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@ E: M ‘Athlone’ EX (Hemerocallis fulva) " 5Ll T ANARIG « 4B RO 16 IE HEFE A0 B 25 IR 25
14N, fv4 N HfCIN3. HfCWINI Ff1 HfVINI, F: ORF 7351251 941, 1 701, 1 920 bp, 4wf% 646. 566 Al
639 MEIEERR, FTIEB)FHIFLIN N 18.81% ~ 41.86%. HCIN3 51 fh. B &S MR LR T AR A
75.16% ~ 82.79%, HICWIN1 L5755, Sk KA 58.95% ~ 68.88%, HEVINI L5 & = AHIME A
73.4%. HFCIN3 B A {E 5 KAL) B-fructofuranosidase domain. glycoside hydrolase family 100 5443,
i HFCWIN1 1 HEVIN1 £ glycosyl hydrolases family 32 4#F£5#44k, HfCWINI iE&4 72 NEER 541
JieL BE W 7> 7R3 9K ) Malectin domain, HEVINT %78 0l §ERIE R motif “TILPD”, JF{E N w5 g5y
FERELE R . HECWINL Al HEVIN] [FBAFIE N — BEEAAL SR O-B-GleNAc HEEEAAL &1, HECIN3 {5
O-B-GleNAc FEREAUAL file R/ HT R, FEA R EE 7 SCH, 7T UGS A b X 43 B i FIXY
T, CWIN Fil VIN 285505 R BEE, HfCIN3, HFCWIN1. HfVIN1 RF 8-y Y. b
iR IE T BN, 35SHFCIN3-GFP 1£ 444 i ik, 35S:HfVINI-GFP 7E#IEH %X, 35S:HFCWINI-YFP
A EE, {f DA a8 B RIE. HFCIN3. HfCWINI. HfVINI {675 B i Rk K B2 5 TR
FIAEL LA, e FIA7KF HfVINI > HFCWINI > HfCIN3. 0 ‘ChL3E 24 h J5, HIVINI HIRIEKFH 5 C
L 2.2 %, HFCWINI FIRIEWEE L, HCIN3 FIREKTFIEEEBITE S C, HAPAZE R RIEIGH
HEIE 0 Co 5% 10% PEG 43 24 h &, HfCIN3 Rl HfVINI FIRIEKTF 50 R ZERAEE, HCWINI
REMTA . AR CIN BG5S 5L Rk 45 REEAR—5, 1y HAb A 53 N RIS A — 5
B EEREAR, M CIN BvE MR R 2 N ss, CWIN it w5 FK, VIN b FREEHA S H TR
PEG A[ LA S VIN §G M B TF. R ANS 1% e Ab 3 S B iE M 5 B IR R IR AP EARFID B, 0 56 R 5%
JEAE AN RH S5 S U X P AL BTG VAT B AR o AR Gh AE S E R 3 B A0 1A 40 A 1 B AN,
AN H R R RIE GRS, HVINT W RARIR I, HFCWINT Wi R iE il .
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Abstract: In this study, three invertase genes were cloned from Hemerocallis fulva ‘ Athlone’ , named
HfCIN3, HfCWINI and HfVINI. The ORFs of the three invertase genes were 1 941, 1701, 1 920 bp,
encoding 646, 566 and 639 amino acids, respectively, with the similarity of 18.81% - 41.86%. The amino
acid sequence of HfCIN3 was 75.16% - 82.79% similar to those of dendrobium and wild banana,
HfCWINI1 was 58.95% - 68.88% similar to asparagus and oil palm, and HfVIN1 was 73.4% similar to
agave. HfCIN3 had a signal peptide and typical glycoside hydrolases family 100 domain, HfCWIN1 and
HfVIN1 had glycosyl hydrolases family 32 domain. HfCWIN1 also contained a 72 amino acid Malectin
domain related to cell wall sugar recognition. HfVIN1 contained a possible vacuolar motif “ILPD” and had
a typical transmembrane domain at the N terminus. Both HfCWINI and HfVINI1 possessed the
N-glycosylation and O-B-GIcNAc sites, whereas HfCIN3 only had the O-f-GIcNAc sites. Phylogenetic
analysis showed that monocotyledons and dicotyledons could clearly be distinguished regarding different
types of invertase; CWIN and VIN were closely related, and HfCIN3, HfCWINI and HfVIN1 were
clustered in monocots. Transient expression analysis showed 35S:HfCIN3-GFP was expressed in
chloroplasts; 35S:HfVIN1-GFP was expressed in vacuoles; and 35S:HfCWIN1-YFP was detected in cell
