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Abstract: Dehydrins are a complex class of highly hydrophilic proteins that are among the most commonly
observed proteins, possessing different tissue expression patterns and subcellular localization. Being in-
tensively studied in the biological functions for the past few years, dehydrins have been found to modulate
these responses of plants to hormone, extreme environment and immune defense. In addition, dehydrins
have crucial roles in maintaining normal physiological state and function of plant cells. In this review, we
discuss the structure characterization of dehydrins, and systematically summarizes recent advances in
our understanding of the functions and mechanisms in multiple biological pathways as well as expression
regulation, which will help us to further understand the biological function of the dehydrin gene family in
normal plant growth and development and interactions with environmental factors.
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Jii 7K 2% (dehydrins, DHNs) & — 2 6 3 i ig =
& (late embryogenesis abundant, LEA) [f &5 3% 7K
WA, | ZAAETAEERN, A mEEY. %
2K, FEREAE 525 (Close 1997). i 2 BT R B,
BT KEZEK. Y. SEBART A, 70 N5
FhRAIK, . SK,. K, S. Y, K MY SK,, iX a7k
FIFEAN R FR SR IR Hh A7 4E 22 57 (Close 1997; Rorat
2006). VFEAFFAKRM, BKREEDEK L EL
FEH A TEAN R R A 23R, 40 i A7t S R 2
P4 (Hernandez-Sanchez%52015), 1E# 4K T L
TR E IR A E AR R I B K R AR L, I
76 S 240 BB K (a0 5 AR A #5581 NI
7 HRE AR B(Yang252015), % B IX B8 2K [ ) 7] fig
TEREPVAE KR B RS R I AR . R
PRAMIT TR S R B, AR R K R B
AFE Yy, A FE S S8 BT (Hara%:2005)
o 5 A i (GuptaZ5:2019) 24 AF AP A AL 5] (Hara %
2004). 4> TEE1B (Kovacs®52008)4%, {H 2 H Rt
B K =BV A F T REE WA IR . SR FE R
B, Bt 7K 2% . A8 i 75 TR (abscisic acid, ABA), H.
AR AR R P A2 (Yu82018) . 7EIRZ. T
SRR Y IE T, FEYFRIEI KR DR B
E 5140 (Yang#52012; Sun%$2021). 534k, #5014
Jii 7K 25 RE A8 0T — LS AE A0 B 40 1 L L B RO B 5
AW ia A% Sz B e H (Drira%$2015; Musserss
2014). HUEAT I, FEAAE KRB JNXEAS [F] e B,
Jii 7K 2% AT REAFAE RIEMTh e L0 2= 5=, I
LK A hRe, AR T BRATRAN NI
IKFEERBLE] HAh, ASF K 2Rk
ARAAE, WoE S e, BFRB IS, /R
(A ek R R 4 T /R F (Zhang 5520204,
b)o AL T BKRKIEH, XHAEYI KR
(AP TRE . R IA T 5 55 J7 T 1Y SR ik 70 it J
AT T R Ay, LA RGO EFIRN T il
EYI KR Y E D RIS .

1 HEYIBKENE ARG

TP i K 2R 45 M BB IR T, 0 7 B K/
N9~200 kDa, 4142 SFAHUC AR, BT W1 .
SR EE R, XTS5 R R AE AL K 3R B A A 4

Foy i N 1 AN 98 () 7K 5 fiE 1 (Tompa%§2006) . T 5T
RO, B FHREDI K EEGK. YRS =/NMRSF 741,
MG TR 55 7 5 B = ST, B 7K 28450 N
K,. SK,. K,S. YK, FIY,SK, 55 M (& 1).
TRV S A SRR R, M EY A AK,
HMISK, . BRTHEVIMKRARAY F B, £k
T AER S A T BOHIE Jy B (Perdiguero£42012).
TE T A 7K 2= A e AA AR & & iz R ISR
FEFR A IR B, 62T Coi, 2 v AR <5 1 7 FL
AR A B . 7R R R KO BT 91 = B R
¥, TAARARME ) S AR TR K B 51 A 4
5 ) ) AR 4 (Perdiguero52014) . K v BUE AR Bl
IREE AT DLTE R SR P () o i, HL A 38 2H 1 IR Tk
FEAERpHUHEIT O, WK R SBERISER ), H
R ReE MR, AEASTIIAEL T PR I 45 4 (Eriks-
son&52011). K2 HUMioK F ok = - 2 A (A 2R
FRIE, & 82 1) HE AR P & 2 R 7% 2% (Tompa
£52005) . X F KA (Pinus pinaster) 38 & H B
WHIEFTHE T WK MEEK T Be il sn, e TR A
UG B R K R B, BUOR DRI (R PR A I K 2R,
H5d B FRRIMOK R EA —E Xl HNuwm &

e, BAMARS B, X 27K 3 4 E 5L A7
1E T HoAth #A B} FE 4 v (Perdiguero%5£2014). Y A EX
T/VDEYGNPA; TNy, ‘& & B2 R, 5 A 1~34
KRB ¥E UL S B H3~13/> 22 & JR ik Ak
M # BT A, 2 518 E D, EalK iR A
(MouillonZ52006), S F B i 2 [ B2 (casein ki-
nase, CK2)B§REAL 5, A 7EAE SRR 51 S N A1 i
% (Battaglia%5$2008), 2k S Fr Bt o= 520 I 7K 2% (1) 4
Jitd #% %€ i (Hernandez-Sanchez %5 2015),  7F iX L& {3
SPEET B AR PRSP IR S D B, R
AT AR () 7 A A BSR4, R AR DRSPS, (K
TR & A MR ) R SR R R AL, O B S
ZHIERR . NERMHZR. W7k, 72 SK,
R K 3= A — Bk 57 /7 5| DRGLFDFLGKK, 7 TN
Ko HHTHEH —REKFIFRIL, s AF B
(Strimbeck 2017), 7EAZ 0 F Fr B IH) 55 00 4776 — LR
5F 751 (Weid52019) . K 22 2 O N 11 SK, 2 i 7K 25
YIS AF R B, PRI eS8 A 1 i 3 mT DUEE B 9 2R
NFSK AL F BT LATR o 1 W S5 PR IR TiE, 1 e
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Fig. 1 Plant dehydrin structure

ARAE AzZizF (2021)— LAS 2.

