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Primary analysis of the function of arabidopsis thaliana RING fingerAtHHR1
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Abstract: AtHHRIlencodes a RING finger E3 ligase. According to available microarray data, AtHHRIis in-
volved in the heat stress response of Arabidopsis thaliana. To investigate the role thatAt H HR1plays during heat

stress, three homozygous complementary transgenic lines were constructed. Under the treatment of heat stress,

the germination rate, relative chlorophyll and proline contents in mutant plants were higher than those in wild-

type. while they were lowerin the complementary transgenic plants. The expression levels of several heat-related

genes were detected through real-time PCR and the results suggested that those genes were higher in the mutant

plants than those in the wild-type. Therefore, the preliminary results indicated that AtHHR]lacted as a negative

regulator ofthermotolerancein Arabidopsis thaliana.
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HE W) A A 2 B B 5 ) LA K AT ) X6 v ek 7 AR B RN
SE AP PR A SR ) R

R 2 RO A RO B RS T & UL A
(0 2 (AR T DT B 400 PN 32 3R 1 A i AR
PN I A 2R AR 2 I e K B 2 B 3 (1) — b
R EE i =X T R B sz R AL e
M SR 5 9 AR 1 AR % . Rz R ARIB A P iz
RBOG G E1 2 K456 E2 Fiz K& H# E3 1Y
— RN FEXA R E3 S AR 2 OQ
HEMEM SZRRZENREVFREDE E3 i
L. ZRERE 3 /& HECT (homologous to
E6APC terminus) % %l RING-finger F Ji&.

Ring finger 4 F1 /& 5¥ 48 8 F1 38 H B e R Y
—MNEARE LR TR TS = KREARE. £
LA B AEE RS S B4 Y 40 0 A A 1k
. Ring finger & H7E T A H A A W) 5 b
AETE B & H AR T 6838 A 2 AR VE A& L i g A 1 2%
PR R E 90 AL & A B 48 45 8 B (RING finger
domain). 45 2 5 B 2 Fi 5 5 5% TR A2 45
i 42 h. Ring finger & M 4+ & RING-H2
(C3H2C3) f1 RING-HC (C3HC4) P A~ 2.
HXAE THEA P H 5 5 Bl fi g His 5 Cys. H
B AEREY) T4 B A3 8] TR £ Ring finger 2 157,

ASE B ST AT A T AR Bk %8 AtHHRL 2
C3HC4 %! RING Finger REEH,. A 1 4
RING Z5#4 FiA s E3 3% H2 il 2 . 9F H7E 4 h8
Sk T AL R R At A I TR L I 2 I T g
TE P 38 AH 3G ok A8 A kAR . AR AIE SR v DAL R O R
AR athhrl SR PEE 0 H 3 AN MS7 ) AtHHR1 B
RFR C-1,C-2 F C-3 FEA7 1 585, [R) I ARG I 1 #4
Jip 30 T S AR AR R 5 R AR ALY W R R A DL
WA A2 BREE AR 28 Ak o 5 X FA 38 TR T A AR R 28 A
A R A3 PR R R B A IR LT T A T A
HRE T AcHHR1 JE 76 #4036 me 5 i /R
Ry i — 25 A 9 R A T R AR AL T IR AR A

2 #MRE7IE

2.1 & #

B A= BRI I (Arabidopsis thaliana) 5748 H
W A= 255 (Columbia) A8 Kk A 5256 = A4 7 - HHR1
FLH T-DNA i A=A {K SALK_150860 Fp 7t 3L
T ABRC, R 5y Columbia 4= 7541, M)
A RNA $ st & L 5 % 550 & F1 gPCR 5
& H TIANGEN 2\ H].

2.2 F &

2.2.1 ety 78 NCBI h A A Y
Pl 5 AtHHRI [R5 5 09 8 A & LR 7 41
JEHT B AT AH U 7 MEGAG6 B 4 i
Clustal W X BT % () 2 3% 2 )3 41 #E 47 Eb X, >R FH 4P
F2 1% (Neighbor-Joining) ¥ @ 4 11 & Gt AL A
2.2.2 HEAMgRZMEZ I TIANGEN RNA
2 W7 & 150 B SR JBURE 0 A4 FE RNAL fT 2 19 RNA
B TAKARA Prime Script™ RT reagent Kit-
with gDNA Eraser Jz 5% 5% 57 & 0 B )2 5% 5%
cDNA, FHEF A= 9 cDNA 1E K %t B, FH 2 36 AW
Actin2 fE R %t BUOEE N, i 47 PCR N, I 2 5
$7:94°C 4min; 94°C 30s,55°C 30s,72°C 35s, 30
AMEF;72°C 10min.