walls and guard cells. The expression levels of HfCIN3, HfCWINI and HfVINI were significantly higher in
leaves than that of the root and flower tissues; the expression levels in leaves were HfVINI > HfCWINI >
HfCIN3. After 24 h treatment at 0 “C, the expression of HfVINI was increased by 2.2 times compared with
5 C, and the expression level of HfCWINI was increased significantly at 0 ‘C compared with the other
temperatures. The highest expression of HfVIN3 was recorded at 0 °‘C. After 24 h treatment with 5% or
10% PEG, the expression levels of HfCIN3 and HfVINI were not significantly different from the control,
but that of HfCWINI was significantly lower than the control. The CIN activity and gene expression were
similar in different tissues, but CWIN and VIN were not consistent with the gene expression. As
temperature decreased, CIN declined, CWIN increased at first and then decreased, and VIN decreased at
first then increased, and then decreased; PEG induced VIN activity. The enzyme activity and gene
expression were not synchronized after the low temperature and osmotic stress treatment, possibly because
the gene post-transcriptional modifications played an important role in invertase activity. The results of this
study established the differences in subcellular localizations, gene expression patterns and the responses to
abiotic stresses among the three various types of Hemerocallis fulva invertase, HfVINI responded to low
temperature, whereas HfCWINI responded to osmotic stress.
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FEREREYDCEER R FE=Y), W, MBS EZEA. ERERESE S
B, 8L B IS B A S i g K AR . R RE S EAK SR ME A (sucrose synthase, EC
2.4.1.13, SuSy) Bi¥%1b (invertase, tHFRA p-fructofuranosidase, EC 3.2.1.26) /Kff, IEHH/KMEE
=) —— A R, WA PP EIE RO R RS SR . e ESRIEANE 5T
(Ruan, 2012, 2014; Wanetal., 2018; ZSIL %5, 20200, WFFERM], ARAHA. AR H Y
FEREK MR £ SR ANE] . REVE G BTG 15 PR R B R REUR, B E B Fh R SR St g e
FFZ (Ruan, 2014). ¥ALREZ SEMAER K E KOS EDAEEYIMRA IR (Wan etal., 2018).
AN L A B 5 57 v 43 3 P —— M L AL (cytoplasmic invertase, CIND. #fiffu %4k,
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i C(cell wall invertase, CWIN) FIVRIE%1LEF (vacuolar invertase, VIN). FiHt CIN & At/ 14 %
1l (B pH 7.0 ~ 7.8), CWIN H VIN 2R (5od pH 4.5 ~ 5.5). VIN && W YA
A AR RANRE A RERE R IR A s CWIN 3= 25 55 40) Je 5000 /MA B A 1 0 1 20 A, DALRFF
JE—IR 2 A RE MR FE AR FE s CIN VG PHEEUIR, (Hn]4EFr4i i B sh A5 14 VIN. CWIN S5 r=5
MPAEEFEFSE (Ruan, 2014; Ruetal., 2017; Xuetal,, 2017; Qianetal., 2018; Wan et al.,
2018; Morey etal., 2019; Yanetal., 2019). (K& WriE o] #0H|FE A1 INVINHI (40 HRERE AL FE AT
Hill ) FERAIRIE, I CWIN 2K (Lin6 A1 Lin8) MIFRIENKF, FECH E AT KT 5,
SR PRI Vo 1%, AR, T8RRI INVINHI F5 R i CWIN JEVE AR, 074 il B BUR (Xu
etal., 2017). fEKHAFEERME T, CWIN it S0 FE 7 14 240 B S0 T 38 S R B A N AFOARUR . B9 4
PR7E I HSP B30 AR B A AE )&, Mg Ak R (Liuetal., 2016). CWIN
VIN Al P S E P EUKT R BT 5 RIS e (Ruan et al., 2010),

