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Abstract

The diversity and characterization of microorganisms isolated from the soil around several ranches in Korea were
confirmed in this study. To isolate halophilic microorganisms, the marine agar medium was basically used and cul-
tivated at 37°C for several days. After single colony isolation, a total of 116 pure colonies were isolated and phy-
logenetic analysis was carried out based on the result of 16S rDNA sequencing, indicating that isolated strains were
divided into 4 phyla, 23 families, 30 genera and 51 species. To confirm whether isolated strain can be a candidate
for the fermentation of diverse food ingredients, amylase, lipase, and protease enzyme assays were performed indi-
vidually, showing that 92 strains possessed at least one enzyme activity. Especially 4 strains, identified to Jonesia
quinghaiensis (isolate name: JSF 19-2), Halomonas alkaliantarctica (isolate name: JSF 21), Bacillus velezensis (iso-
late name: NWFY-36), and Staphylococcus capitis subsp. urealyticus (isolate name: MSY-5), showed all enzyme
activity tested. Moreover, 17 strains showed the ability for auxin production. This result indicated that isolated
strains have shown the possibility of the application for the food and feed industries. Therefore, this study has con-
tributed to securing domestic biological resources and the improvement of hydrolytic enzyme activity by using iso-

lated strains.
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Table 1. Isolation and identification of halophilic microorganisms isolated from the soil around the several ranches in Korea

*

No.  Source Isolate NA*  R2A  TSA MA
number NaCl (5%) NaCl (10%) pH5 pH7 pH9
1 JSF-1 we -¢ +° + + - + +
2 JSF-3 + + + + + - + +
3 JSF-4 + + + + + W + +
4 JSF-5 + + + + + W + +
5 JSF-6 + + + + w W + +
6 JSF-7 + + + + \\Y - + +
7 JSF-8-1 + + + + - - + +
8 JSF-8-2 + + + + + Y + 'Y
9 JSF-8-3 + + + + + - + 'Y
10 JSF-9 + + + + + \\Y + +
11 JSF-10 + + + + w - + +
12 JSF-11-1 'Y + + + - - + 'Y
13 JSF-11-2 + + + + w - + \W%
14 JSF-11-3 'Y + + + - - + 'Y
15 JSF-12-1 + + + + w - + +
16 JSF-13-1 - 'Y + + - - + +
17 JSF-13-2 - + + + + - + 'Y
18 JSF-13-3 + + + + + - + 'Y
19 Jeju yangtte JSF-13-4 - w + + - - + +
20 farm JSF-13-5 - + + + + - + \Y%
21 JSF-13-6 + + + + + - + w
22 JSF-14-1 + + + + W - + +
23 JSF-16 W - + + + - + +
24 JSF-17-1 + + + + + - + +
25 JSF-17-2 + + + + + - + +
26 JSF-18 + + + + + - + +
27 JSF-19-1 + + + + - - + 'Y
28 JSF-19-2 + + + + - - + 'Y
29 JSF-20 + + + + + - + +
30 JSF-21 - - w + + - + 'Y
31 JSF-23 - Y w + + - + 'Y
32 JSF-24-1 W + + + - - + +
33 JSF-24-2 + + + + + - + +
34 JSF-24-3 w + + + - - + +
35 JSF-27-1 W Y + + + - + +
36 JSF-27-2 W + + + w - + +
37 JSF-28 + + + + w W + +
38 JSF-29 + + + + + - + +
39 Nokwon NWFY-8 - + + - - - w -
40 farm NWFY-9 + + + + + - - +
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Table 1. Isolation and identification of halophilic microorganisms isolated from the soil around the several ranches in Korea (continued)

