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# E. AT-hook BENFE M ( AT-hook nuclear localized proteins, AHLs ) /&—F/INY) DNA &5& & 37, FEREYAAE
KEET A EME. S5EE 5 EEES A R EESAEH . AU NER 8 5 A (SC8 ) ITREAF MedHLI7
I, FIREDEBEFITIEX MedHL17 SERATIR I T4 . B A BAEPE R AT . AR SFD AR B0 TR0 AT 41 Le X . 25
BB MeAHL17 A B PR EAER B4 939 bp, 4ifis—NHA 312 NMEEMRWEH, HBEIBEHR LN 689, &+ F
A CrazoH1215N4150451S 11, 43 F K 32.669 38 kDa, 5 IF Hifif Z JE R 7R 3L A (Lys+Arg) by 23, iy B v fif S LR ik
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ANEHGETK, TN, TCERZEH, S S MPEIAA S 45 DR 2, & — D ASERE 55 K PR 1 2
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3 3 IV 40 6 A7 R SR T A AT S BIE B MeAHL17 & — AN A T A0 A% H AT 5 SR iR 5L S 7. Al 8RR
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YA TR R, MeAHL17 JER W T S AEM G . AW TE T ARKE MedHLI7 HNEERKET . MERGS
AR 0 45 5 B A EENER, kLR T e S R S

KR KE; MedHLI7; FERTEHE; WANMEN; 5t br; FkBirbr

hESES: S31 XHERERD: A

Cloning and Expression Analysis of MeAHL17 Genein Cassava

ZHANG Yawen'??, WANG Xiaotong'**, ZHANG Xinglong'**, TANG Xiangning'**, LIU Jiao™",
GUO Jianchun**"

1. School of Life and Health Sciences, Hainan University, Haikou, Hainan 570228, China; 2. Institute of Tropical Bioscience and
Biotechnology, Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of Biology and Genetic Resources of Tropical
Crops, Ministry of Agriculture and Rural Affairs / Hainan Institute for Tropical Agricultural Resources / Key Laboratory for Biology
and Genetic Resources of Tropical Crops of Hainan Province, Haikou, Hainan 571101, China; 3. Sanya Research Institute, Chinese
Academy of Tropical Agricultural Sciences, Sanya, Hainan 572000, China

Abstract: AT-hook nuclear localized proteins (AHLs) are small DNA-binding protein motifs that play an important role
in plant growth and development, organ construction, stress and hormone signaling response. In this study, MedHL17
was cloned from cassava cultivar SC8. Bioinformatics methods were used to analyze Me4AHL 17 promoter, protein phys-
icochemical properties, prediction of conserved functional domain and sequence comparison. The results showed that
the open reading frame length of MeAHL17 gene was 939 bp, encoding a protein with 312 amino acids, its theoretical
isoelectric point was 6.89, its molecular formula was Cj430H2215N4150451S11, and its molecular weight was 32.669 38 kDa.
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The total number of positively charged amino acid residues (Lys+Arg) was 23, the total number of negatively charged
amino acid residues (Asp+Glu) was 24, the fat coefficient was 57.47, the total average hydrophilic coefficient (GRAVY)
was —0.491 and the instability coefficient was 58.06. The protein contains no signal peptide, is located in the cell mem-
brane, has no transmembrane structure, contains 5 glycosylation sites and 45 phosphorylation sites, and is an unstable
hydrophilic acidic protein MeAHL17 contained AT-hook conserved core sequences and PPC domain conserved core
sequences, which was consistent with the typical structural characteristics of AT-hook family. Through subcellular lo-
calization and transcriptional activity analysis experiments, MeAHL17 was proved to be a nucleus localized transcrip-
tion factor with transcriptional activity. Tissue expression pattern analysis showed that MeAHL17 was mainly expressed
in somatic embryo, fibrous root and callus. Different hormone treatments showed that Me4AHL17 was induced by ethyl-
ene (ACC), methyl jasmonate (JA) and growth hormone (IAA), which suggested that MedHL7 might be involved in
ethylene, methyl jasmonate and growth hormone signaling pathway. Abiotic stress treatment showed that MeAHL17 was
responsive to drought and salt stress. This study preliminarily identified the important role of MeAHL17 in growth and
development, hormone signaling and stress, and provided theoretical basis and reference for further study of its function.