HH (Hemerocallis fulva) & H &R ZFEAEREARLLS, LMK (WRRONEE,
semi-deciduous/semi-evergreen) AEA——7F I B & B M X 7 B 4F 0 SR 9F nT R AR KL TR SRR
RG2S BARARIRZS (B 458, 2020; Li et al., 2020) . 3&FEZEEhSRYEE T E 504 ZH
RIAY, BEES AR (RIRAEY) | ey, wall, K E s Athlone” 7E g4
e ORRRE S H AT AR, T SE R, MR S M P R A BORER, T SR i
B. PURIR IR, ‘Athlone” MRy HRRERE 7 LU AGEE & £ 5. ARBFFLH A “Athlone” B EI
oEfE T CIN. CWIN. VIN FALREEED, 2 Fr 510 b AN g i 2 Bk 1R o M (0 2tk L, BB 1 FL 24
MLERL, BEFRAEANEIH L ASERREE LB@E E T R, B AR IR A T & B30 5 e A 3
KAy e LU B E A, T Mk B SR AR AR

1 MRSk

1.1 IR R R B4R

PLEE N B AR K A FERE R 5 FAE T ‘Athlone” NI KL, ‘Athlone” 5| HEH
() AR SR, CPIRRE 1.2 m, 648 11 em, 856, KT, W5, WEE, JuHss,
HZIFAE, NHISA, GREIFER N, £ X EE L EWEIPN LRIV F S PUR. EH
KB RL . OB E MR, ERAIRE R, REMR. HAEHS, MEREAFETE -80 C
PRI IR VK AR ORAT T L R R A 2 S e 0 H

RIRAEFRTFR L TR, “Athlone” HEARTE - 5 CHEFRAATE 2 h BRI ILH] B4:40, M Fr 2K %
Ry 0 CRIH I EEAE R R B BR  E KB —BUN R E N DRXM AU N A%
W, 15 CHURGE 3d, AN 12 W12 h, FHXHERE 80%, F4rlbLl 15, 10, 5. 0 Chb#, K[H
TR FE AR FRI (]38 24 h, BRSSO A SE R IFRIThEE T b o IRIGBEE 3 AW EE.

KA —SE R, MOREE RS B AR RIS, BAA SRR 1/2MS W)
REEFRMP UG FE 3d, 2 ER TR I LB I N TR £ — % (PEG-6000) i H 2894 FE 4373 N
5%+ 10%AH1 15%, SHEAM PEG. HURE SR, 1/2MS Wikl F PN 10% PEG J& ‘Athlone’
MRS IEIE, 15%PEG a3 H I B2 @ pha iR . IR EXS ] CAn PEG) 5% PEG
F110% PEG Ab# 24 h J5 [ A RE AT SE DR e SRk b IRIR R E 3 A EH .
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12 R

12,1 #AuEs ik |69 ik

KHME CTAB £E#2H ‘Athlone” M & RNA (Gasic et al., 2004), HiERE D 6EE T

(NanoDrop One, Thermo Scientific) IR HLIKAT I RNA (L | 46 B2 FN 8 4, A& 45 1) RNA
KA M-MuLV %54 cDNA & RO &I T 8 cDNA K& CETAYD. @l EfA RS
A = A A B PR AR BV PT RE I H 2R R 21, fEFP 2P m it PCR 514, PA%E —%5E cDNA i
BOHAT PCR Y, F56 v BOR/NEI 7P 5 % 3 pUCM-T Vector, kil HAH f5ix BilgAET
M. B PCR 51 W 1. KRpHTH DHSa AT H A< SEG %8 fR AT o

%1 FWRPEAN PCR S5

Table 1 PCR primer sequences used in this study

g Gk EZ s FH (5-39
Application Primer Sequence
cDNA 7% HfVINI-F1/R1 ATGGTACCGGACCAATGGTA/CAAGTTGGGGAAGTGTAAGGTGT
cDNA clone HfCWINI-F1/R1 ATGGCTGCTGGTTCATTGCT/TTAGCTAATTATCGCTTTTGCCA
HfCIN3-F1/R1 ATGGGAGTTTGTGATTTATC/TCATACGATATATGTCTTCTTCA
qPCR HfVINI1-F2/R2 CTCCTCCTCCCTTCCGATTC/CGGGCTTCATTAGTGTTGGG
HfCWINI-F2/R2 TGGTTCCGTGACCCTTCTAC/AAGTCCGGACATTCCCACAT
HfCIN3-F2/R2 TGGCAACTACACAGCAATCG/AGGCCAAGAACCTCCATTGT
pBI221-GFP #k A 7 HfCIN3-F3/R3 gaggatctcgageggtctaga ATGGGAGTTTGTGATTTATC/ageggecgctgtacaggtace
Construction of PBI221-GFP vector TACGATATATGTCTTCTTCA
HfVINI-F3/R3 gaggatctcgageggtctaga ATGGGGTCACGTGACTTGGA/ageggeegcetgtacaggtace
CAAGTTGGGGAAGTGTAAGG
HfCWINI1-F3/R3 gaggatctcgageggtctagaATGGCTGCTGGTTCATTGCT/ageggecgctgtacaggtace
GCTAATTATCGCTTTTGCCA
pC131-YFP ikt % HfCWINI1-F4/R4 gaggatctcgagegggaattc ATGGCTGCTGGTTCATTGCT/ageggecegcetgtacaactagt
Construction of pC131-YFP vector GCTAATTATCGCTTTTGCCA
qPCR W% gRT-PCR reference gene ~ HfUBQ-F/R AACGTGAAGGCCAAGATAC/AGACGGAGCACCAGGTGGA

e NG FEESR IR MBI, BEYIAL S R RIZebr .

