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Abstract: Alfalfa (Medicago sativa) is the most widely planted legume forage in the world, with a high yield, strong
stress resistance, and good palatability. l.ow temperature and drought are important abiotic stress factors affecting
the yield, quality, and distribution of alfalfa. Cytokinin oxidase/dehydrogenase (CKX) irreversibly degrades
cytokinin, thereby regulating plant growth and development, and it also contributes to the plant response to
environmental stress. In this study, the CKX gene family of alfalfa was identified and analyzed by bioinformatics
methods at the whole-genome level. In total, 31 CKX genes were identified in the alfalfa genome, distributed on
chromosomes 1, 2, 3, 4, 7, and 8. Members of the CKX gene family members encoded polypeptides of 273— 545
amino acids, all of which were hydrophilic proteins except for MsCKX30. In a phylogenetic analysis, the CKX gene
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family grouped into three subfamilies with highly conserved domains, and alfalfa CKX genes showed high homology
with those of Medicago truncatula. Analyses of gene transcript levels by quantitative real-time polymerase chain
reaction showed that MsCKX2, MsCKX3, MsCKX7, MsCKXS8, MsCKX15, MsCKX16, and MsCKX18 were
induced under low-temperature stress, MsCKX2 and MsCKX15 were induced under drought stress, and MsCKX 15
was induced by both low temperature stress and drought stress. These results provide a reference for further research
on the functions of CKX genes in alfalfa.
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W) 2R S A AR 9 ) — 2R RS 5, B Al M 4 2 (eytokinin, CTK) (A K % (indole-3-
acetic acid, IAA) .75 % % (gibberellin, GA) it ¥ B2 (abscisic acid, ABA) fll Z 4 (ethylene)'"' . JUAF H e B 1%,
HTERE W) (0 B A W b R 4 5 O SRR o AR A BN TT AR 45 R R W 3R Gl 2o R e B R R A R
O T P R R AR, 9 A AR A L R . CTK R g Miller 557 20 i 22 50 4248 E K (Zea mays) ft &
W, R EREESEP AT SR, BN AREFT LB CTK RZEASMERMYIZE MRERW
RN R BN R ZE A DL A KRS AR R CTKER R KT e LRk i
T8 A 0, R ) T T DI A% %) 4 4 A 25 8 & i AR b, CTK G 1 5 A4 K R A B AR T, B Ad ) 09 A K
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1.2 R H % CKXAR Rakm R ek

M Figshare B85 5 v R 308 A0 5 78 4 56 DAL (0 371 35 DX 3 8 LA B 2 1 97 S Chieps = // figshare. com/
projects/whole_genome _sequencing_and _assembly_of_Medicago_sativa) % , Ik PEAM %4 % 3R B CKX 3t Al %8
TR 1 I 1 TG AR Ry 51 3 (PEF09265) , F) F T Btools 4 #E 47 CKX Ak PH 58 % % 5 5 1 18, ZRA% ¥ 7 19 CKX 2R 1 BT
J¥ 8, F SMART (http://smart. embl. de) F1 NCBI 7£ £k T. H BatchCD-Search (https://www. ncbi. nlm. nih.
gov/Structure/bwrpsb/bwrpsb. cgi) # 4T 8 FI AR SF 4544 730 B, LA H & A CKX R PR ST R A 1 PR ST 45 A Jal
1.3 R is CKX AR R k& G RACH R A LA TN o 47

ffi HH ExPASy(https://www. expasy. org/ ) 75 28 W i X 886 H 16 CKX 3R K & FE R 17 9 T & LR H |
BT SR KPE AT A TR R R RRE AR OB G B B B AR P SR A A R R 2R K/ WOLF PSORT
[ WoLLF PSORT : Protein Subcellular Localization Prediction (hgc. jp) 1%} 85 {4 5 37 248 g < o7 247 F000 , #1 F NCBI
Blast[ BLAST : Basic Local Alignment Search Tool (nih. gov) ] 78 £k % 3% ¥ 47 57 51 kb Xt , 3 52 SOPMA (https://
npsa-prabi. ibep. fr/cgi-bin/secpred sopma. pl) 7 £k [ 3k # I 4 1 B0 — 9 45 44 5 F] ] SWISS-MODEL (https: //
swissmodel. expasy. org/) £ 2 B A4 WU AL (0T — G E5 4 o DN S A6 T A i DR AT gff. SO P 4 B MsCKX Y B 9 45
FAE B, N B RO Y R R R A A B DL e NS S . FIHTTEZ 1D A MEME (https://meme-
suite. org/meme/doc/meme. html? man_type=web) 3K f5 {4 55 25 ¥4 35 & 3 R 17 55 1 XML SC , £ 57 36 7 (Motif)
M & B 5 LA 10, i TBrools [T H-Z5 4 B 31 UM A5 X 28 48 5 F8 CKX 5 M6 1 i PR 45 44 28 1 S Ok <F 45 149 4l 2
FEFR A7 0 XML ST R T 24 41
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i MEGA 7. 0 81 X5 546 i CKX 5 [N K T 2 FE 1R )7 9] LA ARG 9% 2 AW ) s B R )y 91 kA7 2 05 97
Xt , 38 i MEGA 7. 0 814 , 5% FH 45 42 1 (neighbor-joining algorithm ) ¥4 8 2 45 #F £k W™, 3 1 1 7 28 %K
Evolview (https://evolgenius. info/evolview-v2/#login) # 17 3£ 4k . F H TBtools B XF L 4L E 16 P 5
(Medicago truncatula) K 547 L% 53 A 353 1) vl A4 A 2
1.5 RNA$RA 5% 0 %4 Z & PCR A

