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I, FHE, ', mEX, £, QR

1. B S Ao a R A, B 202178; 2. & & (GEFD) B R A A, L #E 200040;
3. MR E B RS HOR 5 B, L 75 1 225009)

WE: BMEREH ADK) A 250 Hh THHAM AN LHFmIRTHE TG X580, EARANERLFTRERL
BEIABPEEETR 4, AT ERLYF Medicago sativa) 3 B LH F, A A RANKF 3 ADK KA B #HI7%5%, B
FAMEEF T ENWT MsADK A B ey AL . REEMH ., FEA2la, MXERARE. 24t E, B
BAnZBEM, ARERRARFEL P THRIEX, SREAV, ¥HEE MADK Z#EA 10N R A, o HF
TrH&FERL, 3XEARGAEELH,; HARFIKE627~1515bp, FHKEH 768bp; S EF 4B L 3~6A
ES, BORMAEAN, DTl b, TR THRA; A5 E MsADK £ R B S A+ 18 & ER7R T,
58 MM FLXELE; MAERAHGTAMEREN, MsADK BEH TR ALK S 58 E. Miaftwmp R X6
BB A, ERRARFIE A ihia TR RABX AN, MsADK AR EE v Rk FE 8 & ; EMERK (ABA), F
FAe b phia ST, M MsADKI. MsADK3 #= MsADK8 LRk iksh, RAA R A At Myt K3 FRALR, 22
BEARE MG T, B MsADK2. MsADKS T &k sk, b i3 LAk, MARERAY, MsADK AW £ R F #it
54T, AEEGaR i aRARAEEX, FRERE AT ADK AW REA R LI H B RAE LI R A 2R 5,
XKEEIR: ADK A B ; M EF; ABRAH; AR, AKATH; RERKX; 4 pma

XEFRER: A XEHS: 1001-0629(2022)09-1803-12

Identification and analysis of ADK gene family members in alfalfa (Medicago sativa)

WANG Yimingl, LEI Yanfangz, XU Junshanl, WEI Zhenqu, WEIJ ia3, MIN Xueyang3
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3. College of Animal Science and Technology, Yangzhou University; Institute of Pratacultural
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Abstract: Adenylate Kinase (ADK) is a key enzyme widely distributed in animals and plants that maintains the dynamic
balance of cell energy. It plays an important role in growth and stress response. We identified MsADK genes at a genome-
wide level based on the alfalfa genome data. Bioinformatics methods were used to analyze the physical and chemical
properties, gene structure, chromosome location, promoter cis-acting, phylogenetic relationship, and secondary and tertiary
structure of MsADK. Furthermore, MsADK gene expression in different tissues and its response to abiotic stress was
analyzed. Ten members of the MsADK gene family were identified in alfalfa and distributed on seven chromosomes; three of

these pairs were segmental duplication. The coding regions were between 627 and 1515 bp, with an average length of
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768 bp. The number of exons was mostly between three and six. MMsADK protein is hydrophilic, and its subcellular location
is diverse, mainly located in the cytoplasm. Phylogenetic analysis showed that MsADK is highly conserved among different
species and has a close relationship with legumes. The prediction results of cis-acting elements showed that MsADK
promoter regions had many response elements related to hormones, stress, and light. Analysis of MsADK expression pattern
in different tissues and under abiotic stress revealed that MsADK expression was higher in stems than in other parts.
MsADKI, MsADK3, and MsADKS8 were up-regulated under ABA, drought, and salt stress conditions, whereas the remaining
MsADK genes were down-regulated. MsADK?2 and MsADK5 were down-regulated, while all other MsADK genes were up-
regulated under low-temperature stress. Results also showed that Ms4ADK has two regulatory patterns (positive or negative)
under different stress conditions. These results will provide candidate genes and a theoretical basis for the genetic

improvement of alfalfa based on the ADK gene.