Note: The lowercase letters indicate protected bases and restriction sites, and the restriction sites are underlined.

1.2.2  A£%1z &0

& AT MR H ProtParam fE2E T H (http: //web.expasy.org/protparam) I NCBI % [
ZER MG Chttps: //www.nebi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)s TMHMM (http: //www.cbs.
dtu.dk/servicess TMHMM/). MEME (http: //alternate.memesuite.org/tools/me-me). &% [ 5 5/Hi/K M
53 BT K A ProtScale . E.. il http: //www.dabi.temple.edu/disphos/ BEATBEFRILAL s I TN, http:
/lwww.cbs.dtu.dk BEATHEIREALAL ST . 7E NCBI M3 Chttps: //www.ncbi.nlm.nih.gov/) I T %k
ANE R AL B RIS 2 IE R P 7)), R ClustalW XF 1 #7713 T EEXS 2081, MEGA7 R &K
USRI (Maximum likelihood) #4% R G K MM, KIRZSHOY 1000 REE, AL EHARRL
1E (Tamura et al., 2011).
123 ABEGZEELEIHAH

FEWAFAHL (R B LA IEM B E RNA, BU1 pg & RNA %3813 cDNA,
FIFH GenScript 7£ £ # {4 (https: //www.genscript.com) B¢ it qPCR 54 (3% 1).qPCR K H] AceQ qPCR
SYBR Green Master Mix( Vazyme Biotech) 47 .20 pL W3 H & 2x AceQ qPCR SYBR Green Master
Mix 10 uL; b F¥#5I%% 0.4 pL; FEH cDNA 1 pL. SMNFEF N 95 CHIAEME 5 min; 95 CARME
10s, 60 CiBK30s, fl¥ 40 I RbARHIZCRIEREFF N 95 C 155, 60 C 60s, 95 C 15s. K
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AR IR () UBQ ZEIE NN S . G H 3 . E&4E B 22T % (Livak & Schmittgen,
2001) HESHT.
1.2.4 R RBAARMZER I 00 245

TEHE R[] ORF i (A7 28 (2605 ) 43 i e vy Mg U0 AL s (1 5149, LA 1.2.1 2 e fE 1 pUCm-T
ik DNA NIEEMGEET PCR §748 (SI1#0L3% 1), §Ib=yaaifb )G RS T #4341
Xba UKpn 1BV,  [RISCEE ) P24 5 5 20 40 R OB D 6 pBI221-GFP # AR B TiER:, 52| HAE
A 35S:HfCIN3-GFP. 35S:HfCWINI1-GFP 1 35S:HfVIN1-GFP F3E T 7 HhiN . % B is e By
AR BN R ST SR AR AR, R SRS A S ) 1Y) 2 R B AT R DNA S PEG M S0
AR, TEARTRL DNA X, i Bob R E BB AT %G 5 MEE (Yoo etal.,, 2007).
WAt W EcoR 1 Spe 1 BEVIAL (1) HFCWINT ZERRF 55190, R FEFE L) pC131-YFP # ik H
Zett g 35S:HFCWIN1-YFP Kk &k, 205 A7 7 o e i el H B AR # GV3101

(GV3101 HFP ARSI % ARAF ), B AN IR HE ST S, BEEEE IR 48 h G EHO LR ERME T

LG B Fr A 26 73 A (Sparkes et al., 2006).
1.2.5 BaEhne

FALRTE TN E 2% Zhu 55 (2018) WU VEHET . BEERBGRMEALREREBE AR5 3,5 - i
FeIK MR I B2 A B AE 540 nm 78 RIS W AR LT i, I 5E 540 nm ALWROGAE AR LT AL
FfvEtE. R EE 3 K.

2 HHR50H

2.1 EE 3 MEHAEENEERFIISHT
M “Athlone’ & HIH FH R v BESRA T
R A AT L 2 B L Tl RV I A A T ik
K& 14, slen 4~ HfCIN3. HfCWINI Al
HfVINI, FHICHE5 % GenBank, k5 :

M HfCWINI HfCIN3 HfVINI

MT379656 ~ MT379658. HfCIN3 FTJi R HE 2000 bp——

(ORF) Jy 1 941 bp, 4l 646 NN HEMR: g
HfCWINI ¥] ORF 4 1 701 bp, il 566 K ot
Wi: HfVINI [f) ORF 31 920 bp, 4fid 639 4 100bp—

