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Functional characterization of Arabidopsis thaliana BLH 8, BEL1-Like
Homeodomain 8 involved in environmental stresses
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Abstract High salinity is a common stress condition that
adversely affects plant growth and crop production. In
response to various environmental stresses, plants activate a
number of defense genes that function to increase the
tolerance. To isolate Arabidopsis genes that are involved in
abiotic stress responses, we carried out genetic screening
using various mutant lines. Among them, the b/48 (BEL1-
Like Homeodomain 8) mutant specifically shows chlorotic
phenotypes to ionic (specifically, Na" and K') stresses, but
no differences in root growth. In addition, BLHS is related to
plant development and abiotic stress as predicted by a
Graphical Gaussian Model (GGM) network program. It
implies that BLHS functions as a putative transcription
factor related to abiotic stress responses. Collectively, our
results show that gene network analysis is a useful tool for
isolating genes involved in stress adaptation in plants.

Keywords BELI1-like, Environmental stress response,
Homeodomain, Salt stress, Signal transduction
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S| =12l (homeodomain)E 36l thul
=, 7ol 1YL, AEoA Z BreA glo,
oA Fejg el T AARE FHAREN AHZFOo
2 X 5t} (Gehring 1987; Chan et al. 1998). homeodomain
2 helix-turn-helix type®] DNA A 295 g Asl= AN
9] a-helicesES EZ L= 61719 2 HEFH ofn|iAlo g2
TFAE o] It} (Otting et al. 1990). 12] =2, homeodomain
Suldse AGEd AREA S BHGHAEY
wralo] 2hof 2 Zolch. 2 A o14] homeodomain] o}
Ak Hde] REAT 27149l ofvlate] 2710] ol
¢] Knottedl, HD-Zip, Glabra2, PHD finger, 1] 3, BELLI
0@ 34 579 1202 Uilo] At} (Chan et al. 1998),
2 REEe 379 4 paze] 47, 259 v,
283, olmjo] EAsiel e cheket AR is o] B
o] 3= Ao 2 BuET (Kerstetter et al. 1997; Hung et al.
1998; Sentoku et al. 2000; Mussig et al. 2000; Ohashi et al.
2003). o] o] BELL & €} 2] homeodomain T2 E0] off 7]
Zt] (Reiser et al. 1995), 2] (Miiller et al. 2001), =&}
(Chen et al. 2003), 2] 1, A2} (Dong et al. 2000)5 ©f| A]
HuE itk 53], off 7]t A BELLI TS AGAMOUS
TS 7ee AT omN LN Wdo] o] He
Ao g2 BTt (Reiser et al. 1995; Western and Haughn
1999).
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o #oystar Utk (Korfhage et al. 1994; Mayda et al. 1999;
Soderman et al. 1999; Himmelbach et al. 2002). 3}, ] 5o
A AR D Al Tl o 2N Fol3t 7eS

2]
Ao A homeodomaing Zt+= TWMAZ o] thofst 7]
T o= Aoz deA QAN BELL = dls 2t
homeodomain THe} 22 o] 3t S A ¢l AEH Ao
o7} A9l a1 w1 lA okt 4] Bjo] A BELL % Hj
9] homeodomain THE 2 Q1 OsBIHDI1¢] B *]3}Alof| o]
glrh =Ho] B E|o] 9Tt (Luo et al. 2005). L& H 2,
340l AEH Ao Tolsl= BELL 3 & 2] homeodomain
ghalge] 7l 3 ojuvh Ak @ 4 ook

Hueyne $AA5e wd Yo ue chksh 18
2 U511 EFE 495t} (Paterson et al. 2004; Taji et
al. 2004; Gong et al. 2005). 19} 7S B FubH Zof A
Graphical Gaussian Model (GGM)2 H| <=3 &d FAFS B

o

ol FAAE FolA 44 FAAEY ARHAE &
Qlstar, &0l AT HAE networkt 22 FAJste] H4
A7 A& At otk (Wu et al. 2003; Ma et
al. 2007). 2 Eshrdof $Hofdlal auxin ¥H-3-of| A negative
ZAA 23 B 1% MONOPTEROS HALZAQ1#}9] 7]%
< o RS dEgste] o 7HA] 7)es
3 T Ao F=E Q) (Wenzel et al. 2007).