2.2.3 AAFTHAFRYEE WRABKE
AR, J B AR R PR IT AN T 48 NaClO % W0 B
JRE T 1/2MS Fi e, B Bk R SR 2 50
BT ACUKM AL 2d FTRF FIRIR B A 22°C K
HIAFR A =, 6d J5 56 A 387C s JLAR HE 1T #4
W 2h MR H R 22°CH B2 2h, B A 45°CH
MR AT A A R 2h, e R A B 22°C I E AR
oo ad J5oxd W A R AT GE T A I AR 38 X 2L
PRAR P L 052, 8 5 S0 3 K.

2.2.4 AAETIHGELESMARLSETHNE B
SRR Y A AU K BRI BR R Bl 8 T A R AR
10 R g it 2% R A 2 2 & . R4 A sl
SE R 95760 2T AR B L i 2 R A I S R el
R RS R AR I 10 Rk HEAT I E B I A
CIER/ @Y IE T RSl

2.2.5 HARFREARPTHEAXARETOARNG A
B WA Td R A AORN S8 AR R &) i AT IR A
T, B R 38°C 2h,22°C 2h,45°C 2h PEAT 3545 1 i i
S B HUEF A BN S AR R B 4 BT mRNA JF R
cDNA, Real-time PCR 43 #rAH & 08 2 1 2 N 78 B
AR RN GEAS A T R R 1Y 22 S EEL O S 3 K.

3 HERHW

3.1 AtHHR1 ERRGHL D

AtHHR1 JEHA TR ST 2 5 Qe afk -, )
F OR Finder 237, 1% 3 PRI & — 4> 58 3% 1 [ 24
Gty 198 > 2 HE R . AH XT 43 ¥ it £ 2 22. 593kD. i)
P4 HT B BFSY . AtHHRI J2& C3H2C3 % RING Fin-
ger ZIEHEH & A 14 RING finger 4514, AW 70K
IR T G i 1) 2 R 5 5 e A v [ DR R 4
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Fig. 1 Phylogenetic Analysis of ATHHRI1 homologs
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B2 ZAMARKRGER

AL HAME R B4R BB AtHHRL #1358 Ji3 31 F 3K 30, B
DNA 7KF I PCR # ] AtHHRI 7% ¥f 2F % F1 5 4b #k & op
735, C. Real-time PCR #:] AtHHR1 78 B A= B0 5 4
PR ZR T AR F B K B E LR« SRR ER B FCx
P<C0.05; * % P<<0.01).

Fig. 2 Identification of the athhrl/ATHHRI1 com-

plementary lines.

A. Schematic structure of the complementary vector, AtH-
HR1 was drove by 35S promotor. B. PCR analysis of AtH-
HRI1 in wild-type and complementary plants. C. Real-time
PCR analysis of AtHHR1 in wild-type and complementary
plants. Asterisks above each bar indicate significant differ-
ences( ¥ P<C0.05; * % P<<0. 01)according to Student’s t-
test compared with the wild-type plants.

3.2 athhrl/AtHHR] B4 RELE

FH 35S Ja 3 F # g Rk AR, W B 2A TR,
FHARKT RIAZ Ge arhhr]l 5878 R AE R 0946 )T, FF
B 2 PRI L B . B CRF AR RVRN B RMER R Y
FEH 4 DNA, ] PCR #4747 14, & 3 4541 o &l
2B, WA B AR R ARY G T RN R 597bp By
—ZRHE B AR U ) W AR AT H Dk g R R ]
AtHHR1 3R By £ iF B A= B L R 4l v DL AR
RUME AR R0 BE, Actin2 Sy NS LR 6 B RN R 64T
Real-time PCR, %5 540 2C 78 05 36 g =4 T,
REAME R C1,C2,C-3, H AtcHHRI1 J [H B % 1k

i 5 WA RUAH LGy SR 5 & 184,92 T 517 4%, Real-
time PCR (1) 45 5 35 Ui W i 4K 15 1) B4 Ak 3R rhiz it
K REag Ik, HAE— @ B it 3Rk,
3.3 AAETHHLRRE

