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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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TP 22 ) A b 35 P 2 S B s R AR B n=20)

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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7106 s SR PRKE AR 1) 4 et Wk 38 5 i A A 2 SN K
(E 1b). FT] W, HD2 3 5216 U A~ 52 P iy s 5%
FIR P RENS AL E LR T T IR A A, I H AR AR AR
1 27 1 S s A T RS ) T AZ 1

*£1 Col0#EtkS HD2 BRIZMZHEEAIERE T
WK ENTUIEESIT

Tab. 1 Change magnitude statistics of the hypocotyl
length of Col-0 and HD2 overexpression lines
before and after mannitol treatment

TR B/ em -

FEARAR 0/ (mmol/L) 100/ (mmol /L) éﬁf/ﬁiﬂg
H 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
HD2D-OE #1 1. 99 1. 54 22.61
HD2D-OE £ 2 1. 96 1.42 27.55
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3 e ™ 100 mmol/LH #EEx
Hook
i]g 24 *ok =
Z 1A
=

HD2A4 HD2B HD2C HD2D

(b) 1/2MS 1/2MS+100 mmol/L [ #5E%

B2 HD2 & TEACEfE 3 dy I BE 4 b o Rk A X

(a) Col-0 £k ) HD2 F X £ 1/2MS } 1/2MS [} fin
100 mmol/ L H #BEAL B P (W56 € it PCRELS R ; (b)) HD2B-
GUS HFEFRURIARTE 1/2MS K2 1/2MS B 100 mmol /H- #8 B Ak 3
PR IR GUS e tal& (bar=200 s FIFH oK I HEAT B 314G
5 .ns f4FE P>0. 05, % {03 0. 01<<P<C0. 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<<P<C 0. 01, % % % represents P<< 0. 001)

R2 BIEARRBHRESIT

Tab. 2 Transcriptome data statistics of different samples

FEA SR 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
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hd2a/hd2b F HD2B-OE & Col-0 Z [i] (22 5 K4 () 1/2MS 8532 5544 F HD2B-OE 5 Col-0 il hd2a/hd2b 5 Col-0 22 57 B A 5 B
&5 (D 1/2MS it 100 mmol/L H#2B5 5% &4 T HD2B-OE 5 Col-0 Fl hd2a/hd2b 5 Col-0 22 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-
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FE T IREI AL #3K.

x4 HEBLETEREFRRMR

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

i ERF/AP2 ¥ 5t 1 K% ) ERF
W B-3 bt

AT2G16600* CYP19-1  #mfidh ity Jii 3R 26 14 ROC3

AT1G35625 RMR6  RING/U-box #F &M

AT3G29000 454 EF-hand KEEH

AT2G28210 ATACA2 BRI 2

AT4G10250 HSP22. 0 FRe HLE N RS v /INAVIAR 5 2R 1

AT2G44840* ERF13

ATCG00130 ATPF  ATP i F 3

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 S

3.3.3 AMRHAETIFREANEEZFRELAG
Ji it A= GO 441 FIH DESeq FAfF4eit 1 [FIFhE
BRAE 1/2MS F1 1/2MS B 100 mmol/L - 572 i
RS T2 5 L B AE R G R AT
Col-0,hd2a/hd2b 1 HD2B-OE )25 5 5L H 4>
BT 250,203 Fi1 464 4~ (| 4a). HD2B-OE itk
7£ 100 mmol/L H #& B Ab B T 5 /n 1Y 22 S 5L
&% x4 FR W HD2B RN KB ES5#E
T 22 BE PR 5 A Ak DA T 52 W) A0 1 3 35 M 7
XX g 22 3 R 3 AT GO 4307, 85 51 7R = Fh
LR 11 25 S DA ) 92 B 340 A0 4 D16 19 1 98
VL 200 fL 53 2 3R A5 T R N 2B S R 5 SRR R R
I A RELH L 53 s £ 5L R Bl L /K A L B
BTG MR R O RS 5T b (K de~
de). HAA 14 AL [F] B & 70 X = Fhoi pk 22
SRR AR b (] 4b) , B P LR 5.
Hrp 8 NI (FLS2, PMAT2,ASN2, IAA19,
EXLB1.LHCA1 .HYH .DEG15)Z 5t{¥1A& N1
I 527 7K 53380 2 T 7 s SR g5 g 1 B A K
SR TR RV . B 28 TAIR W45 ), 3% 8 4>
FEPRTE T AR YA Zeak , X 8 AN R AT LA
= 6765 a7 STE R YN TRk ot RS 78 e A ]
AR B AR IR Y 5 4 B AN, hd2a/hd 20
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(a) Col-0,hd2a/hd2b FIl HD2B-OE kA H S B BERT )5 2 57 5 K A4 (b) Col-0.hd2a/hd2b, HD2B-OE = FE AL T 5 if il
J5 22 5 B B (O ARG AT Col-0 Ak 22 B 1 GO 4347 5 (D AR AN HD2B-OE 22531 (1 GO 43475 () AR B g7
FMET hd2a/hd2b WHER RAL A MR 22 L GO 4387

