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IKIBAT-hookEEHREEMERFES T

kR, yEY, H4° Fxr®
AR A R AR B, Y] 650201 2 A KRR, Y] 650201

E AT-hooksZ —F/NUIIDNAZ & FAE N, (ALY ARAL S A A AR R s 4L 8 H (HMG-I/Y) i OB XL
EAEPIIHI TR, AT-hook 8 FIE ALt A M ALE . SRAN s R IE 415 B PR KR T I IR b R A S AR o A
HADME R T7i%, IWKAE(Oryza sativa)i K 41 %52 T 454 AT-hook & [ IR R, JfnT IR S IE R (M R e il fh . g
CARE AL S LB B S RN DD REAFHEAT T RS B2 0. S5 RAR W], JKAAAT-hook 1 &5 F ANk P 70 e AN
B35, A5 IKFIAT-hook ik Al dl 7 BRSANLJK; G ti A S i i R DA SO il 53 9 M R g i A2 2 — o SR DAC 7 RaB 7 Hr & 2R

7R, AT-hook [ 3= 2 AE /K fagh i ik, I qRT-PCRIGE 1 70 2k D R £l v ik 45 R

XEIF  AT-hookF: [N, AMME B2, JERRIE, KF

R, U, 4, BEE (2014). KAHBAT-hookd [ 5 ik L W15 A% 40 4. M-Ik 49, 49-62.

AT-hookE /7 it LIRS 2 IR - T 24 IR - K 2 IR - Il 24 1R
(RGRP)AANNFRIE Ky th O IR RFAE S5 48, Bt — A /N 1Y
[IDNA%S G E AT, T2 A8 T A E P If DNA
44 & AP (Churchill and Travers, 1991), XM
PRy 2 B IR e 51 0] 4 1 45 A DNARITAZ € A7 72 104 75 11
(Aravind and Landsman, 1998; Do et al., 2006). A
[FPFh e, X R A T AT-hook 58 /7 M B A7 1 %
o BRI RE(Saccharomyce scerevisiae)ORC24:
&5 11NAT-hook 3t /¥ (Duncker et al., 2009); ¥,
3 ) T HMGAZE (1 75 47 34~ AT-hook 3 )7 (Elias-Ar-
nanz et al., 2010); A (Homo sapiens)LEDGF/p75+%;
15 24~ AT-hook % 57 (Shun et al., 2008); Tk (Zea
mays)BAF1 % f 11~ AT-hook 3 J¥* (Gallavotti et al.,
2011); Hi1t (Gossypium hirsutum)GhAT1 4 4 24
AT-hook}t ¥ (Delaney et al., 2007).

AT-hook# [ 5 DNAR Rt 7 45 4 f2 il i AT-hook
BE T 1 2 SE R R AL 5 BUREDNA /N T s AT L (1
DX A EL AR 58 I (Aravind and Landsman, 1998).
WSS RZAT LS8 (1 5 3 SXTATHRIE [ 7 S 45 & &
% 1E | (Gordon et al., 2010); K & (Glycine max)
HMG-13 il i 5 K SRR 3% 2k KIN23 5 31 5~ A4

R H 391 2013-03-11; #2352 H 111: 2013-06-08
FEWH: HK B RFHEH4(No.30760100)
T LR EH

* JWIHAEH . E-mail: giongbf@aliyun.com

W R IL N G 31 E B AT IR 81 456 T AH BAE I (Jac-
obsen et al., 1990; Webster et al., 2001); /N3 (Triti-
cum aestivum)AHM1% A5 4L ADNAE & ATHIH
F)F & X (matrix attachment region, MAR)AH H.{E
H(Morisawa et al., 2000); 44 (Drosophila mela-
nogaster) TFALE [145 5 hsp70/8 8 1 H & & ATH
[\J)DNAF%1(Metcalf and Wassarman, 2006); L5
7+ (Arabidopsis thaliana)AHL1 7& [H i iT AT-hook %t
75 Qe AR IR I A X 4, b 454 BI90L R I
JRAR R 25 3K (PC-MARL) IMAR)F %] | (Fujimoto et
al., 2004).

