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Promoting effect of 2, 4-epibrassinolide on the growth of quinoa seedlings under
saline-alkali stress

ZHAO Ying, ZHANG Cong-cong, SONG Yu-ting, ZHANG Chong-min, AN Yue, YANG Bin-bin, MA Yong,
WANG Bao-giang
College of Life Science and Technology, Gansu Agricultural University, Lanzhou 730070, China

Abstract: The aim of this work was to investigate the mechanism by which exogenous 2, 4-epibrassinolide (EBR)
regulates salt and alkali stress tolerance in quinoa (Chenopodium quinoa) seedlings. Seedlings of the quinoa variety
‘Longli No. 17 were treated with exogenous EBR and seedling growth, chlorophyll content, osmotic regulation,
antioxidant enzyme activity, and transcript levels of genes related to brassinolide (BR) synthesis and signaling under
saline, alkaline and mixed saline-alkali stress conditions were determined. The results show that under saline and
alkaline treatments, quinoa seedlings exhibited leaf wilting and yellowing, significant reductions in plant height, fresh
weight, and chlorophyll (Chl) content, and significant increases in malondialdehyde (MDA) content, relative
conductivity (RC) , proline (Pro) content, and soluble sugars (SS) content (P<C0.05). After foliar application of

EBR under saline-alkaline stress, leaf wilting and curling symptoms were alleviated, and plant height and fresh
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weight were increased by 13.37% and 71. 36 %, respectively. The most pronounced stress-alleviating effect of EBR
was observed under mixed saline and alkali stress, with the leaf Chl, Pro, and SS contents increased by an average
of 12.74%, 7.68%, and 38.67%, respectively, in the EBR-treated seedlings compared with the control seedlings.
Superoxide dismutase, peroxidase, and catalase activities were increased by 121. 90%, 6.43%, and 27.56%,
respectively, whereas MDA contents and RC were decreased by 22. 30% and 18.62%, respectively, in the EBR-
treated seedlings compared with the control seedlings. Treatment with EBR resulted in increased transcript levels of
the BR signal transduction gene C¢gBAK 1 and the BR synthesis gene CYP90BI. In conclusion, EBR enhances the
saline-alkali tolerance of quinoa by coordinating the osmotic adjustment system, antioxidant system, and BR
signaling pathway. The results of this study provide theoretical and technical support for using EBR to improve the
salt tolerance of quinoa seedlings.
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- 3 5 AL U A AR T R R A RN T R SR R R Y OGRS R, 2Bk AT 844 hm”® 4 Hh 37 B L A5
M P R R b 16 A 2 9913 T3 hm, 43 A5 T o PG 3B T S R0 2 T 5 b X AR b i XD B AR S T v X, He v o L b
DX R B M 7 R TR 71967 R 4 T B A R R S AL £ 4y, oot R NaCLFI Na,SO, 2 5 80ER W3 | i o 1
b Na,CO, A NaHC O, M 23 5| & Bl i 360 58 46 B TR & e 0 — e oke U, Bk 6 LA o pHL L 3 B 8 1 58 46 L IR 1Y
2K KA A T K R E R v R HLA R AR S B IRE . R A T I B E D AR R S A K IR RO R
REARS o A 3018 5 SR o 48 DA w8 8 0 Ak 2 28 S ) 6 — B ARl g el RIS R SG B ) R, I 4Ok R
ARG b LA oo 7 g b R R DL S b Eh B 2R S R S R AR vk — o R ER AR ) 0 A 2
T o PR A A A AR AT DA 3k Ay i WIS RN HE o