Isolate MA’
No. Source NA* R2A TSA
number NaCl (5%) NaCl (10%) pH 5 pH 7 pH9

41 NWFY-11-1 + + + + + - + +
42 NWFY-11-2 + + + + + - + +
43 NWFY-11-3 + - + + w % + -
44 NWFY-11-4 + - + + - - + -
45 NWFY-12 - + - + - . ¥ .
46 NWFY-14 A\ W + + - - W -
47 NWFY-16 + + + + + - + +
48 NWFY-17 W + + + - - + +
49 NWFY-18-1 + + + + + - + +
50 NWFY-18-2 - + + + w - + -
51 NWFY-19 + + + + + - + +
52 NWFY-20-1 - + - + - - + -
53 NWFY-20-2 + + + + + - + \\%
54 NWFY-20-3 - + - + w - + -
55 NWFY-20-4 \\% + - W - - + -
56 NWFY-20-5 \\% + - + - - + -
57 NWFY-21 - + - + - - + -
58 NWFY-22 - - - + + - + +
59 NWFY-23-1 - + - + - - + -
60 NWFY-23-2 - W - + - - + -
61 NWFY-23-3 - w - + w - + -
62 NWFY-25 + + + + + - + A\
63 NWFY-26 + + + + + - + +
64 NWFY-27 + + + + w \W% + +
65 NWFY-29 + + + + + - + +
66 N‘;;‘rvrvn"“ NWFY-30-1 + + + + + W + +
67 NWFY-30-2 + + + + + - + +
68 NWFY-31 A\ \\% - + + - + +
69 NWFY-32 + + + + + - + +
70 NWFY-33-1 + + + + + - + +
71 NWFY-33-2 + + + + - - + +
72 NWFY-33-3 + + + + + - + +
73 NWFY-35 + + + + w + + -
74 NWFY-36 + + + + + + + +
75 NWFY-37 + + + + + + + +
76 NWFY-38 + + + + - - + +
77 NWFY-39 + + + + W + + -
78 NWFY-40 + + + + - + + -
79 NWFY-41 + + + + + - + +
80 NWFY-42 - - - + + - + -
81 NWFY-43-2 A\ A\ + + - - + -
82 NWFY-43-3 + + + + - - + +
83 NWFY-43-4 + + + + - - + -
84 NWFY-43-5 + + + + - - + w
85 NWFY-44 + + + + - + + -
86 NWFY-45 + + + + - + +

87 NWFY-46 + + + + - + +

88 NWFO-1 + + + + + - + +
89 NWFO-2 + + + + + - + A\
90 NWFO-5-2 - + w + - - + w
91 NWFO-6 + + + + + - + \\%
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Table 1. Isolation and identification of halophilic microorganisms isolated from the soil around the several ranches in Korea (continued)

Isolate M MA’
No. Source NA R2A TSA
number NaCl (5%) NaCl (10%) pH5 pH 7 pH9

92 NWFO-7 + + + + + - + +
93 NWFO-8 + + + + - - + +
94 NWFO-9 + + + + + - + +
95 NWFO-13 - + - + - - - -
96 NWFO-14-1 + + + + + - + -
97 N‘E:rvrvnon NWFO-14-2 + + + + + ] + )
98 NWFO-15 + + + + + w + +
99 NWFO-16 + + + + + - + +
100 NWFO-17 + + w + + W + +
101 NWFO-18 + + + + + - + +
102 NWFO-19 + + + + + - + +
103 MSY-5 + + + n n - " .
104 MSY-7 + + + + + + + +
105 MSY-9 + + + + + + +

106 MSY-10 + + + + + - +

107 MSY-14-1 - - - + + W + +
108 TY-SF 3A + - + + + - + -
109 Morning- TY-SF 4A + + + + - - n -
110  smile farm TY-SF 2B + + + + - w + -
111 TY-SF 4B + W + + - - + -
112 TY-SF 1C - + - - - - + -
113 TY-SF 2C + + + + - - + -
114 TY-SF 3C + + + + + - + -
115 TY-SF 1D - - + + + - + -
116 TY-SF 2D - - - + + \\% + -

# Nutrient agar, *: Marine agar, *: Well-growth, *: Weak growth, “No growth.
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Table 2. Phylum analysis of halophilic microorganisms isolated from the soil around the several ranches in Korea