BATRT K B R B 1 45 5 FF 1 (Strimbeck
2017) B LK R (DI RE W AR A 52, (ELE Al
IKR AR AT e 5 HOR R 2 M Dh REAT %

2 BikESS5EYEEESHN

TR B SR B2 52 3] 22 AR 1Y
P, 2 U U R WK R R 2 5 iR — R 5
WG S IHEARAED LR RS T
I I AN [F R AT SMIRABA AL B, 5y A FL
IRERFIEAAL, FIA IR K R AT ABALS 5
Ry B 5 A7 22 5%, K, Sy K ATSK, 2R fii 7K 33K
A7 AE ABARKHS 5 ABATR(ROB2 F 7 3K, Y, SK, A1
YLK A K 3 R M AL ABARAS R 5 (R D
ABAR I i 7K 3R (1258 52 B ABA(R 5 1114,
7[R D9 I 8 i 7K R B TR B4 5 3l 1 A7 AE ABA Y 25

Ju (ABA-responsive element, ABRE) & {8 ik yo 4
(coupling element, CE), ABAREWE HE [a]1X L 704, M
T 215 (MaruyamaZ$2012). Hirr, FEE6ABA
TR B /K 2R B 3R K 52 B ABA Kb PR [R) 2 34 B 11
S0 . Ochoa-Alfar%5(2012) %t —Fh il A\ % (Opuntia
streptacantha) jiti FH A~ [5] 4% £ ABA Ab B [5] 15 1] 5
KI, ABAREAERCHLIS (] (1.5 h) N 75 3l K R A=A
OpsDHNITKE:#3%, HARKEABA (0.1 pmol- L)%
OpsDHNIFENFIE 5 3R - BKERFTABA
TN S A S S KER K. TR
S B3 (Malus micromalus) ™ i 7K 25 R FR 2252 3
ABAPH, I B (5 s R A b R v 2
FHSR(HH E1$552012). 7 4b, ABAE SRR KX
AR AT REAFEAE SRS . B TR R, FHABAALL
/N (Triticum aestivum), i /K R FEKIWZY2 (Gen-
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Table 1 Responses of different types of plant dehydrins to exogenous ABA
WK 2R FKIRHEY) K= ABAK /AR A8 ZHE IR
K.S K& (Glycine max) Glymal7g24193.1 ABAK i YamasakiZ£2013
Glymal6g04190.4 ABAJEK #i Yamasaki®$2013
/NG (Triticum aestivum) TaDHN|1 ABAJEK WangZ52014
Y, SK, J1 F ¥R (Cynodon dactylon) CdDHN4 ABAfK i Lv&£2017
1 % (Vitis vinifera) VvDHNI1 ABAK#i YangZ£2012
IKFE(Oryza sativa) OsDhn-Rab16D ABAfK #i Tiwari%$2019
Craterostigma plantagineum Cp05381 ABAf{K i GiarolaZs2015
pcC27-04 ABAfK i Giarola%52015
L4 # (Solanum tuberosum) StDHN1. TAS14. ABA{K i Charfeddine®52016
StLEA27
INE TaDHN7. TaDHN17. ABAK i WangZ5:2014
TaDHN25., TaDHN26
K, =AW (Gentiana triflora) GtDHN2 ABAfK i Imamura2$2013
/NI TG #E (Physcomitrella patens) PpDHNB ABAK #i Ruibal&:2012
INFE TaDHN23 ABAJEHC WangZ52014
SK, — A e fH GtDHN1 ABAfR Imamura2013
Opuntia streptacantha OpsDHN1 ABAK A Ochoa-Alfaro%5:2012
k) VvDHN2 ABAK YangZ52012
Craterostigma plantagineum Cp00256 ABAK i Giarola%$2015
L StDHN2a ABAKHH Charfeddine®$2016
StDHN25 ABAJEH#i Charfeddine®4$2016
INTZ TaDHN2 ABAfK A WangZ52014
B Capsicum annuum) CaDHN1 ABAFEHK 5 Chen%%2015
K Glyma04g01130.1 ABAFEK i YamasakiZ$2013
YK, 2% 9 (Vigna radiata) VrDhnl ABAf{ i LinZ£2012
NI fgt ik PpDHNA ABAK i Ruibal&52012

Bank & 5 5 EU395844) £ ik 4 15 5 H.7E6 hik i
KAE, 25 HBUREE, 12 hjgf pr EJF, 7648 hili 3L
B —E S (Zhug52014) . X LRI R B, i
IKZEXTABASE 5 1 B 5 2 ME =A%, HFHA7
EE R RIS, BKZE N ABAGE S &,
AT DA BR ABAXTAE Y (1 AR KA o BF T2 B,
52 B ABA AL FE 5 (0 B A R 40U 5T 40 T AR [ A= K
T L 3R 1A DHN-5 1 ¥k & 12 (Drira%$2016).  Ti-
wariZ5(2019)H 55 2 B, ABAKLFE 5, it 3% OsDhn-
Rab16D7K FEFE PR () 25 FOAR Lb B 28 AU K, 2 B it
IKZ W S ABA, H 689 fif B ABAXT AR A 25 2F
K sfER . 4ok, KRN ABA(E 5 5 7]
REAE TS ma B R o AT R, DL Tt

7K Z AtLTI30 (Arabidopsis low temperature-induced
30) IR T M0 ABA BB, B Rk AL TI30
(IR R LU 1130~ 1 N 11 30- 2588 (AR SR I HH B 53 ) e
ELE(Shi%%2015)., TiwariZ5(2019) 1 W83 T 2440l
(EL 5, BIiE 25K OsDhn-Rab16D (%% 5 R bk 2 7E
5 ¢ N M 7 R R A T T L AR R R AR A
T BB A )R AR 30 2 B R T B B R A R
MAEKEH.

FRABAE 5 4b, Bk R Z: 50 MoK 1R (sali-
cylic acid, SA). K F & (jasmonic acid, JA) %5 &
159, ] ReEAE Y N 2 AR A S AR Wi ia v ok
FEAER . WEFCR I, WK R AESARL BRI (1) /N F2
M 2 215 T, 325 SATE T 1B 1 5 B R AR 4
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/INZE RELR B 32 R W 1. SR 1) ST 5217 (Shakirova S5
2016b). ItAbh, B 4= 7 Al (Solanum habrochaites) i
7K & 5 K| ShDHNAE 7% #1118 H I (methy] jasmonate,
MeJ AR Je Gk L ifRik, ] seidnd 15 s A
(reactive oxygen species, ROS)JE & FIJAAE 5 i %
R 9%k PR R vt 2 i xef 22 =l AR W bl 2 ) T 52 428
(Liu%§2015). Drira%5(2016)4F 78 &8, 58 A U4
P AR AR L, I 30k /N 22 DHN-5 (R FR 0T TAT)
FRURR A IR, L% R DRI R R oh 5 2 0 3 25 A
3 [K(vegetative storage protein 2, VSP2; lipoxygen-
ase 3, LOX3; pathogenesis-related protein 1, PRI; plant
defensin 1.2, PDF1.2){) 315 & W R A MR AR, =
B K R AT RES S T IAN SRR 05 48 S