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 FLH 4 A AR
. \ Yt — PPl Rk 0 E SR AR E R
ATSGA6330" FLSZ ) s /o M (1
AT3G29670* PMAT?2  4afith—Fh P Z B2 %E F5 i
. \ iSRG T SERDEIEER B 1RR
AT3G5890" LHCAL T2 0 s
AT3G17609* HYH %% HYS5 @R (HYH)
AT5G65010* ASN2 4t A ke & ni 1
AT5G48490* DEG15  4wht—Ff 5 g B B8 2 (AR RUW 11
AT3G15540* TAA19  HRKZERBHRH
AT4G17030* EXLB1 %35 EXLBI
AT1G23300  — MATE $REGEER A
. o W REAMHIFA] /NG B R 2 1/ A AT
AT2G10910 28 P FLHBF IR E

AT1G23290 RPL27AB
AT2G34790 MEE23
AT1G06117
AT4G39770 TPPH

SRR IR 1 L27A
Yifith—Fih BBE K il
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1K1 11 R 7K A 15 1

“x 7 ATRE S R R AR AT L

3.3.4 EZ2FARMMMIERARELGTN FE1/
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PRI A8 RH EAE P 56 22 0 4 T30 A ] Sa fiF s » Hodbh .
VESE B AY 11 N FE R R AE WFE 6., 51 T 8

_1Act3
Al /N
\ / \
X PELPK2
WRKY24 "\
CYP70BA1
sQp2
CYP716A1
ATGSTU21
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SAPY2
O eRFIS
xTHz2” yeis
APRR9
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A 5
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(x %) 5 ATP GG 153 A 5C, Il PER2
i S AR A G, Hax 11 JER A 9 4
A7 F IR T SRR I R A v, B SR A B30 s i
FERTE HD2B it Fiktatkh Rk & T IH. X &
Wik ik HD2B B REfG & R g rh it ik
A G PR 2 58 0 [, (i R 1) I T A A
AP N I O £ IS TC A N & -4 0 L S
HD2B-OE itk 5 Col-0 25 5 K 19 A B.AE H ¢
R TIE 22 7 iR R 17 A EAESC R A
PRI REAIE , FLA T 14 N FE R Cx ) 35 54 ) 45 28 0
PUSOWARSG J5 3 AR 515515 5 DU LK 3Rk
. X RFE TR Wha i, HD2B 3R §id %345
ZEI A I R ek i LA SRR PR IF
WA 520 S BIAR RPN RIAEE. TEWZH 22
S5 5 DAL ) E A T D) 285 v 43 ) e B 6 PR S
PG e PCR XTE TR R i #b AT 000, 45 R %
HIFE 1/2MS AP, it 6 /8 P ik &1
FREE R (] 5b) 75T S ha i, BT 6 AN JER T
FikEE ETHE 5D 9t i PCR 4554 55
SRS IR —EL

1.5+ mm Col-0
HD2B-OE
I2 1.0
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ok I
# e [ "
= 054 i =
E
0.0
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24 T
NI BN SO 5N 5N 0

NP SN U
k\%@’\/ g\{b \}1?* Oj\\) @&K\ ‘(\QS

3% FifiE M %5 RT-qPCR #4E

()1/2MS K32 75 HD2B-OE 5 Col-0 2253 3 M BAE S R MZ s () 1/2MS Ki g2 400 T BAE R R 9 Rk 800 ; (o H #& i
AT HD2B-OE 5 Col-0 22 LA HAEHIC R M (D H#EEEALBE R AR I PR % 25k 1 50 iF
FIR A 5037 B 2 A 3, ns 4838 P>0. 05, % 832 0. 01<<P<C0. 05, » * {3 0. 001<<P<0. 01, = * = {t3E 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
e L4 Log2FC FEDI iR

