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Functional research of HD? gene on the regulation of
hypocotyl development in Arabidopsis thaliana

WU Ling-Ge, CHEN Gong-Chun, LIN Juan
(State Key Laboratory of Genetic Engineering, School of Life Science, Fudan University, Shanghai 200438, China)

Abstract: To investigate the regulatory role of the HD2 deacetylase gene in Arabidopsis hypocotyls de-
velopment, this study utilized wild-type plants (Col-0), HD2 mutants and overexpression plants to in-
vestigate the phenotypic characteristics of hypocotyl in normal treatment (1/2MS) and drought treat-
ment (1/2MS+100 mmol/L. mannitol) and further analyzed them based on transcriptome sequencing da-
ta. The experimental results showed that the hypocotyl lengths of the four overexpression plants was
longer than that of Col-0 plants, and the elongation percentages ranging from 7. 1% to 19. 5%, with sig-
nificant difference. And the hypocotyl lengths of the overexpression plants treated with mannitol were
longer than those of Col-0 plants, with an elongation percentages ranging from 14. 6% to 32. 8%. The
difference was more significant, and the shortening amplitude was also smaller. However, the hypocot-
yls length of double-genes mutants (hd2a/hd2b and hd2a/hd2c¢) were significantly shorter than that of
Col-0 under both conditions, and the shortening amplitude was not significantly increased after drought
stress. Further transcriptome data analysis revealed that the HD2 gene affected hypocotyls development

by regulating multiple photoperiod response genes and influencing plant skotomorphogenesis. Moreo-
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ver, after mannitol treatment, the HD2 gene induced the production of abiotic stimulus response fac-

tors, helping the hypocotyls resist adverse environments. In summary, the HD2 gene plays an impor-

tant regulatory role in Arabidopsis hypocotyl development.

Keywords: Arabidopsis thaliana ; Hypocotyl; Transcriptome; Drought stress; HD2 deacetylase gene
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Fig. 1 Hypocotyl phenotypic analysis

(a) The hypocotyl phenotype and length statistics of Arabi-
dopsis Col-0 plants and HD2 overexpression lines before and after
mannitol treatment; (b) The hypocotyl phenotype and length sta-
tistics of Arabidopsis Col-0 plants, single gene mutant plants
(hd2a, hd2b, hd2c, hd2d) . and dual gene mutant plants (hd2a/
hd2b, hd2a/hd2c¢) before and after mannitol treatment. ( bar =
lem; Use t-test for significance test, ns represents P > 0. 05,
* represents 0. 01<<P<C 0. 05, * % represents 0. 001<<P<C0. 01,
% % x represents P<C0. 001. The significance test results in the
bar chart are all significant comparisons between overexpressed or
mutant plants and wild-type Col-0 plants under the same treatment

conditions; Sample size n=20)
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Tab. 1 Change magnitude statistics of the hypocotyl
length of Col-0 and HD2 overexpression lines
before and after mannitol treatment

IR B/ em -

FEAR AR 0/ (mmol/L) 100/ (mmol /L) éﬁf/ﬁiﬂg
i HeEns

Col-0 1.74 1.16 33.33
HD2A-OE #£1 1.92 1. 49 22.40
HD2A-OE £2 1. 86 1. 46 21. 50
HD2BOE #1 1. 88 1. 50 20. 21
HD2BOE #2 1. 86 1. 54 17. 20
HD2COE #£1 2.02 1. 40 30. 69
HD2COE #2 1. 89 1.33 29.63
HD2DOE #1 1. 99 1. 54 22.61
HD2D-OE £ 2 1. 96 1.42 27.55
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(b) 1/2MS 1/2MS+100 mmol/L [ #5 %

B2 HD2 & TEuALE 2 0 dy 5T T BE4h b a9 Ak 4R X

(a) Col-0 £k ) HD2 F£ X £ 1/2MS } 1/2MS [} fin
100 mmol/ L H #BEAb B P (W56 € it PCRESS R ; (b)) HD2B-
GUS HFEFRURIARTE 1/2MS K2 1/2MS B 100 mmol /H- #8 B Ak 4
PR IR GUS e tal&] (bar=200 s FIFH oA I HEAT B 3 PEAG
5 .ns f8F P>0. 05, * {03 0. 01<<P<0. 05, * * {3 0. 001<<P<
0.01, * * x L3 P<0.001)
Fig. 2 Expressionpattern of HD2 deacetylase in Arabi-

dopsis hypocotyls

(a) Fluorescence quantitative PCR assay results of HD2 gene
of Col-0 plant in 1/2MS and 1/2MS supplemented with 100mmol/L
mannitol treatment; (b) GUS staining of the hypocotyl of HD2B-GUS
transgenic plants in 1/2MS and 1/2MS supplemented with
100 mmol/mannitol treatment(bar=200 pm; Use t-test for signifi-
cance test, ns represents P=>0. 05, % represents 0. 01<<P<C 0. 05,
* % represents 0. 001<CP<C 0. 01, % % % represents P<< 0. 001)