fi ] TRIzon Rragent (52 ) 1250 DA R 2 19 25 46 1 A& i 7 FF b b 32 BOS RNA B I 32 09 RNA s T
—80 ‘CP-AF , FIH Easy Script First-Strand cDNA Synthesis i 71 & (V175 ) - A5 A1 0 1) cDNA B H B F —20 Chig
7 8 FIa el 56 . A A Primer 5. 0% 1591 (R 1), B-actin M NS 519 . 960 7 PCR AWK R R 20
pL, 1% TB Green Premix Ex Taq II( TR NaseH Plus) (2X) 10 pL. EFHF514#745 0. 4 pLL .cDNA 4z 4 pL(80

&1 qRT-PCR3|#F %!
Table 1 Primer sequence of gRT-PCR

31 ¥ % %K Primers name 59 ¥ 31 Primer sequence (5’ —3") 514 4 FK Primers name 59 ¥ Primer sequence (5’ —3")

qRT-PCR-MsCKX2-F1
qRT-PCR-MsCKX2-R1
qRT-PCR-MsCKX2-F2
qRT-PCR-MsCKX2-R2
qRT-PCR-MsCKX3-F1
qRT-PCR-MsCKX3-R1
qRT-PCR-MsCKX7-F2
qRT-PCR-MsCKX7-R2
qRT-PCR-MsCKXS8-F1
qRT-PCR-MsCKX8-R1
qRT-PCR-MsCKXS8-F2
qRT-PCR-MsCKX8-R2
qRT-PCR-MsCKX10-F2

GGAGGGCTTGGTCAATTTGG
TTGGCTGGCTTTAAGAGGGT
AGCACGTCAAGGACTAGTCA
AAGAGTGCCTCCAACAGTGA
GCAACAAGTGGGCTGATAGG
AGTGCCAAAGTGTTCAACCC
AATTCCCAGCAGCAGTGTTC
TCAACAACAACACCATCACGT
GCTGGTGTAAGTGGACAAGC
TGGAAGGTGCTGGTTCAAGA
TGTTGCAGCAAGAGGACATG
AGAGAGTGCCACCAACTGTT

TGAACCGAACAAAGTGGGATG

qRT-PCR-MsCKX10-R2
qRT-PCR-MsCKX15-F1
qRT-PCR-MsCKX15-R1
qRT-PCR-MsCKX15-F2
qRT-PCR-MsCKX15-R2
qRT-PCR-MsCKX16-F1
qRT-PCR-MsCKX16-R1
qRT-PCR-MsCKX16-F2
qRT-PCR-MsCKX16-R2
qRT-PCR-MsCKX18-F2
qRT-PCR-MsCKX18-R2
qRT-PCR-p-actin-F

qRT-PCR-B-actin-R

AGGCCATATTGTTCCACCCA

ATAGCAGCCAGAGGACAAGG
CAGGTGCAAGTCCATGTTCA
CTACCACCAGAGCTAGCCAA

CCTTGTCCTCTGGCTGCTAT

CACACGAGGACAAGCTATGG
CAGTCCAAGAAACAGGTGCA
TGGCAACCTCGTACATGAAT
ATAGCTTGTCCTCGTGTGGA
AAGCCCCTGATATGGTGAGG
ATAGAGAACCGGTCCAGCTG