VFZ2 sLs ah K W], AT-hook £ 11 K e (i fh 45
o R 53 DR 1 P B L0y DAL 1 2 R e s ity P ) a4 v
i A ] (Girard et al., 1998; Reddy et al., 2005;
Burian et al., 2012a). WhiB75 [ ] 14 48 25 % AT 5 1)
fi} 2514 (Burian et al., 2012b); AHMGALE (7] f1 14
5 1R 7 40 0 1 A2 K, HMGAR2 R 11 ] 1F 8 428 i i 40 e
ff)4: K (Fedele et al., 2001); HMGI-C1AT-hookZ&
BB ) 2> S 3016 5 98 (Ashar et al., 1995); /)M i
(Mus musculus)HHMGA2 i 2 K IA ) 25 T B AR iR
J% (Pierantoni et al., 2005); Hi4¥GhAT1 & 11417l
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FSItpd LR &k, MR LT 4ER A1, BRI R T %
L DA HEAT 1A% 25 IR PT O503  AE 1R) 214 i i (Delaney
et al, 2007); #IFFIFGIANT KILLER (GIK) B £
AG i 2 A~ 5 40 7+ BT A8 B AR S I A o
[Xl-¥-(Matsushita et al., 2007); T KBAFL17EH %4y
ARG TR R IEAE, a2 ROKMEREIE 1P 2 75 1
(Morisawa et al., 2000).

SWtt, Y b o8 T-AT-hook & H Dy fig (1)
FARIER D . LT EE L], AT-hookH /14
YRR G D RE LAYt B A K 4E(Lim et al.,
2007). KATMIREG (5 5 ¥ S (Street et al., 2008). 7f
HEAEWA M (Ng et al., 2009). 4 fEFALAET:
(Martinez-Garcia and Quail, 1999) 1 | it il fH £
(Vom et al., 2007)45 7 1 76X T MR R 40 e I+
) 5 PR 4 b % 5 T 29N AT-hook 2 1 (AT-hook  nu-
clear localized protein, AHL), KZEAHLE AR
REA BN, FLAH N 18 2 7 HL IR AT 28 (Ng et al.,
2009; M ¥ASCRUE KA, 2009). /KFF(Oryza sativa)
SE RN EEY), W ey, LA
IR AT-hook & A S 5 I A= 045 JEV 27 0 A i oK L Ak
18, HAHKE A MR . DPLE/KAR
H AR TE 1) 55 14 G i AT-hook  DNA4E & 8 11 1) 2 [A]
(Jin et al., 2011), ZHEEKAEHEKFEARLE
MEZDRe I, M HEKBEREEMNAE Tl
HEZEH, BrHnisS5 KB MR e
WA, KRR N B A R 45 e R (AN A,
2011).

FI A 5 DR 2H 00 7 1) 5 1 ok R AR A R 2 T ik
M PRV ZH 7K PRI 5T 0 s 5 KR TR ) e i PR it
TSI R AR ) T B . 35 MI4E (2008) 7 Blast
TR AV EDGE B2 o B S B SR e g 14, LUE
PR KRERALS A K}, L RT-PCRY IG3k43 T
% i K A8 2 K& 2 AR TIRL (1) 25813 X OsTIRL ()
cDNA. Macas?5(2010)H] FHk-mer#ii = 1% 43 4 K K
FEsmRNASKJE 1% 2 ki CentO/3*41] . ShaikfIRama-
krishna(2012) F|H A M% 5 2% 04T 75 4684 /KHET
L v 3 K (DRGs), K& BLZ145 75% ) DRGs 2 5 ¢
R EIRIN RIE T . A SCNEERI A 7K FX KR
AT-hook 2k PRI K I AT T8 R G AE WG 1D 2% 40t
AFEE A PRI g BE T e fk Bl R %
A, DA K FEAT-hook & 1 D g VR A9 2

ME%,

1 ME5HEZE

1.1 JKFEAT-hook ERE Rk R AR A IRF L4
N FEE LR S

Pfam#dfi i (Finn et al., 2006)45'5 A PF02178I1]
4h e ek AT-hook £ [ IR ARFAIE 45 A 5. 17 56 MK A%
TIGR %1 % £ (http://rice.plantbiology.msu.edu, The
TIGRRice Database release 5.0)(Yuan et al., 2003;
Ouyang et al., 2007)% T #/KRE AR 4 751, R )5
I 2 T B By R BHR B (P HMMER2.3.2 72 7 (Ed-
dy, 1998)## 2% /K & v 4 5 AT-hook 45 A4 355 () 4 3% 1
5. F) I SMART (http://smart.embl-heidelberg.de/)
TE2 T R Ak & B 5UF 41, 485278 A7 AT-hook
P E AP, 5519 39S AT-hook & 1 11
FER A, I [R)I 3A5 3K L6 5 DR P e Ca AR A7 AR U