R2 BIEABRRBHRSI

Tab. 2 Transcriptome data statistics of different samples

BEA S FR Jath b B Q30/% g B X/ %
1/2MS_Col-0 30253160 94. 15 29303840 97.5
1/2MS_hd2a/hd2b 36188358 94. 90 34904750 97.3
1/2MS_HD2B-OE 32945902 94. 30 31696950 97.6
100Man_Col-0 33904482 94. 25 32870326 97.6
100Man_hd2a/hd2b 37897090 94. 35 36760174 97.3
100Man_HD2B-OE 36355018 94. 45 35396532 97. 6

016001-4



&

%1 XA, . HD2 R R d T IR 2 F 09 2 s ot % 61 %

col-0_vs_hd2a’hd2b col-0_vs_HD2B-OF

(©

(a) (b)
1307 W bE 150 R e
D N T L BT
100+ % 100
& 1/2MS4b 7
= sod 53 48
(d) col-0_vs_hd2a’hd2b col-0_vs_HD2B-OF
o_

col-0 vs hd2a'hd2b ~ Col-0 vs HD2B-OF
1/2MS4b

col-0 vs hd2a’hd2b  Col-0 vs HD2B-OFE
1/2MS+100 mmol/L H #Z 7 4b 3t

1/2MS+100 mmol/L H 55 E4b #

© log, (P value) -log, (P value)
electron transfer activity 10
NADH dehydrogenase (ubiquinone) activity
NADH dehydrogenase (quinone) actvity
NAD(P)H dehydrogenase (quinone) activity-
quinone binding
NADH dehydrogenase activity |

active

electron transfer activity
indi

active
oxidoreductase activity, acting on NAD(P)H, quinone or simil ...
cobalt ion transmembrane transporter activity

3

3-5-exodeoxyribonuciease activity

DNA ivity

nickel cation transmembrane transporter activity

chloroplast thylakoid membrane {
plastid thylakoid membrane {
thylakoid membrane {
photosynthetic membrane {

chloroplast thylakoid
plastid thylakoid

photosystem Il oxygen evolving complex
thylakoid

photosystem {
plastid membrane {

photosynthesis, light reaction

photosynthesis {

electron transport chain {

generation of precursor metabolites and energy {
cytidine to uridine editing {

photosynthetic electron transport chain
base conversion or substitution editing
is, light harvesting in "

chioroplast RNA modification {

cobalt ion transport

(8)

‘water transmembrane transporter activity
water channel activity

lactate transmembrane transporter activity
ribulose-bisphosphate carboxylase activity
arsenite transmembrane transporter activity
nucleosomal DNA binding

ATP:ADP antiporter activity

anion transmembrane transporter activity
RNA-directed DNA polymerase activity
nucleosome binding

plastoglobule {

photosystem I reaction center

integral component of plasma membrane {
nucleosome {

DNA packaging complex

intrinsic component of plasma membrane {
plastid membrane {

plastid envelope

photosystem |

apoplast

response to temperature stimulus.

lactate transport

lactate transmembrane transport

‘water transport

fluid transport

anion transport

response to heat

response to lipid

nitrile metabolic process-

nitrile biosynthetic process

prenylcysteine methylesterase activity
myristoyltransferase activity

o
.
o

-log, (P value)