TTTGAGACTTTCAATGTGCCCGCC
TAGCATGTGGGAGTGCATAACCCT
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ng-pl. ") \ROX Reference Dye(50X ) 0.2 pL. .ddH,O 5 pL. W FEF K :95°C 30s;95°C 55;60°C 30s;95°C 15
s3 A0 MEER . BEARESR 3T M 27 O vk T R R AR SRk
1.6 #FEAHE

A Excel 2019 GE 140 X 56 B dis , FI A SPSS 21. 0 #E47 5 28 43 #7716 38 U 500 3 MK 7 B9 %
PIH , f# H Origin 2 #il A ¥ &

2 HBREHSH

SHEUROR 917 %ﬁl%ﬁ I B HEAT 7 00 0 5 R T S 0K R T 5 31 CKX R R 5 IR B, I L
il 45 09 MsCKX1~MsCKX31. BRARAE T B0 45 3R /s (36 2) , 5848 B8 MsCKX 5 D 55 4 5% 1Y 28 S R 273~

®2 MsCKXERZRKEHEREFERDN
Table 2 Bioinformatic analysis of MsCKX gene family in alfalfa

HNE RS RS RS HJEMREHE ST R Y BAPHERE ARE R 40 i 72 AL
Gene ID Gene Chromo-  Number of =~ Molecular  Isoeletric ~ Grand average of  Instability Subcellular localization
name some num- amino acids weight point hydropathicity index
ber (aa) (MW, Da) (pD (GRAVY) (11)
MS. gene57642. 11  MsCKX1 Chr8.3 526 59752.51 8.37 —0.193 35.42 48 {4 Chloroplast
MS. gene025106. 11 MsCKX2 Chr2.3 518 58195. 70 6.13 —0.105 31.71 I4¢ {4 Chloroplast
MS. gene85633. 11 ~ MsCKX3 Chr2. 1 518 58155. 64 6.13 —0.098 30.53 4844 Chloroplast
MS. gene21966.t1 ~ MsCKX4 Chr2. 4 518 57982. 41 6.36 —0.090 29.52 4844 Chloroplast
MS. gene051863. t1  MsCKX5 Chr8. 2 476 53638. 81 5.11 —0.192 38.56 -84 Chloroplast
MS. gene57641.t1  MsCKX6 Chr8. 3 537 61217. 66 5.77 —0.288 41.04 A il 5T Cytoplasm
MS. gene85629.t1 ~ MsCKX7 Chr2. 1 545 62258. 97 8.15 —0.293 37.19 £ {& Chloroplast
MS. gene026082. t1  MsCKXS8 Chr2.2 545 62135. 90 7.72 —0. 267 36. 00 It £g {4 Chloroplast
MS. gene051862. t1  MsCKX9 Chr8.2 415 47459. 29 7.24 —0. 267 37.40 41 it it Cytoplasm
MS. gene069617.t1 MsCKX10  Chr3.4 454 51318.47 6.07 —0.205 37.62 41t it Cytoplasm
MS. gened2561. 11  MsCKX11  Chr7.1 544 61440.09 6.33 —0.144 36.79 N J52 ¥ Endoplasmic reticulum
MS. gene014082. t1 MsCKX12  Chr7.2 544 61459. 14 6.39 —0.147 37.30 N J52 ¥ Endoplasmic reticulum
MS. gene017841.t1 MsCKX13  Chr7.3 544 61426.02 6.26 —0. 144 36.95 N J%i M Endoplasmic reticulum
MS. gene85631.t1  MsCKX14  Chr2.1 463 51802. 53 6.42 —0.087 29.53 4 it Cytoplasm
MS. gene025468. t1 MsCKX15  Chrd. 4 459 52111. 26 6.88 —0.260 41. 46 4 it Cytoplasm
MS. gene71156.t1 ~ MsCKX16  Chrd. 1 459 52137.21 6.75 —0.263 40. 36 4l it it Cytoplasm
MS. gene012275.11 MsCKX17  Chr8.4 324 37503. 00 8.87 —0.399 45.53 4% Nucleus
MS. gene016164.t1 MsCKX18  Chrl.2 509 56811. 82 6.29 —0.202 34.52 4t it Cytoplasm
MS. gene57615.11  MsCKX19  Chr8.3 312 35813.91 8.27 —0. 357 42.27 42 #% Nucleus
MS. gene63612.t1  MsCKX20  Chr3.2 406 45391. 81 6.68 —0.180 34.28 4844 Chloroplast
MS. gene93997. 11 MsCKX21  Chr3. 1 352 39525. 18 6.12 —0. 109 35.72 -4 Chloroplast
MS. gene070417.t1 MsCKX22 ~ Chr3.3 352 39425.07 6.23 —0.100 34.43  WRLR{A Chloroplast
MS. gene34593.t1  MsCKX23  Chrd. 3 370 41484.16 6.49 —0.221 39.43 4 it Cytoplasm
MS. gene025112. 11 MsCKX24  Chr2.4 297 35130. 28 8.98 —0. 467 43.14 it £¢{A& Chloroplast
MS. gene42306.t1  MsCKX25  Che3.2 422 46570. 09 5.54 —0.099 27.05 a4k Extracellular
MS. gene051560. t1 MsCKX26  Chrl.3 411 45309. 57 5.47 —0.123 32.81 4t it Cytoplasm
MS. gene52444. 11  MsCKX27  Chrl. 4 405 44558. 64 5.38 —0.134 32.55 4t it Cytoplasm
MS. gene33043.t1  MsCKX28  Chrl. 1 405 44544.57 5.29 —0.133 32.55 4 it J5T Cytoplasm
MS. gene35542.t1  MsCKX29  Chrd. 2 301 33828. 21 5.95 —0.196 39. 14 A i 5T Cytoplasm
MS. gene014478.t1 MsCKX30  Chr3. 1 386 42018.91 5.48 0.042 30.42 411 i i Plasma membrane
MS. gene064702. t1 MsCKX31  Chr3.4 273 29908. 98 5.29 —0.039 32.93 4 i 5T Cytoplasm
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5454~ , 43 F 1t Ry 29908. 98~62258. 97 Da; 9 >4 11 1Y 55 HL s /N T 6, Ho A 8 (1 A5 L AU AE 6 L |5 B MsCK X6
MsCKX15 MsCKX16 MsCKX17 MsCKX19 fIMsCKX24 VIAb , AT H AR E ZRBIYIE A0 LT, B BT
R M s MsCKX30 81 25K P B AR, LA 1 R S, B W R 0 2 11 ) T 2 /K MR 81 2 4 o7 T 00 4 A
g5 R, MsCKX 3 58 5% K 4 i 53 46r F w2 4R Fi 48 B 5t vf | MsCKX 1 I~MsCKX 13 i F N it [

