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WE HBERLE—LEARRERSEEENEOR, @ BEE1NEE N RIS & . BHEERTER Y7 R
BRI R N PR EEEIEM . BT HPARE . R, RN R RS, SRR A A Y B 25U B A R KK
N1 VENR/ADIIEERRGEZ —, WRHEE XD 1% 0@ % EEZEFEY )T (Cucumis sativus) )2 A
BT MY, SH16Fh TR EEAE 3 35 L T EE R (0 0 A RO BT 9T, FF A Ml SRR AN B P & T K. 33—
BB EE) T, BT VR R B R AR AR E e R . B S, ISR SOk EPCR, R T KR 4R
BHEEE SR m3h. TR FABALLE K BRI . BIF 745 S n 48 s 00 BB 26 10 A2 B Th 6 A JLAEAE A 9y 38 1w 97
IR ARG % .

XeiF  AREE, WRHRER, BET, B
BRI, IR, RBE, XFEE, B, MBS (2021). RS RE R KRS0 505, EYEHR 56,

183-190.

BER R R AR RS SN —REAR,
BAEINBEANPEE IR, e fer It a
A 30 M 5 O B K AE A HO/E H (Tsaneva and Van
Damme, 2020). S KE S CAHIBER 2= 35 9
BRR, MEERMAAAET I, . MR
#1(Van Holle and Van Damme, 2019). @it 4
25 58 RGN 0 0 225 DR ZEL RN e S AL B, R BB &R
AT CMMFTA Y. BERR, O RH
VISR R I A RIRAE . OB RER R
HEZ MBS GTEME . GREER S T LRI &
BOBE WH R, R AIRE. FLRERE R, K
BER S SRR AEAE R, WON-E 2B B 5 O-1%
ek (Ghazarian et al., 2011). WF LR, BHERAE
RN (WRE P38 5 B ) R P S (A RE R T )
A3 8 LA LR S AN B (8 H R R
1998; T &4, 2000).

R 2R R B BT 5 W B R e AR ELAE
NG A RERE G MR AR . L4k, B 5
R — BB R E RN EYEER T RRS.
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HAT, T B 3 45 M i & B S AR L A AL
KR, B R N2 505, AL FE WU B 15 2 Bk
LRKIEABA). TR EESE % 5% (Amaranthin).
JUT 5 Bl A G e 5 3 X MR (CRA) B R Bt 4R 3R Tk
(Cyanovirin) . T 7F &t ££ & & % (Euonymus  euro-
paeus). FHALEREEE K K IE(GNA). 5 & H Kk
(Hevein). A2 EHEE R K (Jacalins). G RHEHEER
Ktk (Legume). F A #i & BR 3 177 11 58 4 2 X0k (Lysin-
related lectin). M3 4R 25 5 Ik (Nictaba ) Fl B R 75 3%
Bit 4 & 5% (Ricin-B).

% JI\(Cucumis sativus)3& K 20 1 5 . 20094
SER, AH A R AR 3R KA — B RiE %P (Huang
etal., 2009). EL#20164, AT T /I A 40 A AN ]
BRI o A AT 0 i, KRB A H
10F0 A [F] R BE AR 38 KR, FEXT k4 O¢ Kb AT 1 W
5t(Dang and Van Damme, 2016), #is 7 HAE N st
EAEMHE T IE- . PR, BARTRRE R
Z MR HE R R HA R, B H AT AR DR
WHRAMREZ . XT3N 5, (KR ST 5
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NIAE BREAAA BT HE AR e, 5HAK
KEHVIR . B, AT 3K iR R A A
I RAB G L S AL TSR a8 A E L BEAT BT AT, BAE
DB 7R D RS 3R K AR B D) e % AR A A e S k38
RIS .

1 #MR5EEE

1.1 SEHR

AR FT AT R I (Cucumis sativus L.)f:FhVert
Petit de Paris. %%, 1R REFERRIE IELR L,
28°C MK . ARG, FHg K MF 75 501/2
Hoagland’s& 7= 1, £ 16 /N it i (28°C)/8 /)N i
M (22°C) S N AR K, Frd i AR K R B AT
WAL EE . )T B SR H 50 R . IR AL EE: 3
JREN T E TR R, IR FRR R E R
4°C, MM 4% 5w e IR 5 (28°C); midh. FE M
ABAULF: 5 3% S 1 43 I HL/E £ 45200 mmol-L™
NaCl. 100 mmol-L™H #M®¥5k100 pmol-L™" ABAf
1/2Hoagland’s & 77 W % W+, XI844 24 1/2Hoag-
land’s F#i. 21, 3. 6. 12f124/Nif b F )5, MR 4
A FR 5 AN A, B TR IR 32 T 52 0 M 52 S5 A G SR 2

X AN [A] Ak R 2 A AL, 70 Tl AR 420 A [ 37
MR E I — DR, TANBER &R, R R T
—80°CUkfH, & M. Frfi Ly &2 A7 HiE .