3 BkHESSEEMIBRE

KEHF IR, KR R IEZ A
WA R R FE S, EEMRE . SR, T5A
SRR R R R EEAEH
3.1 KiZimE

IR IR TR R K WSO R 7K 43 25 i 2
&) FR) P47, AT BCREAYI MK, B 7036 DGR e
TR RIERMFRILZ B S EH S BRI
(6°C) AR, ALBH12 hjm it v v i 7K 6 5: K] CaD-
HN7#ik B iAFEAE, 24 hj5 CaDHNI. CaDHN2.
CaDHN3 1 CaDHN4 1) 3215 &k B H . %0 5%
H % CaDHNS A1 CaDHNGFE [R 41, o4 CaDHNs %
IR _E, e CaDHNALE i 24 hig %
RN T 26045 (Jing252016). T2 45%(2016)
XFHL il Fh AR AL (Gossypium hirsutum) 347 (KR
(4°C)4b B, 43K T GRDHNI [ Eh A F ki, K
1% 5% K 0] 2 55 AR GG T Y 0 B PR i s, HLH R
BB SMERPTAERIEM . Wei%s(2019)7E4E
A% (Rhododendron catawbiense)d1 % & H 5N /K &
FEK ReDhnl~5, FEAG I 2= 1 Kk ALk . 25
W, ReDhnl~51E ¥ Y4k F2 H A 5~104%5 1) i
RiE, HFERE LTHES MK R IRIE R ZE T,
KWK FZER ] e S 5D €. £
BT 43 ) R R IR VD 4 (Ammopiptanthus mon-
golicus) A g 5 2 £7 [ AmDHN200. 1% %€ 7 ] Am-
DHNI154, Hui A% AL AmDHN132, $#25 1 il

YIR TR FEPE, Hrh AmDHN132 (4 F % .35, i H.
of Btz 2 TR R P 1 A AU U TET 5% 11 (Cai 552020
[FE, CEALFE T i F IR HRIAL N 2 (Opuntia strep-
tacantha) OpsDHN 1% R #2511 #Fg F+ XK (4°C)
H i 52 P4 (Ochoa-Alfaro%5$2012).

PLHE SR [Rl-FC-repeat binding factors (CBFs)/deh-
ydration-responsive element-binding protein 1s (DREB1s)
%0 BIAE 5 e T R A i) 2 G iR, ) A 4
%, CBFSYEARIR 251 T e PRI 1755, alid U R A
Ji2 &)1 " ) C-repeat (CRT)/DRE 7t £ (R CBF i #
) KIE1EVER] . Fernandez-Caballero%5(2012) %
B, FEARIR KA T, ALl KRB R 7 CBE % 1
—& 7, Z5EYRERERN . 53A IR,
i 7K A () 45 & e v 1 YD B TR S . AR5
S TR R I L6303R55, LU30MK A Brlit
i A AR F 5 R Sk B R A, FE IR T = B 4
B R olR e B, RIS & B A T i sh 52 2
BRI, TR 1 ORGP AR AR A SR B4R, B 1 A
(TG B (Eriksson252016; Gupta$2019).

3.2 FEimE

55l K, BSEYRKERRIES.
MEFAE SRS (Olea europaea var. sylvestris) 43 25
531 Bt 7K & X OesDHN, 5% T 2 ihia % 5 %
i, FEAR TR R I BT F 1 (Chiappettad
2015). £ = A2 (Picea glauca)F %€ H414 58 5 (1)
itk Z gL F ), HrhPgDHNIO, PgDHNIG. Pg-
DHN33F1PgDHN35{ET- 5 Wi 5 I8 23 In g s
(SenaZ5:2018). A 7 HR i 7K 3= F& K| CADHN4AE vyl «
i, T5%. ShAMABARE T EiRRE, Hd-
DHN4 ABAKKS {5 538 Bt 1142, CADHN4%f ABA
R e SRR T A A ) O R R 0 9 ) A )
(Lv&52017). H T PR BT 4, 160 S AR Aok ) 2
24~ CADHN4%% 53 A (AF 89 #5 11) CADHN4-L 71 B £
] CdDHN4-S), CADHN4-S fllCADHN4-L £& [ #f /&
YSK Il K 3R, AEh R 7T it ik CdDHN4-LAN
CADHN4-S¥J 42 sy 1 RELAK 0 52 A0 5 1 3a i 52 78
(Zhang#52020a). i 7K 25 0T Lid ik BRARSFLE S, 12
MRS, RPOLRE A B L 68, 4E+F
R FE A o - S A B FA) 258 S SR A 15 B B O 5 T
S TG EER, R0 (Xie552012;
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Yang%52019; Hanin%$2011; Shakirova%§2016; Guo
22017). TR AHKIbHLHFS % K7+ ¥ TabHLH49
AT LA N A, R PLS N K R
WZY2(W)A 87456 M BAER, BT wzy2
RIA, & mEY PR A8 1 (LingE2020). /K
RIETRIE R H5 52 2158 3 7 X S E
F 7ot B eE . BRI, 4% %8 (‘Nicola” )it /K &=
BLRISIDHN1 A 81 X A AE T 52 A4 B 7644 (DRE/
CRT), HHAZENZRZ b6 hg FiFEA,
48 2, —EE 424 b5 b if % 1A (Charfed-
dine%$2016). T B/K KPR A HIIEM, HAE
il - 1 5 A o RS B OC 8 H (Riyazuddin%s
2021),

I 7K 2% CA B VR A o T AR SR B T S
8. KFEYSK, 2 B 7K 2 g AL 2 K| OsDhn-Rab 16D
2 TR $RIE, $3RIAEO0sDhn-Rab1 6D it
YERF K o~ O A B AR AS HR v 7 AR T 5 i
()T 52 1 (Verma$2017) . #F 58 A 51 & B OsDhn-
Rab16D 55 41| ffl #% 7 ) OSFKBP (0s02g52290)#H L.
TEH, FEAEKFEH % 5E 2 T — /M FKBPAIY SK,
AU K 25 5 H & A K OsFKBP-OsDhn-Rab 16D, 1%
THERTTRE S ABAG S5 A X, INiidem T /KR
X5 52 fig ) (TiwariZ$2019).
3.3 #hAme

BRI 2 5 VBB AR A, IR 27K IR,
B ATVEEY AL, K ZmT DLOR S 40 il G 52 K
Sy BERLOR, P i A £51% . Burrieza%$(2011)
TE SR WME T 1) 2237 (Chenopodium quinoa) i ksl
F4FP MK 25 (30, 34, S0F155 kDa), 5 B [ 3% hn
fih & 7 ABAA 31 B, 30 kDaffii 7K ZE300£1500
mmol-L™" NaCljihift 21 F & 2 B 8 3241 i %
R 2H BRI E A B K R R e, K R
A YENDNARIEY . ShWhEES 7 BB K R
({17235, CaDHN5 M CaDHN7 ()3 ik B4y 5 in 1
1344 F14201% (Jing&52016). (L FRKE T, %
1k B CaDHN4F CaDHNS (3R 7o Fh 7R 2 % 5,
ZE T B A R (Luo®%2019; Zhang52019), ¥ 4ME
007 I rp ik ik /N DHN-51 ] 42 5 25 R A )
(I 2 12 (SaibiZ2016). ZhangZs(2020a) & L% £
% S 104 F MR CADHN4FE K T ER (VIGS) BF I 1 e