ST DU o A (CTC IR 2 5 FL R RS2 40 1 5 Bl ) 45 = AR W 0t £8 38 A T 52 Pk, (T T R i R 508 T
A6 2% A I B) A 55 2 0 AT RRAR A AR FH AR 4 AR R R TE LR Sy FUA HLE A& DR RIAE S — A oA = /Y
J7 WAz B E A . ISR FE HS BE (brassinosteroids, BRs) & — A BRI Y E , 8 HAg b1k, © & 78 37 Flogk 48
V)R 5 FhRR T A P S e FIERAE T 70 Z Fh i 2% 2 PR (brassinolide , BR) B R ARSI . 33X 2L KSR AU FE ALY
LEREFEPREEFZEEEM . 2,4-RMME K NBE (2, 4-cpibrassinolide, EBR) & —Fk A M=K N B ALY &
JC P 3 P B e 8 Gl A A 2R S R R DT R AT ) 2 B A B R AR AR R R B S R R K
B RS B 9Y % B EBR WA R R 4 7E R AR A Y AR S R B2 T S & BLEBR
AEAZ A2 HF £ W 38 F K (Oryza sativa) M 150 4 BE 008 XTAR R A4 407 , B AIK Na' & & 3 n K (Ca® & &
KR FR A M KRS R R ALDIRES D6 B AR & & ORI S 4Bl RO SRR S L IR E Ok R
INE e PR R () AV T, DA PR IEZK R A R 1008 R I 5 A6 G408 itk Ak, SN EBRGE 98 1 IR R & it PR
ARG MR BB AT Y A A LR & i R U Y (Solanum tuberosum) MR LT ALE R
Jiia 5 F T BRs AN RE S0 A 15 1, 38 REAB 1 40 MG 525 4 34 5% 25 R W s i W e 5 LAk R AR O A e A2
TR B 5552 . Fariduddin 55V HE 1, BRs 0 2 0 45 5 i 3 PR 3 3 52 Wi B8 11 5 o8 1) 6 1, DA T 0 38 il 4 2 (AR AR
WG . CYP450 (cytochrome P450 monooxygenase) fE i BRs 4= ¥ -& i 2 w74 BR 2 B , H: 38 38 0% 1k B 3 52 i)
YN IR BR & & AR N BRs W BESE AN, 25 5 40 i 3% 1 BRI1(BRI1-kinase inhibitor 1) % K45 4%, B J57 BKIL
5 BAKI1 (BRIl-association receptor kinase 1) %4 & I #H B R 161 BRAT 5 58 2 W& , P8 T Ui i s i 958, AT 52
M A A K R S E

Fi Az (Chenopodium quinoa) J2& W B J& —4F £ X FHAE Y, T ™ [ RE 9EUN 42 565 r il b IX, R SR (6 F & Bk
R R RN BRAEY” B A EAR AR A VNN B2 2 — — Bl i AR AR F2 TR sk iy Bk ki
BeAb A2 0 LA T3z (W A 25 38 P, AT 78 S PR 4 i ek et 1 A, A I AR R A5 2 R T M AL 2 D BE A
VBN — b He itk 2 2R A A R A 2E 22 BRA% N X — o R 5 0 (P s R RN v pH A 23 BRI L i K iR . e
AU 9E & B, pH>>8. 7 HLY& & 100 mmol- L' A b i ER B 73 W i 32 22 1) % 2F R AR F 50 % hili WiAE WAES 2k
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i JE) J0 T X 3 35 5 Sy SRR ) B B, G B 5 s R B B 2 A L) ) O B . B A A R R AW 8 R Eh A
Bt 5RALEERRAL 6 E R LR RS B0 IR Y N TR B BT R S AN, 5 Fis
HOEH S (CgNHX 1, CqHAK) 7832 22 1bj %t 30 6 by 361 )5 T R # SCHEME R 364 1k, X F EBREREZ Hiidh
B 3 R R S50 R AL AT B = B A . DR AR IR OE DA G B ZE 15 Eh AR R A A R AR 8 A kL R 9 i it
EBR X £k 6 30 T 22242 9 i A= K 5 A R PE 0 52 0, O 0T 0 U EBR 28 M AR b 38 i 2R B oy T ALE B AE R
A A 7 b TR b i e A 2 7l A AR B SRR O ik
1 MR5RE
1.1 XM H

R T 20254F 3—7 H 78 Hbt Rk KA AE Y A W HOR F2 86 b A7 oAb R R H R 48 ARl Bl 2 B & B 55 4t
ARSI R B B EEE S Fp B R 15 o AR LA T SE TR R A SO R M R R,
oA TR S H R 48 B 2 oA T AR i A6, DR R B O R E o LA AR R
1.2 K&t

