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Identification of the AKR Gene Family in Bermudagrass and Expression
Analysis under Salt Stress

XI Shu-yan', ZHANG Rui-qi', WANG Xian-zhi', HU Zhe-wei'*, GUO Hai-lin',
CHEN Rong-rong", CHEN Jing-bo"
(1. Jiangsu Key Laboratory for the Research and Utilization of Plant Resources, Institute of Botany, Jiangsu Province and Chinese Academy of
Sciences (Nanjing Botanical Garden Mem. Sun Yat-Sen), Nanjing, Jiangsu Province 210014, China; 2. College of Horticulture and Plant

Protection, Henan University of Science and Technology, Luoyang, Henan Province 471000, China)

Abstract: Aldo-keto reductase (AKR) is widely present in various organisms and plays key roles in plant
growth, development and stress responses. Bermudagrass (Cynodon dactylon (L.) Pers.) exhibits rapid
growth and strong comprehensive stress tolerance, making it widely utilized in landscaping, turfgrass for sports
fields, ecological restoration and forage production. In this study, a total of 8 members of AKR gene family
were identified from the bermudagrass genome, which were clustered into 7 subfamilies and unevenly distrib-
uted across the 30 chromosomes of bermudagrass. Analysis of cis-acting elements in the promoter regions indi-
cated that all the members contain varying numbers of light-responsive, hormone-responsive and stress-respon-
sive elements, suggesting that this gene family may be involved in multiple growth, developmental, and stress
response processes. Different AKR gene members exhibited distinct expression patterns under different salt
treatment durations and in different organs. The overall expression response intensity of genes in roots was gen-
erally higher than that in leaves, with a greater number of genes being upregulated, whereas most genes in
leaves were downregulated. Among them, CdAKR15, CdAKR30, CdAKR43, CdAKR48, CAAKR72, and
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CdAKRS0 showed significant differences in expression levels under different salt stress durations. This study

lays a foundation for further investigation of the response of bermudagrass AKR genes to salt stress.
Key words: Cynodon dactylon; Aldo-keto reductase genes; Bioinformatics analysis; Salt stress; Expression

analysis
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1.8 qRT-PCR
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I i HiScript 11T 1st Strand ¢cDNA Synthesis Kit
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i FH Primer5 331 qRT-PCRE ¥, CdActin § M
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SYBR qPCR Master MixCGi#5ME#E , Q71D 47 qRT-
PCRAEZI . K2R A& & 20 pl, B A& W : 2X ChamQ
Universal SYBR qPCR Master Mix 10 pL. . 1E JZ [1] 5]
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Table 1  Primers used in qRT-PCR

51445 Name of primer

5I¥ 41 (5" —3") Sequence of primer (5'-3")

FIMFH(3"—5") Sequence of primer (3"-5")

CdActin GCTCAACCCCAAGGCTAAC GTAGATGCTCCCTATGCGAGA
CdAKR15 CTACTGGGCAAATGGAAC TCTGTGCCGACGAGTTAT
CdAKR30 GGGGCAGCGACTCTGTGAT GACCTGTAGCACCTGACCC
CdAKR43 GGGGTGGCTGGAGCTTAT CGTAGTTCCTTCCCGTCCT
CdAKR48 TCATCCACTCTGCCATTCG CTTCTTCAACGCTGACCTA
CdAKR72 CATACACTCCCGAGTTTCTCA GACTTGACCGACTGGACG
CdAKRS0 TCGACACCGCCGCCATAT AGGAAGGGAGGCACTCTGG
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Fig.1 Chromosomal localization of AKR gene family in bermudagrass
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e 76. 24 F) 102. 76 Z (8] , Hovh CAAKR23 45 $5 i
T CAAKRS56 4 8 f i 5 A B € 2 800 25. 05~
61. 14; 5 1F B 17 5% JE o 19~98, B 17 kL i 5% 5L
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Table 2 Variation analysis of AKR gene family in bermudagrass

s RET— = " = =
wmenn  ap  FORE aFR U megon meompy TEERRC STOE RALE

Gene ID Name Protein Mf)lccular 1soelectric PrOtC}r'l . . ProFc1ln instability ~ Total positive Total nega-