Category

I er
o

Category

cytochrome complex
mitochondrial protein-containing complex {
plastid
mitochondrial respiratory chain complex IV
longitudinal side of cell surface
respiratory chain complex IV
membrane

chioroplast {
membrane protein complex {

epsilon DNA polymerase complex

electron transport chain

photosynthesis {

amine metabolic process

generation of precursor metabolites and energy
photosynthesis, light reaction

cellular amine metabolic process

oxidative phosphorylation {

ATP synthesis coupled electron transport
respiratory electron transport chain
base-excision repair, gap-filling |

o

NADH dehydrogenase activity |

NADH dehydrogenase (ubiquinone) activity
NADH dehydrogenase (quinone) activity
oxidoreductase activity, acting on NAD(PJH
NAD(PH dehydrogenase (quinone) activity
quinone binding

active P
electron transfer activity
‘oxidoreductase activity, acting on NAD(P)H, quinone or simil ...
chlorophyll binding

plastid

chloroplast {

plastid envelope-

chloroplast thylakoid membrane {
plastid thylakoid membrane {
plastid membrane {

thylakoid membrane {
photosynthetic membrane {

chloroplast thylakoid

plastid thylakoid {

photosynthesis {

generation of precursor metabolites and energy {
photosynthesis, light reaction {

etioplast organization {

photosynthesis, light harvesting {

electron transport chain

cytidine to uridine editing |

base conversion or substitution editing

chloroplast RNA modification {

.
.

-log, (P value)

o
3
o
o
B3
o
.
3
.
o

o
.
I

A3 AR AEH T RRAREF LR G L

()1/2MS 832514 F  hd2a/hd2b F1 HD2B-OE 5 Col-0 2 [A] (1 22 5 3£ B A4 (b)) 1/2MS Bl 100 mmol /L H 8 B3 35 404 T
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&5 (D 1/2MS it 100 mmol/L H#2B5 5% &4 T HD2B-OE 5 Col-0 Fl hd2a/hd2b 5 Col-0 25 53R 75 Bl ; () 1/2MS B3 &4 TF
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iy GO 43 b7l

Fig. 3 Screening of differential genes in different samples under the same treatment conditions

(a) The number of differential genes between hd2a/hd2b and Col-0, HD2B-OE and Col-0 under 1/2MS culture conditions; (b) The
number of differential genes between hd2a/hd2b and Col-0, HD2B-OE and Col-0 under the condition of 1/2MS supplemented with
100mmol/L mannitol; (¢) Wayne map of HD2B-OE and Col-0, hd2a/hd2b and Col-0 differential genes under 1/2MS culture conditions;
(d) Wayne map of HD2B-OE and Col-0, hd2a/hd2b and Col-0 differential genes under the condition of 1/2MS supplemented with 100 mmol/L
mannitol; (e) GO analysis of HD2B-OE and Col-0 differential genes under 1/2MS culture conditions; (f) GO analysis of hd2a/hd2b and
Col-0 differential genes under 1/2MS culture conditions; (g) GO analysis of HD2B-OE and Col-0 differential genes under the condition of
1/2MS with 100mmol/L mannitol; (h) GO analysis of the difference gene between hd2a/hd2b and Col-0 under the condition of 1/2MS with
100 mmol/L. mannitol culture
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Tab. 3 Screening of differential genes under 1/2MS treat-
ment
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FE T IRER AN 3K,