ATCGO1110* NDHH —3.23 #itih 49KDa ffifk NAD(P)H i A% H EH
ATCG01060* PSAC —3.09 FifE RS0 110 PsaC W3
ATCG00710 PSBH —2.97 PCR G T AAIAZ 00 8kd R H
ATCG00730 PETD —2.72 SN b6 /I B AR TV (1245 K
ATCG00580 * PSBE —2.03 PSII Z fifd (5.3 b559

AT4G20360* TUFA —1.07 Wi i R AGE 7 EF-Tu BIREE A 1
ATCG01090 NDHI —2.46 itk NADP) H i 28 E A W) (1 I 5
ATCG00520 * YCF4 —2.38 MG RS 120 BRI B B B
ATCGO0890 * * NDHB. 1 —3.04 NADH fiii € i ND2
ATCGO01250* * NDHB. 2 —3. 66 NADH dehydrogenase ND2

AT1G05240 PER2 —1.33 it A P T

*x7 TFRAETEMEERERRER

Tab. 7 Description of interacting genes information under drought treatment

HEE % Log2FC FE A
AT2G16600* CYP19-1 9.83 S i R B AR 1 ROCS
AT3G23250 MYBI15 1.90 HSR TR RNA G 1145 556 K 74155
AT3G28210* SAP12 1.43 SR E
AT3G25250* ox1n 1.22 T 22 R / 7 A TR RS
AT5G57560 XTH22 1.0l AR RN T
AT2G46790* APRR9 141 o SR AR PR
AT4G14365* XBAT34 1.28 12 3 A RS I
AT3G29000 * CML30 2.25 = i e
AT1G21550* CML44 1. 96 B T2 A R
AT1G21240* WAK 3 3.92 T 225/ 9 S R T T M
AT5G16770* AtMYB9 2.06 B ST  RNA B4 1155 St PR 7 38
AT5G58910 LAC16 3.16 Xof 28 < A AR Tl T
AT4G10250* HSP22.0 3.34 B 0 P IS o7 /N T 2 1
AT5G48570* FKBP65 1.56 JOAC T il R TS S ) b 0 2
AT2G44840 ERF13 3.01 BRI TP 5 R DNA 254
AT3G11080 A(RLP35 1.03 ZARRERR I 35, BB
AT5G65350 HTRI11 4.53 B A 11
4 W ® HD2A W22 5 ABA FER 0 iy

R 2 9T 26 BH , L8R B i 7 s At 4 2k
PR ek s Hp i A R M B — 2R 1
HYIHE A CBALEE, HD2 WV 5 % 5 N E #iE
2 G I 2 R & F R B i #E )
W, hd2d FEERTT LAsZma il s S - MR A K R 5
[R5 A T, HD2D 3l i 520 ABA {5538
SEE I 07 SR A O 5 hd 2 5 AR PRRE g kot 1) AR
PESEIN, T 2L b BE R R RE 0 87 & R RAE 5 R %
iK% s HD2B JE PR ] g fIG IR A b IR R 5 5 4535
i HD2B i 3 ik Fi ik vl DA o b7 & R0

Mg 7 o fofT R R B R SRR ARG X BB A9 W, HD2
VR BRI DR 4 9748 T LS R UL R I B & 7 R R
SRINT » TEASHIF T FRAT 2 B4 A AL R S AR (AR R
1) AR T Col-0 If o A8 4k, WA hd2a/
hd2b 5% hd 2a/hd2c WiA-3L P [5] Bf 28 A8 B, T %
Zx0 W 4. N HD2 N 5L 2 R AE &
5 ZU ) TUATVE FH 3 — W 5 7 22 T AR AE 52 -t e
Sz BN 5 hd2a 1 hd 2b BLGEASARAR FY L hd2a/
hd2b FUGEAE L R T 00 A AR K B 2 R AR
hd2a/hd2b WG 2 T3 miRNA165/166 £

W R H 8 20 A S S B0 R 5 B[R] A 3 B
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