Keywords: cassava; MeAHL17; gene cloning; subcellular localization; transcriptional activity analysis; expression pat-

tern analysis
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KEZ ( Manihot esculenta Crantz ) 2 K E§ R}
( Euphorbiaceae ). K& ( Manihot ) 1Y), &
AR =R (HE., 58%E . KE) AR
BIEY (NEE . KRS, K, B8E . KE. K
) Z—, M TR . RMANEM 100 £
AN ) R B B 00 PR s DX U2 K B R R B
LIRS, TR AR . TR A R AR
AP T 5 . 3R F AR SEA R S5 4 7] fE
HARERKFAERL=), AT-hook #% % 137 & ]
( AT-hook nuclear localized proteins, AHLs ) 7EAi
PAERKER . SVEWE . SRS ERES
IO 45 5 T AR T EAE R, I, BFSE AT hook
FEFEDARE MR R EAEEE X,

HHl, AHL SEER RGOS YR itfr T
S BN Y o BT, WL ST ( Arabidopsis
thaliana ) W¥%sE N 29 A AHLs), KF ( Oryza
sativa ) H 20 4> AHLs®, %% ( Sorghum bicolor )
H 224 AHLS®Y, £ K( Zea mays Y& 374> AHLs",
SIS A ( Gossypium raimondii ), Y
# ( Gossypium arboreum ) FIfli AR ( Gossypium
hirsutum ) 45 SEE 48 51 F1 99 4> AHLs!"Y,
K5 ( Glycine max ) FHHFHA P4 E i 63 4
AHLsM™, #i%j ( Vitis vinifera ) HY%EL 14 4>
AHLs"™, 164 (Arachis hypogaea ) W55 64
A AHLS", $03 N ( Daucus carota) H%5E W
474 AHLs™, 54 ( Populus trichocarpa )
WEH 37 A AHLSY®, H AN SE ( Brassica
napus ) FYEE W 122 4 AHLSM, 3 —4F 3k A
PAERM (Juglans regia ). REEMK ( Liriodendron

chinense ). 5&75 ( Brassica rapa ) F1Z i ( Solanum
lycopersicum ) 4% EH 37, 21, 42 Fl 18 >
AHLs" 21 B XY T AHLs FER TR BR
R, AHLs CHOEMARTDIAEZMARK AR,
LB PR e L EmE
PRS0 Ok TR 4eE A UML),
T TF AR ] PO DL R B i P24 S AHLs
W5 TP A ALY Wra RN, A
J15 388 3 0 A O30 8 A R W PO SR R
MNREHIFEHPO AHLs B85 5P HACHE
T 5 R PSR S A B P R A R R
HISERE R Ay Fe ik 0 RUE AHL SR G
ez AR, (XS HDIBEAY T fif i AN 6% 4 T
MARGA, IRINESREEER.

BIRC AWM EKI] MeAHLI7 FEPTAZE N A
PEMIZER ( cassava bacterial blight, CBB ) 1 E.f5
FURAE Y, (B R A RS S A S
08 A8 A5 RV R B LA R AT, HKIH (15 4k
CLRE AT SO AR MedHLI7 HEA,
FEX AT YA B 225 . WM e . 5%
SN o o TR I SR VAN = s o TS (57 s 2 1
MeAHLI7 Z 5 ARBEERKET . W5 e iR
5 WA AT T D e AR IR S