W5 B A R, S AR AR K = A TR S DR AR 2R A R
FHET 1/2 MS #5370 b A K — 5 47 b
L Z R0 R R IEAT T Gt M I E T A A
PRAR Z 8 & R E 22 5 (K 3A, B). A Lt 4
Ab BRI T L A5 R R & LT AR Y0k 9800 L
e AR B S L Bl T K SZ B B S0 ) B A
Wi & F ok 600, S AR R W & 3 =ik 8806, HLAME
F C-1,C-2,C-3 Wyl & B MW 430k 41%,38%,
A5 6. BT LAFE H AR X 7 AR A, 28 AR 1A 5 T X 44
(R TIR 52 P T B AP AR 2800 A P SRR P e e
3.4 RAETHREEHEREENTWL

4 i i AR 3 A R R R R R A A K
AR BT 075 B Tl 2 2 ) 2 o 2 A R T W .
B b ¥R AcHHR1 [ 58 45 (K & B #h b
FOEMRKABEY) T R AL A SR T
FRF B AR A, AR achhrl e HAMEZR C-1,C-2,
C-3 myrtak R SR & &, i fros. B 1B a] %,
MER R S AN AR R T AR SRR
A B 2 A L L B A AR S 3R A R AIK 37, 0%,
RASMKFEAR T 32. 7% .3 D HAMK R B T
48.6%,53. 7% ,52. 100 FEIEH 4 1F F » AR K B
A R R AR FR A T 2 R A L A, HLJE P B
225 AR A PR  SEAR A B AR YR B AR BR R
) Il 22018 B i 38 T o . LR AR R G 0 it A v T B
AR ZR B A /b B A R b A R R
IbE T 3,37 A RARETE R T 4. 49 £ =A
HAMER D ITIE T 2.51.2.47.2. 62 1.
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Fig. 3 Phenotypes of wild-type, mutant and 3 transgenic lines in response to heat during seed germination.
1. Heat Sensitivity of the wild-type (WT), athhrl and athhrl/ATHHRI during the germination stage. B. Percentage

of germinating seeds grown on 1/2 MS medium after heat-treated or not. Asterisks above each bar indicate significant

differences( * P<C0.05; * % P<C0, 01)according to Student’s t-test compared with the wild-type plants.
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Fig. 4 Chlorophyll and Proline contents of seedlings of wild-type, mutant and 3 transgenic lines under heat

treatments.

A. Chlorophyll contents of seedlings of wild-type, athhrl and three complementary plants with or without heat treatment.

B. Proline contents of seedlings of wild-type, athhrl and three complementary plants with or without heat treatment. As-

terisks above each bar indicate significant differences( * P <<0. 05; * * P<Z0, 01) according to Student’s t-test compared

with the wild-type plants.

3.5 MEFAGESEREXHABERERNES
TWER

SRERSE A0 A0 T B A TR ArtHHR1 58728
A BB 1 R DR A SRR DL A AR Td R B AR R
FZAR AR &y 5 28 A7 v VR Ak B, X #4445 538 % b Hisp
15. 7. Hsp 23.6,Hsp 70, Hsp 101 ZEHR N ) FIR B
HEAT TR, 25 R R Pk B 2 T G S BE P v
RIFIRAS R R R A IR 5 T i 22 5. Vb 2
Jit 3 DR (14 2 3k kv B AR TR R S8 AR AR 2[RI E 3K
SR 2ZS, Hsp 15.7 . Hsp 23.6 . Hsp 70, Hsp 101 &
KEAMIE T 5.69.32. 13,11, 89,19, 09 1%, i B 4
B A FE T 4.23,18.33,10. 12,7 14 £%.

