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Cloning and expression analysis of NF-YB transcription factors DINF-

YBI and DINF-YB10 in longan

PENG Yuan, ZHANG Yiyong, Saquib WEHEED, FANG Ting, ZENG Lihui’
(College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: [ObjectivelLongan (Dimocarpus longan L.) is a subtropical fruit species of the Sapindace-
ae. Longan, a typical drought-tolerant plant, is widely cultivated in tropical and subtropical region and
has great economic values. Transcription factor NF-YBs are important regulators during plant growth
and development, participating in regulating embryonic development, plant drought resistance, floral
meristem growth and flowering time under photoperiod pathway. Two NF-YB transcription factors DI-
NF-YB1 and DINF-YBI10 in longan were identified and their putative functions were investigated in
this study.[Methods]Two NF-YB homolog genes,UN15136 and CL2518 were identified in longan tran-
scriptome data and named DINF-YBI and DINF-YB10. Primers were designed by DNAMANS.0. Using
c¢DNA of ‘Honghezi’ longan as the template, CDS sequences of DINF-YB1 and DINF-YBI10 were am-
plified by RT-PCR. The bioinformatics analysis of two DINF-YB sequences was carried out for further
understanding of their putative functions. ORF regions of two DINF-YB genes were founded by ORF
Finder program in NCBI. Phylogenetic tree analysis of two DINF-YBs and the Arabidopsis thaliana NF-
YB family were obtained by MEGAG6.0 software. Multiply amino acid alignment of DINF-YB genes
with other NF-YB genes of 5 species was obtained by DNAMANS.0. Information about NF-YB protein
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sequence in different plants was analyzed by PredictProtein online software. The basic physicochemical
properties of the proteins were analyzed by ExPASyProtParam. The secondary structure analysis about
the content of a-helix, B-sheet, B-turn and random in DINF-YB proteins were obtained by SOPMA on-
line software. The distribution of curl and the homology modeling of the tertiary structure of DINF-YBI1
and DINF-YB10 were performed using Swiss-Model online software. In addition, promoter sequences
of DINF-YBI and DINF-YB10 were analyzed by PLANTCARE online software. Further, expression pat-
terns of DINF-YB1 and DINF-YBI10 in different organs and different developmental period of longan
were analyzed by qRT-PCR. The expression levels of DINF-YB10 during longan flower bud differentia-
tion and DINF-YB1 under water stress were also analyzed by qRT-PCR. When water stress experiment
was started, seeds of ‘Honghezi’ longan were sown in trays containing nutrient soil, vermiculite and
perlite at the proportion of 2:1:1. Seedlings were cultivated under the growth chambers at a temperature
of (25+2) °C, and the seedling growth was kept with 20.0%-30.0% soil moisture and 50%-55% air hu-
midity. After 6 months, the seedlings were transplanted to 20 cm-diameter plastic pots for root water
stress trial. Treatments of three water contents were set. The soil water content of 10% was set as
drought treatment; the water level line was kept 5 cm above the bottom (at this time, the soil water con-
tent is more than 70%) was set as water immersion treatment; the water content between 20% and 30%
was set as the control. In this study, the test was performed in a completely randomized design using Ex-
cel 2016, and the LSD test was performed using the Duncan test in SPSS 22.0 (p < 0.05).[Results]The
CDS sequences of DINF-YBI (GeneBank accession number: MK372373) and DINF-YB10 (GeneBank
accession number: MK359142) were cloned. Multiply protein sequence analysis of DINF-YBI1 and DI-
NF-YB10 with NF-YB family of Arabidopsis thaliana showed that DINF-YB1 and DINF-YB10 had the
highest similarity with AtNF-YB1 (80%) and AtNF-YB10 (69% ), respectively. DINF- YBIcontained
528 bp and DINF-YBI10 contained 531 bp open reading frames (ORF), encoding 175 amino acids and
176 amino acids, respectively. Both DINF-YB amino acid sequences included a typical NF-YB/HAP3
domain and five potential functional sites: N-myristoylation site, N-glycosylation site, Casein kinase I
phosphorylation site, protein kinase C phosphorylation site, and cAMP and cGMP-dependent protein ki-
nase phosphorylation sites. Multiple protein sequence alignment revealed a high similarity among DI-
NF-YBI1, DINF-YB10, CpNF-YBI1, TcNF-YBI1, AtNF-YB1, GmNF-YB10 and AdNF-YBI10. Protein physi-
cochemical properties analysis showed that DINF-YB1 and DINF-YB10 had similar physical and chem-
ical properties, and both were unstable and hydrophilic proteins. The secondary structure of DINF-YBI
and DINF-YBI0 included the form of a-helix and random coil mainly. However, the three-dimensional
structure of DINF-YBI and DINF-YBI10 proteins differed greatly. Promoter sequence analysis showed
that both of DINF-YBI and DINF-YBI0 promoters contained ABRE abscisic acid response elements,
and specially, DINF-YBI promoter contained the drought response MBS cis-acting element, while the
DINF-YBI10 promoter sequence contained the auxin response-related AuxRR-core cis-acting element.
The expression level of both genes in ‘Honghezi’ seedling buds were similar with the expression level
in the new shoots of ‘Sijimi’ longan. But the relative expression of DINF-YB10 and DINF-YBI varied
in different organs and months, DINF-YB10 was highly expressed in the vegetative buds of adult longan
tree and the expression level of DINF-YB1( during physiological differentiation of flower bud gradually
increased from October to December, with a peak in December, and began to decline in January of the
following year. Differently, DINF-YB1 was highly expressed in roots. Relative expression of DINF-YBI
varied under different water stresses and it significantly increased under drought stress.[Conclusion]DI-
NF-YBI and DINF-YB10 have different functions in longan. The function of DINF-YB10 may be related
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to the physiological differentiation of flower bud, while DINF-YBI may play an important role in the