Pk 35— 10006 HL T U B9 B A, 1 520 NaClO Wi I 75 5 min J5 , 28 1R K 0P8 3~5 IR 2 T0Fk | . 1Y
AIEME ARG EROER L a0 =3: DAL (d=12 con) ', L K E-E et @ i, B2 i 40k,
XF gl v EAT AR B I SR T 8 AN AR B, 430 R - 22 1K (CK) ; 3 r38 (NaCl: Na,SO,=1:1,S) ,pH 7. 62; i 38
(NaHCO,: Na,CO,=1:1,A),pH 10. 25; £ 5 I 31 (NaCl: Na,SO,: NaHCO,: Na,CO,=1:1:1:1,SA) ,pH 9. 75;
EBR;S+EBR;A+EBR;SA+EBR, #AFIH & 33k . M40 A< BF 5% /i 1 #0156 & 20 300 mmol- L' 5 5 W 1%
RN 14AdEM A A EENS,0. 8 mg- L' EBR X 25 5 0 42 2% i sk S fee 1, DRI UL, 396 P O e 38 R B[] 4 Sl AR
TR 56 4b T B % Ab TSR] o R B Ak R 20 4 2 DR 50 mL ER VA W, X R4 5 4 e 50 mL ZE W /K s EBR 2R B 1
% it 5 2O I, DA T K R v . AR 2 d AR 1R, SR AR B S R, 2R AR BES A ES 15 KSR FH BE HL R R I aE A K
T AR B B A AL bR
1.3 MEW/icL 7
1.3.1 AR E g Kb L AL P BB 3 ke 4 I R v, O 220 R RO e 2R AR K N B S L R
T DN ZE BRI T 43 by b b R0 R WS 4y, TS KIS vE L 8T S A3 R F- (32008, GG, 1 [E]) 43 3 Bk ol
T MR B BE S MCE AR ST A4S (DHG-9240A , RONGTUO, H1[# ) 105 CA 7 15 min, 80 CHE T Z 16
L E e T E AN T

MR (R/T )= o F T8 /H [ T &
o EHAEKE =(#fE — T &) /6 &
1.3.2 HEOESRNE KR Z DRen 80 CHET EIHTE , SRS ARE 0. 3 g M - A TR AU A 15
A 6 mL 95% LB, T B b i 48 h;12000 remin ' 4 “C B0 5 min, Y4 b3 $E 0K , B &40 6% B 1T
(UV—2800 14, i Je A b A 2% A BR 2% ) 0 42 $2 BU 649 A1 665 nm F WG . ARG FARITEH S K a
(Chla) "% Z b(Chl b) Jz B4 2 (Chl F 7™,
Chla(mg+g "FW )=(13. 95 X ODgy; — 6. 88 X ODgs )X 0. 006/0. 03
Chlb(mg+g '"FW )=(24. 96 X ODg, — 7. 32 X ODj; )X 0. 006/0. 03
Chl(mg-g 'FW )= Chla+ Chlb=(18. 08 X ODgy, + 6. 63 X 0Dy )X 0. 006/0. 03

1.3.3 ZEFIE R SRS B2 B A I A TN ¥ (malondialdehyde, MDA ) % 5% 5% FH H1L 5 R ik )
SE 20 B M ARG L8 (00 =0 TR L R/ A HL S 3R < 1005 SR R P BT — i 5 U A Jid 2R (proline, Pro)
P SR ) BUER L 03 0 GE W] % PR B (soluble sugar, SS) & FE 5 SR A WE DU Mk kI E B A AL B B Ak
(superoxide dismutase, SOD) {4 ; R F A B A B 25 00 2 2 S8 Ak P i (peroxidase, POD) i 5 R FH 48 A Wi il
RN 2 ) A AU (catalase, CAT) TG ™,
1.3.4 RT-qPCR  RHIAEY) G RNA £ B0l ) & 4 BCRE 22 D gt v 8L RNA L % 8 R A TTANScript [ cDNA
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F i SR F) B R A REAR RNA  cDNA L K KM SYBR Green-79 56 5 ®Hd7] & #1796 6 E 2 PCR Y 14,
Z AW e TUB-9™", 43 Bt BR AE 4 45 1 B 2 i 5 I CYP90B1.CYPS85A K BR A5 5 %5 53 B 4% 0> 25 32 1K 3 [H]
BAKI WX ek i, 4 3L AR SR VeI 9 ) S W36 1 T8 . qPCR ¥ &2 ¥ 8 - 95 CHIAE 1 30 5395 “CAE M 15 s,
60 ‘Cil K HEAH 30 s, 40 MIE I 5 15 ik il 28 il ARS8 BRI B . SR 272k 03 e A (9 4 X 3R ik i

