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Expression and fuction analysis of MAdHYL 1 gene in
apple under drought tolerance

WANG Liping"*,JIANG Lijuan'?,MA Fengwang'?,GUAN Qingmei'**
(1 College o f Horticulture , Northwest A&F University ,Yangling s Shaanxi 712100, China;
2 State Key Laboratory of Crop Stress Biology in Arid Areas, Northwest A& F University ,Yangling ,Shaanxi 712100, China)

Abstract :[Objective] The expression level of MdHYL1 and the root growth of MdHYL1 overexpress-
ing transgenic apple under drought treatment were analyzed to understand the function of MdHYL1 gene
in drought tolerance of apple. [Method] MdHYL1 gene was cloned from ‘Golden Delicious” apple and its
expression level under drought, phylogenetic relationship and tissue specific expression were analyzed. The
plant overexpression vector pPGWB414-MdHYIL1 was constructed using the Gateway system. Agrobacteri-
um-mediated transformation was performed using clonal apple GL-3 as the plant vector and positive trans-
genic lines were selected by kanamycin before being identified by PCR and RT-qPCR. The root growth of
transgenic lines was then obeserved. [Result] The MdHYL1 gene contained an ORF of 1 479 bp encoding
492 amino acids and was located on chrl5. Phylogenetic tree analysis showed that MAHYL1 protein was
closely related to PmHYL1 and PpHYL1 proteins. Tissue specific expression showed that the expression
level of MdHYL1 gene was in the order of leaf >>stem >flower >>root >fruit. Md HYL1 gene was signifi-
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cantly up-regulated under drought treatment and three Md HYL1 transgenic lines were identified with re-

markably dense roots compared with the untransgenic control. [Conclusion] Md HYL1 gene could respond

to drought stress and transgenic apple lines had increased root number,indicating that Md HYL1 gene may

play an important role in drought tolerance of apple.
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Structure of MdHYL1 plant expression vector MAHYL1-pGWB414
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2.1.1 ¥ 2% MdHYL1 AR 5% W
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SUSE P AL FF ST blastp HOXE 0 H — B £ 1000 bp
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S BHR i 7 RT-PCR 414t — B 1 479 bp (19551 250bp
(B 2) 4 K IF R AR Y 1 479 bp, 4l 492 4% ot
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1479 bp

X358 XP_008338962 (3 ¥4 58 42— M. DL2000 DNA Marker; 1. H 1 B
2.1.2 :\142-‘%‘5 ;El:.{& #hﬂ, HYLl & ¢ }%_—. ) 4 v Xﬂ’ M. DL2000 DNA Marker; 1. Target sequence

E 2 MJHYL1 2K PCR w
Fig. 2 PCR cloning of MdHYL1
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AtHYL1 FGSVETEKIETTEN.. . .LEPPSCMNGLKEAAFGSVETERIETTENLEPPSCMNGLKEARFG. SVETEKIETTENLEPSSCMNGLKEARFGSVETEKIETTENLEPESCMNGLKEAA
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AtHYL] FGSVETERIETTENLESSSCMSGLKEAAFGSVETEASHA.
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Consensus:

DSRM. %% RNA 454 2583 MAHYLL. 38 PmHYLL. #; PpPHYLL. 88 ZJHYL1. & ;GmHYLL. K5 ;CsHYLL. #JK;
BnHYLL. BRI 3E s AAHYLL. AR5 I7 ; OsHYLL. K Fg. & 4 [A]

ERE D WA NYFR HYL] 3 FE A P
B N S SF . B & A 2 N E W PR 57 B9 BUEE RNA

201
201
201
256
201
202
200
199
212

281
330
285
322
280
269
263
268
283

331

410

DSRM. Double-stranded RNA Binding Motif; MAHYL1. Malus domestica ; PmHYL1. Prunus mume ; PpHYL1. Prunus persica ;

ZiIHYL1. Ziziphus jujube s GmHYL1. Glycine max ; CsHYL1. Cucumis sativus ; BnHYL1. Brassica napus ;
AtHYL1. Arabidopsis thaliana ; OsHYL1. Oryza sativa. The same for Fig. 4
B3 SERSHABY R HYLL E [ 8275 Xt

Fig. 3 Multiple sequence alignment of HYL1 proteins from apple and other species
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2.1.3 ¥ % MdHYL1l & &8 &%t str N
THFFESER HYLD & A0 R Gk 22 x5 2R