Keywords: ADK gene; bioinformatics; gene duplication; phylogenesis; growth and development; expression analysis; abiotic

stress
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JiR TR AR AN AN S AR i 3 3l R T g AR )
HEH R o, W g AR R E R R
— o 1% R AR AT AR 4 7 H B BR IR (adenosine
monophosphate, AMP) J2& 14 i 40 ffl 1% W 1% B2 1) 3= 22
BZE IR —, AMP E 08 W b & AR N Be
R . AMP. e &7 T BRI F (adenosine
diphosphate, ADP) A1 # 2 A ¥ P2 A/ 14 = i W2 IR B
(adenosine triphosphate, ATP) 3 F1 & = 1) Lb 1 ¥ 52 T
fie B LA EE AR K AL S AR, 0 T B R R e A )
) A KRB N AR S B B o U
P& B4 B (adenylate kinase, ADK, EC 2.7.4.3) & 4k ¥5 fit
AU R & P R R R K /N P A ) R g R B 7%
ity , i1 ATP + AMP «> 2ADP [ 7] ¥ %% i B 16 )2
RO, TR R AR R T, ADK HE M 2 B2 5
MR RS S EEER TAERER
JE A B AR 1

Y, ADK & A H— AMP 45 i3k, — 4> ATP
G5 K6 SR — AN A OGRS 1 8% 0 25 749 33 (CORE) 41
B BT 92 WY, ADK 7E ML b i R AR ST, O
P C7E #L F T (drabidopsis thaliana) 7K ¥ (Oryza
sativa)s 1K (Zea mays)~ Wi & (Pisum sativum). 5%
2 (Solanum tuberosum) % T ¥) 13 2| iE 5L, 1M
ADK 1)V 4H i 5E A7 A5 AN [RIFE 4 o 22 S AR K, WnfE 48
NG TNEZ % TR SN 10K /AR N SO E S 8 1 A =
W, £ - AHEMZEKAERNT
AAKG, T-DNA #fi A\ 4l & Rk (Salk_015281) 5 BF
A RUR R ML, AR MR KR BT
ADK (At2g37250) % [X ] T-DNA #i A 4l & 98 45 1k,

22T B R A R R v RN A K e e e T
F3— WU KB FE R WY, R IT ADK (At5g47840) %
ff) T-DNA i A 2l & A8 4K, 1 Pk i 4% 1k 58
PR 2%, AT 3 B 50 IR i 2 20k B I 2
HALTH, K ADK BREME T AK K G+
RIFETREERY. SR E R R R, I
BR StADK FE N R J5, HREFEER N IR TR & &
e G EASR B AR, b, ADK3 TS
SR A 31 R T I I N SR A BLAE R, AE AR
(Chlorophyta) 1 W 43 4 v 1 Fa 5 11 2 & 1
br 7 AEREEM A KK T J7 iK% EEZ IR,
ADK &2 2 5HE )X AR L) 38 1 SR . BA
P SO, BEAL TR K R K O R
R 1)~ 15 I, &5 3K B ADK (1) 3E VE7E PR 7 A0 1T
i TR 2t o TR o U IR A0 S 47 o R 4 e U,
K5 (Glycine max) GmADK %: R % 2| £ i )5, 7ETf
e S O VAN = O 2 3 ST P 2 [ NI
GmADK 3 8 2 5 #h Wy 38 1y 32 & . SR T 78 7 A
(Solanum lycopersicum) F, 3[R ) 1B 5] 70 B 27
ADK [F)VE L R (SGN-U214214) 7 h kb 3 (1) 3 it 4 24
o R OE S B0, AR T 5 A S PR, ADK A
(SGN-U232826) It % 3% % 3| T R i i 2" H
B, CAESLEE I A A A KRG R 20l 4 € 2] 7. 10 F1
11 4> ADK &R, A [8] i 53 18] ) S 48 P 5 o7, 3k A5
RAEE 25, BARKIE B ) R838 75 ik — B i 170,
EAR ADK F [RE A= W ik e B AR v Ok #5 B 2 D Re,
H 2 1E SRR T () 0 0 0 R WL AR .

LICH 18 (Medicago sativa) & Wy 4 5 5 R 5
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B LA R A B, A M T e
K, B XS IR % W B e R AT B, A et T
EAE R R R . R A A b %€
1 ADK BN 5K ik, B & S A6 H s ADK LN 1) Ty g
6 fridt— S . FEAR T, FIHAEDE B
TENEEE G B A %5 5% T ADK £, I #hr
T HIRFE R S50 . e AR E Ar . HEAL R AR
XAEFHJef, PA S ADK F R FE AN [R) 20 4R = E A= 1 oy
BN [FR. K. SRR (abscisic acid, ABA)]
MR IE A . W 7T 45 A it — 2B WF 7 MsADK
T i Ty se AR R B S A S S .