2 Aol M= olet e GGM programs ©]-8-3}
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2 22 5 YSITh I Foll Al ABLHSS] S-AAE Ads
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B} ©] homeodomaing 7}A|= T AZHN, SolsiA = 1L
1= 9] NaCla} KCloj| 4] ¥a] Aol = W3} ¢l =k, 91 9]
WSt A gkl 34 Tolghe ot E3E GGM program
oRPH &7 AR 229 Wl Tofst= FAA
1 JSBAE o]E

AtBLHS Tl g2 A1 &5 wiguly 9l 3h AEH AL A
AL g AO0R oF o

W71 A=A B S 2 Col-05 A-E-3H W, atblhs-1
(CS846687) EAHO|A = 25}0]| 2 Tt 2] Arabidopsis
Biological Resource Center (ABRC; http://www.arabidopsis.org)
2 R 2 S o718 T 10% eSS
ALg5Ee] WEsE 3 2% NaOCl NS A231o] 108 5
ot 2Ea}Qlr) B WFaE o Lato] FAbe] Eulof
NaOCl g9jo] Eojgla] Qw2 53] vk A3 sl ek,
A EHl| R &= MS salt, 2% sucrose (pH 5.7) 12|11, 1.2% agar
=2 0.25% phytagels g ol A Wh= LA HiA]E AHE-SHR
th AlES Woba]7]7] Kol 4CollA] oF A= 3Y 53
=3} A& skAch A& wjF 212 2222TC 2o A
long day (% 16 AlZh, " 8 A[Zh) oA wj Fahgicth.

Oh71&tH atblhg SAHHOIX|Q| =2

ABRCE ¥ SHH ahlhs-19] 54 SAMOIAE &4
3F7] Y5t 337 712 off 7] A 9 ¢ o= EE genomic
DNAE 3R 3}t (Krysan et al. 1996). of 7] &) o] o1&
Azfsto] ARALE YA F FH &S o]&dto] =
25 Ba5l%ch genomic DNA £-2] &4 (0.2 M Tris-HCI
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pH 9.0, 0.4 M LiCl, 25 mM EDTA, 1% SDS)< 500 ul A7}
2 vortexalo] golo] 93| 4olEF sheit. F2
19 ChloroformE ¥ & 187} vortexd}o] genomic
DNA 2] &3} Chloroformg 4o =3t} 4 E 7]
o]-8-3}f 10,000 gofl A 10&7F YA EE] & & A5
%713, 100% o 22 500 wl 7135} genomic DNA
AT 18] AL, 10,000 gofl A 1027 4] &2 st
3} genomic DNAE 22|53t} 4 E2]5 genomic
F3 0 2 A-8-3}9] AtBLHS primers (LP and RP)9}
T-DNA 9] LB primer2 genomic PCRE =343} arblhs-1
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RT-PCR 4%

23 ZoF ARG Col-09} atblh8-1 A HO| A ZEE = RNA
£ RNeasy Plant Mini Kit (Qiagen)& AF&5to] 254t
331, Al2o] A DNase I (deoxyribonuclease I, Sigma)E
158 F2t Agstar, 70CollA 10& & L3 AA
t}. First-strand cDNA+ 2 182 % RNAS} oligo (dT)y primer
£ E85)= 25 ul9 HHS &3HEof ReverTra Ace reverse
transcriptase (100 unit uL'l, TOYOBO)S] & AA a4 E A}
g-5t0] 345 ST ABLHST}; Tubulin®) cDNA T2 9
5to] AFE-H primers+= Th2-3} 2t} [(for AtBLHS: Forward
primer; 5’-GGATCCATGGATATGATAAAACCAGATTTT-3’,
Reverse primer; 5-TTACCAGTACCCGAACAAGCCACC-3’)
2241, (for Tubulin: Forward primer; 5’-CCAACAACGTGA
AATCGACAG-3’, Reverse primer; 5’-TCTTGGTATTGCTGG
TACTCT-3’)]. RT-PCROJA| AR8-¥ fA= EF-Taq DNA
polymerase (2.5 unit uL'l, Solgent, Daejeon, Korea)S Al-&- 5}
Ao, 95CoA 28 S Al BgS AR F, 95C oA
30%, 55Coll A 30%, 2Col| A 28 =<t 25 cyclesS 43
ot 2R oz 72C oA 1059 extensiont} S =
7b2 2 5EGAHE PCR 4HES agarose geloll A 7] -5
3t & UV XA A ethidium bromideE ©]-&3}o] H2Hs}