x4 HEEBLETEREFRRMR

Tab. 4 Screening of differential genes under mannitol
treatment
RS EEA FE A

Yt ERF/AP2 ¥ 5t 1 K% ) ERF
W5 B-3 bt

AT2G16600* CYP19-1  #mfidh ity Jii %3R5 14 ROC3

AT1G35625 RMR6  RING/U-box #F 5%EH

AT3G29000 454 EF-hand KEEH

AT2G28210 ATACA2 BRI 2

AT4G10250 HSP22. 0 FRe H N RS v /INAVIAR 5 2B 1

AT2G44840* ERF13

ATCG00130 ATPF  ATP i F T3

AT5G52710 i ia B LR
AT1G53233 — EE B EEZ
AT5G07820  — YRR G EAEER
AT3G05270 FPP3 i 6HE A

AT5G67488  — B8R R SU SR

“ox 7 AR R IRl AR KA R

3.3.3 AMRHAETIFREANEEZFRELAG
Ji it A= GO 447 FIH DESeq FAfFgeit 1 [FIFhE
BRTE 1/2MS F1 1/2MS B 100 mmol/L - 572 i
WSRO T2 S L AN B AE R G R A
Col-0,hd2a/hd2b F1 HD2B-OE 2% 5 5L H 4
B 250,203 Fi1 464 4~ (& 4a). HD2B-OE itk
7£ 100 mmol/L H & B Ab B T 5 /s 1Y 22 5 5L
% X4 FR W HD2B RN KB ES5#E
T 22 BE PR A A Ak DA T 52 W) 40 1 3 35 M 7
XX 8 22 3 R 3 AT GO 4307, 45 51 7R = Fh
LR 11 25 S DA ) 02 B 340 A0 9 D16 1 1 9
VL 200 fL 53 2 3R A T B O 2B S R 5 SRR R R
I AR AELH L 53 s £ L R Bl /K A L B
BTG MR R O RS 5T URe b (K de~
de). HAA 14 A [F] B & 78 X = Fhoi pk 22
SRR A h (] 4b) , B PR LR 5.
Hrp 8 NI (FLS2, PMAT2,ASN2, IAA19,
EXLB1.LHCA1 .HYH .DEG15)Z 5t{¥1A& N1
I A 527 7K 5330 25 T 7 s SR g5 1 B e A K
ST R TR RV . B 28 TAIR Wk 45 3, 3% 8 4>
FEPRTE T R AR 4 Zeak , X 8 AN SR AT LA
= 6765 R 7 STE R YN TRk ol =S 78 e A ]
AR B LR IR Y 5 4 B AN, hd2a/hd 20
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Fig. 4 Screening of differentially expressed genes in the same sample before and after drought stress

(a) The number of differential genes of Col-0, hd2a/hd2b and HD2B-OE plants before and after mannitol treatment; (b) Wayne map
of differential genes of Col-0, hd2a/hd2b and HD2B-OE plants before and after drought stress; (¢) GO analysis of differential genes in Col-
0 plants under different culture conditions; (d) GO analysis of differential genes in HD2B-OE plants under different culture conditions;
(e) GO analysis of differential genes in hd2a/hd2b plants under different culture conditions
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Tab. 5 Screening for differential genes for stress response
in hypocotyl
HHZ FH 4 A A
. \ Yt — PPl Rk 0 E SR AR E R
ATSGA6330" FLSZ ) s /o M (1
AT3G29670* PMAT?2  4ahith—Fh P 254 F5 i
. . iSRG T SRRDEIEER SRR
AT3G54890" LHCAL T2 0 s
AT3G17609* HYH %% HYS5 f[R¥EY (HYH)
AT5G65010* ASN2 4t A ke & ni 1
AT5G48490* DEG15 4wt —Ff 58 B 8 2 (AR UM 11
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AT1G23300  — MATE $HRE R A
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SRR IR 1 L27A
Yifith—Fih BBE K i
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1K1 11 R K A 15 1

“x 7 ATRE S R RA AR AT LA
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PRI A8 RH EAE P 56 22 0 48 T30 A ] Sa fiF s » Hodb L
VESE BB AY 11 N FER R AE W 6., 51 T 8

_1Act3
Al /N
\/ \
X PELPK2
WRKY24 "\
CYP70BA1
sQp2
CYP716A1
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A7 F IR T SR AARFE R A v, B SR A B30 b s i
FERTE HD2B it Fiktatkh Rk & T IH. X &
Wik 31k HD2B FEH W Refi & R g rh it ik
IR G PR 2 5 0 [, (i AR 1) I T A A A
ML IR AR, B Se Woon H EE AL R
HD2B-OE itk 5 Col-0 2= 5 K 19 A B AE H ¢
RGN E 22 7 FraRh 17 A EAESC R kA
PRI REAIE , FLA T 14 S FE R Cx ) 35 54 ) 45 28 0
PUSWARSE J5 3 A 515515 5 DU LK 3Rk
. X RE TR ha i, HD2B 3R fid %55
SIS A I R ek i LA SRR PR IF R
WA i 2 0 S BIAR RPN RAAEE. TEWZH 22
S5 5 DAL ) E AR 0 D) 285 v 43 ) e B 6 NPT S
PG e PCR XTE TR A #b AT 00k, 45 R 3%
HIFE 1/2MS AP, Frist 6 8 P ik &1
FRER R (] 5b) 75T S aa B, BT 6 NS5
FikEE ETHE 5D . 9t i PCR 4554 55
SRS IR —EL

1.5+ mm Col-0
HD2B-OE
I¥ 1.0
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# e [ "
= 054 i =
E
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3% FifiE M %5 RT-qPCR #4E

()1/2MS K32 F 5 HD2B-OE 5 Col-0 22 53 3 M BAE S R MZ s () 1/2MS Ki g2 400 T BAE R R 9 Rk 800 ; (o H#& i
Q¥ HD2B-OE 5 Col-0 22 LA HAEHIC R M (D H#EEEALBE R AR I PR 1% 25k 1 50 iF
FIR A 5037 B 2 A 6, ns 4838 P>0. 05, % 32 0. 01<<P<C0. 05, * * f{3 0. 001<<P<0. 01, = * = {t3& P<0. 001

