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Fig.1 Relative water content of wheat
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Fig.3 Effects of different treatments on the PS |l function of wheat seedlings

2.4 5ME 5-ALA Xt TFEMNE T/INE P, B9800
WA 4 Fros, e B RS T /N Gl
R P, 5 CKAHLL FRET 49%. MimitEsMNE 5S-ALA
WEREE T TR/ NEYEM R P, P+A RbFRAES
PEG TR T 55%, CK ACFRZ 5 ALA AT Y
P, 23 AEE (P<0.05),
25 4MIR 5-ALA Xt 28MB T/IZE psbA EREF
el
M5 FTUAE Y, TR aa B SRR T /N2 40
Wit Fr pshA FER BAEXS Rk &, 5 CK AR RE
T 46% (P<0.05), T P+A Kb BREY pshA K Y41

16
a a
14 T T
=12+ b
E 0t -
S 8 °
E°r
~
2 [
0 1 1 1
CK ALA PEG P+A
AL FH Treatment

B4 FRELERNEGDE ST ERPFN
Fig.4 Effects of different treatments on net
photosynthetic rate of wheat seedlings



124 EPIARE  Crops 2018 457 5 1

- Xt kKA B B AT (P<0.05), BT 58%.

—_

o i
T

n

=

iﬂ_gﬁ 1 . ; CK ZbFRZ 5 ALA RbERA (/) /NZZ S G I i pshA &
R o8t = PR 2k B 25 S RN B3, (HAFEH = P+A Al
£ 0.6 e PEG 4b# (P<0.05),
: 0.4 F - 26 SMNES-ALAXTFEENET/NE D1 EHSE
2E oaf KR
- S S U S S G ENGIR AR XY oA R 23 Bt
B Treatment - I, T8 6 45 RR, CKAbFI DI 217 itk

%, MLz, ZME 5-ALA 2 B0 D1 A S 8AH
firitE, HAE PEG-6000 ZbFRIFHM K, FH 5-ALA &b
PRAYZ A ST A5 B e, EU ] PEG-6000 36 Ab 2

5 AEEINELE psbA BEEEIRIEE
Fig.5 Relative expression of psbA gene in wheat
seedlings under different treatments

Marker

CK ALA PEG P+A
170KD) s A
130KD) sem—
100KD —

T0KD —

55KD —

A0KD — -

32kD
(DIZEF)

35kD -
25kD m—
15kD s

A: SDS-PAGE HJK[E; B: HFH BIENIEALSL
A: SDS-PAGE electrophoretogram; B: Western blot

Marker CK ALA PEG P+A B

6 ARLLENELHEMF D1 EBRIE
Fig.6 D1 protein expression in leaves of wheat seedlings under different treatments

ARS8

3 it
31 5B 5-ALA AERTT RENE T/MNEBITE
HER

AWPFEEREN], R a1
FRAXE 7K S, MG S-ALA 28 T T 538 i i
fR/INZE I AR KR AR, TR SR i
AR S K BRI RRAR, & B 28 55 AR
BEAE TR EE R AWE N, AR A T B2 B
FEERI, HEG R, XA A
, BEE TR, EYIRNT TOTR B TR,
MR RS R B S B R 5 U R I
INAIDE T PSR 7 N T IR 2 STV NS AL U e
A=) S B[R] S 5 | A 5
LS SZ A0, I T A 2R R Al Bl 4

o R, g REAMYDE S ER b i
FOLAEEE, HEEm IR E T UK
FeA RS R EEAER . ABFITHh, N2t
SEE SR T RN T B, oM S-ALA
AT LA B4R R A E i, Song 25 M HFSTAR
AR 5-ALA R S th T S a5 i ny 5
425 A B NI o Akram 25 20t 2 90, AN 5-ALA
POESH SIB 2 Iip o wUSY I SIER7 A S MU S e = (0] 43
AR R, X TTHES 5-ALA 1E Jy -4 24 i
REEZES 5P R a2 G ST AHDC Y
A X,
32 4MES-ALARIEX T EE T/IhEL
PS Il B9iET1EH

TR E T AR R T s AT
ISFHEP, R ERRG, SRS P R EN, T
BIia REBUNE I SR FIE, . qv. P, FEAK;



M 186 M

TR 5-ALA XIS a T /NE L ROL S K D1 EH AT 125

T R e Y I STER O AN ¥ i A L)AL R EA
WoR P ETREPE T BEREMK. FF, T RRE™
TR FEPSITFEI R K, &y HFE
IR PSTT S Ho oK BE A AR R BRI i
I il R e I TSR LR K7 R RN T N
FEIROR HOR AL T R 2 ] () Pz 2 11
S A RN T gy AR TR A 1 —Fh A
WA B, BIEL R CRE, FRADCATEDE
T AR L G sZ i s