MRS 2R NP 52 4% . AT S E AR R, oK = AE
ShE T SIS ROSERE Y40 i H AL &, 1
il A T R SR RIS o R AR A, AR T AL Bl
IR R, WPiIA i B S Ak M A A S . (R
I, 7K 2R B AR 1 5T {5 15 CmLEA-S £ [ 7] LA 45
G ALRAROSIH bR, 7 MO R AN R A2 SRR
AR, T DR AIE G 1E % D) §E(Pokus$2020) . 7E 25
i8R R LEE VDhntk 25 B AE RUR R AL, Ca® ik
JE TR B AN 5, NI K 2 AT ikl 4k R Ca YR
SR AR P 41 B B R 41 A ¥ (Hadi A1 Karimi 2012; Jar-
dak-Jamoussi%$2016).

3.4 HibIEEYBmE

TR K 3R BRI 5E 2232 3 Hofth 2 FhAEAE VA
B =M, tansafeihia. misiiass. Liu
Z5(2017) KB K & EKZmDHN13 (KSH) )R 1A
ZEVEAREL B RIEMABAR R, %
IKZmDHN1 338 78 | B PR S0k S840 SO i 52
o AT HHIAZmDHNI3IF A E F BEFIER, 703 M
ZmDHN13H i 7K. NLSHIS /B, 45 R BIK
Jr B AR A1 S A RO R 7L R B S (lactate
dehydrogenase, LDH) v VE [ (& 7 7E F 22 ¢ B 2L,
Halder%5(2018)Hff 7t & BILAE A B i R IA 15 3 (Sor-
ghum bicolor){ i /K & FEKISbDhnl (Y SK,AY)E.Sh-
Dhn2 (SK, M) B EA R0 A R PE T 256
S5 AR, AE H 3 5K (methyl violet, MV) S AL [y
AR T, WK ZRE SR AA i A% 6 B B ORI
ER, KRR AiEtE T ge s 5 H g, [\,
B L DR R SR R FTROS AR B 5t 2 25K T 0T R, JBd
K E ] DLIE I 37 B 1 SR BRR E 7 BT H B2
(B RAEE B R EH -

/K R Ik 232 2 =i a 75 5. Singh
(015K 1t K IX 2 Bk S (Pennisetum glaucum) DHN
(R R AT T 2 B T TR SR A I R U AR K ) Kk
PUAE B8 (45°C) T, & pET28a-pgDHN ) K fizy
FF TR AR R R B By T AL, WK 22
T EIRNZ . B ERSEPgDhn profE & i Wil B il
(45°C) T IR VHEE Yy L 2R 2
i 5 1% 15 5 R (Divya#52019) . i BUK I LDH
TE faiih 2 A 43 ¢ 2330 M, Halder%5(2016) M iy 32
(Sorghum bicolor) ™ 4325 H — Fh B i) SK T i /K &=
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fiir 44 9 SbDHN2, 3 i 4 4 52 56 F 55 /£ SbDHN2 £
AR AE B B0, LI It S T D e % 3 7 i 2%
fF(54°C, 10 min) (S RECRFFIG . 27 EUiHA, BiKER
(6 BT BE A B TR st 1) i pt

UEIRERY, BUKET U EESREL S, HiX
Tl 4 45 G I AR BRAE B M R B AR AF PR #% . Hara
2:(2016) K BLCU™ BEHN I LDHIE M, 11 £ 8L B FFKS
A 7K 25 (AtHIRD 1 1)/E A ' LDH A3 1475 LAVK &2,
HEREKE. X281 R%0, BKETL ik
4R A AR E, TRES 5
WY E & B

4 Bk ES 5 RERER K

B o )8 JE AR P A, ) B K R AE Y
X A= B 51 R 1) B 28 905 0 e B Hh R HE S 2R 0K
EHMEH, —SEMMKERS 5N RE NHEY)
RANE . FLR AR TR /NZEDHN-5% ¥ 2% B
P 4 1 (05 % BR 1A (Staphylococcus aureus) FI1H % [
B K g 22 75 IG 1 (Escherichia coli). HR ¥ T 3EAT
T (Agrobacterium tumefaciens) 4 # bk, AR A
YAt B (Fusarium graminearum) 1 2 {5 (Aspergil-
lus niger)5s5 H w5 BAT BB L YE, B e
[F)DHN-58(K1DK2 Fr B idE AT P B S48, K ILH T
PR R4 TYS v By, R BIDHN-5 K v Bk
5 B AE I (DriraZ82015), MusserZ£(2014) 6
FUR I, 88 I 157 PR E: Ca T E i 25 (Pepper golden
mosaic virus distortion strain, PepGMV-Di) ] ¥ H\ 4b
P, TR K R R R IA R E B B,
— e i K R AR RE S AE WP I6 R — A R A P[RR
EBUHEYRIEER. CAARERH, KRR Z
(Ganoderma boninense) 5| £t i 25 3 J55 95 72 v A P B
ELBE IR )95 FE 2 — (Paterson 2007), ¥4 7k K 25
T32 (Trichoderma harzianum T32)3 H T35 | Gan-
oderma boninense['1JMAR 1 b, 7] DLIE 22 IR 4%
I T K R (Ho%52018), FE RIS SR ET3240 2 J5
AR 7K 32 EgDHN A B i 3% | i (Tan%52015).
SR, 7E RN AR a R, YK BB IHAERA
R —1 . AR, o RIEE LA (drachis
duranensis) i /K R AADHN I3 58 1 6 3 [RI40L e 7+ 4 7
7R &5 2% s (Meloidogyne incognita) iU (Mota

£2019),

AW TR, YK RS 5 R B Rv S
JAE A, i RIE/NE K DHN-51@ 1 F i
FIEPUREIKPRIFIPDF1.2, I+ F &K AW G E
EERIVSP2, LOX3, ML HARG T3k 1 1 )5 3L
KW (Botrytis cinerea) 35 il 3% 93 1 (A lternaria
solani) [F) 1 1% (Drira%$2016). it % iAAdDHNI &
ik A TAE B A% O s DR R RIMY C2 1 R A,
B F 2L [ octadecanoid-responsive AP2/ERF 59 (OR-
AS59) K7 18 % [K] -F-jasmonate-zim-domain protein 1
(JAZD)2RIE N IFIARAE T PDFL.2HER L, HI 55
T TAGHE i Ko A e S IR ) s, AT T 4
A T AE R 28 HU 1Y) ) B (Mota®$:2019).