12 WRREZENEMERESHR
oI b DR R 3R L R 10 40 A 5 2 3k A B B
J# 5 CuGenDB (Cucumber (Chinese Long) genome
v3, http://cucurbitgenomics.org/), & N7
XPYLtafh, BRI K/ N243.5 Mb, £15526 6824 %
[Al(Huang et al., 2009).

JE BT oA SREUIT A D8RR EE AR R AR L
2 000 bpi Az FF 51, Al A DNANG A FH
P o Bl e (PLACE) %) it B ) J5 3 1 s A 3k 4T 7y
#T(Higo et al., 1999), H A FECAAT. TATAHNEFI
KA AL S(TSS).

1.3 RNAREVScDNA&ER
{# I TRIzol s 71 (Sigma-Aldrich) 2 Bt RNA, Jf fd H

DNase I4bFELLZ:BRDNATG G, VE4I5 15 S 25
MU+ . FHM-MLV R ¥ % f(Thermo Fisher)&
H.cDNA. 1§ finanodropill &RNAK ¥ .

1.4 KRR EEPCR (QRT-PCR)

K HqRT-PCR 77 VA A Wl 4F A 4 1 3 A B 1T 5 8 S
AFP I RLEEEE R AR MR IAAKCF, AR X SR A
JHIAEL B4 0 87 175 90 . qRT-PCRJ% M fECFX Connectsk
it} 2 EPCR1Y (Bio-Rad) Ll 4T« A 5 AR FH A
20 uL, H A fFE10 yL SYBR Green supermix (Bio-
Rad), 10 umol-L™"IE[i 5 &3 414%1 uL, 1 L 20
ng-uL™" cDNARIHR %7 pLie4liK. B 514 W#EA,
5 2% N2 2 IR 5| ¥) (CACSFIPP2A) Je 4%+ H br &
K514 . qRT-PCR M2/ : 95°C Tl 4% 1410 7 #t;
96°CAZ:25%), 58°CiE Kk 25F), 72°CiE{#120F), 451K
¥ . qRT-PCR&: R Al HIREST-384 1 {13k 47 73 #r,
PLIPAl H g8 it2% B 2 14 (Pfaffl et al., 2002). T A £ i
Bag2xAEm s ER, BN EYEEZEEIRE

&1 LN IO ERPCREI MK
Table 1 Primer list for gRT-PCR

Primer . . . .

name Forward primer (5'-3') Reverse primer (5'-3')

CACS TGGGAAGATTCTTA- CTCGTCAAATTT-
TGAAGTGC ACACATTGGT

PP2A CAACAGGTGATATT- GCCAGCTCATCC-
GGATTATGAT TCATATAAG

AAT4  TTCGTACACGCAAC- TGAAGAGGGTAA-
GAGA GGCTTG

NAAT1 GAGGAGCTGTGAAA- CCCTCCACGACA-
GGAGCA GTTCCAAT

AAT9 CAGAAACAGCGAAC- AACTTCATCCCCA-
CAGAGC CCGAGTT

AAT14 GGGAATAGAGACGA- GCGCAGAAGGCA-
TCCGAACT GTGTTT

W23 A 51905 513k B Sk (Migocka and Papierniak, 2011).
All primers for reference genes were chosen based on lite-
rature (Migocka and Papierniak, 2011).

2 @RS

21 BAMPRMRRREENSH
it xS N N AL AT I R, AR 5 16
WRHREEE R L], BT N6 S Jetatk b, Jf



##HHEB(#2) (Dang et al., 2017). H, 8N ERH K
FIAE e ik b m HE 5, 4 5 8 CucsaAATL .
CucsaAAT2. CucsaAAT3. CucsaAAT4. CucsaAAT-
11. CucsaAAT12. CucsaNAAT1FICucsaNAAT2.
I TR E A AN T 5 A AT, 3R
IR A 44 K 7 41 (CucsaAAT6. CucsaAAT7.
CucsaAAT12HICucsaAAT14) & 14N & 1, 343k
J¥ %1l (CucsaAAT8 . CucsaAATIHICucsaAAT10)