length/aa  weight/kDa point hydrophilicity aliphatic index dex residues  tive residues
Cd1A1G000970.1 CdAKRI 439 48.22 7.80 —0.39 77.43 61.14 47 46
Cd1A2G001240.1 CdAKR2 262 29.48 7.65 —0.28 86.79 39.01 29 28
Cd1A2G001350.4 CdAKR3 262 29.31 6.75 —0.26 89.81 45.70 28 29
Cd1B1G004960.1 CdAKR4 341 38.02 5.82 —0.19 82.08 29.10 37 43
Cd2A1G011330.5 CdAKRS 437 48.74 9.07 —0.27 94.14 41.20 65 55
Cd2A1G022250.1 CdAKRG6 316 34.29 5.40 —0.02 97.50 30.81 30 40
Cd2A2G011650.6 CdAKR7 784 87.06 7.09 —0.21 94.64 37.19 98 99
Cd2A2G022750.1 CdAKRS 316 34.29 5.40 —0.02 97.50 30.81 30 40
Cd2B1G016680.6 CJIAKR9 387 42.54 6.67 0.02 96.02 41.77 40 42
Cd2B1G027420.1 CdAKRI10 676 73.97 6.29 —0.15 87.34 39.05 71 78
Cd2B2G016710.5 CdAKRI11 319 35.69 6.43 —0.45 82.19 30.14 41 44
Cd2B2G027330.1 CdAKRI12 387 42.48 6.54 0.02 95.27 43.65 39 42
Cd3A1G007920.2 CdAKR13 351 38.53 5.78 —0.12 90.34 30.62 40 47
Cd3A1G007930.1 CdAKRI14 319 35.71 6.43 —0.43 83.42 30.14 41 44
Cd3A1G008880.1 CJdAKRI15 404 45.81 8.50 —0.46 82.52 41.54 52 49
Cd3A2G007630.3 CdAKRI16 322 36.23 7.66 —0.30 86.93 44.24 43 42
Cd3A2G007640.6 CdAKRI17 404 45.69 8.45 —0.43 82.52 40.68 51 48
Cd3A2G008560.1 CJdAKRIS 322 36.20 7.66 —0.30 86.93 43.23 43 42
Cd3B1G010140.1 CJAKR19 350 38.44 8.89 —0.26 86.11 52.67 38 33
Cd3B1G010150.1 CJAKR20 352 39.21 5.68 —0.15 93.10 43.10 37 44
Cd3B1G010160.1 CdAKR21 321 35.09 6.26 —0.08 94.77 38.89 34 37
Cd3B1G010170.5 CdAKR22 566 62.01 7.33 —0.10 96.40 37.80 64 64
Cd3B1G011080.1 CJAKR23 189 21.39 5.57 —0.57 76.24 39.01 24 30
Cd3B2G010670.2 CdAKR24 350 38.44 9.02 —0.25 86.11 51.91 39 33
Cd3B2G010680.2 CdAKR25 3952 39.20 5.86 —0.13 94.49 43.21 38 43
Cd3B2G010690.1 CJAKR26 300 33.09 6.19 —0.02 99.07 41.45 32 35
Cd3B2G010710.7 CdAKR27 544 59.13 6.38 —0.07 95.83 36.25 56 61
Cd3B2G011680.1 CJAKR28 317 35.55 6.28 —0.43 83.94 31.75 40 44
Cd4A1G012470.1 CdAKRZ29 446 48.58 9.23 —0.42 80.36 33.98 57 48
Cd4A1G021230.1 CdAKR30 446 48.57 9.37 —0.44 80.13 35.07 58 47
Cd4A2G012050.2 CdAKR31 508 55.44 8.95 —0.19 85.30 42.08 61 52
Cd4A2G021110.1 CdAKR32 508 55.44 8.95 —0.19 85.30 42.08 61 52
Cd4B1G011280.3 CJAKR33 363 40.15 8.72 —0.34 85.95 41.10 41 37
Cd4B1G020980.1 CJAKR34 336 37.26 6.38 —0.22 82.74 31.28 38 41
Cd4B2G011510.1 CdAKR35 372 40.46 9.14 —0.05 92.37 43.66 38 29
Cd4B2G020500.1 CdAKR36 316 35.24 6.13 —0.19 91.99 32.27 35 40
Cd6A2G013950.1 CAdAKR37 273 30.02 5.82 —0.19 84.29 45.36 26 34
Cd6B1G015940.1 CJdAKR38 364 40.31 8.71 —0.34 85.71 39.38 42 38
Cd6B2G015690.1 CdAKR39 336 37.18 6.22 —0.21 82.74 32.22 37 41
Cd7A1G013060.1 CJAKR40 365 39.70 9.18 —0.09 90.63 37.49 38 29
Cd7A2G012570.1 CdAKR41 369 41.51 9.56 —0.43 85.58 40.06 50 37
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Cd7B1G018290.1 CdAKR42 341 37.55 6.48 —0.20 93.17 30.38 42 44
Cd7B2G018000.1 CdAKR43 395 42.87 9.14 —0.09 91.92 45.58 39 30