MTIGREHE 14 b 1 Bk 7 AT-hook 5k PA] 52 1% 1)
DNAJ H.cDNAF41, HITE4 T HGSDS (http://gsds.
cbi.pku.edu.cn/index.php) (5§ % ¥ %5, 2007) 5 #7 H:
FER S5 b, TR NS 7 AT KRN A BY
AR 4584

1.2 FIIEREES TS RGN R

ffi I Clustal Wk fF:(Larkin et al., 2007)5%} 484 21 (1) 7K
TEAT-hook s F FE A REAT 2 7 HIKIC 40 Ao LU S K
Bic 1) &5 S 4 ik, I MEGAB.05 %K £ 25 1 /K F8 AT -
hook £ 11 1) & GE HE AL A o A0 B A R 20 4205
(neighbor-joining method) . H 1A #% & £ %{(Test of
Phylogeny: Bootstrap method; Replications: 1000;
Method: Poisson model; Rates among Sites: Uni-
form rates; Gaps: Pairwise deletion. &% Bk

Ao
1.3 AT-hookEREKikERBALHE LB EN

HR A %5 AT-hook 2 J7 35 DA 1 et Rk 4 v (R 47 A5 L,
Fl Maplinspect# 1 4= i 4 4~ AT-hook Jk > 5 K] 1 G
O pRZl BROALE, AT 75 3 - AT-hook ik /7 3k A 1 ik
D2 AP 1 43 AR B o I FH TIGR B8 2 v 1 7K R 22 [
AR B AME B, KRG A BT G kAT
Br, gtk Bhr s T B S dl B %



1.4 IKFEAT-hookERAREEFRIEDHT

MTIGREHE P2 e 4 15 7K T8 AT-hook 5 J3 2 [T DL i
ESTsHEd . A HIILAT /K A8 & & 5 B #4E CREP
database(http://crep.ncpgr.cn/) (£ 3% 294 & & Wi B¢
MBI LA B HAL), 3 M AT-hook Bk Fr ik [A] 11K
FEA R 2338 T FIAN ) R B B B R IA 1 o

1.5 qRT-PCR&F

BRI AR H A (Oryza sativa L. ssp. japonica cv.
‘Nipponbare’) Fit it T~ v [H Bl 27 Bt it AL 5 k& 017
WO . S TR AP By, O AT I H K rhsk
T HIMRREL 3 )2 RIBR A0 S A, 1R Y)
25435 2 41 23 (shoot apical meristem, SAM). 7E%E
T AE AT BOBRAN [ AE KT AE(PL, 0-3 cm; P2, 3-5
cm; P3, 5-10 cm; P4, 10-15 cm; P5, 15-22 cm). ¥
DL B R VG R S TN —=T0°CURFE R A2 £ H

K H Trizol(Invitrogen) ¢ UE\RNA. FIRNAZ
DNasel(Invitrogen) &b # 2 B 2k K] 2 DNA, 1 JH Na-
noDrop 2000c43 )60 v (Thermo) £ I RNAFE it 1]
WEERALLE . W3 pg B RNAZM-MLV(Invitrogen)
JS e i B 1iECDNA, R 150 ng-uL ™ fF A gRT-
PCRIFH . 18 ] Primer Premier 5.0 H ¥ 11514
qRT-PCR¥J{iChromo4 Real Time PCR&%(PTC-
2000, Bio-Rad), {#J{J]SYBR Green14:#}. gRT-PCR
S NFRFF A 95°C158), 58°C10Fb, 72°C10#)>, 401
ff3A; 76°CRIB2°CH A ML . SRII2 AT ikt 51
HE DA R TE AR &, AN DA R 0 s Y BB 3K, LA
ActinfE R 1 2 A