Fig. 5

Transcriptional regulation networkand RT-qPCR validation

(a) Interaction network diagram of differential genes between HD2B-OE and Col-0 under 1/2MS culture; (b) Verification of the ex-
pression of interacting genes under 1/2MS culture conditions; (c) Interaction network diagram of differential genes between HD2B-OE and
Col-0 under drought stress; (d) Verification of expression of interaction genes under drought stress
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Tab. 6 Description ofinteracting genes information under 1/2MS treatment
- L4 Log2FC ESPSETBYN

ATCGO1110* NDHH —3.23 #iti 49KDa ffifk NAD(P)H i S5 H EH
ATCG01060* PSAC —3.09 FifE RS0 110 PsaC W3
ATCG00710 PSBH —2.97 HCR G AP0 8kd BREHE H
ATCG00730 PETD —2.72 AN b6 /I B AR TV (1S4 K
ATCG00580 * PSBE —2.03 PSII Zfifd (5.3 b559

AT4G20360* TUFA —1.07 Wi i R AGE 7 EF-Tu BIREE A 1
ATCG01090 * NDHI —2.46 itk NAD(P) H i 23S & W) (1 I 5
ATCG00520 * YCF4 —2.38 MG RS 120 BRI E B B B
ATCGO0890 * * NDHB. 1 —3.04 NADH fiii & i ND2
ATCGO01250* * NDHB. 2 —3. 66 NADH dehydrogenase ND2

AT1G05240 PER2 —1.33 1 A P T

*x7 FRAETEMEERERRHER

Tab. 7 Description of interacting genes information under drought treatment

HEE % Log2FC FE A
AT2G16600* CYP19-1 9.83 S i SR B AR 1 ROC3
AT3G23250 MYBI15 1.90 HSR TR RNA RG 1 1144 556 K 74055
AT3G28210* SAP12 1.43 MR E
AT3G25250* ox1n 1.22 T 22 TR / 7 A TR RS
AT5G57560 XTH22 1.0l AR RN T
AT2G46790* APRR9 141 o SR AR PR
ATAG14365* XBAT34 1.28 12 F - A RS T 1
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AT1G21550* CML44 1. 96 B T LA R
AT1G21240* WAK 3 3.92 T 225/ 95 S R T T M
AT5G16770* AtMYB9 2.06 B ST  RNA B4 1155 St P 7 38
AT5G58910 LAC16 3.16 Xof 28 < A AR Tl T
AT4G10250* HSP22.0 3.34 B 0 P IS 57 /NI T 2 1
AT5G48570* FKBP65 1.56 JOACT il R TS S ) b 0 2
AT2G44840 ERF13 3.01 BRI TP 5 R DNA 254
AT3G11080 A(RLP35 1.03 ZARRERR 1 35, BB
AT5G65350 HTRI11 4.53 B A 11
4 W ® HD2A W22 5 ABA FER 0 iy

R 2 9T 26 BH , 4 B8 B i 7 s At 4 2k
R ek s Hp i B A M B — 2R 1
M E A% CBALEE, HD2 W7 5 % 5 N E #iE
2 G I 2 R & F R B i L )
W, hd2d FEERTT LAsZma s S e MR A K & 5
[R5 Ha T, HD2D 3l i 520 ABA {5538
SE M IO SR O 5 hd 2 5 AR PRRE g Xt 1) AR
PESGIN, T 2L b BE R R RR (0 87 & R RAE 5 R %
iK™ s HD2B JEPH ] g fIG IR A b IR R 5 5 4535
[ HD2B i 33k M ik ol DA o b7 & R0

M) 7 o fofT R R B K SRR AR, X BB AT W, HD2
VR BRI DR 14 9 A48 W] LS R UL R I B & 7 R R
SRINT » TEAHIF T FRAT 2 B4 A AL R S AR PR R
1) AR T Col-0 If o A8 4k, HA hd2a/
hd2b 5% hd 2a/hd2c WiA-3L P4 [5] Bf 28 A5 B, T %
Z: W 4. N HD2 SN 5L 2 R e &
5 Z B TUATVE FH 3 3 — W 5 7 2 T AR AE 52 -t e
Sz BN 5 hd2a F1 hd 2b BLGEASARAR FY, hd2a/
hd2b FUGEAE L R T 00 2B AR K B 2 AR
hd2a/hd2b WG 2 T3 miRNA165/166 £

W R H R 20 A1 S S B0 R 5 B[R] G 3 B
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