drought resistance of longan.

Key words: Longan; NF-YB; Transcription factor; Gene expression; Flower bud differentiation; Abiot-

ic stress
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Table 1 Primers of DINF-YBI and DINF-YB10 genes used in cloning and qPCR

CIEVEZR S FFHICS — 3 SIYIRTE
Primer name Sequence Primer purpose
DINF-YBI-up ATGGCGGAAGCACCGA FE K e b
DINF-YBI-down TTATTGATTCCCTTGCATGG Full length clone

DINF-YB10-up
DINF-YB10-down

ATCACACCCACTCCACTTCAG
GATGTCACTCTGTGCCTTGCATA

DINF-YBI-qup GAGTGAGAGAGCAGGACAGGTAT JE # PCR

DINF-YBI- qdown CTGGTGATGAAGCTGATGAAC Quantitative PCR
DINF-YB10- qup GCGAGCAGGATAGGTACCTTC

DINF-YB10-q down GAGTTCATCAGCTTCATCACC

Fe-sod- up AAGAGGAGAAAGAGCAAGAGTCAGA JE N 25 [F PCR
Fe-sod- down CCGATACAACAAACCCTGAAATG Quantitative reference gene
Actin-up TTCCGCTGCCCAGAAGTCCTCTT PCR

Actin-down CATTGAACATAGTTGAACCACCACTGAG

FE [R5 [ PCR M AR &R (25 pL: B4R 1 ul, b
T 51 %% 0.5 uL, 10x Ex Taq buffer 2.5 pL, dNTP
mix 2 pL, Ex Taq polymerase 0.5 pL, RNA-free H,O
18.5 uL;

SRR FF N 95 °C A8 E 2 min; 95 “CAZ £ 30
$,56.5 ‘CiB-k 305,72 CZEAH30s,35 MEH ;72 C
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Fig. 1 Different moisture content treatments
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Fig. 2 The electrophoresis of PCR amplification of DINF-YBI and DINF-YB10

R4k AR W, Unigenel5136 5 NF-YBI
A B AU , CL2518 5 NF-YB10 £ 45 i i H
UPE CE 3), Kk, ¥ UN15136 fir 4 SN DINF-YBI
(GenBank & 3t 5 : MK372373) , CL2518 fi 4 N DI-
NF-YB10(GenBank 3% 5 : MK359142)
2.2 7 HR DINF-YB1 5 DINF-YBI0 EH &M R H
BEF o

AR T, SR KA (R, EE
 H 40 M: J5i 3E A A I, DINF-YB1 5 DINF-YB10 ()
4y F IR &4 58 19.08 kDa F119.11 kDa; Fo i, i
[ HE 0 5 L U T 7.0, R PR B A 5T s R AR IR fLFR
fir 2 PR 3 2 Asp CRAZ ) A Glu( B &) » 1E
R fuf A A2 B2 Arg CR &R ) Al Lys Gt 2 R ) s A &
JE F AR 50, 8 A FRE B, X DINF-YB1 5
DINF-YB10 % /™42 [ 4 i 25 (1 16 7K P 4T 20 AT
iR R KT R B 071
H1-0.81, AZEKIEREH .