AR (K D). 3 ANEFT ORF XZHR T4
FHALTE K 48.91% ~ 56.80%, S FEM2 - F1 A AL
N 18.81% ~ 41.86%. HfVIN1 Fl HICWIN1 %
FERR AU AR 41.86%, 1 HECIN3 5 HoAt > 2 B/ 77 S AR d5e e XA 19.6%. NCBI 7%
FEXT R, HFCIN3 A% AR JT 515 7 5 T AR A ity B 45 L MRS AR UL 43 70 A 88.18% 83.39%
81.75%- 81.83%F1 80.55%; HfCWINI S5HtAS. At /NZUGEAMGEE O /N L SRR AR A 733
N 77.86% 66.4%- 64.85%- 62.14%F1 57.23%; HfVINI SELE . WIS « 25 AL 2> 51 75.93%.
78%- 18%. RILIRFFHFLIE LT IR, HFCIN3 SEFFE. M. A, I 2 AU 2 5
H 82.79%- 81.48%- 80.42%F11 75.16%; HICWINT1 55 7 55 | JlERAE | B 75 8677 Z1 AH AL 43771 9 68.88%
58.96%A11 58.95%; HfVIN1 5 &4, FIEACA AL 508 73.4% 63.9%F1 58.0%.

El1 FHE ‘Athlone’ #EREEMTERE

Fig. 1 Cloning of invertase genes from ‘Athlone’ daylily
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22 EEHABERREEARNELERSREHLINT

HfCIN3. HfCWINI fl HfVIN1 )7 F &4 72N 74.840. 63.496. 71.340 kD (% 2), 3 MEH

] motif Z5 A Z 5K (F 2). HfCIN3 B A {E 5 KA1 LY 1] B-fructofuranosidase domain. glycoside
hydrolase family 100 (GH100) £5 438 . HICWIN1 & 5 ‘5 Ik f-fructosidase motif. glycosyl hydrolases
family 32 (GH32) HFIEZEMIIR. LA 5 Ccatalytic site), & 14> 72 DNEIEER 1 5 21 o BE B 4y
TR %1 Malectin domain (248 ~319). HfVINI [% 4 5 HFCWINT AU S5 MR 2 4h, 53
MAEI ) VIN AL, I8 1 A0 E R IR A motif“TLPD 7, F£7E N i Hi R EE I 45 ) (34 ~ 53),
HfCWINI F1 HfVINI fE5EiE N i R FFIEOR 7 2 LR BL 7 B-fructosidase motif “NDPNG/A”,
“FRDP”. HfCWINI A1 HfVIN1 ¥ EAGRFEAA A, HHZE 1 DMEIERERE, HICWIND K

“WECPD”, HfVIN1 A “WECVD” (K 2),

A HfCIN3 MGVCDLSILEAVCGATSSRHLFAATTTTSCSSSSSWPFKGHTRSKKKKRCSSVYMMKAAALPFSRLSSSA-—————-—=— 70
HfCWINT = - = m o oo oo e MAAGSL--LPTLGWVFGLIFAGLELSRRNILIV 31
HfVIN] MGSRDLEAPPL----- SSPLLLP----—=--—~- SDSEPEPAAPRRASHYLCVAI_SSALAFAFEFVYHSGUVAGSVPTLMK 64