%t
AZHo AEFA X2 A

Ot & 2EHAE Ast7] §18ho], MS salt, 2%
sucrose (pH 5.7) Z2]aL, 1.2% agar B2 0.25% phytagel-=
E3Fsl= 7] E ) x| of] NaCl (0, 50, 100, 150, 200 mM), KCI
(0, 50, 100, 150, 200 mM), LiCl (0, 5, 15, 20 mM), L8] 1L,
Mannitol (0, 100, 200, 300, 400 mM)2 Z+-Z} YojA AdL
Yok plateo M Aehs = A o2 Al9A 22
£2C 2=l A long day (R 16 A1 7%, 1 8 AJZh) 2710 A
ol o B WEsHAT
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GGM program®. Thoyst 3 2ol 4 §AFE W o)
& Hole= FHAEE network 22 P4 5ko] FHAZE
o] APAL A3t W otk (Wu et al. 2003; Ma et al.
2007). 2], of 7] At ] MONOPTEROS & A}z 912}
= £9 o] $ofskal auxin WFg-o Al F 8.3t negative
ZAAZEN B1E Il Qlt)h (Wenzel et al. 2007). 1THHE =,
GGM program ©|-83}o] MONOPTEROS &7 Ao} A&
A7 Qe ohdt AR A AAE 9 networkS THE %L
on, gt v ST AEH XA o] T RO
2 o ZE| ABLHSY) SAAE AEsiAnh 1§47
O] cDNAE= OF 1752 bpo] A7IAER 4 Hof glon,
genomic A A} A Goll A 4719] exond} 37§ 9] intron S 2
TF3Eo] UGt (Fig. 1A). ABRC2RE FARo|AE
Q1% A3t T-DNAZ} promoter - 91of A gHe gHelst
T} AtBLH8S] E=¢Ho]A| (CS846687)S ABRCZH-E
G2 S FHY EAHOAE +5 skgleH, 1
AHO|AE arbihs-10|2kaL WH STt (Fig. 1B). atblh8-1

i fr xe

A
atblh8-1
5L--l———3’
ATG TGA

B Col-0 atblh8-1

LP+RP

LB+RP

Col-0 atblh8-1

AtBLH8

Tubulin

Fig. 1 Identification of athlh8-1 T-DNA knock-down mutant. (A)
Schematic illustration indicating the location of a T-DNA insertion
in AtBLHS. Trangle indicates the position of the T-DNA insertion.
Genomic ArBLHS DNA is represented by exons (black boxes) and
introns. (B) Genotyping of atb/h8-1 mutant. Genomic DNA was
isolated from Col-0 and atblh$-1 mutant plants. PCR was performed
with gene specific primers (LP and RP) and T-DNA border primer
(LB) sets, respectively. (C) RT-PCR analysis of AtBLHS expression
in Col-0 and atblh8-1 mutant seedlings. Total RNA was extracted
from 14-day-old Col-0 and atblh8-1 mutant seedlings. Tubulin
transcript abundance is shown as loading control.
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o] AW =¥ ABLHS FAAS] HHAY=E
Ol Tubulin &AAS o] 83} RT-PCRE £35}o]
skt oA E QL Col-0 AlE Ao A ABLHS "H@ 0] 3
i ‘leJ—, atblh8-12] & AR o] Ao A= oF
3 874 2}2] ¥& o] knock-downE] =
SdHoA Y gl ;}Oj‘:} (Fig. 10). L oA &

2 A ~Eds A4 AR +usd

o fr
X WY

of 7174 eholl A BELL Fejo] A & 1372 45
o] QAT 1 7)ol 3t Bl mu|gt AAolch ¥
A, AtBELL12 €4 o] 24-of Fofqitiil Hil &
It} (Reiser et al. 1995). 3, A} MDH1T} ZFA}F StBELS
L 22t dejg A} 37 s 23k (Dong et al
2000; Chen et al. 2003). o]} Zro| Al E-A] o 4] BELL & Ej
] homeodomain THHH-L F= Z 723} 9 Ao
o] 3 Ao 2 AteEch ABLHS Thel &S BELL 3 ej
9] homeodomain e A Eo| 7}A 11 Q)= BELL =uj|¢lx}
C-et H.9jo] homeodomain®] & HZ2E]o] 9l 3t} (Fig. 2A).
BELL T Ql> KNOX Tl &} o]y HYAE 45t
™, homeodomainS DNAS} ZA3l3lo] AT E Adste 2
o7 dyArh (Fig. 2B; Miller et al. 2001; Cole et al.