1 ARHS 5%

1.1 £7EE ADKERERKREE

BHEHEERNHAFY EEFUFS. CDS 741,
DL K gff ST 3% B figshare 048 /& (https://figshare.
com/projects/whole_genome_sequencing_and assembly
of Medicago sativa/66380). ADK £ [ [ 5 45 ¥4 35,
%1 (PFO0406) T % | pfam (4 P£ (http:/pfam.xfam.
org/), {E bio-linux & 4t F i iI “Hmmsearch” fiy &
% BAE HAE ADK % L5, JF AE CDD # 45
(https://www.ncbi.nlm.nih.gov/cdd/) #f — 25 56 iE 2 5
& H ADK AR OR 45 8. & )5, #IH CD-HIT
(http://weizhong-lab.ucsd.edu/cd-hit/) # 1 2 B3 TU & P
H, Fe R EZ 0N 98%.

12 HEETEADKELREBUMR, THEE
i, ZRIM=REEXITN 54

F F 75 2k T E ProtParam (https://web.expasy.org/
protparam/) Tit#ll MsADK & [ Jig 1) 2 2= R . 77 T
SR A BUK MR AR R A SR AL T
TEWOLFPSORTII (ki (https://www.genscript.com/wolf-
psort.html) TR MsADK 25 H B 51 1) V.40 i 7€ f7 . 18
I 7E 28 T. B SOMPA (https://prabi.ibcp.fi/htm/site/web/
home) T MsADK & [ Jii — 2% 454, SWISS-MODE
(https://swissmodel.expasy.org/) 7l #ll MsADK & [ Jii
=R

1.3 LHEHE ADKERRZH KO

FIH MEGA 7 % fF#4 % 34 A~ ADK & 15 41 {1y
RGHEAR, BAEEIEE 15 (10 ™ MsADK). Ul 7
(7~ AtADK). % %2 B 75 (Medicago truncatula, 7 1>

MtADK) 1 7K #% (10 4 OsADK). % F ¢ K Bh 4R v
(maximum likelihood estimate, MLE), *JAH (bootstrap
values) A 1000 %, HAh 505 B BN .

1.4 £ ETE ADKEREEW., RTEFMIIK
ERRES

GSDS 2. 0 (http://gsds.gao-lab.org/index.php) L. H
H T 5 #t MsADK F% 73 1#) 2% [K] 45 #4) « MEME (https:/
meme-suite.org/meme/tools/meme) F] T il & A H £&
SR, IRSFHEEFFECN 10, HABZEERIL . PlantCARE
(http://bioinformatics.psb.ugent.be/webtools/plantcare/
html/) T HEH T /8 3+ 7 51 (2.0 kb) it =X AF H JE 44
53 #, FFi 3t TBtools T k47 AT MLAL 23 B2,
15 ZHETE ADK EEHZEMMEEKEMLS

fE Phytozome 13 (https://phytozome-next.jgi.doe.
gov/) WAk 73 33 T BAU B I L R EAE DL R E A
BRI 7 51 k0 gff SCAF, FIH TBtools T H X} Ms4DK
B[R R G AT SE Ao L B DR B R SRR 0 Gk (AR E Aor
GIHT, I SEELAE R AT AL .
1.6 EWEHTE ADK EERFRIEER 24

FIH BLAST Ebxs T EAE Alfalfa Breeder’s Toolbox
(https://www alfalfatoolbox.org/) 1 #& & % ¥ MsADK
i VUL (1) 3% Sk AR 7 51, 159 3 MsADK ik K] 43 50l 75 4%
LM B EE D ARRAS MR ED, @it Ak
HBLAST R PR R EALEHE P E 1 9 xA
Fe 51, 3RE MsADK % K173 530 4£ T 5 . iR« ABA LA
R g ia T 2k AT, R TBtools T H 2
il A

2 ZR50H

Al

2.1 RXTHEBEADKERRERRGER

B0 A AR D AH o 3k % e B 10 > MsADK
R, e gL o ik - HE i 44 9 MsADK1— MsADKI0
(% 1). MsADK & [ 1V 3K & 5 273.4 aa, H
MsADK?2 £ K (504 aa), H &7 51 1 K B 35 7E 250
aa /£ 41 . MsADK 4 [ [1)°F 3 4> T & 30.5 kDa, H
MsADK?2 [ 43 F & 5 KN 56.8 kDa, H: 4 & H 3% /)
T 31 kDa; & A i B0 &5 FE s/ T 5.46 (MsADK10)~
9.33 (MsADKS). MsADK Z& 5 /K a5 (GRAVY)
(1 F ¥ 1H 8-0.31, #1/NT 0, KB MsADK SN 3E /K
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Table 1 Information of ADK gene family in Medicago sativa