1 MR 5FZE
1.1 ##
EPIMEE: 4EF 8 % (SC8) ARERHER
AREFFTGNR ] A A S &= Rt
J5RL A Bk . pCAMBIA1300-35S-GFP Fll
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pGBKT7 kB A Se g 2 44t s KImAF e
Pk DHSo, HUEARFFHEER GV3101 FIEERER Mk
AH109 W4 [ LI b A 3 R BR S F o
KA ZHZ MY S RNA 42 B0 &
( Plant Total RNA Isolation Kit Plus ) M H il #R4&
brAE B R AR A Al RNA R S0 &
( MonScript™ RTIII ALL-in-One Mix ) #1 qPCR
K7 (MonAmp™ ChemoHS qPCR Mix ) Iy [ 52
WAEYRHEARAA; LA Taq®%ﬁﬁﬁﬁ$ﬂ
pMDTM 19-vector I H TaKaRa 23w ; ikl DNA
/N R & PCR P W 4lifl 128 & A T4 DNA
BRI A A TAY TR (1) BMA RAH
R il 14 P DD I | Thermo Fisher Scientific 23 A ;
MES FIZEET &E (AS) W H IR K TR
AIRAHE; ARG EAEEN B PPefE TRH AR
YN8
19 ARG A E R E R A
FRAFGR, 1915 B 1,

®1 KHAREASY

Tab. 1 Primers used in this study

CIk/EA 195 (5-3)

Primer name

Primer sequence (5-3")

MeAHL17-F ATGAAAGGTGAATATGTAGAGGCA
MeAHL17-R TCAGTAGGGCGGTGGTGG

BD-AHL17-F GGCCGAATTCCCGGGGATCCATGAAAGG
BD-AHL17-R TGAATATGTAGAGGC

AHL17-F(Sal T)
AHL17-R(BamH I)

TGCGGCCGCTGCAGGTCGACTCAGTAGG
GCGGTGGT

CGTCGACATGAAAGGTGAATATGTAG
TAGGATCCGTAGGGCGGTGGTGGC

1300-F TTTGGAGAGAACACGGGGGA

1300-R CAGGGTCAGCTTGCCGTAG

BD-F GTGCGACATCATCATCGGAAG

BD-R CCGGAATTAGCTTGGCTGC

Tublin-F ATGCGGTTCTTGATGTTGTTC

Tublin-R TCGGTGAAGGGAATACAGAGA
q-MeAHL17-F CAGATCGTGGGTGGGTTTGT
q-MeAHL17-R GACACAGACGGAGACTGACC

1.2 FHik

1.2.1 MeAHLI7 B %% DL SC8 AIEH1E

FPEH RNA AR, 202 WY E RNA ##
B & B BUKR 2 5 RNA, B 4~6 pL 5 RNA #
i 1% 52 1 B A B s A DN G I i, P ot
66 BE TR I vk B . A MonScript' ™ RTIII
ALL-in-One Mix il | & #E 17 [ % 53k cDNA,

HFFHEP 1, FH phytozome ki ( https://phy-
tozome.jgi.doe.gov ) F| MeAHL17 J73)( Manes.
02G145600 ) J5, T NCBI #&/% Primer-BLAST

Wit MeAHL17 M4 3514 ( MeAHL17-F/Me-
AHL17-R, 3R 1), DA% 5% )5 Fiid cDNA AR,
PCR ¥} MeAHL17 4t [X F Bt . R VAR Z : LA Tagq
0.5uL, 10xLA PCR Buffer 5puL, dNTP Mixture
SuL, WS4 1 ul, ik 2 uL, /il ddH,O
M E 50 pLo S AR R 094 C AR ME 5 min; 94 C
30s, 54 °C 30s, 72 °C 1 min, JE¥F 35%; 72 C
FEAf 10 min; 16 CHRFF. B3 uL PCR ™4y, HI
1% F B AR AN H 1 2%t , R T =4ttt
Ji pMDTM 19-vector iFIH pMDI19-T #f{k
MeAHL17 3R Fr B, & EMER A1 DHSa
Chemically Competent Cell %) yd BBt 11541k, Bl
HLERELZ AN B BT PCR I 34 R 3%, 1
3 AN PHME TR AL AR AR B Wl T
55 UE 5, R /N s P 4R B ) & R
pMDI19T-MeAHL17 ki,