Transmembrane
HfCIN3 --AAAAAASCLRIKCKCKCEWNEGKT-GEDNGGGGWIKEATTKSQSQFFDEVVIGNNNNNGDDDDEASKDKMMMMKKKKK 147
HfCWIN] SPPASDS—=—-—=—======——=————— e SAAEF-— === ——m e VLSKNYRT 51
HfVIN]  PDPAVSADRGVRAGVSHK-SFGPSKLKTRFEGPYPWTN—=——====—= === —————m e KMLSWQRT 109
HfCIN3  SYSAEVEDDAWRLLEESMVYY--—-—=-- CASPVGTIAAKDPTDGNTLNYDHVFIRDF---IPSGIAFLLKGDYDIVRNF 216
HFCWINI1 AFHF—QPDHNWMEPMYYEGYYHLFYQYNPDSALW —————— VSNISWGHSVSTDLVHWTGLGIAFSPSKPFDI-—-- 120
HfVIN]  GFHF-QPENNWMABZNEPMY YKGLYHFFYQYNPDSAVH————-— G-NISWGHAVSKDLLHWTHLPVAMVPDQWYDE---- 177
f-fructosidase motif
HfCIN3  ILHTLQLQSWEKTMDCHSPGQGLMPASFK-—=--—=—====—= VR--TIPLDGDETATEEVLD-—-—=——=—=——-—— PDF 266
HfCWINI ————————————— SGCWSGSATFLPGNKPVILYTGLDTEGGGVQNVAY PKNLSDPFLREWIKPDYNPLIKPFEGVNASWE 187
HfVINI  ——————— =~ GGVWT GSATIAZNGRVVMLY TGGTNESVQVQNLAVPADPSDPLLREWVKSDANPVLFPPSNIDPQDE 244
Possible vaculolar targeting motif
HfCIN3 GESAIGRVAPVDSGLWWIILLRAYGKCSGDLTVQERIDVQTGIKMILKLCLADG—=--==— FDMFPTLLVTDGSCMIDRRM 340
HfCWIN1 RDPSTAWVG——QDGLWRILVGLKL—GNDGYAILYKSKDFVTWDRAKDPLHYTNGSGI}\HFFPLG——EEGKY —————— 256
HfVIN] RDPSTAWYEP-SDSTWRIVIGSKDSSHNGIAFVYSTKDFISYTLLSGVLHTVEKVG LYPIA--TSGSL----—— 315
Catalytic site
HfCIN3 GIHGHPLEIQALFYSALLCAREMLAPEDGSADLIRALNNRLLALSFHIREYYWIDMKKLNEIYRYKTEEYSYDAVNKENI 420
HFCWINT ————mmmmmm e VLKISFEDNFYERYTV--—-—— GRYDEERDLF-—---~ VG 284
HfVINI  —— === ——— ARNGLDPSARPSNEV----KHVLKASTQDNNSDYYAT -—-——~ GTYDPIANTW-—-—-- TP 360
Malectin domain
HfCIN3  YPDQISPWLVEWMPDKGGYFIGNLQPAHMDFRFFSLG--~--NLWSIVNSLATTQQSHATLDLVESKWSDLVGDMPFKICY 496
HfCWIN1 DDPSSNDYNLWQRVDHGSFYASKT-—=-—-—— FVDVNKNRRIMWGWSNES———-—~ DSKPDDVAKGWSGVQT-IPRIVSL 349
HfVINI  DNEA-ADVGIGWRYDWGNFYASKT--—--—-- FYDQGKQRRILWGWIKET-——-—— DSEYADILKGWASLQG-IPRTILF 424
HfCIN3  ALEG---QEWRIITGSDPKNTPWSYHNGGSWPTLLWQLTVA=———=—=——=———————————m CIKMN 540
HfCWIN1 DAS-GKQLVQWPIEEIESLRGKHIHLSNVELEPGSLHELEGLTASQADIEVEFELTMSLNRAEPFDONWLLDPPKLCRER 428
HfVIN] DMKTRSHLLTWPVEEVESLRTTERDFSGITIGPGSTFELDVGGGAQLDIEAEFKINNGALNI---ATEANSEPYECSTSG 501
HfCIN3 RPEI----AARA-VEVAERRLAKDKWPEYYDTKSGRFIGKQARLYQTWSIAGFL--VAKQLLAKPEAANILWN-EEDAET 612
HfCWIN1 GPSVHGGLGAFGLLVLASDNLEE-HTAVYFRVF-NT-GGN----YAVLMCTDQRKSSARNELYKPAFGGFVNVDMKKDGK 501
HfVINI GAATRGVLGPFGLLVLANRDLTE-QTATYFYISRGL-DGN----LQTHICQDELRSSKASDIVKGVVGNTVP—VVDGEM 573
HfCIN3  IHAFSIMFDSSPGK-—-KRGRKPL-KKTY V=== === m oo o oo e 639
HfCWIN] I-SLRTLIDHSIVESFGGGGKTVITSRVYPTSLSKSSTHLYAFNNGTES-VKISEFNGWNMAKAIIS--—-——— 566
HfVIN] L-SLRILVDHSIVESFAQGGRASATSRVYPTEAIYNSARVFLENNATSTSVTAQTLKIWQMKSTKSNTLHFPNL 646
HfCIN3 HfCWIN1 HfVIN1
123 5%k SignalP-TM 1-19 {55k Signal peptide 1-33  Hi&i#iE Cytoplasmic domain
153-639 B-fructofuranosidase domain 54-67  Glycoside hydrolase active site 34-53 #5454 Transmembrane
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Fig. 2 Alignment of amino acid sequences encoded by three types of invertase from daylily
A: Clustal alignment, domain prediction by TMHMM and NCBI; B: Motif Prediction by MEME.

Glyco_hydro 32C: Glycosyl hydrolases family 32 C terminal domain.
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Table 2 Predicted physical and chemical characteristics of three types of invertase from daylily
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Fig.3 Phylogenetic tree of three types of invertase from different plants
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Fig. 4 Expression of fusion proteins of daylily invertases with GFP/YFP
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Fig. 5 Expression of daylily invertase genes in different tissues and under low temperature or osmotic stress

Different lowercase letters indicate significant differences among different treatments for the same gene (P <0.05) .
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AT RN, Hgid s AR ERT I R A 18.81% ~ 41.86%, ', HfCIN3 5H A>3
BRI AR,  7E R G AL 4T TPt B 7R HACINS iR B 5 Hodth P 28 AL B A BE R0 . Wan 25
(2018) M HTINA CIN FIILAR P FPELAL B S50 EAAHDG, FTREFE LSRR R & 7 T AR
CWIN. VIN ¥ ARRMEHAGE, WF7iRR, VIN RA RN CWIN ZHLTRET, N 5ifE 5 0 ek
AR R ) {5 5 R AR OO AT S BOW 40 s AL AT D) REIANH] (Jietal., 2005; Wanetal., 2018). A<
WAL R RR TARUEEHL R R, FERFEAN 5 3F, CWIN M VIN J& T F—N03F, 1
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KA 75 B B &S AR~ (Ruan, 2014).