%1 qRT-PCR3|%
Table1 qRT-PCR primers

M Gene 1E 514 Forward primer (5" —3") S Im 514 Reverse primer (3’ —5")
CyBAKI-1 ATGGATCTCTCGCGCCAAAA TCTTCACTGCCACGAAACGA
CqBAKI1-6 ACTGCAACTGACCAACACCA ACCGTGTGGCTGAAATCCAT
CqBAKI-14 CACAATGCTACGGGGACCTT ACAGCTGTATCAGTTGGCCC
CqBAKI1-35 CCCGACTAGCGGAAACACTT CCTTTGGGGAACTCGACGAA
CqBAKI1-46 GGGTACCCACAGTCAATGCT AGTGGGGCTGACCAAAGAAA
CyqBAKI-66 GGGTGTACCCCGTTGTTGAT TGCTAATCCCAACTCAGGCG
CYP90B1 GGGTGTACCCCGTTGTTGAT CCCCAACTCAGGCGGTATTT
CYPS85A GGCAGAGCTTTGACCATCCT GAGGTTTCCGTCAGGCATCA
TUB-9 ATCGGCAGTTGCATCCTGGTATTG GAGATGTTCCGTCGTGTGAGTGAG

1.4 FELARL M
% H Microsoft Excel 2019 #x fF #F 47 5 #2 #& Bl | SPSS Statistics 22. 0 # 4 #4788+ 20 07, B % F s A &%
ANOVA #1722 57 B E AP (P<<0.05) . i EE 3 ISEIE £ PR 22 (mean£+SD) £ 7R .

2 HBREHSH

2.1 EBR*F#H#pia T3 L&A 6% H

5 CKAH L, 724 W8 25044 T it EBR J5 If R 222 G it i i 3R A8 7 AR W I 25 S (&1 1) o i gk #h ik
B 380 SR R B 3 3 A B B A A 48 A I AS TR AR B A AR A R RE IR LR R O i 2R Ak
FLrP IR G FR UM 30 ) &) B A R B B O TR I e AN B TR P BE B YA IS s B 3 Ak 3R AR 0
Ab 35 A X B A% o AEER B8 R N EBR J5 B2 A i B AR AR AT B I B AR R AR, BDWAA B EBR
Xof S P 36 458 405 ) 2 AR
2.2 EBRM#ZBMHETRAKRS S E.TERIEARSKENH A

5 CKAM L, 76 S (A R SA Zb B 5, #2372 B bk & 6 7 LA K T 31 0 T R AIG , id I R B e 38 0 3 T 2L A Y
AR (F2), S ERTRANBEAR L, S+ EBR 5 A+EBR 4B Ak 25 1 IR 8% (P>>0.05) ,SA+EBR 4b ¥l #k 25 i
FHTIE T 2857 (P<<0.05) . Wil Tl EBR 1922 22 )y i b b S FAH LE T ARG I~ X34 1 62. 0406, T i
BN T 71.55% . X FH BT E R UL, AUA S+HEBR T E 8 K N I 2 & B, i A+ EBR 5 SA+EBR X}
MW ETEELEELWE, T FERD,SHEBR S SA+EBR # K jifi i @ 2 3, i A+EBR i & 7251k .
5 CKHM L, A5 SA 4b B {15 38 4 (4 4R 5 HE A% , S Ab BEAR 6 b 38 5 5 oKt it EBR AH L, #Mii EBR JG S VA Al
SA Wi T 22 2 4 AR GE LA i 3R FE T 45.30%6.9.89% H175.00% . H UL A AT CK,A 5 SA B if 4b 38 1)
My F2H A5 K B A ) 3 T R T 13,50 % A1 18. 90 %4 5 i AE b R T Rk 8 SR R EBR S LA T A 5 SA &b
PG M 1 A2 KR A N T 14, 69%0 A21. 08% o £ LTIk, EBR X 22 22 £ 66l bl a1 453 495 10 28 M A F A7 A
Joipie A 2 5  EBR X S 55 SA Kb BE R R & A K505 1 G R AR B8 0T A Rb 3, EOXE SA BN 9 9% il 50 fee A o
2.3 EBR&#E#mMETHELSEZATW YA