BE2DHET(E1).
O R, BRI 5 BA A FEY)

ST SIS S, T L D) Re B N 2 K
(FERHEE, 2020). 55T H G0 RHEEE = 1) 2 R
FF AT 04T, R D RHEE S R A S 24 T AL
KR & 45 H) i (amaranthin domain) A1 5 B 1A
L5 1g (aerolysin domain), [ K Hdr 4 NCucsa
AAT1-14; 556 243 R 7E AAT 45 14 35k DL A id 1 551

]2 PR R N S LE6 5 et ik Lo B

RS TR R AL W RIE i S B 4= 185
AN i D) e R H ) 45 4 38, B dr 44 v Cucsa-
NAAT1-2. i iR E R EAHA S HE T, K
AR W Ae3 . D RHRESE 21 45 K A T VA R
Sl R A R R B A FE TEBR (Linum  usitatissimum)
ORI . WTICRI, BA S B 5 g Y
FERE 48 1 M D R (AN R HTR R AK B R )15 I
KA R, DR AT REAE R A ) A e S R AR
H(Faruque et al., 2015).

AR 1 88 57 41 1) 46 W 4 S L A0 S 7/ ) B T 2L,
44 FE N 3k % & (Dang and Van Damme, 2016),
AT AN K R AT J5 22 73 M (K12) 0 47> 5 A6 R
(1) 8 25 M 3 2H B3 B AAT 45 1, (1 JL o
CucsaAAT4TE N & F; CucsaAATI4E EIANHNE T
1M CucsaAATIEL &2 W % F; CucsaNAATL[FIFET
W& T, HH R BRAAT S 5540 5 14 N AR
FTIRE 1) 45 K45

Table 2 Amaranthin-like genes in cucumber and their locations on chromosome 6

Gene Start position  End position

Orientation

Gene Start position  End position Orientation

5496646
5583941
5590531
5596447
5605793
5619299
5630016
5636899

5495195
5582553
5589140
5595167
5607184
5621364
5631894
5638943

CucsaAAT1
CucsaAAT2
CucsaAAT3
CucsaAAT4
CucsaAATS5
CucsaAAT6
CucsaAAT7
CucsaAATS8

Reverse
Reverse
Reverse
Reverse
Forward
Forward
Forward
Forward

CucsaAAT9

CucsaAAT10
CucsaAAT11
CucsaAAT12
CucsaAAT13
CucsaAAT14
CucsaNAAT1
CucsaNAAT2

5654159
5681664
5691672
7077986
7083801
7090825
5648115
5670107

5656355
5683484
5690257
7075008
7085207
7094963
5646235
5668263

Forward
Forward
Reverse
Reverse
Forward
Forward
Reverse
Reverse

CucsaAAT1
CucsaAAT2
CucsaAAT3
CucsaAAT4
CucsaAATS
CucsaAAT6
CucsaAAT7
CucsaAATS8
CucsaAAT9
CucsaAAT10
CucsaAAT11
CucsaAAT12
CucsaAAT13
CucsaAAT14
CucsaNAAT1
CucsaNAA T% ,
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Figure 1 Exon/intron composition and distribution of amaranthin-like genes in cucumber
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Table 3 Physiochemical properties of amaranthin-like
proteins in cucumber

Protein Do_main No. of_ _Protein T_heo-

architecture amino acids size (kDa)retical pl
CucsaAAT1 AAT 484 54.9 8.3
CucsaAAT2 AAT 463 53.6 7.9
CucsaAAT3 AAT 463 53.5 8.0
CucsaAAT4 AAT 466 53.7 8.2
CucsaAAT5 AAT 463 53.3 7.5
CucsaAAT6E AAT 464 53.4 7.5
CucsaAAT7 AAT 471 53.5 5.1
CucsaAAT8 AAT 475 54.7 8.3
CucsaAAT9 AAT 474 55.0 6.7
CucsaAAT10 AAT 476 54.9 5.7
CucsaAAT11 AAT 482 55.4 7.0
CucsaAAT12 AAT 502 57.6 9.0
CucsaAAT13 AAT 468 53.9 7.7
CucsaAAT14 AAT 505 58.2 6.8
CucsaNAAT1 NAAT 626 70.4 5.1
CucsaNAAT2  NAAT 614 69.4 4.9
Domain architectures Introns Gene name