Cd8A1G000150.1 CdAKR44 316 35.25 6.46 —0.19 90.44 35.98 35 38
Cd8A1G015120.1 CdAKR45 310 34.35 5.57 —0.20 83.68 42.01 29 41
Cd8A1G018020.1 CdAKR46 367 40.97 9.20 —0.39 84.99 40.44 45 37
Cd8A1G026710.1 CdAKR47 341 37.56 6.48 —0.20 93.46 30.75 42 44
Cd8A1G026720.2 CdAKR48 395 42.92 9.06 —0.09 90.68 47.00 40 32
Cd8A2G001200.1 CdAKR49 349 38.88 6.74 —0.30 86.65 30.42 41 43
Cd8A2G016310.1 CdAKR50 377 42.40 7.09 —0.30 86.90 38.61 44 44
Cd8A2G019280.2 CdAKR51 322 36.23 8.16 —0.32 86.34 43.73 44 42
Cd8B1G001090.1 CdAKR52 405 45.77 8.79 —0.40 82.57 39.75 51 46
Cd8B1G017950.1 CdAKR53 321 36.16 8.16 —0.32 86.60 43.18 44 42
Cd8B1G020040.2 CdAKR54 366 40.76 5.61 0.01 102.21 41.65 41 49
Cd8B1G029220.1 CdAKRS55 316 34.29 5.24 —0.03 97.50 35.45 31 41
Cd8B1G029230.2 CdAKRS56 366 40.63 5.51 0.04 102.76 42.20 40 49
Cd8B2G001150.1 CdAKR57 316 34.29 5.33 —0.03 97.50 34.06 31 40
Cd8B2G018250.1 CdAKRS58 312 34.79 4.97 —0.14 92.21 48.62 32 44
Cd8B2G020320.1 CdAKR59 738 80.87 6.79 —0.21 89.19 48.51 82 84
Cd8B2G029350.1 CdAKRG60 513 56.34 8.95 —0.18 88.48 36.64 53 47
Cd9A1G010960.2 CdAKRG61 346 38.07 6.77 —0.24 90.78 30.63 40 41
Cd9A1G011010.2 CdAKRG62 347 38.01 5.97 —0.23 87.12 37.02 38 43
Cd9A1G014180.1 CAdAKR63 348 38.13 5.97 —0.29 83.76 30.31 38 44
Cd9A2G011010.1 CdAKR64 357 38.58 5.63 —0.14 91.82 32.84 35 44
Cd9A2G011020.1 CdAKR65 346 37.79 6.23 —0.22 86.59 38.19 36 40
Cd9A2G011040.6 CdAKRG66 345 37.74 6.38 —0.19 89.65 37.05 37 40
Cd9A2G011060.1 CdAKR67 675 73.58 5.72 —0.07 93.47 47.16 69 78
Cd9A2G014070.1 CdAKRG6S 328 36.39 5.96 —0.16 94.21 44.40 38 41
Cd9A2G015200.1 CdAKR69 283 31.30 8.15 —0.09 91.31 48.73 29 27
Cd9B1G013410.1 CdAKR70 512 56.17 9.05 —0.17 88.65 35.89 53 46
Cd9B1G013420.8 CdAKR71 264 28.82 5.59 —0.09 93.83 25.05 30 36
Cd9B1G017080.3 CdAKRT72 184 19.67 6.20 —0.03 92.77 31.20 19 21
Cd9B1G017270.1 CdAKR73 347 38.11 5.91 —0.24 87.12 36.49 38 44
Cd9B1G017280.1 CdAKR74 387 42.26 6.51 —0.25 82.71 38.06 38 41
Cd9B1G017290.1 CdAKRT75 195 21.87 5.89 —0.41 87.03 40.65 25 28
Cd9B1G017300.1 CdAKR76 362 40.26 5.96 —0.24 77.60 38.15 40 46
Cd9B1G017310.1 CJdAKR77 323 35.96 6.14 —0.14 94.52 45.36 35 38
Cd9B1G017320.1 CdAKR7S8 357 40.00 8.34 —0.12 95.83 53.19 42 39
Cd9B2G013480.2 CdAKR79 327 35.33 6.27 —0.07 85.35 41.22 35 38
Cd9B2G013520.1 CdAKRS0 312 35.02 4.77 —0.16 93.14 48.11 30 46
Cd9B2G013530.1 CdAKRS1 323 35.96 6.14 —0.14 94.52 45.36 35 38
Cd9B2G017160.1 CJdAKRS82 405 44.56 7.66 —0.21 84.57 46.03 43 42
Cd9B2G017410.2 CdAKRS83 357 40.01 7.66 —0.15 96.11 52.70 41 40
Cd9B2G017420.1 CdAKRS84 327 35.46 6.02 —0.08 87.43 43.48 36 40
Cd9B2G017450.1 CdAKRS5 329 36.24 6.46 —0.29 77.69 37.72 39 41
Cd9B2G017470.1 CdAKRS6 384 42.38 8.55 —0.25 86.12 41.60 46 43
Cd9B2G017480.1 CdAKRS7 505 55.15 9.09 —0.16 85.80 42.64 62 51
Cd9B2G020770.1 CdAKRS88 446 48.33 9.23 —0.42 79.71 35.54 56 47

