At Eh e . 27 L3RI, MLPsTERIHINTIE AR 4 e i 7
R R ZAER, RS2 B — L SR T A%
4.1 EBimB

R AT LA A | A | A AR A>Ty T — RS R R et B B AR AR KE GmMLP
NS PgMLP151 33552 3T 50 09 2 25 304 MLP4sHE s I vy T S i A e a5 R 7, al i@
182 B SODFMCATHITE PEAEROS/AKY: , MM 3 % B R R T it SR v 2. b A MdMLP2s W E Pt T
FE B R IR TE T 528 R BOAR KR &R 09 JHEINtMLP423 7] 5 ABA {5 544 SA%.0 8 8 ANtABIS HAE
It ABAGR ARG T A T BB AT RE 7 LA ROAE T R A A DGR P IR, AR S AR R
MIPTIERY . /NZESTZ ZiE MG TaDIS13Z 2] TS e i T s , /RN BB E IR FBL, TaDIS1S EEFLKE
I TaSTPHI EAEH , it 2658 FBHAIS R TaSTP , K TaSTP A REAE it 52 & #F B Bk F BY
4.2 P

WA T, KRS GmMLPH R EHT, R0 RIBEsR 7RG R ER1HERY . 5 MLPRIJR I — 3L
M. (Pisum sativum) BJPR10™ . Ml (Salic matsudana) H)SmPR10COVHIERFEA (Halostachys caspica)
I HePR10PY | EATHRAEAEOZEIEE RS, R BN, R EMAE Gh-MLPH R T 3L RS T e
TR T A & AR 2T HLE S AR ST I R P 2 A TR T Bet ISR R L2 B BLRLGK 2
Ji , AR AT A 2 AR 245 A o2 R T 3 A2 I 2641, RN Gh-MLP AJ 38 5o 25 6 i 128 20 il
T N R L ) O N = 1 K 7/ RO NS SR NE IR et
4.3 EESXR

MLPs

FEARIR (4 °C) MhE R, #% R VoMLP1 /2/3/ / \
4/5/6/7/8/9% AT, MIAERRINE (40 °C) J5
12 hA124 h, VoMLP2/3/6/9F VoMLP7 /StLFRIH AN e i
BRSO A B i MLP151TAEAGH (4 °C) | : I —
WaOF, MK B, ey e e W . gm gl g
BRI ) VML P25 e I S—
M (4°C) HaF, HERKEZE T BENES, ot F10 " GRHE K R 15 ABA
PSRN, NEMLPJ2gi it MG B 2 | ’ e

DEASGANETE R, S BT
PR G P MLPSTE iR (35 °C) FREFRM, PU#H
W MLPIZFAZENAES:, MK H BEANEH MLPIER ) FIR 1, 2l MLPIEN {33532 BRI 556 IR A5 .
5 ZHiES5RE

A EBLEAR TMLPsS S5 AE K AT MY S84 Y ke fshReRpLE (K3) . BT Bet vIE
WA B A B K2 i, SN E B2 5B RS slE NS ENZE, AR GhMLPEHI S
AFMuMLPL329535] . A1, MLPs 3 ZE v Feik T A 4nis , e lmd S HEE AR (WABISBY | LCRERY |
ERFs? | ABF1MISnRK2.612) []fIM EAEH , 25 THIYIMGE 5% S R—Ehi R i 257, I Z 1A A

3 MLPsHIThEE R A&
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JUEMLP 5 PR10%E 113 BAT 5 % R B 1% 1 AH S (O P-loop& M35, 1H B RT{XPRI0Z iR i bt X3 — & 1Y
RNaseifith, H5HAEENADIHEEDIGER VMG, CHiERAREAMLPA G, WAtMLP28 . GhM-
LP28. GLP . AtMLP43 . AtMLP423FINbMLP28, Ef )& E A RNaselfi A L PIF 5 DI RER] Y R M ATEE.
HA K B Bet vIFIPRI10PT 45 G A RIECAR R FFEE RS . JA AL = 4E55H I MLPYE A Bet v USRI
— b1, EfTRE SR EUALS &, 1R MF A Y 2= SELRIES, ANFMLPR G AT SHR S A R EAEH ,
S Fh 5 S SRR Rt — Y. SRS nT LU i X AT SR MLPs S5 A - T AT , IR o o HAR ST 4%
FSHEA T SR AR, ARG PP D) BE A 52