o MR TE BT B B AT HLAS M K o A A
4ERR B (£ 3),DINF-YB1 — 458 X2 L) o 12
(EHEEETB%OMEREM (S0 SES
44.89%) J7 IAFAE ; DINF-YB10 — 2% & #4) [F] £ 32 %
DL o B iE (45 0 & B 41.71%) ML i (S5 0 &
05 49.14%) 77 SNAFAE , X Bl 45 1 & & Lo 5w A
FLHTHRIE 1) — £

%} DINF-YB1 5 DINF-YB10 £ [4 [t = 2% £ #4933t
AT R R, 159 2 8 1 i i = 4 (B 4) , AR
F R = 425 ) 45 0 22 S 3K

o} Bt SR R AR 0 T AZ O )i B X AT i =
15 TG AR B T30 A0 23 B, A Bh T T AR R IR A )
IR . DRI, X R JE R 402 7h DINF-YB1 1 DINF-
YBI10 AN R _EiE 1) )3 31 15 91 Ci SRS A s
ATG L ) 1 500 bp) #E AT = AE H o4 4 (&
4). DINF-YBI M DINF-YB10 2 & T H ¥ &4
ABRE [l % B2 i S 764  DINF-YB1 J& 81 7 5 &



1468 R® ) 2 Eind $36%

Arabidopsis thaliana AtNF-YB8:AT2G37060

Arabidopsis thaliana AtNF-YB10:AT3G53340

A Dimocarpus longan DINF-YB10

Arabidopsis thaliana AtNF-YB1:AT2G38880

A Dimocarpus longan DINF-YB1

Arabidopsis thaliana AtNF-YB7:AT2G13570

Arabidopsis thaliana AtNF-YB2:AT5G47640

Arabidopsis thaliana AtNF-YB3:AT4G14540

Arabidopsis thaliana AtNF-YB4:AT16G09030

65
4|—Arabr’dcpsfs thaliana AtNF-YB5:AT2G47810

39 Arabidopsis thaliana AtNF-YB6:AT5G47670
—%:Ambr’dﬂpﬂs thaliana AtNF-YB9:AT1G21970

Arabidopsis thaliana AtNF-YB11 :AT2G27470

] — Arabidopsis thaliana AtNF-YB12:AT5G08190

100 L Arabidopsis thaliana NF-YB13

99| 38

71

—A
0.1

3 R NF-YB ZEFMLIET NF-YB RIERGHUKSTERE (1~1000) FRIEENTIA
Fig. 3 Phylogenetic analysis of longan NF-YBs and A. thaliana NF-YB proteins Boot-strap values from 1 000 - replicates are

indicated at each node

# 2 JzER DINF-YB1 X% DINF-YB10 & A R—REEH 5T
Table 2 First structure analysis of DINF-YB1 and DINF-YB10 genes in Longan

Er PSS 7y T hiE/kDa  ZEH R (p]) B LT A IR ARERE UK R

Protein Molecular formula Molecular Isoelectric Negative charge Positive Unstable Hydrophobic average
weight/kDa point/pl residue charge residue coefficient coefficient
DINF-YBI Ci20Hi310N200567S5 19.08 6.09 22 20 48.53 -0.71
DINF-YB10 CiisH1200N2360,7:S0 19.11 5.94 23 21 50.32 -0.81
DINF-YBI DINF-YB10

% 3 7zER DINF-YB1 A X DINF-YB10 —ZR 454470
Table 3 Secondary structure prediction of DINF-YB1
and DINF-YB10genes in Longan

B4 iy WM pEAR TE R Hh ~‘
Name Alpha helix/ Extended Beta Random
% srand/%  turn/% coil/%
DINFYBL 4773 4.55 584 4489 [& 4 DINF-YBI LK DINF-YB10 & H K = R 5T
DINE-YB10 4171 457 457 49 14 Fig. 4 Tertiary structure prediction of DINF-YB1 and DI-
NF-YB10 protein
#& 4 DINF-YBI 5 DINF-YB10 B&hFFHVIRRAER T4 247
Table 4 The cis-acting elements of DINF-YB1 and DINF-YB10
gj:i:nce Eiﬁfiigggliﬁf gtffﬂiion DINF-YBI DINF-YBIO
ACGTG ABRE J V& B Wi . Abscisic acid responsiveness 1 2
CGTCA CGTCA-motif SR N, MeJA-responsiveness 4 4
GGTCCAT AuxRR-core A2 K B Auxin responsiveness 0 1
CAACTG MBS T 501 8 Drought-inducibility 2 0
ATTCTCTAAC TC-rich repeats [5 781 1 i 731 )8 Defense and stress responsiveness 0 2
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f