MsCKX17 MsCKX1947 T4 A%t , MsCKX30 7 T 40 it & v, T MsCKX25 457 T M 4h .

2.2

#£3 MsCKXEZEARZ

RHBHCKX AR RAEG W AL = B4 HFRN 54

it SOPMA & 9 il I 2 11 44, 25 2R R (32 3) , CKX B 1 4540 =2l o- 1R 0E /-7 ff 2 fif
B OIS A, e TE RN S i o5 LR D 44,40, a- 1R iE
FH = 458 W i SWISS-MODEL 58 i, 25 B 8 (E 1) , MsCKX 1, MsCKX2 , MsCKX3 ,MsCKX4 45 #4 # {21,
MsCKX12 MsCKX13 . MsCKX14 Z5 4 , MsCKX21 MsCKX22 MsCKX23 ,MsCKX29 MsCKX31
MsCKX15 . MsCKX16 45 #4 #H8l , MsCKX 26 \MsCKX27 25 L, ) R 5 1% i 53 25 49 2 A AH L

RLEN

Table 3 The secondary structure of MsCKX proteins in alfalfa ( %)

JER 2,0 39.39% R FAAR, 7. 31% .

SRR,

LB 5 H N4 B -2 i B-#% S fif E HL U 2 i
Gene ID Gene name Protein Alpha helix Beta turn Extended strand Random coil
MS. gene57642. t1 MsCKX1 MsCKX1 33.46 5.70 18.63 42.21
MS. gene025106. t1 MsCKX2 MsCKX2 35.71 5.41 19.69 39.19
MS. gene85633. t1 MsCKX3 MsCKX3 33.98 5.79 20.08 40.15
MS. gene21966. t1 MsCKX4 MsCKX4 34.94 6.18 20. 46 38.42
MS. gene051863. t1 MsCKX5 MsCKX5 32.35 6.72 19.75 41.18
MS. gene57641. t1 MsCKX6 MsCKX6 37.43 5.59 16.95 40. 04
MS. gene85629. t1 MsCKX7 MsCKX7 31.93 6.24 17.43 44.40
MS. gene026082. t1 MsCKX8 MsCKX8 33.39 5.69 17.98 42.94
MS. gene051862. t1 MsCKX9 MsCKX9 32.53 7.71 20. 00 39.76
MS. gene069617. t1 MsCKX10 MsCKX10 33.26 6.17 19.82 40.75
MS. gened2561. t1 MsCKX11 MsCKX11 31.07 5.51 19.30 44.12
MS. gene014082. t1 MsCKX12 MsCKX12 29.04 6.99 20.77 43.20
MS. gene017841. t1 MsCKX13 MsCKX13 31.07 6.07 19.85 43.01
MS. gene85631. t1 MsCKX14 MsCKX14 33.05 5.62 20.52 40. 82
MS. gene025468. t1 MsCKX15 MsCKX15 32.24 6. 54 19.61 41.61
MS. gene71156. t1 MsCKX16 MsCKX16 32.24 6.10 20.70 40.96
MS. gene012275. t1 MsCKX17 MsCKX17 37.35 5.86 17.59 39.20
MS. gene016164. t1 MsCKX18 MsCKX18 31.83 6.29 20.04 41.85
MS. gene57615. t1 MsCKX19 MsCKX19 38.46 5.45 17.63 38.46
MS. gene63612. t1 MsCKX20 MsCKX20 36.70 5.91 19.95 37.44
MS. gene93997. t1 MsCKX21 MsCKX21 31.53 5.40 20.74 42.33
MS. gene070417. t1 MsCKX22 MsCKX22 31.82 6.25 20.45 41.48