HEPA ; {E| cDNA B AR gKtE WA EARE MRS
e YSks I - &% M g e oy
O S S A S T
Gene D " Amino acids ¢DNA Protein molecular Protein  Subcellular Instability Homologous gene
Name length/aa  length/bp ~ weight/kDa GRAVY localization index of Arabidopsis
L4k
MsADK1 MS.gene029884.t1 chrl.4 280 843 30.75 6.67 —0.164 44.68 AT2G37250.1
Chloroplast
iR
MsADK2 MS.gene81523.t1 chr2.2 504 1515 56.79 6.41 —0.382 . 42.45 AT5G35170.1
Cytoplasmic
&k fk
MsADK3 MS.gene045674.t1 chr4.3 244 735 27.71 8.64 —0.312 49.23 AT4G25280.2
Chloroplast
L
MsADK4 MS.gene77729.t1 chr4.4 242 729 27.52 729 —0.324 Liﬂ & 52.32 AT4G25280.2
Peroxisomal
il
MsADKS MS.gene97107.t1 chr4.4 234 705 26.11 6.53 —0.311 . 35.63 AT5G47840.1
Cytoplasmic
g
MsADK6 MS.gene060445.t1 chr7.1 265 798 29.90 6.80 —0.448 Nuclear 50.29 AT3G01820.1
Z ki fh
MsADK7 MS.gene007478.t1 chr7.1 268 807 219.28 7.39 —0.206 . . 53.86 AT2G37250.1
Mitochondrial
SRS
MsADKS MS.gene09796.t1 chr7.3 246 738 27.04 9.33 —0.150 ,,. . 48.54 AT2G37250.1
Mitochondrial
i i
MsADK9 MS.gene011389.t1 chr8.3 243 732 26.67 7.97 —0.326 C . 35.91 AT5G63400.1
ytoplasmic
il
MsADK10 MS.gene39664.t1 chr8.3 208 627 23.15 546 —0.466 C . 43.44 AT5G26667.4
ytoplasmic

pl: %FHi: GRAVY: Bi/KHEFEL.
pl: isoelectric; GRAVY: grand average of hydropathicity.

B 40 E £ B 2R B, MsADK2. MsADKS5.
MsADK9 1 MsADK10 & f7 - 41 i Jii ; MsADK1 Al
MsADK3 5E i T I £ 44 ; MsADK7 Fl MsADKS & {7
T 46 RL & s MsADK4 & {7 T i % fk 14 ; MsADK6
EAL T 4% . B MsADKO (11 = 35.91) 2 [ i £
E T8 HUN T 40, RN & A FR € 4F, H AR MsADK
HEAXYRI AT E . SUEEITERAT 517
BLAST b}, 45 £ W, MsADK & 7 055 77 4
HBI) ADK R YR K]
22 EKTETE ADK XIERRRAZH DT
MsADK 5w 7+ O T M)y /KFE (B ). 22
HE TS (S F) ADK Btk % R K B, 10 > MsADK
BRI A SA (I TSI VL V) B (E 1),
KRS B 4NV M I ADK f% 51, R 9
ADK TEAS [F) 90 1) 15 FE AR S, 76 5007 900 2 75

A CAF7E . MsADK & 1 525 151§ ADK & 5
FETRIUR, $UFG I IR 2, KB BRIT « K6 E 15 MsADK
BWHRKTHEEERE, b MsADK6 1 MsADK10 #%
R 93 N B ) 23 K, R ADK R TR AR
%o £ 1 WK S MsADK I MsADK7 F MsADKS;
76 1130 5%t v 4 & MsADK2 F1 MsADKS WA 1% 5
# M K W AL MsADKY; £ VI 5 ik v 4, 2
MsADK3. MsADK4 1 MsADK10; 1€ V V. 5 gk b 41, 2
MsADK6 — /i i

23 LHHEE ADKRTFEFMERLEH S

s MsADK 5= IR (1) 33 4 #5251 47 2[R 45 #4 F
R 27 0 (K2), 45 3% W, MsADK & (1 1Y
10 % (Motif 1~ Motif 10) 75 A [A I 5 1 o 43 A5
AEZER, GNERMEH 4~7 MRFEFAZE.
MsADK ZE %4 # Motif 1 1 Motif 3 ML F¢, %
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FACH 4 BEACE R ADK SE R K% R R % 5E 5 5 1807

Bl1 RIEERE. BEFEE. UBEFTMKE ADK EANRSEHL S
Figure 1 Phylogenetic tree of ADK genes from Medicago sativa, M. truncatula, Arabidopsis thaliana, and Oryza sativa
BRIt IET . =M. BIBMZER S AR ETEH . KRG, EREHEMMEIT.