A

| BELL

2006). 2231, o714t BELL shaj o] AEwolH 2
zte] 1o =R BELL Eujele] ofuwAtg 2R}
At} (Becker et al. 2002). 255 ofu|iAto &2 Zh7F9] of
H = ARS vl B, e Wol wol Holx|uk, &

AL oz &9kt (Fig 20)
NaClZ} KCIo| 2|et atblh8-1 SHHOIXMC| RIZE =4

Al EZ Ao A homeodomaing 2= THHAS FE3te} ¥
B 20 ol YT @

sto}t H ok 28y, BELL =1 Q1S ZF= homeo-
domain ‘%ﬂ A2 ol2|gh S A9l AE g Aof oj7h A 9
B 531 9Jx] oo}k FZof ¥ e BELL & E]2] homeodomain
chEl 2 Ql, OsBIHDIO] 1 A|gHdo] #ofd A o= Hil &
It} (Luo et al. 2005). ZH P2, B ETHA Q] AEFHA
o] #ol5l= BELL & €} 2] homeodomain TH} 2 o] A7}
Q3 FojR = AA ok HERFEQ Col-02} athlh8-1 =
Ho A& o] 8380 150 mM NaCl 2o A HIg=E <
15} At} Figure 3A9] Axtoll o5 athlhs-1 & AR 0]
AollA ot o] s UEbgew, I Fees of
92% == =74 Uebyth (Fig 3B). E3} NaCl E =2
125 mM3} 150 mM 2 ZH2} Upieol A e alel 4 9l fie A
A2 T Ao vl sl BTk 125 mM NaCl s ol A atblh$-1

£ é
¢

Homeodomain

1 MDMIKPDF(QQ IRRDKFRVE(Q MNDFPHTWTQ QQHQNIRIPHN HLDLIGILQN QISVPVQTDL YQDSAATFMH MPQSIHRDPQ 80

81 GPSHWRISDL SQPSTVNHGY DQAGIRPNNV ADLLSDHFSS RHNQILDRPLY VGRDSIPQSS MIRRSEVSCL DDHQKGCVTV 160

161 ACSGTGHEIL RSSYD(QGSSS GSYRGEFSFL PSLENQSVAH HASHWNHGPV NVTATSHTHS KKGFPLSLLS DIPPSRDVGH 240

241 AAVLSTMNIH GPLGPFTGYA SILKSSRFLE PAQKMLEEFC ISYASKIISR SESTSMEDDD DDDDHLSGFS SSSEPLEPKH 320
————————

321 RLKKAKLLFL QEEVCKWYKL YNHQLQTVMS SFHTVAGLNT ATPYISLALK RTSRSFKALR TAIAEHVKQI SSHSSHGNNN 400

401 HRFQKRQRSL IGHNHNVGFESQ OUHZdWRPORG LPERAVAVLR AWLFDHFLHP YPTDSDKQML ATQTGLSRNQ VSlM'FINARVi 480

481 [RLWKHMVEEI HTLETKAIKN ADTSHNIEPS NRPNTVSSPS HEQTLTGLSG TKRSRLEYMD MVGFWRGHVS LTLELRRGVD 560

561 NVIQTQTQDH QFGTGSQMFH DFVG

AtBLH8 EPLEPKNR K
AtBEL1 oF a H
AtBLH1 PV GT K
AtBLH2 P AS In RIK
AtBLH3 lr 4

584

EH JHOISSHSSHGHN- KRQ---RSLIGNNYGFE-————

SREE————DNRAVSI AR THRRZLL —————
DEDS----~VSGVI KFVDHHI.—
KDA————AGISSSOL———T TEERTLL—————

PRET---SDEQGERIP--RLEYLD ——

Fig. 2 Amino acid sequence comparison of AtBLHS and other BLH proteins from Arabidopsis. (A) Schematic map of each domain
in AtBLH8 protein. (B) Amino acid sequence of AtBLH8. The BELL domain is underlined and a homeodomain is indicated in the
box. (C) Amino acid sequence alignment of BELL domains from five BELL proteins in Arabidopsis. 1dentical and similar amino acids
are highlighted with black and gray shadings, respectively. Dashes indicate the absence of residues. Genbank accession numbers are
given in parenthesis: AtBLHS8 (At2g27990), AtBEL1 (At5g41410), AtBLH1 (At2g35940), AtBLH2 (At4g36870), and AtBLH3