S
[1] NESSLER C L, KURZ W G, PELCHER L E. Isolation and analysis of the major latex protein genes of opium poppy[J]. Plant
Molecular Biology, 1990, 15(6) : 951-953.
[2] WANG Y P, YANG L, CHEN X, et al. Major latex protein-like protein 43 (MLP48) functions as a positive regulator during
abscisic acid responses and confers drought tolerance in Arabidopsis thaliana[J]. Journal of Experimental Botany , 2016, 67(1) : 421-
434.
[3] SONGLY, WANG J, JJA HY, et al. Identification and functional characterization of NbMLP28, a novel MLP-like protein 28
enhancing Potato virus Y resistance in Nicotiana benthamiana[J]. BMC Microbiology, 2020, 20(1): 55.
[4] HES S, YUAN G P, BIAN S X, et al. Major latex protein MAMLP423 negatively regulates defense against fungal infections in
apple[J]. International Journal of Molecular Sciences, 2020, 21(5): 1879.
[5] ZENG J X, RUAN Y X, LIU B Y, et al. Genome-wide identification and abiotic stress-responsive expression of MLP family
genes in Brassica rapa[J]. Gene Reports, 2020, 21: 100919.
[6] ZHANG N B, LI R M, SHEN W, et al. Genome-wide evolutionary characterization and expression analyses of major latex
protein (MLP) family genes in Vitis vinifera[J]. Molecular Genetics and Genomics, 2018, 293(5) : 1061-1075.
[7] IWABUCHI A, KATTE N, SUWA M, et al. Factors regulating the differential uptake of persistent organic pollutants in cucurbits
and non-cucurbits[J]. Journal of Plant Physiology, 2020, 245: 153094.
[8] RADAUER C,LACKNER P, BREITENEDER H. The Bet v1 fold : An ancient , versatile scaffold for binding of large , hydrophobic
ligands[J]. BMC Evolutionary Biology, 2008, 8: 286.
[9] GAJHEDE M, OSMARK P, POULSEN F M, et al. X-ray and NMR structure of Bet vl, the origin of birch pollen al-
lergy[J]. Nature Structural Biology, 1996, 3(12): 1040-1045.
[10] HEEEC, XlifEHe, 2%, . ARG FIPRIOWI ST HE ). SR E RN, 2008, 6(5) : 949-953.
XIECZ,LIUHY,LIL, et al. Advances on class 10 pathogenesis-related proteins[J]. Molecular Plant Breeding, 2008, 6(5) : 949-
953. (in Chinese)
[11] PASTERNAK O, BUJACZ G D, FUJIMOTO Y, et al. Crystal structure of Vigna radiata cytokinin-specific binding protein in
complex with zeatin[J]. The Plant Cell, 2006, 18(10) : 2622-2634.
[12] LYTLE B L, SONG J K, DE LA CRUZ N B, et al. Structures of two Arabidopsis thaliana major latex proteins represent novel
helix-grip folds[J]. Proteins: Structure, Function, and Bioinformatics, 2009, 76(1): 237-243.
[13] CHOI S H, HONG M K, KIM H J, et al. Structure of ginseng major latex-like protein 151 and its proposed lysophosphatidic
acid-binding mechanism[J]. Acta Crystallographica. Section D, Structural Biology, 2015, 71(Pt 5): 1039-1050.
[14] SUN H, KIM M K, PULLA R K, et al. Isolation and expression analysis of a novel major latex-like protein (MLP151) gene
from Panaz ginseng[J]. Molecular Biology Reports, 2010, 37(5) : 2215-2222.
[15] MATTILA K, RENKONEN R. Modelling of Bet v1 binding to lipids[J]. Scandinavian Journal of Immunology , 2009, 70(2) : 116-
124.
[16] GOTO J, IWABUCHI A, YOSHIHARA R, et al. Uptake mechanisms of polychlorinated biphenyls in Cucurbita pepo via xylem
sap containing major latex-like proteins[J]. Environmental and Experimental Botany, 2019, 162: 399-405.
[17] SARASTE M, SIBBALD P R, WITTINGHOFER A. The P-loop : A common motif in ATP- and GTP-binding proteins[J]. Trends
in Biochemical Sciences, 1990, 15(11): 430-434.
[18] BANTIGNIES B, SEGUIN J , MUZAC I, et al. Direct evidence for ribonucleolytic activity of a PR-10-like protein from white
lupin roots[J]. Plant Molecular Biology, 2000, 42(6) : 871-881.



80 B R (ARBRA I 3E30) 20254F

[19] ZF5E. ERFUKE A MdMLP423mi W AEAE YA IS D]. 8% IWARKRL K, 2018.