5 Bk ZRYFRILEIE

5.1 EIFMETHE

PR BT A v AR BT 4, FR FLA AR R R
A AmRNA (pre-mRNA ) A [F] (1) 87 42 77 2077 4F
Z P LA MRNANE R, 1M 7= A 22 Fh 25 A e A
A, DhRe AR E A Y, REMKRERRIA
VAR DL S JE s T 20 AR &I (Vitis vinif-
era) S A R IR SA i 7K 3= B R A 44 & 1 ik
M BT 2 (Navarro£52015). 1% #8148 He AN AE 15 1
IR 7K 2 A8 S 1, b B 1T HmRNAZK -, #E i 52
W K ) A KR B AR AR P e aa e B o HEAT IR BRI
By i 7K 2R RE S5 4 B B LA e i 24
SRR ANAS BN & TR, AR TS R
TR ERTAmRNAB Ed FE T, N & 7 1R B
(intron retention events)5 FTmRNA A $2 /i H HIL & 11
TR, HET A2 [F] R AR (B AN S N
F) (RosalesZ2014).

BARMOK R BE SO ANA, (HH
TEAE Y 193 0] S TR 52 2 (%) A2 2 2 DI e 1w A 58
VE . RPRTEBTHEE AT BN A K R B R )
FhIhge e AR R At T —Fh o/ FALE, A B A e
K R L DR 72 AR () BT A A B AN R A 1) Dl e
(Zhang45:2020a). 7% %j(‘Cardinal’) YSK, % il 7K &
SR VveDHN a2 45T FI14-84 bpit) P & 14
B AT RV BY R S O B2 P BT $2 48 K DHNa_s
(GEATEIE, A& NS F)MDHNIa u CGREJEE, &
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7). DHNla_ufk = OBRMKEL, 1T W& 147
TEPEHT 4 1B 2005 1 R I AR Y SR i K 3R 2R
H, MEi#% /5 DHNl1a_sAN & N & F, FFIEH il
TERY SK /K R o X PG AR Z5 4 1)
Z5 e Y Rerg A A F, 5 DHN1a_ufH L,
DHN la_sf FLIR it S i i 1t B A A R IR E L, IR
PP SRR M Sl G 32 MK, I RE R 3 4 K B B 1)
A4 K (Rosales552014) . IX I TAE H R 7 DB
KB AE it 7K 25 D) 6 6k A= 2 Jite 2 B v 1 5
YER . H0 4 MR K = L R CADHNAM BETE Rl 24 ik
PEME BT S AR, R BY 2 1) CADHNA4-L (5 481
12 1 2 4 (¥ @ BO) A1 BT 2 1) CADHN4-S (A 55 @
BY), 3 # e R AR T 22 Fh Al A W il 38 TR TR 52
P, {EAH L2 N CADHN4-SHLBE il . iEFRROS
(R BE 71 5 58 (Zhang%%2020a) .
5.2 #hEEEE

A 0 R R S B e A R R B
T CoR I BN R i LA 45 6 — 24k 22N oy
FE[, A2 I 1 T R 2 A B 5 BT 1 2 [ DL E
BEARMEMIIGE. BB I KR 3
BB S B2 —, T Re 5 B sZ AL ) %5 D) AE
Ko WFFFEM, B2 134130 kDaflii 7K & (Burrieza
Z£2011), H ¥ A8 #4 SP80.3280 (Saccharum officina-
rumxspontaneum)F 152, 49F143 kDaflii 7K 2 (Bur-
rieza%$2012), fif £ % - [1]44F122 kDaflii 7k 2 (Nav-
arro%$2015), K5 GmERDI14 (YamasakiZ$2013), &
JKZmDHNI13 (Liug§2017) 34778 1l 7K FR IR A 12 1
YEF . Brini%§(2007) & 3, 7E2750 5 J& Bt 5 /s %2
(Triticum durum)™, F LT BUB S FR(S), B
(R)Fh - [ it 7K 25 DHN-S T B AV A2 5 o iy o X
72 e W R M 2RI A Dy /N 22 i B0 5280 3 318
i 52 VAU A - TR R A . R Ah, TRALEE T,
51 2E 5 (Festuca arundinacea) it 7K Z HIRD11 ] ik
PR A 7K 2 25 1 5 (Zhang 552020D) .

it 7K 2 Hh 5 R A AR AT O 1) 45 44 2 HH 223
PR R FEZH RIS v B, B BB AE B IR AL A s ST
BOaTH 2 Ml L R AL, YL SK Y i /K 3R 322
1 2 1 C (protein kinase C, PKO)#§#21kL, 1M SK,
R 7K 25 3 B K 2 1 I (Casein Kinase IT, CKIT)
T2 1k (Burrieza®$2012). I4h, 7EY,SK, FISK, B 1,

A — NP PR SF 5 P (LXRXXS) A BA## Snf1AH
5 8 7 (SnRK 2-10) 1 1% 44, (Abedini%$2017) . HF 5%
F BB K FEAE AR SR R A R AR AR
F A, HAES,KSH h 5 ik, {HAEK, SHLH
1R /b % A (AbediniZ52017) .

PR A KR K R 5 4 8 B T 1 45
H 5 PE(Vaseva252014). 1% 5E A7 (Burrieza%5:2012).
A% 5 WLED K 1 22 (actin filaments) () 4H ELAF 1 (Abu-
Abied%520006), iX L5 D) REFEFEA) N2 Wi i A2 ]
RE R RBEER
5.3 TWEHIFE

E RIS FEDNAF Ik . 41 E A
PR B 1S R T, DNARIAZ TR 7 51 A & A48
ko, T DR R R AR T BT IY Al AR I U,
XTHEPILE 2 PR 77 T B R R RIS R R =
F(TiwarifllChakrabarty 2021). Hi/K 2K R
TN 52 W I0 AR A5 6 1 1 4%, 2 B 5 OV 2R
SRELIR

Zong % (2013) 45 Y 05 5% YITE I 3 (ChIP
seq) M4 5 2H I 7 (RNA-Seq), i+ 57 JHpiE T~ 7K H
Y T H3K4 = W 35 4h (H3K 4me3 ) 75 JE R 40 78 il 4
(1) 5 B0 A B B3 87 Ja DR Rk A A7 R B 40
Bro &5HREIR, H3K4me3 &M 7K - 15 /K e i 7K 22 2k
AT R At 3508 4 57 i 7 3 PR (1) 38 7K P A8 4k B OE
FHOG. BT R, £ e % K 1-Osb-
ZIP23 41 1 FIH3K4me3 (I iE 1K 7, 2 545 i
JKEILFFELOC 0511826790, LOC_0s11g26780,
LOC Os11g26760F1LOC Os11g26750) 1 Z 15 4% .
ET R WE 240 T, 1% MR H3K4me3 (2 117K
ST, K 2R R DR Rk 52 B0 3 e, (A
R ILOsbZIP23 55 it /K & F A 3 51 [ 45 & 7K1t
Haom, UEHAE T2 A T, H3K4me3 &1 1E 7] 1 4%
OsbZIP23 5 [l /K Z R 2 T4 &, NI fe it ik
FE A 314 (Zong?52020). HAFE R K2, ZHFFT
v A B TS MK 3R 2R R T H3K 4me3 & 1 7K 7 3% A
AR, RPEANFAE R R T, BKRERRR
KA AT Be 4 AN R LA (Zong552020) .