2 ZBR5iE

2.1 IKFBAT-hookE FE kR R HIIR A

LA Pfam % 45 [ 7 (1) AT-hook 5 il 55 )3 4 #5411,
KR TIGR /K F 4 92 D 21 v B 2 1 S 50908 e, 43
B [R5 3% 7 51 FH SMART T L F 0 3 < 45 Ky 1, 4T 1]
BT AT AT-hook & /7 (I Ak . 45 RILIR1354%
EATFH, EA145 5 454 AT-hook % 7 3 [K] 4
fith, HEPK T LAAT-hook 3 /77 35 N 7E Y i fk b (¥4
IFU iy 4 4 OSAHLO1-OSAHLA5(%1) . 1 17l 48 8]
Fe g At (1) £ 1 6L I R IR Y 51 L AR ), BLAE
B G R BARRE—30, FrAE R Ak b B A A &

FKUTRELAE: KA AT-hook FERI KA1 B0 51

(R F S DR B 2R 1 5%

2.2 KIBAT-hookEBEHBIH %

FR A4 15 51 AR AL AT AT-hook 3 5 11 5 0l 1 1) 2 e 5
DNAZS G 26 F1 1 K/, 1L B 77 43 Ok 32K (Ara-
vind and Landsman, 1998). /KFEAT-hookZE 1R #&
HorIhfen o b3, HLAEEEN, KK
FEAT-hook# 12 5DNAM S &, eSS EAMY
O RN G B2 N xR, Q10383+
Q2RIKS A A #E s K111k, 3K AR MIEE A .

K43 AT-hook 3 ¥ A7 T AT-hook £ [ 11 B 2%
A, /> BT AT-hook 25 (11 R s« /K 8 85 K 11
AT-hook# 1471 953z JLMR Ak Ak, f Ji 1147150
RILMRIE . IX LK FEAT-hook & 115 7 SR AL (1)
AT-hookZE ¥ . K73 /K FE AT-hook & 1175 17 1-61
AT-hook%E7, C7TI2W2 0 7547 13AT-hook AL« %
AN IKFEAT-hook £ F R 1 & 41 AT-hook 2 J37 4, i85
HHE W E s, wWD40. Pfam:DUF296. AAA.
RING. JmjC. H15. SRAFISET%:,

2.3 IKIBAT-hookBEERKMERELEH

IKRBHE DI b &5 A5/ AT-hook L K], AT i) 4 i) 2
SRR, HHRAINMNE T, A2 iA184 4k
Fo ARBYEA K 2 K AETES'UTRMB'UTR, HE4b
WA RTINS WA RS o (AR
&, KEZHEA 2B 1) 3 R G h5 145 A8 [ 1)
IR 2 INHE, & BRI 22 AR T5'UTRAIB'UTR
AN TAFREHFRNE A 1. i, OsAHL38IT)
2 BY A G 0 1R 245 7 1 57 A A TR 1R 22 IR RE,
BURRARIN 22 S A0 T H P A BY AR S UTRIGEAN T
B AN D] IR AN [ BY AR 53 031 G B AN (] 1) 22 JIK
o i, OsAHLIOMI 2P By 4244, gl 245 FEAN W]
22 ke, JERAE T Hip DA BT AR 1 1 oh S 1 B
KT —/NBt; OSAHL18AT 4RI By a4k, L 2By g2k
PIS'UTRIGAN T K EANFI A&, dihd 2440 [H 1)
ZIREE, AP BIEAK, AR BIECE3N B T
KT /NB A AEIUTRENK TAMNNE T, 05
Gt 2 5 AN R K B2 1) 22 ik, OSAHL24AT 3FFAN [ [ B
Pedk, — BRI 2NN B PRI T NS T,
A B AR S UTRIEE LN B T2k, 348Y
ARGy i 34% 7 AU FEAN[R] 1R 22 JIKBE; OsAHL28
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(1) 3 BY 42 A th g A 345 AN T 1) 22 iK%, s AL AE T 4b
25 HORL RN 203 N % 743 B, Tl H.OsAHL28.2
SR (1) 22 Ik R 2 AT-hook 2 %, OsAHL31 (1 3% 5
FEAR Y ) AN S (R R RN 2057 9 8 - IR 4 N BT B,
Gt 3R 2 B (BIL) . M FERE5 R TP BT TR B —
MNEIEPLS, BAT-hookd 554 2 t He g K i)
CIRTA R T