LI R. Investigation on major latex protein423 (MdMLP423) from apple in response to abiotic stress[D]. Taian: Shandong
Agricultural University , 2018. (in Chinese)

[20] FLORES T, ALAPE-GIRON A y FLORES-DiAZ M , et al. Ocatin. A novel tuber storage protein from the Andean tuber crop
oca with antibacterial and antifungal activities[J]. Plant Physiology, 2002, 128(4) : 1291-1302.

[21] GUOD,WONG W S,XUW Z, et al. Cis-cinnamic acid-enhanced 1 gene plays a role in regulation of Arabidopsis bolting[J]. Plant
Molecular Biology, 2011, 75(4/5) : 481-495.

[22] LITHOLDO C G, PARKER B L, EAMENS A L, et al. Proteomic identification of putative microRNA394 target genes in
Arabidopsis thaliana identifies major latex protein family members critical for normal development[J]. Molecular & Cellular
Proteomics, 2016, 15(6) : 2033-2047.

[23] SHARMA N, ARRIGONI G, EBINEZER L B, et al. A proteomic and biochemical investigation on the effects of sulfadiazine in
Arabidopsis thalianalJ]. Ecotoxicology and Environmental Safety, 2019, 178: 146-158.

[24] POZUETA-ROMERO J, KLEIN M, HOULNE G, et al. Characterization of a family of genes encoding a fruit-specific wound-
stimulated protein of bell pepper (Capsicum annuum) : Identification of a new family of transposable elements[J]. Plant Molecular
Biology, 1995, 28(6): 1011-1025.

[25] HOLMQUIST L, DOLFORS F, FOGELQVIST J, et al. Major latex protein-like encoding genes contribute to Rhizoctonia solani
defense responses in sugar beet[J]. Molecular Genetics and Genomics, 2021, 296(1) : 155-164.

[26] LIPF, CHEN L, ZHOU Y H, et al. Brassinosteroids-induced systemic stress tolerance was associated with increased transcripts
of several defence-related genes in the phloem in Cucumis sativus[J]. PLoS One, 2013, 8(6): e66582.

[27] CHEN JY, DAI X F. Cloning and characterization of the Gossypium hirsutum major latex protein gene and functional analysis
in Arabidopsis thaliana[J]. Planta, 2010, 231(4): 861-873.

(28] ZEENN. WAL S EE AR F M R GhML P23 R HIRE 3T D). I . Ferhqll k2, 2016.

LI S L. Proteomics analysis of cotton and whitefly interaction and functional analysis of GRMLP423 gene[D]. Wuhan : Huazhong
Agricultural University, 2016. (in Chinese)

[29] YANG C L, LIANG S, WANG H Y, et al. Cotton major latex protein 28 functions as a positive regulator of the ethylene
responsive factor 6 in defense against Verticillium dahliae[J]. Molecular Plant, 2015, 8(3): 399-411.

[30] M. GmMMK2, GmPP1, GmMLPRFIEAEY T2 | @M T DIEEa T [D]. MIRE : Rl K2, 2017.

CONG R. Functional analysis of GmMMK2 , GmPP1 ,and GmMLP genes in response to drought and salt stress[D]. Harbin : North-
east Agricultural University, 2017. (in Chinese)

[31] LYU Q, ZHANG L, ZAN T, et al. Wheat RING E3 ubiquitin ligase TaDIS1 degrade TaSTP via the 26S proteasome path-
way[J]. Plant Science, 2020, 296: 110494.

[32] SONG LY, JIAOY B, SONG H P, et al. NbMLP43 ubiquitination and proteasomal degradation via the light responsive factor
NbBBX24 to promote viral infection[J]. Cells, 2023, 12(4): 590.

(33] 5K, MAECPUAR S AR (R T S No ML P23 3E NI REMFFE D], dbat . hEA L ARAEE, 2019.

ZHANG Y. Proteomic analysis of tobacco lines with different resistance to brown spot (Alternaria alternate) and functional study
of NbMLP423[D]. Beijing: Chinese Academy of Agricultural Sciences, 2019. (in Chinese)

[34] LIU H, MA X C, LIU S H, et al. The Nicotiana tabacum L. magjor latex protein-like protein 428 (NtMLP/23) positively regulates
drought tolerance by ABA-dependent pathway[J]. BMC Plant Biology, 2020, 20(1): 475.

[35] GAIYP,YUANSS,LIUZY, et al. Integrated phloem sap mRNA and protein expression analysis reveals phytoplasma-infection
responses in mulberry[J]. Molecular & Cellular Proteomics, 2018, 17(9): 1702-1719.