A MBS TR B IG A, 1 DINF-YB10 J3 )1 7 5|
A AuxRR-core & K Z I NG/ . DINF-YBI1 #

DINF-YB10 & -5 HABPFH ¥ 52 1 2543500 #r €
50, B AR BRI i, HAR DU BRI

DINF-YBI1 75
DINF-YB10 74
CpNF-YBI1 74
TcNF-YBI1 79
AtNF-YB1 68
GmNF-YB10 73
AdNF-YB10 ) 73
Consensus reqdr lpi mkkalp ngki kdak [tvgefpvsefisfitsea
+ Iy
DINF-YBl  + Bzrr. .congfLangss 153

DINF-YB10 VOESPHNSQQLTHYGSESQG 154
CpNF-YBI1 GLP..GQNAQFTLQGS 152
TcNF-YBI1 GLA..BQNRQFATQGS 157
AtNF-YB1 GVS5..GEEMPV..... 140
GmNF-YBI10 VQFPSEN .AQLnilGSFSQG 152
AdNF-YB10 : : VQPSEN . VQLAHQGSFSQG 152
Consensus =dkdag e ngddllwamatlgfedy plk vl ryre egd kgs gd d
3

DINF-YBI1 175
DINF-YB10 174
CpNF-YBI1 173
TcNF-YBI1 178
AtNF-YBI1 140
GmNF-YBI10 170
AdNF-YB10 170
Consensus

CpNF-YBI1. AR XP_021910503.1; TeNF-YB1. A A XP_017985159.1; AINF-YB1. #lHJF At2g38880; GmNF-YB10. K& XP_003554361;
AdNF-YB10. 164 XP 015969981, A F£7n N-EH b7 55 ;O &8 NF-YB/HAP3 subunitsignature ; A 3878 N-FESEAL A7 05 ; @ FRE A
W 1 BERRALAL s 4 RN E AWM C BERILALA ¥ TR cAMP-FIl cGMP O 2 FH WS RERR (L L 5 -

CpNF-YBI. Carica papaya XP_021910503.1; TcNF-YBI1. Theobroma cacao XP_017985159.1; AtNF-YBI1. Arabidopsis thaliana At2g38880; Gm-
NF-YB10. Glycine max XP_003554361; AANF-YB10. Arachis duranensis XP_015969981. A show N-myristoylation site; <> show NF-YB/HAP3
subunitsignature; A show N-glycosylation site; 4 show Casein kinase 1l phosphorylation site; 4 show Protein kinase C phosphorylation site; Y¢

show NF-YB/HAP3 subunit signature.

5 6 #hiE4IE) NF-YB S &R FEFILL Xt

Fig. 5 Multiple alignment of NF-YB amino acid sequences from six plants
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H i, DINF-YBI0 1R i5 & 2 I ETHE T RS
s, 18 12 A9y Rk KA 2N (B 6-ED .

3 %W w
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AL e

5 5 2 W, 2 IR DINF-YBI 5 DINF-YBI0
J& T NF-YB K Jti #: [ , DINF-YB1 5 DINF-YB10 &
R 75 b 38 A LR () NF-YB/HAP3 45 #4358, , LA
T 5 285 SR A R R A DA K B R A A FH A7 A, T
TERANL SAE S 5G5S 5 5, P40 i AR K A5y
i FE T B AR A
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(F R I B AR AT AT K & BL S & 484D I NF-YB
& RS B8 70% , % B NF-YB 5 ik 3L 4]
AL brm BEAR ST . B 0 A M T 2 7R DI-
NF-YB1 5 DINF-YB10 £ [ 3= 2 i o 88 e fl C HE
it 25 5% » 5 FH S ATE 70 3R B X P 2R 1 45 44 R AR 4% 22 ol
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A and B respectively indicate the expression levels of DINF-YB1 and DINF-YBI0 in different organs and at different times, C and D show the ex-

pression levels of DINF-YBI in 7 d water stress treatment and 15 d water stress treatment; E indicate the expression of DINF-YB10 gene in the differ-

ent months during the physiological differentiation of flower buds(significance analysis p < 0.05).
6 DINF-YBI 71 DINF-YB10 HE & RiA
Fig. 6 The expression of DINF-YBI and DINF-YB10
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