6 515

TV K RAEFR S SN PR R |
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GBI AT R B I RE . (EE, HATHIWEIT
PR R AT K RAER I AE KK B M AR 12
TRV IR —E Z 8, 2 R T YK
KR I R AR AR . S5 B, BT K R A
ARFFHIY. SHKA B, BRTHEYEAA, E. S
MK B — BT BUK R EAIRS KR
B, (E LI R A KR P A WE 7T, T8 T i
IR EAK BURHUEE, XA 1 Bt 7K 2 4 e
TR IhREEANTE . 734, AFREBUKERF A
B Th REE 7 2 — D IR AW T . AV~ ThRE
[, RE KRB FER WA K 20 BT 52 AR
i 5k S A, HAH OGO T AL B AT FUIR AR 7
B, BARPERINLE A I sk, MRS
2% B R 4% WY 2% B R URE J1IRF 1 EIR P P AR
W) R A A B RE T, R K ER L RE 6 ) 8
YRS AEPia, {8 H TS 5>
W FC 8 b IR S AN 2B AR T P o e
KRG BTG, DAY LHKRS S
TP AR 5 3l i 1) AR PR LR, AR SRS E R
M AR S BN F i — DR RE
KEHT T B AR e NN LRI = 1Y)
PUEE AN &, (EAR OG> T AL R F L aE AN s 3%
0, Ak B IEIER L, BT EAREAT LK R IR A
FOR AR A B R

&% 3k (References)

Abedini R, GhaneGolmohammadi F, PishkamRad R, et al
(2017). Plant dehydrins: shedding light on structure and
expression patterns of dehydrin gene family in barley. J
Plant Res, 130: 747-763

Abu-Abied M, Golomb L, Belausov E, et al (2006). Iden-
tification of plant cytoskeleton-interacting proteins by
screening for actin stress fiber association in mammalian
fibroblasts. Plant J, 48: 367-379

Aziz MA, Sabeem M, Mullath SK, et al (2021). Plant group
II LEA proteins: intrinsically disordered structure for
multiple functions in response to environmental stresses.
Biomolecules, 11 (11): 1662

Battaglia M, Olvera-Carrillo Y, Garciarrubio A, et al (2008).
The enigmatic LEA proteins and other hydrophilins. Plant
Physiol, 148: 6-24

Brini F, Hanin M, Lumbreras V, et al (2007). Functional char-
acterization of DHN-5, a dehydrin showing a differential

phosphorylation pattern in two Tunisian durum wheat
(Triticum durum Desf.) varieties with marked differences
in salt and drought tolerance. Plant Sci, 172: 20-28

Burrieza HP, Koyro HW, Tosar LM, et al (2011). High salinity
induces dehydrin accumulation in Chenopodium quinoa
Willd. cv. Hualhuas embryos. Plant Soil, 354: 69-79

Burrieza HP, Lopez-Fernandez MP, Chiquieri TB, et al (2012).
Accumulation pattern of dehydrins during sugarcane (var.
SP80.3280) somatic embryogenesis. Plant Cell Rep, 31:
2139-2149

Charfeddine S, Charfeddine M, Saidi MN, et al (2016). Potato
dehydrins present high intrinsic disorder and are differ-
entially expressed under ABA and abiotic stresses. Plant
Cell Tiss Org Cult, 128: 423-435

Chen RG, Jing H, Guo WL, et al (2015). Silencing of dehydrin
CaDHN] diminishes tolerance to multiple abiotic stresses
in Capsicum annuum L. Plant Cell Rep, 34: 2189-2200

Chiappetta A, Muto A, Bruno L, et al (2015). A dehydrin gene
isolated from feral olive enhances drought tolerance in
Arabidopsis transgenic plants. Front Plant Sci, 6: 392

Close TJ (1997). Dehydrins: a commonalty in the response of
plants to dehydration and low temperature. Physiol Plant,
100: 291-296

Cui H, Wang Y, Yu T, et al (2020). Heterologous expression
of three Ammopiptanthus mongolicus dehydrin genes
confers abiotic stress tolerance in Arabidopsis thaliana.
Plants (Basel), 9: 193

Divya K, Kavi Kishor PB, Bhatnagar-Mathur P, et al (2019).
Isolation and functional characterization of three abiotic
stress-inducible (Apx, Dhn and Hsc70) promoters from
pearl millet (Pennisetum glaucum L.). Mol Biol Rep, 46:
6039-6052

Drira M, Hanin M, Masmoudi K, et al (2016). Comparison of
full-length and conserved segments of wheat dehydrin
DHN-5 overexpressed in Arabidopsis thaliana showed
different responses to abiotic and biotic stress. Funct
Plant Biol, 43: 1048-1060

Drira M, Saibi W, Amara I, et al (2015). Wheat dehydrin
K-segments ensure bacterial stress tolerance, antiaggrega-
tion and antimicrobial effects. Appl Biochem Biotechnol,
175:3310-3321

Eriksson S, Eremina N, Barth A, et al (2016). Membrane-in-
duced folding of the plant stress dehydrin Lti30. Plant
Physiol, 171: 932-943

Eriksson SK, Kutzer M, Procek J, et al (2011). Tunable mem-
brane binding of the intrinsically disordered dehydrin
Lti30, a cold-induced plant stress protein. Plant Cell, 23:
2391-2404

Fernandez-Caballero C, Rosales R, Romero I, et al (2012).
Unraveling the roles of CBFI, CBF4 and dehydrin 1




1626 TP A B 244 www.plant-physiology.com

genes in the response of table grapes to high CO, levels
and low temperature. J Plant Physiol, 169: 744—748

Giarola V, Challabathula D, Bartels D (2015). Quantification
of expression of dehydrin isoforms in the desiccation
tolerant plant Craterostigma plantagineum using specifi-
cally designed reference genes. Plant Sci, 236: 103-115

Guo X, Zhang L, Zhu J, et al (2017). Cloning and characteri-
zation of SiDHN, a novel dehydrin gene from Saussurea
involucrata Kar. et Kir. that enhances cold and drought
tolerance in tobacco. Plant Sci, 256: 160—169

Gupta A, Marzinek JK, Jefferies D, et al (2019). The disor-
dered plant dehydrin Lti30 protects the membrane during
water-related stress by cross-linking lipids. J Biol Chem,
294: 6468—6482

Hadi MR, Karimi (2012). The role of calcium in plants’ salt
tolerance. J Plant Nutr, 35: 2037-2054