HY R R T GH32 Xk, /AR ILEEE T GH100 Kk, AT b 2 1)
‘Athlone’ &% 3 FRRBLAVEE 5 MDD FEALEEARRL, A S (1 2 AN FE LR 57 25 A 4 BURFAE
motif CHNFRYERALEFERE 74 NDPNG. FRDP) (Farcietal., 2016). HFCWIN1 &4 1 > 541 ke
B2 1R 2R 1) Malectin 546380, LT 0 A0 fRBEAHOC 2 B (Xiao etal., 2019). HFCIN3 &[5
B p-fructofuranosidase Z5 448, T LAKAEARImIAEIE R B - D - BRI RAEE . HEVINT &4 1 MLl
SIS R (34 ~ 53), Z451mT LLph Bl B 00 [ e fE O | (Farci et al., 2016) . #FFKH,
CWIN fl VIN (FRPERAES) J& THREMED, AR R, sefE oK . KI5 pER
MRS, T P /B i AR A R 0, SRR KARRERE (Wan et al., 2018). BEIEALXT &
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HEERBUER, SRR & A IhAE, SDS-PAGE FHE R [ 4Lt /4T B 3 i i 4L
fif RhVI1 B A I RAE (Farci et al., 2016) o AHFFH HFCWINT A1 HEVINI [FEf 7776 N - Bi3E
AL AN O-B-GleNAc FEHALAL s, 171 HECIN3 AN O-B-GleNAc BEFEALAL . N - B S 5ER
JR AR e YRR REPE, T2 PR SR I () 5 2 S RS R EEVE 1 O-B-GleNAc B b= 5
| A R AT B, HECINS S/ N - BEILALAL s 7 — e R T AR T HoAG e M A P Fh e
AR T i A

AN TR B A T RS (1 S A o e 7 5 FL AR BRAE R O o 90 g 0 0 8k 11 e A e 0 ot /MR i A% B
()3 22 33k N PEAffL Y, 4 DARS B X4 & T 4 M BE E 1Y) CWIN 7K Mt il o 260 B AR (CWIN 1] LA
W) B 2 B AMA G RERIR BE AR T, R AR AT SR I COb A s B A NGB i DA TR
22 33 N0 BRI E R B CIN BUERE A& OB KM s 1 NBRVE I EERE U B VIN 7Kfi# (Wan et al., 2018).
AR FABAESE T 3 MR A AR A B E AL 2 e, At — P AL D e R AR ML B e 1 2k
fihe HFCWINI TEZ0 MR EERI R A BE 38 RIA, HAEIR PANM R 23 B BRI 55 . FEEELR T
b BABERTER, B RIES T RR, 5 PguiAE b, DR T4 A7 7 = 2R A
A OPEF 2 8 LA SuSy. FALEE, JERERERR & RS E R (Daloso et al., 2016). AH 5T H B IR
JE L A AR B T AR AE O AN R R IR I B BUEYE, vt — D AT A AR O A b ) T
REASALIF A I E R B 7 56 hh. AR AN 280616 F BEAHC, (R D4 b ik ib &40
AR AV AR I 25 R M A R R AR 4K, HFCWINT FE AR A b (1) i R IA TR TE RS 1K il 5 28 B 1 E L &
B, APIREP IR T JGn. HCIN3 FEIEM SR RIE, S ITEM s R—8, kg
Sk S W #7655 (Vargas et al., 2007). HfVINI fERGEFFRIEA, VIN &AL F
B (AR R AR R A