0  CucsaAAT4

0 CucsaNAAT1

2 CucsaAAT9

1 CucsaAAT14

A: Amaranthin domain  T: Aerolysin domain

N: Unknown N-terminal domain

B2 4R R B 3R R A R S5 A B

Figure 2 Domain architectures of four amaranthin-like
proteins in cucumber

22 BRHREMREREENBIIFIH

PR B DR i B LA G 43, A 37 1 E ZE T R A
PRI RIE (e % ) IS AR I [R) AR IA /K o (R R BT A
B ARSI B F GG, 12 5 5 R 45 G ki
Pt L K5 S (Al Atalah et al., 2013). X E 3T 3HT
SIAT, RTLASRAS S B DR IR AR O IR . FRATTIE
T BHEREE R B i iR % A% 7 _RiiF2 000 bpff 4l
FF 2 814> H7 (promoter analysis) (1&13). 45 5. 1,

CucsaAAT4
B8 CucsaNAAT1
CucsaAAT9

B CucsaAAT14

B3 SERHEERE R b [FR B0 T BLSOR LT R

Figure 3 Frequencies of stress regulatory elements in the
amaranthin-like genes promoter regions

TEAF U FHE S 3 B DK (1 J5 21 7 51 v 4 6 31 2
LN B AE A AR DRI A E o fE . o, 5ot
N A 5% i 7644 (light-responsive  elements) 7 fit A it
BHEEE R EE N PO & o BLAL, 6 e AH =
VER O R A AR Y LBz, s 5 Eh(salt). T+
5 (drought). it B2(ABA). 77% % (gibberellin). J%
JR A4 G (pathogen) FII I (cold) ik 8 AH ¢ 1) )5 2111
Tof. BT, X AN IR AR 2 L DN 1) R AR AT
RESZ B3 VA KR & o W phE, Wi = s
T 5 DL R AE YR Vs B R %, 7E AR B f i
B H R P B AR A

23 WHNASEREEEEEYIMETHRIETL
B RAIE R BT AT S R, FRATRIFH SR 5
5E T PCRXT Wi B} Bk 42 22 25 IR 7E A 90 28 S [R] Jo o 4k 2
JG 2R KA HEAT T T SE . % 2 i 2 I 40 i ik
TRIR . k. TREMHa AR A B AT, 7640 )5
AN TR B 18] 5543 At 4 F4 85 SR (K] (CucsaAAT4. Cucsa-
NAAT1. CucsaAAT9HICucsaAAT14)H) % 3K F,
DAAA I R 41 P A it BE(B14) o BT A 205 35 Ab 2 20
15 FR AL AR X 23K KT

SRR AL S, 5N E /N 5 B S 00 2
ERKRER . R E e IR R IR, M2k
T, I A BT [ ) 30 P R R T 4 K B K
PE, 24/ JE i BURTHAR KB, R E . %



SR B, FEAR IR AL F 3/ JE AT LUK I 3] Cucsa-
NAAT1Fl CucsaAATO i # 14 7K *F i, 1 Cucsa-
AATAFICucsaAAT LA i 5k KT 1E 24 /N A AR R A
BEB(FAA). Hd, CucsaAATNIH /K F-7E b
/NI G B R A2 B35 B (21%), 1iCucsaNAATL
K PN G R AR LA

5 A A R S P LA A0 (1095388 T ST AN B T T
R, o & o S HIRE 5 2 il R S R IE R
J3, HET SR 4 1E F 4K . 22200 mmol-L™! NaCl
AbFRA2/NEE S, B RS AR R AR 2 5 R B A B
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CucsaAATAS, 5 3Fh iRk AR 2 Jik IR 1 4 s K -3
KA FR(E4B). JGH ZCucsaNAATLFE i #h 4k
3/ JE 3 KRR S 10065, S5 7E6/N ik
i mKF, RIE_LEBIE2006%. CucsaAATIE
ISR AE T R, HRIBKFEREL6 /N )G I
WZ1501%, I HAE AL B 5 24 /N AT 4 45 21 2047 _E i
Fik. AN, fEEEEAEE3/NE G, CucsaAAT14/3

LK I T 4765, B2 JE KR B 1E K
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Figure 4 Relative expression levels for amaranthin-like genes in cucumber plants subjected to different abiotic stress condi-

tions

(A) Cold treatment; (B) Salt treatment; (C) Drought treatment; (D) ABA treatment. Bars represent means and standard errors
from two independent biological replicates, each replicate containing a pool of 4 plants for stress-treated groups as well as
control groups. Asterisks indicate statistically significant differences compared to the plants with mock treatments (* P<0.05,