Halder T, Agarwal T, Ray S (2016). Isolation, cloning, and
characterization of a novel Sorghum dehydrin (SbDhn2)
protein. Protoplasma, 253: 1475-1488

Halder T, Upadhyaya G, Basak C, et al (2018). Dehydrins
impart protection against oxidative stress in transgenic
tobacco plants. Front Plant Sci, 9: 136

Hanin M, Brini F, Ebel C, et al (2011). Plant dehydrins and
stress tolerance. Plant Signal Behav, 6: 1503—1509

Hara M, Fujinaga M, Kuboi T (2004). Radical scavenging ac-
tivity and oxidative modification of citrus dehydrin. Plant
Physiol Biochem, 42: 657-662

Hara M, Fujinaga M, Kuboi T (2005). Metal binding by cit-
rus dehydrin with histidine-rich domains. J Exp Bot, 56:
2695-2703

Hara M, Monna S, Murata T, et al (2016). The Arabidopsis
KS-type dehydrin recovers lactate dehydrogenase activity
inhibited by copper with the contribution of His residues.
Plant Sci, 245: 135-142

Hernandez-Sanchez IE, Maruri-Lopez I, Ferrando A, et al
(2015). Nuclear localization of the dehydrin OpsDHNI1
is determined by histidine-rich motif. Front Plant Sci, 6:
702

Ho CL, Tan YC, Yeoh KA, et al (2018). Transcriptional re-
sponse of oil palm (Elaeis guineensis Jacq.) inoculated
simultaneously with both Ganoderma boninense and
Trichoderma harzianum. Plant Gene, 13: 56—63

Hu YJ, Deng LJ, Zhang J, et al (2012). Effects of exogenous
ABA on accumulation of the soluble proteins and de-
hydrins in leaves of ornamental crabapples under soil
drought stress. Sci Silv Sin, 48: 35-42 (in Chinese with
English abstract) [ E %, XSUNH, sk A%(2012). T5
JRE R AR AB AR R TR SE I P T R R K B
B M RZI. Mol Rz, 48: 35-42]

Imamura T, Higuchi A, Takahashi H (2013). Dehydrins are

highly expressed in overwintering buds and enhance
drought and freezing tolerance in Gentiana triflora. Plant
Sci, 213: 55-66

Jardak-Jamoussi R, Zarrouk O, Salem AB, et al (2016).
Overexpressing Vitis vinifera YSK, dehydrin in tobacco
improves plant performance. Agr Water Manage, 164:
176-189

Jing H, Li C, Ma F, et al (2016). Genome-Wide identification,
expression diversication of dehydrin gene family and
characterization of CaDHN3 in pepper (Capsicum annu-
um L.). PLOS One, 11: e0161073

Kovacs D, Kalmar E, Torok Z, et al (2008). Chaperone activ-
ity of ERD10 and ERD14, two disordered stress-related
plant proteins. Plant Physiol, 147: 381-390

Lin CH, Peng PH, Ko CY, et al (2012). Characterization of
a novel Y,K-type dehydrin VrDhnl from Vigna radiata.
Plant Cell Physiol, 53: 930-942

Liu H, Yang Y, Liu D, et al (2020). Transcription factor
TabHLH49 positively regulates dehydrin WZY2 gene ex-
pression and enhances drought stress tolerance in wheat.
BMC Plant Biol, 20: 259

Liu H, Yu C, Li H, et al (2015). Overexpression of SADHN,
a dehydrin gene from Solanum habrochaites enhances
tolerance to multiple abiotic stresses in tomato. Plant Sci,
231:198-211

Liu Y, Wang L, Zhang T, et al (2017). Functional characteriza-
tion of KS-type dehydrin ZmDHN13 and its related con-
served domains under oxidative stress. Sci Rep, 7: 7361

Luo D, Hou X, Zhang Y, et al (2019). CaDHNS, a dehydrin
gene from pepper, plays an important role in salt and os-
motic stress responses. Int J Mol Sci, 20: 1989

Lv A, Fan N, Xie J, et al (2017). Expression of CdDHN4,
a novel YSK,-type dehydrin gene from bermudagrass,
responses to drought stress through the ABA-dependent
signal pathway. Front Plant Sci, 8: 748

Maruyama K, Todaka D, Mizoi J, et al (2012). Identification
of cis-acting promoter elements in cold- and dehydra-
tion-induced transcriptional pathways in Arabidopsis,
rice, and soybean. DNA Res, 19: 37-49

Mota APZ, Oliveira TN, Vinson CC, et al (2019). Contrasting
effects of wild Arachis dehydrin under abiotic and biotic
stresses. Front Plant Sci, 10: 497

Mouillon JM, Gustafsson P, Harryson P (2006). Structural
investigation of disordered stress proteins. Comparison of
full-length dehydrins with isolated peptides of their con-
served segments. Plant Physiol, 141: 638-650

Musser RO, Hum-Musser SM, Gallucci M, et al (2014). Mi-
croarray analysis of tomato plants exposed to the nonvir-
uliferous or viruliferous whitefly vector harboring Pepper
golden mosaic virus. J Insect Sci, 14: 230




FVE A I KR AR 2 D Re S IR BT FE HE 1627

Navarro S, Vazquez-Hernandez M, Rosales R, et al (2015).
Differential regulation of dehydrin expression and treha-
lose levels in Cardinal table grape skin by low tempera-
ture and high CO,. J Plant Physiol, 179: 1-11

Ochoa-Alfaro AE, Rodriguez-Kessler M, Perez-Morales MB,
et al (2012). Functional characterization of an acidic SK,
dehydrin isolated from an Opuntia streptacantha cDNA
library. Planta, 235: 565578

Paterson RRM (2007). Ganoderma disease of oil palm—
a white rot perspective necessary for integrated control.
Crop Prot, 26: 1369-1376

Perdiguero P, Barbero MC, Cervera MT, et al (2012). Novel
conserved segments are associated with differential ex-
pression patterns for Pinaceae dehydrins. Planta, 236:
1863-1874

Perdiguero P, Collada C, Soto A (2014). Novel dehydrins
lacking complete K-segments in pinaceae. The exception
rather than the rule. Front Plant Sci, 5: 682

Poku SA, Chukwurah PN, Aung HH, et al (2020). Over-ex-
pression of a melon Y3SK2-type LEA gene confers
drought and salt tolerance in transgenic tobacco plants.
Plants, 9: 1749

Riyazuddin R, Nisha N, Singh K, et al (2021). Involvement
of dehydrin proteins in mitigating the negative effects of
drought stress in plants. Plant Cell Rep, 41: 519-533

Rorat T (2006). Plant dehydrins—tissue location, structure
and function. Cell Mol Biol Lett, 11: 536-556

Rosales R, Romero I, Escribano MI, et al (2014). The crucial
role of ®- and K-segments in the in vitro functionality
of Vitis vinifera dehydrin DHN1a. Phytochemistry, 108:
17-25