122 AW E&F o4 MHHNE 2 FrsifEL
OB A RT MeAHL17 3E4T A= W015 B2F 50T o

R2 HEYERFESTMIL

Tab. 2 Website of bioinformatics analysis

i Effect M1k Website
a7 https://bioinformatics.psb.ugent.be/webtools/
plantcare/html/
PRSFEERYI M https://www.ncbi.nlm.nih.gov/cdd/

TR AL A S T https://services.healthtech.dtu.dk/service.php?

NetPhos-3.1
BEELAL AT ST http:/www.cbs.dtu.dk/services/NetNGlyc/
SR M https://web.expasy.org/protscale/
PR A o i P https://web.expasy.org/protparam/
PsMZER L . {5 http://wlab.ethz.ch/protter/
=Ny

123 T@mfaEis L pMDI9T-MeAHLI7 #H Ak
FBRi AR, @It E14% AHLLT-F (Sal 1)

/AHL17-R ( BamH 1) X} H#47 PCR ¥ 4% ;

pCAMBIA1300-GFP & ki ] Sal T 1 BamH 1
REL )1 P DD i H A T XU 5 4k PCR P4 A1
fitg U1 5 () 8K Bk ; A T4 DNA 3% 425 il 4%
pCAMBIA1300-GFP #i{k 5 MeAHL17 N F B
#4z, Ak DHSo Jf9 KIEFRSE, $HUIRL, X
4 unL pCAMBIA1300-MeAHL17-GFP JFi ki Fil pCA-
MBIA1300-GFP 75 # i ki f% b GV3101 JBaz A4
ML, BEMLPEIRZ AR BESTT PCR fxill (51490
1300-F/1300-R ) J-#" Ki5i¥F, ¥ &FH pCAMBIA
1300-MeAHL17-GFP JiAifl pCAMBIA1300-GFP
235 TR I AT T VR S 2 AW R TR B R A
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Wit 48~72 h 5 JH DAPI Yekl et 10 min, JHI%
IKIEVE 5~8 G , TR AR WA A5k .
124 #FZFWwod WITFEEELSY BD-
AHL17-F/BD-AHL17-R, 3L pMD19T-MeAHL17
AR TR R A AT 5 R BRI Y
BamH 11 Sal T %F pGBKT7 #AKHEA7 XY, 4l
f& PCR F=4 MV 5 v 2445 , A 1) 5 5 241 il
¥ pGBKT7 #AK S MeAHL17 F:lH Fyr Boii4s,
1t DHSo JF4" K¥EFR 5, S HU5TRL, B 4 puL pGB-
KT7-MeAHL17 . pGBKT7-p53+pGADT7-largeT
( BHAEXT R ) F1 pGBKT7( BAMEXT IR ) 4k AH109
JEAZ UM, PCR &2 ( 514°% BD-F/BD-R) 7,
P RIEEFRE ODgoo 29 0.7, WG 4B 5 uL Bk
MiB] SD/-Trp/X-a-gal [EAGRFERE IR b, WEEHE
FEE P ARG B

12.5 MeAHLI7 B AKX 54 (1)MeAHLI7
FEA R AL 238 B i 2B 5B 8 SC8 iy f;
MR, B R 2L R . BUR L HUR$)
BB FERARA A 9 ANALLUA TS AL,
MR 3 I )7 45 HL 4R B MeAHL17 (%) FPKM {8 (& T
A0S ) e SR B T R SR IO B ) TR [
WA R T