** P<0.01, ***P<0.001).
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PR AT 7 A A B 3R V0H N 100 mmol-L H
BRI T RN, TRAEE, MY AR R
O, 6/0RJE BN ML K, FEPE12
NI JE R TR B 2R 48, 247N S B AT A B
KPR I HOR SR, RILH B WK
JRI & T BAC 6 /NN E, BT A B R0 RHEE S R A
IR 35 A= A TR F2 B 1 B ik (4C) . HH, Cuc-
SaAATAZK L Fi1.745, 1iCucsaNAAT1RIA Fiffin
301

Y MY MK IR B S, RMEER B MR
R4, T R HEE AR 2 R R IA K I A2k 5 5 Ak
H B H AU (KEI4D), X AT RE & T ABAYE R ZI5T T
S IE e Bk FE R S B EAE A, HAEHE YT R
2 R A R AR

24 Vg
H 1002 1 K I EE — FliE P EE SR 2 DAk, B
Ot KEM VG RIAT TV EM . Har, wifk
B R IR T/ N E R K2 —, LR
A H BT 7R84 Hh 7E Amaranthus caudatusfl—£84H
K Bl S PR R R A R SE AR, SR
EEFRAEA [F W Fh b (A 78 A T BE o IR 4 e Ak
W () 2 DR AH R 24T 907, R I B 3 SKIRAEAS
[ AE ) 5 i 0 1) 73 A 2 2% AR (Dang et al., 2017).
FATTZHRE 84 TIN5 W ol 14) 5 DRI 2H 3k AT 43 A,
SRR AL I WRHR R R R S B 1N B AN TR}
BER SN A S e TRk mgmiE. K, <
R0 VRV R A R IR B LI S DR R AR R 5 M I
HEAFER S5 IR R 2 — R Y.
WYY I =, RS MRS S .
R RN M b 2 FLdk I 5 340 B 2L (Szczesny
etal., 2011). DRI, 0500 TR V4 2R 45 R ) 47 72 7] e
2 5 BT M RS 3 R R T . ARAEZ SRR A R S kL
B, AR S HE I L AT B8 TR A A0t 4R e 9 R R b
R 1% # EAE 1 (Shang et al., 2017).
ARWFFR, fERYRI A E (R T2
e 25 ) R0 v TR AL BRI, T} Bk AR 2 R DN R IA K P
W RS . AF AT IZ B EY), $ R
i®(Chen etal., 2013). + % (Lietal., 2020)#1 & Jiia
(Zhu et al., 2019)FJEHBUBK . AT Sext ikl B4
R B BT HAT T, SRR HRIA B2 B

e FRAGR SR . Pl 5ok e #PCR
XA, UESEAN A D8 ARHEE R 3R AR R IA AP S 2
FlEmdh. T RACIER S e &R Vs B s, xR
2GR B AR A AR A2 W 3 e SR Hh AT B R 4% B
YER - %5 18 B[R] — B PR 5050 JE AL W 0 38 R AN [7) s
FRATHED A [F] 1 22 B AE W b R PV F AT R B AT
—ERIRE R, DASDOANE R EE SRR BkAh, 1R
— M E AR, R T AR I TR K o
S NS E I T 2 PR N UEAE A, SR A VA R A HE
VBT AL B, AR — AR BRI T AT REE 2 1
B . BT 2 MR A R 4 B T R A S
APA, PIAEARIR . T A A B S, N o5
5 IR 205 5 It v R Ak 3L 5 B A AE — E AR 2R AL
(Tuteja, 2007),

HAT, *TaRkgE R ke s, AR5
AR JE BEIR N8 7 DR EE 3R ) AR T T g A HLAE R
W a e B AR IR S5

S50k
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Abstract Lectins are globular proteins with carbohydrate-binding sites which enable them to specifically recognize and
bind single or more particular carbohydrate structures. Previous studies have shown that lectins play critical roles in plant
defense against their herbivores and pathogens. Due to their toxicity towards organisms like bacteria, fungi, viruses and
insects, lectins are believed to have great potential in both agricultural and medical applications. As one of the smallest
lectin families, there has been very limited research on amaranthin-like lectins. Here, we analyzed the distributions and
intron/exon structures from 16 different amaranthin-like genes in the genome of cucumber, an important economic crop.
To evaluate their responses against different stresses/plant hormones, promoter analysis was performed for all amaran-
thin-like genes. Finally, real-time quantitative PCR were performed on stress-treated plants to analyze the responses of
amaranthin-like genes towards cold, salt, drought stresses and ABA treatment. This work provides valuable information
for the study of physiological roles of amaranthin-like proteins and their involvement in plant defense.
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