BEAERE O AR HYLL S (AT T R Gk fe
B T AR A HYLL RN 1R,

x1 RATHEHALHMBEMS A MUFE HYL-lke ®EH

HYL1-like proteins used to construct phylogenetic tree from other eight species

PrEAE

Table 1
W EA TR
Species Protein name Accession number
¢ Prunus mume PmHYLI1 XP_008219245. 1
Bk Prunus persica PpHYL1 XP_007222869. 1
K& Glycine max GmHYLI XP_003523789. 1
K Ziziphus jujube ZiHYL1 XP_015866508. 1

YFh HH B
Species Protein name Accession number
W)X Cucumis sativus CsHYL1 XP_011649689. 1
WM 3% Brassica napus BnHYL1 NP_001302780. 1
U IF Arabidopsis thaliana AtHYL1 NP_563850. 1
IKFG Oryza sativa OsHYL1 AAY21792.1

H R 2 1 AR (AT 4) & 8. MAHY LT H H 1E
AL b5 % B R M I 2R % ¢ Rl . LRI
IR B H 30 25 25 Ok AR B

W lOO[PmHYL]
100 PpHYLI

38 MdHYLI
33 GmHYLI
69 ZjHYL1
CsHYLI
100 BnHYLI
— 1
OsHYLI

4 SERFMHAYF HYLL 8 A R EHE o
Fig. 4 Phylogenetic analysis of HYL1 homologous

proteins from apple and other species
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MR E
Relative gene expression

] | ’+‘
0 —
R E-3 L P R

Root Stem Leaf Flower Fruit

K5 MAHYL1 7EM H 140 S S Rk
Fig. 5 Tissue specific expression of Md HYL1

in Malus prunifolia
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2.3.1 #AHE¥Ze PCR¥&0 FHERLHER
GL-3 N AF kL, 38 2 4 AT 5 A T35 33 MdHYL1

Y IBG B0 43 ) B I T MK AR 2R e AR R S Y
RNA, #| FHRT-qPCR ¥ 7 2: 4 #F T Md HYL 1 3
HESMEHS PR RE, WA S5 frR.MdHYL1
TEMK & 28 B MZHSUh A R0k, Hop e 25 i il 4E
R RE . SR RIKIEML.MJdHYLL {E0t
F PG 20 R (3. 85 ) L IR JE 2K (3. 49 £5) Al
16.(3. 30 i) s 7E AL 5L 1y R 3k & fe 2 (0. 10 )
2.2.2 ¥R MdHYL1 AR AEFFmia TRk

XoF 4 ek S R HE AT T B AR B OF R RT-
qPCR Jr 98 Md HYL1 B HAE T 5 i3 & i
TR EE . WK 6 B, T 52 40 3R [ B i)
MdHYL1 B Rk ¥ BE, H R T 5 20 B )
MIIER  Md HYL1 JE PR ) 3k 7 1 B TG By i
BT R 6 d i ik BB EME, AL EE 0 d
BFY 8. 82 i MAEALFE 8 d J5 . MdHYL1 K& [H 3R ik
2 A BT B (LR AT T 5 Ak B 4 e S R ATY
S ERERIK AR 417 5 BKE MdHYL1 5
N o U/ I 4TI/ - S ol . T S
MdHYL1 Z PR A] L piy 5 a6

101

HE R AH X R 1k
Relative gene expression
+ (o) =)

o
T

HHH ]

0 2 4 6 8§ gk

F B kb B A)/d Rewatering
Drought treat time

B 6 ‘45 EatHh MAHYL1 $: 5
% 3K I T 5 Ak BB ] ) AR fk
Change of expression level of MdHYL1 gene in leaves

(=}

Fig. 6
from ‘Golden Delicious” apple over drought treat time

o iR R BARBEAT e BE TR LR AR 3 AT 50 mg/L

FMRERELAIEMHMER R, 5558 OE £ 5,

OE# 10f OE# 13, LAiX 3 M FHM# R A9 DNA 4
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B AT PCRAZIN (T 35S 51 W) 45 & A 50 ik
BT pGWBA14 24k | 35S F i 19— BT 51 9 1E 1)
190, A MAHYL1 4 & JF i ) 32 4E _E i — B3 41
fER R 51 P4t PCR 974 . 2550 8K .3 A Bk
PR v 88 v e 10 A B A T R R AT A B
P GL-3 bk R MBA 3% &40 (8 7, R Bx 3
NS MR R A MAHYLT 3R 046 A A
DNA 7K o] 97 25 i\ i SR &R

GL-3 OE#5 OE#10  OE#13
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