4 i g

ARBETEARR ES EALNHE N HHR1 1E 7R 245

TEE S r RS B4 P AR S0 A ST AT T T Y R L
Fy a7 AR AR (& 2A)  HIRATF 1R G athhrl 7%
PRAH R B AL, ) O 7 8 3 PR R R OF X ach-
hrl/ATHHR1 HAMRRBEAT T 531K B 2 5E (&
2B). Real-time PCR %5 875, B 4p Rk 52 HHR1 %
PRI 1) 38 2t e v T B 2R AL (I 2C) , AATTTHIE B H 1 2
PRI Zh e N T EL AR 2 o, O HLOH: 3 3 o Y
AT FRIRIKOF. LE AL BEF B A2 R, 58 AR PR R R
AR R T R R R ORI 22 5, S A A
FHEE SRSV i K A< 8 g TT EL AR 2R 9 B R 3885
AR 22 B X A vy U ) R A (T 3).
FIBt, A SCHE AT T athhrl €25 K athhrl/
ATHHR1 HAMER AR AR E. R & &
S L T A Y — TR A A S ST E s B L 2
MR R G MBI IR iR S B ZEXT
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Fig.5 gRT-PCR analysis of HSPs between wild type and athhrl plants under heat stress

Asterisks above each bar indicate significant differences( * P <20, 05; * % P<C0. 01)according to Student’s t-test

compared with the wild-type plants.

A B S 2R 2R S I e g R R 5 B A
RUAH HE , S8 A8 (AR F) I 2 28 4 4 B W L T 3 S AR B
R G E SRR R AA) . FE B M T L 2
MR I Mg B RESESR
TR AERS . AR B A R, 5848 PR FN 5 Ab
PR 2 0 Il SRR AR AL A He Y BT O B
b PR 5 58 A5 VA 1) R 2 R i v T AR AL, ORI
1) I 2 R o IG5 2E A (I 4B A6 I 45
Vi B 28 78 PR I B3 BE A9 BB ) TSR, I athhrl/
AtHHR1 B AME Z2 %F 345 368 00 5 B8k, DA T IS
7N T3 A G T R i 2 38 5 T AR ) X B B T A7 M
T AR R 200 Wk A2 0% 3 R 1) 2638 KO 5 454
W2 B X P O L R HE T At HHR1 & 5
55 S ) i AR 36 7 3 R ) £ s A

VFZWFoR 4 TR0, 78 AR BN, 5 300 36 B
CERH O I TR (1) e A I R & LT SEER R SR
98 £ AcHHRY 7E 338 500 F £i8 & A T
T s K S — EH A AR T Z B A 2 )5
£ E3 E M AtHHR1 3N &k & 75, 4k
T AR 1T R DG A T VA 42 R 1 I At AT e 31 £
FEAER. R Z 058 A A ELE . # 0 Ring %
E3 % # [ DRIP1 fl DRIP2 i & 7 % 1k W% %
DREB2A & 11 D\ 1 4 ] 4% 80 35 JF (9 1 52 bk 300 7
U0 gt Ring BUE (19 HOS1 JE R 7R B IF %
¥ W30 1 B A 2% 5K i T O B R 42 CBE 9
SRR ER B (5 5 5 b R T O AR
FAYOV, gt NAC AP ATAF1 22K AE D /G 97 %

BT 538 B 38 T VR S i SRR T - R 4R A
AT T 5 At R 2 R 3 R s

BEA AR SO T B A R 58 A AR AE B Ak B
J5 A Sl T A PO R R A LK
PRI PRI, AH G T B AR AR PG R R R R
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5 I T PO 1 A S e DA T AR
FH. A58 A 4 HO0 R I 0 BIE 5, 2 BRAR B v AE AE K
e R AR 30 A R L O HOR 2 8 gm i B
(HSPs)!™ o 6 38 #8385 Pl g 7K F
Feik (45 HSPs £ bl 38 fnt . HSPs 3 i ¥
5 THD A 98 /0 FA IR 30 % 200 P 3 1 B L — T T2 AR
il 2 AR PR VR AR ORARE SR P R 2 T
F BT A IE B DI fg s o) — 7 AL HEZ 2 R R e i
it 7E P9 (1 HSPs i 3 4 KR 8 B A AL T LA
FRUEE 2 38 T e 23 1 TN AE W 0 R T 32 775 AT
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HRS3 b i KRR 1 ERRRHREE AT 32 (H 2 B A
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