(2)MeAHLI7 TEA[RI PR J B I 10 1) e TR A
KT, ¥ SC8 MBAMIE i (FiAEE 80 d).
ORI A (FiE)S 130, 180 d) FIbeH iy
(FHE)5 230, 280 d) AYHRARGEA T i% S ALIT ,
M0 7 45 SR 3R B MeAHL17 ) FPKM {H 7K
AR [R] & B I A 2800 o
(3)MeAHLI17 TEARRITA R AL T 1y 255K

38T. DA MS 5773 AR 8 A AERIRER
I H B AR EL R4, 100 pmol/L i
7% ( ABA ). 100 pmol/L ZE#i2 S ( MeJA ).
100 pmol/L Z KT ( ACC) H1 100 pmol/L 4=
£ (IAA) BB ZE WM, 2. of, #1740
PRI 0, 6. 12, 24h, BN 3 MNEE,
PEICFE i RNA I % 5% 4 cDNA, 14 cDNA 5 B
10 f5A/E AR, VL B-Tublin HNZSHN, *t
MeAHL17 FERHATERTYEOEE R/ PCR, WV AK
%: MonAmp™ ChemoHS qPCR Mix 5 uL, I,
T4 0.2 uL, DNA #4% 1 uL, Nuclease-Free
Water 3.6 pL; W FEJF: 95 °C 10 min; 95 C
10s,58°C 10s, 72 °C 30s, 3 40 MEF; 95 C
15s, 60 °C 155, 95°C 15 sf{Eafths. B4
REREE 3 AEA, RikEA 2O EHEM

Xk

(4)MeAHLI7 FEA[R A AL BE T (1 A
1. FH 20%A9 % £ I ( polyethylene glycol,
PEG ) WA S8 4038 ; H 300 mmol/L f)
FALEN (NaCl) AT ER I A3 B AR ST
HEH 4 CRREFR B TP TR MR B, il Ak
PO, 12, 24, 48 h, BNFEM 3ANEE, JLLSE
Y PRAER] 1.2.5- (3),

2 HR5H5H
21 MeAHL17 EEREE

ARG SC8 AL h 2 I RNA, FfH
1%V B 119 B BEAR e A T L o dt, e PR S /s ot R
H(E1A) o R cDNA J5, PAH AR
PCR ¥ MedAHLI7 i IX ¥, #hidek
939bp WHBERK (K 1B) . RIIES 2
MeAHLI7 FFA B HERE , 9 81 MeAHL17 Y%
X F 5 58 pMD19-T 2 AR 17 3% B0 5 , I
JPEER LI, YRR PSS NCBI %4
J&E i LOC110606315 X 7 () 3 K e 51 R S50 405
JEH Manes.02G 145600 X i it 5 A ) 371 ¢ 4> —
2, VBRI R H IR MedHLI7 (E 1C) &
22 EMERZESW
2.2.1 MeAHLI7 AW B3 -F4o % EfELM
¥ Plantcare Xt MeAHL17 W 3 T 347 i =CAE A
TCE M R, MeAHL17 K&K 5 3 1 894
JCIF R T %0 001 TATA-box 5 CAAT-box 4h, iR
ALFE VA R . 7K A o R 4 A1 i FP il 45 28 i . T
4, AR B To ARG R TR (£ 3),

222 MeAHL17 & &AL T oAr  lITfEL M
Ui ProtParam %f MeAHL17 78 [ B4 G gt A 10047,
SR, MeAHL17 FRIFH 312 NEIERA M,
PRIBSEHL N 6.89, 70 F2UH Cra2o0Ha215N4150451S 11,
Iy TR 32 669.38 kDa, iy 1F L frj 2 JE R Fk AL B
B (Lys+Arg) A 23, a7 B fp 2 JE R o 36 e K
(Asp+Glu) i 24, Beli REHh 57.47, B3¢
K BB GRAVY ) H—-0.491, AFaE ZRECH 58.06,
LRGSR IETRINSE SR (1 2A ) W, MeAHL17 &
A — SRR . AR mREEA .