Squares, triangles, circles and diamonds represent Medicago sativa, Oryza sativa, M. truncatula, and, Arabidopsis thaliana, respectively.

B 3X B S 55 7 2 MsADK 5% 1% (1 A% 0 20 B« Motif
4 Al Motif 71X 7€ 1 A1 VI 5% i w47 7E 5 Motif 9 X
76 TR TS 5% % A7 7E 5 Motif 8 (N 7E IV ANV IlE 5K ik
AR AR s AR W KRR B 5 R g T
MsADK £ A (1) T & 2 #F P o MsADK & [ 1) 4 .
T— A& TEMERY (K 2B), % A A 5h &1 %
H 4~18 1, Lh3~6 MEZ (60%), MsADK2 F: A [7
gk, G R FHHEHRZ N 181

24 HLHTE MsSADK EFE A EMML LM
vakil

X 10 A~ MsADK 5 R 347 G2 etk e 62 0, &
W R G B B K 2 A AR 32 4 A IR et i b i) 7 4% b
(Bl 3)e K Z 3 MsADK FEPR A7 T G 2 4 (1) 30 3y Bz

Ui, chr4.4 chr7.1 fl chr8.3 Yetafk 344 WA~ MsADK
FE 75 chrl.4. chr2.2. chrd.3 Fl chr7.3 Y2 ik E ¥ H
A 1A MsADK 3N o %} MsADK 3 R 3347 L 28 1 4y
Mr, 3 A X MsADK1/MsADK7. MsADK3/MsADK4
MsADK7/MsADKS Z [AJ A7 15 3L 26 P ok &, 9k %l &
FI[FE— A2, HEWr Lk 3 w3 R At 43R E
1) 171 T AT o

N HE— B HEWT ADK JE R R 5L 0 R S8R B B,
N T MsADK BRI SR IF KRG 28 15
AR 5 4 AR M W Fi I BU e L 28 1 B4, e p
MsADK 3[R FKFe 2L D] (R AN AR AE SL 4 M0 R (K 4)
BHEEMK S, EEEENE T SREY, R
PEFIR . MsADK 3£ 5 21 AN K E RAEAE LM o6 &
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@ T o E-
Motif I Motif 2 Motif 3 Motif4 Motif 5

@ ( ==
Motif 6 Motif 7 Motif 8 Motif 9 Motif 10

$ + 84—
1k 2 kb 3 kb 4 kb 5 kb
@D CDS mmm Upstream/downstrean —— Intron

2 MsADK ERFKENRTERF (A) RERLEH D (B)
Figure 2 Analysis of conserved motifs (A) and gene structure (B) of MsADK genes

B
S
I
A x 2 e
4 ah <+ B
5, % &, \& T 57V
‘1/', k7 - ‘é\ = '5 & K
1, 0%s e o § &V st o
’/)A;(_'./\;“ ' éf)‘/ ” £ 3\ ) MsADK\
& 2 - e
i Chrg o i
MsADK3 i — D chr8.4 1}
|J chr4.3 ]
P chrl.1 |

A [¢ A
L %, W
™. (o] W
<\\\:} g -§ "E; "‘f: 4 f,\f
T g R T
IS 2»
5< i)
S k>
N

El 3 MsADK EEHREK LMD/

Figure 3 Chromosomal location of MsADK genes
chrNo: Jeufk; ¥ 4R, Wi AL RN MsADK F: K 52 A
chr No: chromosome; this is applicable for Table 4 as well. The blue

lines indicate duplicated gene pairs of MsADK .
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(abscisic acid responsiveness, ABRE) il N JT 4 ;
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Figure 4 Synteny analysis of MsADK genes with Arabidopsis thaliana, Glycine max,
Medicago sativa, and Oryza sativa species
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The red lines highlight the syntenic of MsADK genes with other plant genomes.
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Figure 5 The promoter cis-acting analysis of MsADK genes
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5, RY MsADK FIRFERAEE A AR K 7 id
R B EL I RE -