Ruibal C, Salamo IP, Carballo V, et al (2012). Differential
contribution of individual dehydrin genes from Phy-
scomitrella patens to salt and osmotic stress tolerance.
Plant Sci, 190: 89—-102

Saibi W, Zouari N, Masmoudi K, et al (2016). Role of the du-
rum wheat dehydrin in the function of proteases confer-
ring salinity tolerance in Arabidopsis thaliana transgenic
lines. Int J Biol Macromol, 85: 311-316

Shakirova F, Allagulova C, Maslennikova D, et al (2016a).
Involvement of dehydrins in 24-epibrassinolide-induced
protection of wheat plants against drought stress. Plant
Physiol Biochem, 108: 539-548

Shakirova FM, Allagulova CR, Maslennikova DR, et al
(2016b). Salicylic acid-induced protection against cad-
mium toxicity in wheat plants. Environ Exp Bot, 122:
19-28

Shi H, Chen Y, Qian Y, et al (2015). Low Temperature-Induced
30 (LTI30) positively regulates drought stress resistance
in Arabidopsis: effect on abscisic acid sensitivity and hy-

drogen peroxide accumulation. Front Plant Sci, 6: 893

Singh J, Reddy PS, Reddy CS, et al (2015). Molecular cloning
and characterization of salt inducible dehydrin gene from
the C4 plant Pennisetum glaucum. Plant Gene, 4: 55-63

Stival Sena J, Giguere I, Rigault P, et al (2018). Expansion of
the dehydrin gene family in the Pinaceae is associated
with considerable structural diversity and drought-re-
sponsive expression. Tree Physiol, 38: 442456

Strimbeck GR (2017). Hiding in plain sight: the F segment
and other conserved features of seed plant SKn dehy-
drins. Planta, 245: 1061-1066

Sun Z, Li S, Chen W, et al (2021). Plant dehydrins: expres-
sion, regulatory networks, and protective roles in plants
challenged by abiotic stress. Int J Mol Sci, 22 (23): 12619

Tan YC, Wong MY, Ho CL (2015). Expression profiles of de-
fence related cDNAs in oil palm (Elaeis guineensis Jacq.)
inoculated with mycorrhizae and Trichoderma harzianum
Rifai T32. Plant Physiol Biochem, 96: 296-300

Tiwari P, Chakrabarty D (2021). Dehydrin in the past four de-
cades: From chaperones to transcription co-regulators in
regulating abiotic stress response. Curr Res Biotechnol, 3:
249-259

Tiwari P, Indoliya Y, Singh PK, et al (2019). Role of de-
hydrin-FK506-binding protein complex in enhancing
drought tolerance through the ABA-mediated signaling
pathway. Environ Exp Bot, 158: 136-149

Tompa P, Banki P, Bokor M, et al (2006). Protein-water and
protein-buffer interactions in the aqueous solution of an
intrinsically unstructured plant dehydrin: NMR intensity
and DSC aspects. Biophys J, 91: 2243-2249

Tompa P, Szasz C, Buday L (2005). Structural disorder throws
new light on moonlighting. Trends Biochem Sci, 30:
484-489

Vaseva, 11, Anders I, Feller U (2014). Identification and ex-
pression of different dehydrin subclasses involved in the
drought response of Trifolium repens. J Plant Physiol,
171:213-224

Verma G, Dhar YV, Srivastava D, et al (2017). Genome-wide
analysis of rice dehydrin gene family: its evolutionary
conservedness and expression pattern in response to PEG
induced dehydration stress. PLOS One, 12: 0176399

Wang JJ, Mu M, Wang S, et al (2016). Molecular clone and
expression of GhDHNI gene in cotton (Gossypium hirsu-
tum L.). Sci Agric Sin, 49: 2867-2878 (in Chinese with
English abstract) [‘EA248, B, FIh%2016). 1L
i /K 2 GRDHN 1 [ 5 [ % JL 3k, s E AR, 49:
2867-2878]

Wang Y, Xu H, Zhu H, et al (2014). Classification and expres-
sion diversification of wheat dehydrin genes. Plant Sci,
214: 113-120




1628 TP A B 244 www.plant-physiology.com

Wei H, Yang Y, Himmel ME, et al (2019). Identification and
characterization of five cold stress-related rhododendron
dehydrin genes: spotlight on a FSK-type dehydrin with
multiple F-segments. Front Bioeng Biotechnol, 7: 30

Xie C, Zhang R, Qu Y, et al (2012). Overexpression of M-
CAS31 enhances drought tolerance in transgenic Arabi-
dopsis by reducing stomatal density. New Phytol, 195:
124-135

Yamasaki Y, Koehler G, Blacklock BJ, et al (2013). Dehydrin
expression in soybean. Plant Physiol Biochem, 70: 213—
220

Yang W, Zhang L, Lv H, et al (2015). The K-segments of wheat
dehydrin WZY?2 are essential for its protective functions
under temperature stress. Front Plant Sci, 6: 406

Yang YZ, He MY, Zhu ZG, et al (2012). Identification of the
dehydrin gene family from grapevine species and analy-
sis of their responsiveness to various forms of abiotic and
biotic stress. BMC Plant Biol, 12: 140

Yang Z, Sheng JY, Lv K, et al (2019). Y,SK, and SK; type
dehydrins from Agapanthus praecox can improve plant
stress tolerance and act as multifunctional protectants.
Plant Sci, 284: 143-160

Yu Z, Wang X, Zhang L (2018). Structural and functional

dynamics of dehydrins: a plant protector protein under
abiotic stress. Int J Mol Sci, 19: 3420

Zhang D, Lv A, Yang T, et al (2020a). Protective functions
of alternative splicing transcripts (CdDHN4-L and Cd-
DHN4-S) of CdDHN+4 from bermudagrass under multiple
abiotic stresses. Gene, 763: 100033

Zhang HF, Liu SY, Ma JH, et al (2019). CaDHN4, a salt and
cold stress-responsive dehydrin gene from pepper de-
creases abscisic acid sensitivity in Arabidopsis. Int ] Mol
Sci, 21: 26

Zhang X, Zhuang L, Liu Y, et al (2020b). Protein phosphor-
ylation associated with drought priming-enhanced heat
tolerance in a temperate grass species. Hortic Res, 7: 207

Zhu W, Zhang L, Lv H, et al (2014). The dehydrin wzy2 pro-
moter from wheat defines its contribution to stress toler-
ance. Funct Integr Genomics, 14: 111-125

Zong W, Yang J, Fu J, et al (2020). Synergistic regulation of
drought-responsive genes by transcription factor Osb-
ZIP23 and histone modification in rice. J Integr Plant
Biol, 62: 723-729

Zong W, Zhong X, You J, et al (2013). Genome-wide profiling
of histone H3K4-tri-methylation and gene expression in
rice under drought stress. Plant Mol Biol, 81: 175-188