Phylum Class Order Family Genus Species No
Actinobacteria Actinobacteria c Micrococcales Demequinaceae Demequina Demequina aestuarii 1
Jonesiaceae Jonesia Jonesia luteola 1
Jonesia quinghaiensis 4
Sanguibacter Sanguibacter antarcticus 2
Microbacteriaceae Curtobacterium Curtobactgrium 4
oceanosedimentum
Leucobacter BD359510 s 2
Microbacterium Microbacterium shaanxiense 1
Microbacterium suwonense 2
Micrococcaceae Arthrobacter Arthrobacter gandavensis 3
Arthrobacter rhombi 1
NRGU s 2
Micrococcus Micrococcus luteus 1
Paenarthrobacter  Paenarthrobacter ureafaciens 1
Promicromonosporaceae Isoptericola Isoptericola halotolerans 3
Ruaniaceae Ruania Ruania albidiflava 3
Mycobacteriales ~ Corynebacteriaceae Corynebacterium  L7821240 s 2
Nocardiaceae Nocardia Nocardia vermiculata 2
Propionibacteriales Nocardioidaceae Aeromicrobium Aeromicrobium halocynthiae 2
Streptomycetales  Streptomycetaceae Streptomyces Streptomyces avermitilis 1
Bacteroidetes Flavobacteriia Flavobacteriales ~ Flavobacteriaceae Galbibacter Galbibacter marinus 2
Firmicutes Bacilli Bacillales Bacillaceae Aeribacillus Aeribacillus pallidus 1
Bacillus Bacillus aryabhattai 2
Bacillus firmus 2
Bacillus kokeshiiformis 7
Bacillus licheniformis 7
Bacillus thermolactis 4
Bacillus timonensis 2
Bacillus velezensis 9
Bacillus vietnamensis 1
Geobacillus Geobacillus thermodenitrificans 2
Planococcaceae Planococcus Planococcus maitriensis 2
Planomicrobium okeanokoites 1
Staphylococcaceae Staphylococcus Staphylococcus capitis 2
Staphylococcus equorum 3
Staphylococcus schleiferi 2
Staphylococcus warneri 1
Proteobacteria Alphaproteobacteria Rhizobiales Rhizobiaceae Ensifer Ensifer shofinae 5
Rhodobacterales ~ Rhodobacteraceae Paracoccus Paracoccus alcaliphilus 1
Sphingomonadales Sphingomonadaceae Sphingomonas EU332828 s 2
Betaproteobacteria ~ Burkholderiales Alcaligenaceae Pusillimonas Pusillimonas ginsengisoli 3
Pusillimonas harenae 2
Oxalobacteraceae Massilia Massilia agri 1
Massilia varians 1
Gammaproteobacteria Enterobacterales ~ Erwiniaceae Pantoea Flavobacterium acidificum 1
Pantoea ananatis 1
Lysobacterales Lysobacteraceae Luteimonas Luteimonas aestuarii 1
Luteimonas lutimaris 2
Oceanospirillales ~ Halomonadaceae Halomonas Halomonas alkaliantarctica 2
Halomonas zhanjiangensis 3
Pseudomonadales Pseudomonadaceae Pseudomonas Pseudomonas bauzanensis 2
1