AR, TR T FF,. Qwi. g
P, B E AL, g BT S, XEEUEMN B3
AR W N LA R R EAZ ., i
FH 5-ALA BB P W& th T T S Mha gk P,
@ psy qp M EFJF, HIREAIG, VIS gy T , 6 5-ALA
A LA IE R e G RERTIR SRR, fRHHEETERT,
ke i S A X NAE PSR e B4 55, M
T4 /NI T R il it 52
3.3  5ME 5-ALA Xt FEAME T/INELE psbA B

FE&ixf D1 EHSENAT

A SR PS T 8 5 A S AL A
TS A X PSTT 2R G A0 405 42 3 4 40 A T B 1 e
WEAE SRS, JLHEEAEY MG T R
A SN R e = W D WO 7T P S R A < 1 2 S TN
pshA B[R guthy D1 A2 PS I Ao AR
o @il LA, 508 B BRI T pshA
RNk, RN DL AR & CK ARy
TR, XA RS T REMNEEN T D1 EANA K
SR A C IR TG, SR D1 AR E 4,
fif D1 B AMBERRILRRAR, [HTCES 5248 PSTl
HEWINIBEE . Xue 55 PIHFFE AL, SR T/
Z DI ERAH AR, N m /N2 e A1Em . i
ARG, ANt S-ALA FALE AT LU 838 0 pshA
Rk, I EAE 4 M ET, H D1 EERY
S, ULHIANE 5-ALA ] LG40 pshA Jt
FIFEIA T, JEMINESE D1 A ma M, I
PSTT EARMIESE, [FRIH T D1 & A R,
NTTZEfR T TS e %7 PS 1T BRI 3 i1,
PR T /N W X S BN 32k

25 TR, AN 5-ALA BEB] BAR HE 4R 2
G, HERENE IR A T B pshA SEA Y
TR, SPeZ AR D1 AR R, Wb PST 4,
FIRIDIRERIREIR , sk T /N2 LG e Ais il
G T TR NG I

S 3k

[1]Wei Q H,Zhang F,Sun F S,et al. A wheat MYB transcriptional
repressor TaMyb1D regulates phenylpropanoid metabolism and
enhances tolerance to drought and oxidative stresses in transgenic
tobacco plants. Plant Science,2017,265:112-123.

[2]Sharma M, Gupta S K, Majumder B, et al. Salicylic acid mediated
growth, physiological and proteomic responses in two wheat varieties
under drought stress. Journal of Proteomics,2017,163:28-51.

B BRI B, 2R JEnt: SAFEE Mk, 2006 151.

[4]Chen Y E,Zhang C M,Su Y Q,et al. Responses of photosystem [l
and antioxidative systems to high light and high temperature costress
in wheat. Environmental & Experimental Botany,2017,135(3):45-
55.

[SIEHE, &br, &0 €, 55, SMEABAXS T2 W F A F b
/N psh AFER Fe Ik HsE . VEH)2#4,2011,37(8): 1372-1377.
[6]Chen,Y E,Liu W J,Su'Y Q,et al. Different response of photosystem
Il to short and long—term drought stress in Arabidopsis thaliana.

Physiologia Plantarum, 2016, 158(2) :225-235.

[THEME &, SR T B8, 55, SMRFHZREI T 50 /N2 4 i
AT AL Mepsh A TR TR MY . 1EH 241, 2013,39(7):
1319-1324.

[8]Wang Y X,Suo B,Zhao T F,et al. Effect of nitric oxide treatment on
antioxidant responses and pshA gene expression in two wheat cultivars
during grain filling stage under drought stress and rewatering. Acta
Physiologiae Plantarum,2011,33(5): 1923-1932.

[9]Wang Y X, Liu S C,Zhang H L, et al. Glycine betaine application
in grain filling wheat plants alleviates heat and high light—induced
photoinhibition by enhancing the pshA transcription and stomatal
conductance. Acta Physiologiae Plantarum, 2014 ,36(8):2195-2202.

[10]Naeem M S, Warusawitharana H,Liu H B, et al. 5—aminolevulinic
acid alleviates the salinity—induced changes in Brassica napus as
revealed by the ultrastructural study of chloroplast. Plant Physiology
& Biochemistry,2012,57(8):84-92.

[11]Liu M R,Li J H,Niu J H,et al. Interaction of drought and
S—aminolevulinic acid on growth and drought resistance of Leymus
chinensis seedlings. Acta Ecologica Sinica,2016,36(3): 180-188.

[12]Niu K J,Ma X, Liang G L,et al. 5S—Aminolevulinic acid modulates
antioxidant defense systems and mitigates drought—-induced damage
in Kentucky bluegrass seedlings. Protoplasma,2017,254(6):2083.