ANFERTU AV BELEMR . 6. Bz, PSRRI PR 28, VIN i AEEEE K5k
AT AR 5K R AR PR A K L 2 AR A e VIN ZKCFs 76 FEZH 40 CWIN K RERE K o b,
Ha Ak U HE N NS 5 0 T IS 2 24804k CIN TEAR AR AUy e, (HEAH
T i 225 5 I AFAE 2 5 (Ruan, 2014; Dahro et al., 2016; Wan et al., 2018). A#F 5T H1, ‘ Athlone’
&5 HfCIN3 . HfCWINI. HfVINI fEM Jr 3008 5 825 = TAAIAE, o et HVINT 3RIA8 B 2w
THAPAFER, MAEARFRIHLF CIN BG5S HCIN3 FENFRIL G REEA 5, HA R 53
PRI ANE] A, CWIN FI VIN ZE48 H (B E 1 2 v T e A . o2 e e tEH I EEZ 5 B, A
AT EARFF B 5 1A R By HAh 25 B PR AR, 505 % A B 1K 7K1 7 40 i N B BB KT IR 4E 47
Y BE B B T 4R AR K. TEREAL, FEWHAERZREDI, Ba RIS EE
AR T IE VR e FF VPO RE RSB R o AT R S 3 R BN AR ) — AN R, AR 2R
FALBEIE R AT BeAG 2 A0, AN TR B (R I 2 A R M S T Bl v 1 B DR L RS TR TS AL A
ity 3% 1 1) 5 A fp gk — 2D I A LA

CIN s& R PRSI A, A TAM i o Fem r7EMIKIR . 2R3 15% PEG &b¥E 1d J5, ik
(BB AL R R CsINV 10 (3R & T R, I B AL BRI R) ZE W iy CEROCiR &6, 20160 H
TR I e P/ B AL B FE [R] SONINT ik B 1E 15% PEG AbFE 24 h N HIBISE R4 (6 h) 5 FHE (12 h)
ZJE X T B RBARK (24 h), 1R SoNINT ik mNFFE: L (FHRE 5, 2014). AREFFH,
I o e P PR B CIN s VAR 2 R R a3, T HfCIN3 JERIRIENE EFHE T %, PEG
AFE (24 h) X CIN WG PEABE R RIA L R E . EREP AL RS RBREMNA—, HEg
TP B B e TR RIA . HEA) CIN 8O E, WRETEMEY R B P RER, s 54
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Yoiaa i R, (B AR M AE R (Ruan, 2014). ABFFEH CIN ERIRK R FRIA % FTHE N
MBS PR T HANSE W ia AN, 2B 5BE R PGS A R B — P

CWIN 2AEMER, DEFEER S TaMEE &, Anldi b5 aMa IR 42 i e b K fi
DALRAE ) B2 S0 2 S AMA R FE IR BE R B . AR Terh, BEE IR BEFEMC Athlone” B HCWINI %:A
FikSe NESE TR, 1 CWIN EgiE Ve & J5 PR 1K PEG ARG HICWINT FERIZRE T F%, T CWIN
BT AR A . H B CWIN BRE PEAERIEAT PEG AL 52 R, 1 6 4> CWIN JEH iy 4 A
FORTERIREL PEG A FE 5 RIE A 24 CWIN BERRIE T % (Wang etal., 2017). A5+ PEG
WEFR S HFCWINI 35 T AT 85 FL AR KR 2 40 M 20 A5 A ¢, 8 U8 15 40 9 IR BRSO S 5
FHELE 2R DI B2 I2 e

VIN 5 CWIN B EE =R, R YR, RE AR N R ERE . 7E3 R IF
Hod B RIA T AR R CsINVS, TIRATBE S, MiHe e 1 7 5L R R bk 1 i 2E 7 (Xu et al.,
2017; Qianetal., 2018). AWFFLH, B IREFAK HVINT BRI IE & VIN B 12 T 05
PEG 7] L5 VIN BgvE M FHEEX HVINT 3R TC R E 5 o IAHE TR 45 R T V6 HEWT VIN 78
IR B ok 3 SR o IR TR 75 2208 2 I AL B RN RERE 20 R R OO, AT 2 B 3R A TE %
(B R SR 2 R A8 I R AR, I SR TR A ORI S, VIN AT K ARV Fp P77 1) R A i 4 2
FIFH, FEPRFRIE L AT LS e T RS o i 75 22 .

AR R BN, ARIERANSIE i A B 5 B s 1 5 B SRR A U A E A A — 2, HED
TR KT R S5 SR G AR R JE A8 1 L Th e e R . B JUEMT R ORI, R T55
PEACI A H4% (Chen etal., 2016; Liuetal., 2019), U1 MeABL5 (bZIP #3575 J) &4 i B
AL MeCWININV3 [P IE 3% 1, MeABLS I LAY MeCWININV3 JE3))¥ X 38, ABRE cis Jx 2ffH
TR A B HIE MeABLS i T KZE MeCWININY3 PR 1A Bk B O BEEPE, - 5 35 0 5
i (Liuetal.,, 2019). HF—3DHF 7t A0 REHE PR % st /KPR S5 5 K SF- R HLEDRE 48 s f A 2
BEEE 2 BB ARHE, IR NI 50 R0 B i A B % 43 WL B A
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