X MeAHL17 8 H #1748 A0 7 S BEIR 1k
AL, 450 WK, MeAHL17 FEHA 5 M
B0z 5 (& 2B) F1 45 DERILALE (1 20),
£4E Tyr (18 4>). Ser (24 ~). Thr (3 4>), i
B MeAHL17 2 G MM IRIE 0T B SR b
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A: REH RNAs; B: HAEYEE M, M: DL2000 DNA marker; C: MeAHLI7 3E[H)F3] LA,
A: Total RNAs of cassava; B: Target gene cloning, M: DL2000 DNA marker; C: MeAHL17 gene sequence alignment.

E1 MeAHL17 HEE[E
Fig. 1 Cloning of MeAHL17

&3 MeAHL17 EEEFIRERTHS
Tab. 3 Cis acting element analysis of promoter of MeAHL17

A T il i
Cis acting element Function Quantity
ABRE It % A iy 1oz e A 1
ARE IR S0 75 e 3

Box 4, G-Box, GATA-motif S R o

I-box, TCCC-motif, TCT-motif 1

CGTCA-motif, TGACG-motif i B2 F FiK i b Je 14 2
LTR (BRI IRES 1
TCA-element TK A5 R Wi v TC A 3
WUN-motif 43 ) i e 2
B4 5, it Protter ZXF X MeAHL17 #E47%E

E/ﬂ@éﬁﬁ, K MeAHL17 REHESRE, 7
TAERN, TS Lty (&l 2D ),

2.23 MeAHL17 & @ 1% F 2 #8349 TR F= 5 5
soxd il NCBI B3 X MeAHL17 25 H A9 SF
DR T A 4 B0, 28R AL AHL 5E R K%
FEA 1) DUF296 fR-F&45 38, R PPC Z5#43 ( &
3); BARE MeAHL17 5 HAb Y [FIE RS &
() AHL 2 [ 647 7 80 He X, & B0 26 1 7 51 2
A ERsEE, HA AT-hook FRSFIZ.O T3 I
17 PPC S5 R~F %0078 (K 4), Ui

MeAHLI17 J&—> AHL KA
2.3 TZRpaRE (L
¥ GV3101/pCAMBIA1300-MeAHLI7-GFP Fi

GV3101/pCAMBIA1300-GFP AR, AR

{&HEMZISEM, SR 5 TS AR R R T R R

ko GERANE S TR, MeAHL17 5E D7 AE A0 iA%
24 FEREMESH

¥ pGBKT7-MeAHL17 .pGBKT7-p53+pGADT7-

largeT (FHPEXTIE ) 0 pGBKT7 ( FHMEXTHR ) Bk
AL E AH109 BERHEAZ S5, s8] SD/-Trp/
X-o-gal [BARBLEH; 73 -, & pGBKT7-MeAH-
L]7 f /£ SD/-Trp/X-a-gal [ BFE RS 7R3 5 BE

ME—ARAS e, RAMEXT B (K 6), Uil
MeAHL17 j25% 5% H 7 H HA 3 SR i
25 MeAHL17 EFERIEEKX D
251 MeAHLI7 EFRBMERERT MG REEX H
M IR E T AT SC8 AR A A Bl
I MeAHL17 A7 RBBA 04T, KIZIERTE
RERFHRNF R wERRE, H, MedHL17
TEARIR A s, HUGEMR . @ fdeal
PR, YRR Rk ERAL, HaRHgUL
PARKL (ET7) .
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A GRBUKPEST; B: BEEALAL s{ B0 ;

C: AR MeAHL17 LML HIE; D: SRR ALALE T .

A: Analysis of hydrophilicity and hydrophobicity; B: Prediction of glycosylation sites; C: Structural map of cassava MeAHL19 protein;

D: Prediction of phosphorylation sites.

B2 MeAHL17 ERELERA

Fig. 2 Analysis of physical and chemical properties of MeAHL17
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B 3 MeAHL17 EBHRTEMETE
Fig. 3 Schematic maps of MeAHL17 protein conserved domain
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