[13]Phung T H,Jung S. Perturbed porphyrin biosynthesis contributes to
differential herbicidal symptoms in photodynamically stressed rice
(Oryza sativa) treated with 5—aminolevulinic acid and oxyfluorfen.
Pesticide Biochemistry & Physiology,2014,116:103-110.

[14]Sancho—knapik D, Gismero J, Asensio A, et al. Microwave l-band
(1730MHz) accurately estimates the relative water content in poplar
leaves. A comparison with a near infrared water index (R 300/R 450)-
Agricultural & Forest Meteorology,2011,151(7):827-832.

[15]Baglieri A,Cadili V,Monterumici C M, et al. Fertilization of
bean plants with tomato plants hydrolysates. Effect on biomass
production, chlorophyll content and N assimilation. Scientia
Horticulturae 2014, 176(2): 194-199.

[16]Shang Y H,Yang C J,Liu Z H,et al. New evidence for primordial
action site of Fluazifop—P-butyl on Acanthospermum hispidum
seedlings: From the effects on chlorophyll fluorescence
characteristics and histological observation. Pesticide Biochemistry
& Physiology,2017,142:170-175.

[17]Zhao H J,Zhao X J,Ma P F,et al. Effects of salicylic acid on protein



126 YEY) 24

Crops 2018 457 5 1

kinase activity and chloroplast D1 protein degradation in wheat
leaves subjected to heat and high light stress. Acta Ecologica Sinica,
2011,31(5):259-263.

(181X , Ik, WAL, 5. LB (PEG) BRI X7k
TG BRS TS B, EPIZR35,2017(5): 162-167.

[19]Song J X, Anjum S A,Zong X F,et al. Combined foliar application
of nutrients and 5-aminolevulinic acid (ALA) improved drought
tolerance in Leymus chinensis by modulating its morpho—
physiological characteristics. Crop & Pasture Science,2017,68(5):
474-482.

[20]Akram N A,Igbal M, Muhammad A ,et al. Aminolevulinic acid and
nitric oxide regulate oxidative defense and secondary metabolisms in

canola (Brassica napus L.) under drought stress. Protoplasma,2018,

255:163-174.

21151, 2347, W 5%, A5 B RITE SO T 5= S K X R 3O A4
PERYIBAE = B2, VERIARE , 2018(3): 148-154.

(220, 5, 2561, 45, B I AN 7 IR RISR R R G2 i/ N 22 46
e R 80N B BB 22 AR 441, 2018, 38(2):
221-229.

[23]Pospisil P, Yamamoto Y. Damage to photosystem I by lipid
peroxidation products. BBA-General Subjects,2017,1861(2):457-
466.

[24]Xue R L,Wang S Q,Xu H L,et al. Progesterone increases
photochemical efficiency of photosystem I in wheat under heat
stress by facilitating D1 protein phosphorylation. Photosynthetica,

2017,55(4):664-670.

Regulation of Exogenous 5-Aminolevulinic
Acid on Photosynthesis and D1 Protein of
Wheat Seedlings under Drought Stress

Wang Jianan, Li Xiaoyan, Wei Shimei,
Zhao Huijie, Zhao Mingqi, Wang Yuexia
(College of Life Sciences, Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract The objectives of this study were to elucidate the alleviation mechanism of exogenous 5-aminolevulinic
acid (5-ALA) on the damage of wheat seedlings exposed to drought stress. The Aikang 58 wheat seedlings with two
fully expanded leaves were used as the experimental materials. Three days after foliar application of 100mg/L 5-ALA,
20% polyethylene glycol 6000 (PEG-6000) was treated on the root to simulate the drought stress, followed by the
photosynthetic physiological and biochemical characteristics and pshA gene expression analysis. The result showed
that drought stress significantly decreased the relative water content and the chlorophyll content in wheat leaves.
The pre-treatment of 5-ALA could obviously alleviate the injury caused by drought stress, inhibiting the decrease of
net photosynthetic rate (P,), actual photochemical efficiency (@,g;), primary photochemical efficiency (F,/F,,) and
photochemical quenching coefficient (g,) values, as well as retarding the increase of non-photochemical quenching
coefficient (gy) value. Meanwhile, the transcription of psbA gene and D1 protein content under drought stress were
also improved by ALA pre-treatment. The present results proposed that the exogenous application of 5-ALA played a
positive regulatory role in the photosynthetic rate and improved the expression level of psbA gene of wheat seedlings
under the drought stress, thus accelerated the turnover of the damaged D1 protein and inhibits the degradation of
chlorophyll in wheat leaves, which was the benefit of promoting wheat photosynthesis, thereby alleviating the damages
caused by drought stress damages on wheat seedling.

Key words  Wheat; Photosynthesis; 5-aminolevulinic acid; psbA gene; D1 protein; PSI[; Chlorophyll fluorescence
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