MS. gene34593. t1 MsCKX23 MsCKX23 30. 81 5.68 19.46 44.05
MS. gene025112. t1 MsCKX24 MsCKX24 39.39 5.39 16. 50 38.72
MS. gened2306. t1 MsCKX25 MsCKX25 37.44 5.45 17.06 40. 05
MS. gene051560. t1 MsCKX26 MsCKX26 30.90 5.60 19. 46 44.04
MS. gene52444. 1 MsCKX27 MsCKX27 31.60 7.16 18.52 42.72
MS. gene33043. t1 MsCKX28 MsCKX28 33.09 6.91 19.51 40.49
MS. gene35542. t1 MsCKX29 MsCKX29 32.89 7.31 22.59 37.21
MS. gene014478. t1 MsCKX30 MsCKX30 36.27 7.25 20.98 35.49
MS. gene064702. t1 MsCKX31 MsCKX31 34.07 6.59 20.51 38.83
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MsCKX14 MsCKX15 MsCKX16

e

MsCKX17 MsCKX19 MsCKX20 MsCKX23 MsCKX24
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64
MsCKX25
1 MsCKXEBHR=LKEH

Fig. 1 The tertiary structure of MsCKX proteins in alfalfa

MsCKX27 MsCKX28 MsCKX29 MsCKX30 MsCKX31

2.3 RREE CKXARRRETAS KR SHHH

i3 MEME 4387, CKX JE PR R E 3L 40y 34 5 01% (B 2A) , 7 CKX FIE L5 h 3 & 3T 10 SR SF 5607, A
4 2 motif 1~motif 10, 3% 10 4~ PR <7 5 77 19 7 51 K B2 fie /N Ry 21 AU B IR e KOl 508U R . b, CKX BE A
KB 8B AL motifl 1~motif 93 MsCKX 15 /0 motif 7; MsCKX8 \MsCKX9 . MsCKX10 /b motif 10, {H
LA AR G 5L HLHE R A ] 33 o 36 5 20 A 1T 5 330 CROX 3 PR 52 i B A 4[] s 80 1) 26 9 2 Sh BiE (18] 2B) o X
L8 B AE CKX 3 R 45 0 70 B, MsCKX % 15 i 51 i1 3~7 A4 8 1 41 i, Hoh R MsCKX27 4 344 W7,
MsCKX204 6 A F , MsCKX17 4 7 48 F , MsCKX 17 ,MsCKX 18 . MsCKX 19, MsCKX21,MsCKX22 ,
MsCKX26 MsCKX28 MsCKX30 MsCKX314 A b7, ARG 54 E F(F 20) .
2.4 RIHHECKXARER% RGN

WE— T REE T CKXENEHEN ARG KT N NCBUEE 1 ik UL 78 B 75 Al 7 19 CKX RN K
OB 5T AT IR A3 M . 314 MsCKX 74 AtCKX # %] 4324 34 2H (groupl . group2 . group3) . MsCKX J R 5¢ %
£ T 3N, 7E MsCKX £ H 1, groupl 15 13445 1, 43 51y MsCKX1 . MsCKX2 MsCKX3 MsCKX4 ,
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Fig.2 Phylogenetic relationships (A), conserved motif (B) and gene structure (C) analyses of the MsCKX gene family
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