2.6 MsADK &EH %K. =REHTN

T 0T 25 A 1 AR A R 2 TR R e L T A 1 oK
A%, SOMPA Tl 45 J & 7k, MsADK £ [ 1 & 1 —
25K L o BB AN TG HIU A5 1 R 3, -t AR A AE i
HE BT o5 L AR . R ) o E A7 37.40%~
53.72%, “F-#I{H A 46.43%; T & # 5 27.35%~
45.93%, F ¥ {H N 33.89%; & 8 5 10.71%~
12.98%, “F- #4118 N 11.84%; p—5% M 246 K 2 Bk T
10%, AT 5.69%~10.29%, *F-¥J1EH N 8.24% (£ 2).
I MsADK & H J7 51 — R &5k, o~ e A1 TG
FU A5 dhe EEAEA .

W R, AFE RS ADK 5 E ) =4k 451 B
AHFER, B o/p ISR = HE R . R
F SWISS-MODEL 7% £¢ T. 5 il ill MsADK & A [ =
P 4Et, MSADK & HES S A o8 E. g4 & L
01| 5 it 25 2% 6] #) 42, MsADKG6 A1 MsADK7 ¥ % % Jy
Feilr, HoA A R 01 1) 45 7 B 2 ek (B 6). T3 4b,
% MsADK % 52 7 7 1) W2 e —% -8 e (HTH) %2 H
FIEES .

27 HKETE ADK EFEE N RHERFIEE I
BTRHRIESH

ST T MsADK & R 7E 55 46 5 45 03 A6 5 7 A
A R b i R IE B, MsADK K72 9 A B ok e] B
HH R ISR (] 7)o MsADKI. MsADK3. MsADK7
B R AEA A A R R & & — 3 . MsADKS.
MsADKS MsADK9 % [K 7& fit A 2H 23 vh 35 5 5 & 11
FAK KV, JUHAEM I m R ik . MsADK2 3R 1k
A MR 5 M, 7EAR 8 AR Hh 3 A 3Rk, i 78
ARk E R . FIFE, MsADKG (£t A ZId )
FILEBEREN R T NHS . MsADK4 1 MsADK10
WEZE b Rk & T HAR A 2. R MsADK %
BRIAE R TR S A KR E P RIEARER .

N T B T MsADK 3 R 7E A [7] 3E A= 0
BRI EDIRE, 8T T e BI7E ABAL T 2. KR
AER e T B RIS TE (K] 8). I ABA AbEEELTE
E 1 3hJa, B MsADKI Fl MsADKS 7£ 12 h ik &
BN, 4 MsADKs F R 1 3R 18 2 7 % A 2 [R] B
B TWR . [FFE, £ 2 MERMIE T, MsADK4.
MsADK6. MsADK7. MsADK9 1 MADKs 101 %% i5 7
Ab 7 LA (q::E‘FHjJ‘lEI. 1~6h; g 05~1 h) FSIpa)
FRORFF AR — Sy Rk &, {0 Bl A A HE I 9] R 22 K
R S ANEER B R FEPFSE NG R, MsADKI
MsADK3 1 MsADKS Vifi %5 A& P I [A] (1) 14 0, 35 Hi 30

&2 MsADK &H _ R4
Table 2 Secondary structure of MsADK proteins

H R4 a-$3JE a-helix p-¥e 48 p-turn FeHL %5 # Random coil FE{d4% Extended chain
Gene name B )4 Kot )4 B )4 ot i kb

Number Ratio/% Number Ratio/% Number Ratio/% Number Ratio/%
MsADK1 125 44.64 27 9.64 98 35.00 30 10.71
MsADK?2 213 46.26 41 8.13 180 35.71 70 13.89
MsADK3 113 46.31 16 6.56 84 34.43 31 12.70
MsADK4 130 53.72 18 7.44 67 27.69 27 11.16
MsADKS 121 51.71 21 8.97 64 27.35 28 11.97
MsADK6 134 50.57 21 7.92 79 29.81 31 11.70
MsADK7 111 41.42 23 8.58 105 39.18 29 10.82
MsADKS 92 37.40 14 5.69 113 45.93 27 10.98
MsADK?9 111 45.68 25 10.29 79 32.51 28 11.52
MsADKI10 97 46.63 19 9.13 65 31.25 27 12.98
“F-¥1{H Mean 124.7 46.43 22.5 8.24 93.4 33.89 32.8 11.84
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Figure 6 Tertiary structure of MsADK proteins
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Figure 8 Expression profile of MsADK genes under different abiotic stresses
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