2.4 JKFEAT-hookEBRRGFHL T

FeFIBEC 4 111 45 4% /K B AT-hook 85 1 57 51 fil 34 4%
LRS- AT-hookE 15T /7741, HIMEGA 5.05%k {1, %
FH A 42 1 4 1K 7 AT-hook & R 5 1) 2 &0 kA i
(K12). MR L5 R, #AT-hookd K 5K % 7
SR (A-E) . /KFEFIHLL G T AT-hook & [ % 02 I
ANJE MR IIE B F A S, T A A e #S [)
I A K RE AL R 7T A AT-hook B 72, AN 7 5% 1 [
B AT AR 5 R IR T g o il dn, AP IR IALIE
1%, HRE{H (bootstrap value) 499, /KF&E LR I+
AT-hook & [1 )3 41| # & 1 DUF296 45 #4 45, H#FHA
DNAZ &I eI 2 H sk, /EDILEKD3HEAL
t, KFERIRL R I AR S A HAs S M, &5
ARG - Pk, FATHEN OSAHLL2 7] E -t H 2 ABL 1)

OsAHL10.7 wh—aP

itie
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Figure 4 Expression profiles of rice AT-hook protein-encoding genes

(A) The k-means clustering of genome chip (X-axis represents 29 developmental stages and 39 target cell types; Y-axis repre-
sents average log, expression values). 1: Endosperm (14 days after pollination); 2: Flag leaf (14 days after pollination); 3: Calli
(15 days after induction, treatment 2); 4: Calli (15 days after induction, treatment 3); 5: Calli (15 days after subculture); 6: Calli (1
h after infection); 7: Endosperm (21 days after pollination); 8: Spikelet (3 days after pollination); 9: Leaf (4—5 cm young panicle);
10: Sheath (4-5 cm young panicle); 11: Young panicle (4-5 cm young panicle); 12: Plumule (48 h after emergence, dark); 13
Radicle (48 h after emergence, dark); 14: Plumule (48 h after emergence, light); 15: Radicle (48 h after emergence, light); 16:
Calli (5 days after regeneration); 17: Flag leaf (5 days before heading); 18: Stem (5 days before heading); 19: Calli (6 h after
infection); 20: Endosperm (7 days after pollination); 21: Seed of germination (72 h after imbibition); 22: Panicle (heading stage);
23: Stem (heading stage); 24: Calli (just before infection); 25: Hull (one day before flowering); 26: Stamen (one day before flow-
ering); 27: Young panicle (pistil and stamen primordium differentiation stage, stage 4); 28: Young panicle (pollen-mother cell
formation stage, stage 5); 29: Calli (screening stage); 30: Leaf (young panicle at secondary branch primordium stage); 31:
Sheath (young panicle at secondary branch primordium stage); 32: Young panicle (secondary-branch primordium differentiation
stage, stage 3); 33: Root (seedling with two tillers); 34: Shoot (seedling with two tillers); 35: Embryo and radical (stage of 3 days
after germination); 36: Root and leaf (three-leaf stage); 37: Seedling (trefoil stage, mixture of 5, 15, 30, 60 min after treating with
GAB3); 38: Seedling (trefoil stage, mixture of 5, 15, 30, 60 min after treating with KT); 39: Seedling (trefoil stage, mixture of 5, 15,
30, 60 min after treating with NAA); (B) qRT-PCR analysis of four AT-hook genes (X-axis represents leaf, root, SAM and the
panicle of different development stages; Y-axis represents relative expression values) SAM: Shoot apical meristem; P1: 0—-3 cm
panicle; P2: 3-5 cm panicle; P3: 5-10 cm panicle; P4: 10-15 cm panicle; P5: 15-22 cm panicle
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Abstract The AT-hook is a small motif in DNA-binding protein that was first described in the high-mobility-group
non-histone chromosomal protein HMG-I/Y. AT-hook family proteins play an important role in chromatin structure as-
sembly, specific binding to target cells, transcription regulation and development regulation in other organisms. We iden-
tified 45 AT-hook genes from the rice genome by bioinformatics, analyzed the gene structure and chromosomal distribu-
tion, and examined the phylogenetic relationships among rice AT-hook proteins, finally constructing an unrooted tree from
alignment of their full-length protein sequences in rice and Arabidopsis. AT-hook proteins grouped into 5 distinct clades
(A-E), with no differences in structure or characteristics. The family members were recruited by chromosome replication.
Digital gene expression analysis revealed that AT-hook genes mainly express in young panicles. We verified some of the
gene expression by qRT-PCR.
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