5 CKAM,S A K SA AR it Jr i if 28 28 a SR 2 b RIS 3R & 53 8 3 T [ (P<<0. 05) , il il EBR
J5 B STEBR AN AN, A+HEBR 5 SA+HEBRAH MM F D FER ST &S CK 27 AR 3% (P>0.05, &
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0.8 mg-L™*

1 EBRXHBWEME TEZHEREM

Fig.1 Effects of EBR on the phenotype of quinoa seedling under saline-alkali stress
CK: #1#K Distillated water; S: NaCl:Na,SO,=1:1; A: NaHCO,:Na,CO,=1:1; SA: NaCl: Na,SO,: NaHCO,: Na,CO,=1:1:1: 1. F [ The same

below.

R2 EBRUHEMWMMETEEZNME HE.TEREILSALSKENFTIE

Table 2 Effects of EBR on plant height, fresh weight, dry weight, root-shoot ratio, and water content of quinoa under saline-

alkali stress

R AR bR

Growth index

Qb P Treatment

EBR concentration (mg-L ")

S

¥k Plant height (cm) +1.155ab 500-1.732b 25 500b 19. .630c

30. 414a 500=+0. 577ab 27.75042. 062ab 24.75 .630b

bk I & 5 Single-plant . 380bed 257+0.204d 2. 282e 1. .439%
aboveground fresh weight (g) .170a 99540. 383bc 4. 262b 3. .572cd

Pk b T fif E Single-plant ). +0.017cd 17240.001e 0. 013e 0. 058e

underground fresh weight (g) . 080a 396+0. 027h 0. 044de 0. 010c

Hbk i [T Single-plant 0 057be 313-+0. 075¢ 0. 021b 0. 052b
aboveground dry weight (g) 0. 143a 0.4900. 019b 0. 020b 0. 049bc

APk T F I Single-plant 0 00lc 0.035+0.007c 0. 00lc 0. 012¢

underground dry weight (g) 0. 010a .083-0.017b 0. 009¢ 0. 015b

# e b Root-shoot ratio 0 020c ). 117+0. 044bc 0. 004c 0. .031c
0. 024abc  0.17040.040a 0. 0llc 0. . 028ab

Hb 12 405 /K & Water con- 0 027a 0.904+0.073a 0. 034b 0. . 062b

tent of aboveground tissues ). 025a ). 87740.026a 0. 007a 0. .016a

CK: Z&1#K Distillated water; S: NaCl:Na,SO,=1:1; A: NaHCO,: Na,CO,=1:1; SA: NaCl:Na,SO,: NaHCO,:Na,CO,=1:1:1: 1. AN[E/NEFH

27N AN ) A BUR 24 5 48 3 (P<<0. 05) . Different small letters indicate significant differences of difference treatments (P<20. 05).
FR AN AL BT 22 5 1 3 (P<<0. 05) o Diff 11 d gnif iff f diff (P<<0.05)
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2A~C) . HAjiti M EBR A L, Wi EBR 45 A fI SA R R XS BB #F . Hd A+-EBR
REFREE A B IR B SR a SR b IR AR R T 4R T 23,6806 .101. 29 % F140. 84 % ; SA+EBRAb
PRI SA AL PR iH 28 3 a B 5 b FLEV S R & & 3 S TF 1 18.72% .65. 109 F129.68% . fHAFHEEME,. 5SS
KhHAH L, SHEBRAMEE R 2L 0 it R a SRR b A RS R F & 5B AR T 30.08%.38.58% K&
32.27% . XFF k&t & a/b Ui, i il EBR 5 K i il EBR A HL, A Fil SA &b B> 5 B E R T 37.88% F
28.41% MM S AL ZE 3 hn 1 14.05% (& 2D) . vt WA AR EBR X R 6o 18 i 22 22 it R & A R 4 FHEH 2
SN ER S RO 52 e, A G R AE AR B R B AR AR D O P R SR A AR i R B AR