(At1g75410).
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B 2 2 Fig. 4 Phenotypes of atblh8-1 mutant after KCl treatments. (A)
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Fig. 3 Phenotypes of atblhS-1 mutant after NaCl treatments. (A)
Chlorotic phenotype of atblh8-1 mutant. atblh8-1 mutant shows the
chlorosis phenotype on MS media supplemented with 150 mM
NaCl for 20 days. (B) Percentages of chlorotic seedlings after 150
mM NaCl treatment. The numbers of seedlings with at least two
chlorotic leaves were scored. Data represent meantSE of three
independent experiments (n = 50). (C) Root growth of atblh§-1
mutant. Photographs were taken 11 days after transfer of three-
day-old seedlings to MS media supplemented with 125 mM NaCl
or 150 mM NaCl, respectively. (D) Percentages of chlorotic seedlings
after 125 mM NaCl or 150 mM NaCl treatments. The numbers of
seedlings with at least two chlorotic leaves were scored. Data
represent meantSE of three independent experiments (n = 9). (E)
Length of primary roots in Col-0 and atblh§-1 mutant seedlings on
NaCl treatments. Data represent meantSE of three independent
experiments (n = 12).

SAHOAH oA 62.5%2] WMIALS Hrh EIL 150
mM NaCl %S oA ablh8-1 S@ W o4 = 87.5%2] wiz}t
A= Hol = (Fig. 3C, D). 12U, thoFek NaCl &
Lo A athih8-1 FAHOIA| S| He] A2 Col-02F Z}o]
£ Holx ¢ttt (Fig. 3C, E).

thFet o] 23} AFEQ AEH Aof| A athlhS-1 E AR O]
Ao MalE A Bsl7] o8 A 100 mMI} 150 mM KCl
oAl W3tE At W B gtS gelsklth 100 mM KCI
Lo Al athlhs-1 EAHOIA = 83.3%2 WIALS H

with 100 mM KCI or 150 mM KCI. (B) Percentages of chlorotic
seedlings after KCI treatments of various concentrations. The num-
bers of seedlings with at least two chlorotic leaves were scored.
Data represent mean+SE of three independent experiments (n =
12). (C) Length of primary roots in Col-0 and atblh§-1 mutant
seedlings on KCl treatments of various concentrations. Data represent
meantSE of three independent experiments (n = 12).

A1, 150 mM KCl 5 E o) A= 100%2] W3ldAS H Y
t} (Fig. 4A, B). 18}, NaCl A 2]} upb7px] 2 #a] A
Aol xpol= AF Holx| &kt (Fig. 4A, C). E3L thoF
3t =% 9] LiC12} Mannitol S A 2] 8l X H ablhs-1 =A™
ol A o] st WAL Col02t A8 HolE B
O] Z] 93T} (data not shown). )&} T2 ﬁJ—I-ETE] AtBLHS®)
r,mpgg of 7| ol A Sle] Wi Wl Qo A NaCl 1]

i, KCI #HHE AEg 2o Fa% 75E T A
o2 A

%

e

O.

GGM (Graphical Gaussian Model) program0f 2|t AtBLH8
FHXIC| gene networks

GGM programS ©|-83}o] MONOPTEROS A}z 4 1}
2t A5 2851 = network 25 E] ABLHS S-AAE Eo s}
Aot 1822, ABLHS FARE 0]835}0] GGM program
oA g & Aor dFEH= FARES Tl
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Fig. 5 Gene networks of ArBLHS by GGM program. The genes
included on circle are involved in meristem development except
AAP7. AtBLHS was closely linked to the transcription factors such
as LFY, STM, and REM1 which are involved in development of
meristem. Gene network was constructed by Graphical Gaussian
Model (GGM) program.
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