2.2 WFRAKRERFRER R RGHLIEE ST KB CE 2) 38 a4 dE R ISR 2k 84N i, ) 2F
KA A AR AR I KR A KR R BN 3 R 45 MR AR 7AW %2 b, Hod Group 11 Group 2
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Fig. 2 Phylogenetic tree of the AKR gene family in A. thaliana, C. dactylon and O. sativa
TE: At ) RFRI T, Cd GHE )RR P ML, Os (B ) R FR K FE

Note: At (red) represents A. thaliana, Cd (blue) represents C. dactylon, and Os (orange) represents O. sativa

B3 MFREWEFTHKEHAKRERA T LSS
Fig. 3 Collinear analysis of the AKR gene family between

C. dactylon and A. thaliana or O. sativa
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Note: The gray lines in the background represent syntenic blocks

between genomes, and the blue lines indicate homologous gene pairs
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Fig.4 Intragenomic collinearity analysis of AKR genes in bermudagrass
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Fig. 5 Motif analysis of the AKR gene family in bermudagrass
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Fig. 6 Analysis of cis-acting elements in the promoters of the AKR gene family in bermudagrass
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Fig. 7 Heatmap of relative expression patterns of A KR genes in leaves and roots of bermudagrass under different salt treatments durations
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Note: 2-L represents the log,FoldChange (ILFC) value in leaves after 2 h of salt treatment, 2-R represents the LFC value in roots after 2 h of salt

treatment, 24-L represents the LFC value in leaves after 24 h of salt treatment, and 24-R represents the LFC value in roots after 24 h of salt treatment
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Fig. 8 KEGG pathway enrichment analysis of 23 AKR genes with differential expression in bermudagrass
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