6[AOCK BS @A ESA 25rp a
ol i i
HES bc ab 5 201
<Ef_a 4r ’ [\E‘r‘§§
M'&‘w QﬂDD 15'
HE i 3F o =
SN T e 5
+ 2°E e e
=g e 1O}
5 27 zg&
5 05
0
5rD
b
5 at
\‘g )
I# © ~
<ru§% ,gé’ 3t
B e B
I8 & TS ot
= = + 3
=g 8 = 2
oS =
3 1k
e}
3 i '-\ o
OmgL EBR 0.8 mg-L" EBR
At EE Treatment

B2 EBRMEHWMETREMHAAGEESENEMN

Fig.2 Effects of EBR on photosynthetic pigment content in quinoa leaves under saline-alkali stress
AE/NG PR R R 225 8.3 (P<<0.05), FIAl. The different small letters mean the significant differences at P<Z0.05, the same below.

2.4 EBRAT#HmME TR L AEIBARG T 0

2.4.1 EBRXJERGE M8 T 2L 22 P9 R 5 1 B A MRS P 1Y) 5 ) 5 CKAMIW, LT S A SA iE
Ja . T (MDA) & & B &= TF, 2 R TH 2 5. 36 .8. 80 Al 11. 71 /% (P<C0. 05, I/ 3A) , it A Th Bt 361 X 28 2 - |
FAL B ™, A, EBR AN B R A S F MDA & 500 8 #5200 5 (0 5 R i ] EBRAH G, A Fil SA Ab 3
it in EBR 1 MDA # f &8 3& FE K, 4090 F B 7 19. 01% F126. 09% (P<<0.05) o b5k W38 T~ 22 22 i J- (1% AH X H
SR CK 2 1400 $R 58 30 Jit in EBR 09 A X5 H 2 2880 S A CSA B A 4 il B RE AR T 15. 37 % .16 8894 F
24.07% (K 3B)

2.4.2 EBRXFERGEMNE T 2220535 0 ) B 1Y 52 e 5 CKAHM L, S A FSA i 4k B 5 22 542 01 /il
AW S HE D ERE(P<0.05), 0 B T 2.36.1. 57 f1 1. 8645, Hovh S il B 2 R & &4 7H W B T A Al SA
pe (P AA) . S A FTSA Bkl F it EBR 5 K it it EBRAH L, B P IR S it B — 22k, H 225
Ak B i 2K (P=>0.05) o 6B EBR 75 2% fiff 35 08 W 301 %5 22 27 20 8 45003 B, i 220 2 T BB A 2 32 22 B 0 R 7
AHES T ARt EBR, 76 JWr 38 2% 1 F i in EBR J5 22 22 it v b ml s M & & B 3, S+HEBRVA+HEBR A SA+
EBR 43 @ 34 0 T 35. 43% .54. 65% F125. 80% (&1 4B) o

2.4.3 EBRXFTER ORI A T 22 22 M B S A i I A ) 52 e 5 CKAHE , A F1 SA 8 4 B B9 SOD 1 H: 3 41
BRI 19. 93% .50. 60% (P<<0.05) ,{H SALBE T A9 SOD 3 PE B F T+ 7 73. 75% (K 5A) . i EBRJ5 ,S+
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Fig. 3 Effects of EBR on the malondialdehyde (MDA) content and relative conductivity of quinoa leaves under saline-alkali
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Fig. 4 Effects of EBR on the proline and soluble sugar content of quinoa leaves under saline-alkali stress
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Fig. 5 Effects of EBR on the activities of superoxide dismutase (SOD) , peroxidase (POD) and catalase (CAT) in quinoa leaves
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CYP450 KGRI CYPIOBI 5 CYP8SA 1 SA /b 3T A X ik 8 CK 8.3 L7+ (P<<0.05) . 5 A&
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JIih 308 258 R 30 R0 BRI 30 BT R AR i CY P R B Rk
3 it
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PLAEAR AR R /N R 25 R 0 D R TR T AR AIR . AW EBR JE B i E a0, AL R A ek
P = A At S 0, UL W EBR RE A R 2R fR 0 X A2 A Al AR KA . X 5 EBR 7E 2B 4 5 (Lolium
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