[36] AGGELIS A, JOHN I, KARVOUNI Z, et al. Characterization of two cDNA clones for mRNAs expressed during ripening of
melon (Cucumis melo L.) fruits[J]. Plant Molecular Biology, 1997, 33(2) : 313-322.

[37 SUYAMA T, YAMADA K, MORI H, et al. Cloning cDNAs for genes preferentially expressed during fruit growth in cucum-
ber[J]. Journal of the American Society for Horticultural Science, 1999, 124(2): 136-139.

[38) NAM Y W, TICHIT L, LEPERLIER M, et al. Isolation and characterization of mRNAs differentially expressed during ripening
of wild strawberry (Fragaria vesca L.) fruits[J]. Plant Molecular Biology, 1999, 39(3): 629-636.

[39] DAVIES C, ROBINSON S P. Differential screening indicates a dramatic change in mRNA profiles during grape berry ripen-

ing. Cloning and characterization of cDNAs encoding putative cell wall and stress response proteins[J]. Plant Physiology, 2000,



1 Wy PF, A AR T BEFURCEE A A D RERT T 81

[40]

[41]

42]

(43]

[44]

(45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

122(3) : 803-812.

NEALE A D, WAHLEITHNER J A, LUND M, et al. Chitinase, (-1,3-glucanase, osmotin, and extensin are expressed in
tobacco explants during flower formation[J]. The Plant Cell, 1990, 2(7): 673-684.

CHONG S N, RAVINDRAN P, KUMAR P P. Regulation of primary seed dormancy by MAJOR LATEX PROTEIN-LIKE PRO-
TEIN329 in Arabidopsis is dependent on DNA-BINDING ONE ZINC FINGERG6[J]. Journal of Experimental Botany , 2022, 73(19) :
6838-6852.

FUJITA K, INUI H. Review: Biological functions of major latex-like proteins in plants[J]. Plant Science, 2021, 306: 110856.
KANG Y Y, TONG J L, LIU W, et al. Comprehensive analysis of major latex-like protein family genes in cucumber (Cucumis
sativus L.) and their potential roles in Phytophthora blight resistance[J]. International Journal of Molecular Sciences, 2023, 24(1) :
784.

WU J N, KIM S G, KANG K Y, et al. Overexpression of a pathogenesis-related protein 10 enhances biotic and abiotic stress
tolerance in rice[J]. The Plant Pathology Journal, 2016, 32(6): 552-562.

TAKEUCHI K, GYOHDA A, TOMINAGA M, et al. RSOsPR10 expression in response to environmental stresses is reg-
ulated antagonistically by jasmonate/ethylene and salicylic acid signaling pathways in rice roots[J]. Plant and Cell Physiol-
ogy, 2011, 52(9): 1686-1696.

FUJITA K, ASUKE S, ISONO E, et al. MLP-PG1, a major latex-like protein identified in Cucurbita pepo , confers resistance
through the induction of pathogenesis-related genes[J]. Planta, 2022, 255: 10.

TSUJISHITA Y, HURLEY J H. Structure and lipid transport mechanism of a StAR-related domain[J]. Nature Structural
Biology , 2000, 7(5): 408-414.

FUCHS S, TISCHER S V, WUNSCHEL C, et al. Abscisic acid sensor RCAR7/PYL13, specific regulator of protein phosphatase
coreceptors[J]. Proceedings of the National Academy of Sciences of the United States of America, 2014, 111(15): 5741-5746.
SRIVASTAVA S, FRISTENSKY B, KAV N N V. Constitutive expression of a PR10 protein enhances the germination of Brassica
napus under saline conditions[J]. Plant and Cell Physiology, 2004, 45(9): 1320-1324.

HAN X J, HE X L, QIU W M, et al. Pathogenesis-related protein PR10 from Saliz matsudana Koidz exhibits resistance to salt
stress in transgenic Arabidopsis thaliana[J]. Environmental and Experimental Botany, 2017, 141: 74-82.

FENG Y D, REN Y P, ZHANG H, et al. Halostachys caspica pathogenesis-related protein 10 acts as a cytokinin reservoir to
regulate plant growth and development[J]. Frontiers in Plant Science, 2023, 14: 1116985.

XITE . HHEF NeML P23 3 N AET R AR N F A DIREF 5T (D). 284  ILARAR R, 2021.

LIU H. Functional analysis of NteMLP423 gene in tobacco under drought and chilling stress[D]. Taian: Shandong Agricultural
University, 2021. (in Chinese)

RiEHRIE: KAM