Pseudomonas nitrititolerans
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Table 3. Representative sequences of halophilic microorganisms isolated from the soil around the several ranches in Korea
Isolate . Closed strain ~ Similarity Extracellular enzyme activity Deposited
No N Closed strain b % - number
ame number (%) Amylase Lipase Protease
1 JSF-1 Halomonas zhanjiangensis JSM 078169 99.35 -+ A - +++ NMC6-B390
2 JSF-3 Isoptericola halotolerans YIM 70177 98.45 +H++ - ++ ++  NMC6-B391
3 JSF-4 Staphylococcus equorum ATCC 43958 98.89 - - +++ - NMC6-B392
subsp. Equorum
4 JSF-5 Staphylococcus equorum ATCC 43958 99.09 - - ++ - NMC6-B393
subsp. Equorum
5 JSF-6  Arthrobacter gandavensis R 5812 98.33 - + - - NMC6-B394
6 JSF-7-1  Pseudomonas nitrititolerans GL14 98.18 - - - - NMC6-B395
7 JSF-8-1  Microbacterium shaanxiense CCNWSP60 99.81 +++ - + - NMC6-B396
8 JSF-8-2  Bacillus aryabhattai B8W22 97.96 -+ - - +  NMC6-B397
9 JSF-8-3  Bacillus aryabhattai B8W22 98.63 -+ - + - NMC6-B398
10 JSF-9 Staphylococcus equorum ATCC 43958 98.52 +++ - + - NMC6-B399
subsp. equorum
11 JSF-10  Paracoccus alcaliphilus DSM 8512 99.72 - - +++ - NMC6-B400
12 JSF-11-1  Sanguibacter antarcticus DSM 18966 99.27 ++ - +++ - NMC6-B401
13 JSF-11-2-1 Planomicrobium okeanokoites IFO 12536 98.64 - - +H+ - NMC6-B402
14 JSF-11-3  Sanguibacter antarcticus DSM 18966 99.27 +++ - +++ - NMC6-B403
15 JSF-12-1  Arthrobacter gandavensis R 5812 98.8 - - - - NMC6-B404
16  JSF-13-1-1 LT821240 s Marseille-P2417  98.07 - - + - NMC6-B405
17 JSF-13-2-1 Planococcus maitriensis S1 97.89 - - +++ - NMC6-B406
18  JSF-13-3  Staphylococcus schieiferi GTC 510 97.66 - - ++ - NMC6-B407
subsp. coagulans
19  JSF-13-4 LT821240 s Marseille-P2417  98.07 - - + - NMC6-B412
20 JSF-13-5  Planococcus maitriensis S1 97.89 - - +++ - NMC6-B417
21 JSF-13-6  Staphylococcus schleiferi GTC 510 97.66 - - ++ - NMC6-B418
subsp. coagulans
22 JSF-14-1  Demequina aestuarii NBRC 106260 100 - - - - NMC5-B320
23 JSF-16  Halomonas zhanjiangensis JSM 078169 98.9 - - + - NMC5-B321
24 JSF-17-1 BD359510 s 98.34 - - ++ - NMC5-B322
25 JSF-17-2  BD359510 s 98.34 - - ++ - NMC5-B323
26 JSF-18  Pseudomonas bauzanensis CGMCC 1.9095  99.28 - - - - NMC5-B324
27  JSF-19-1 Jonesia luteola YIM 93067 97.8 +++ - + - NMC5-B325
28 JSF-19-2  Jonesia quinghaiensis DSM 15701 99.37 ++ + +++ - NMC5-B326
29 JSF-20  Aeromicrobium halocynthiae KME 001 99.13 - - +++ - NMC5-B327
30 JSF-21  Halomonas alkaliantarctica CRSS 98.63 +++ + + +++ NMC5-B328
31 JSF-23  Halomonas alkaliantarctica CRSS 97.91 +++ - - +++ NMC5-B329
32 JSF-24-1  Jonesia quinghaiensis DSM 15701 98.45 ++ - + - NMCS5-B330
33 JSF-24-2  Pseudomonas bauzanensis CGMCC 1.9095  99.28 - - - - NMC5-B331
34 JSF-24-3  Jonesia quinghaiensis DSM 15701 99.19 ++ - - - NMC5-B332
35 JSF-27-1  Halomonas zhanjiangensis JSM 078169 99.27 - - - - NMC5-B333
36  JSF-27-2  Jonmesia quinghaiensis DSM 15701 97.7 +++ - + - NMC5-B334
37 JSF-28  Arthrobacter gandavensis R 5812 98.33 - + - - NMC5-B335
38 JSF-29  Aeromicrobium halocynthiae KME 001 99.13 - - +++ - NMC5-B336
39 NWFY-8  Bacillus velezensis CR-502 99.33 +H++ - ++ - NMCS5-B337
40  NWFY-9  Bacillus licheniformis ATCC 14580 99.18 + - + - NMC5-B338
41 NWEFY-11-1 Bacillus licheniformis ATCC 14580 98.91 - - +++ - NMC5-B339
42 NWFY-11-2 Bacillus licheniformis ATCC 14580 98.54 -+ - +++ - NMC5-B340
43 NWFY-11-3 Bacillus thermolactis R-6488 99 - - - - NMC5-B341
44 NWFY-11-4-1 Bacillus kokeshiiformis MO-04 98.14 - - - - NMC5-B342
45  NWFY-12  Bacillus thermolactis R-6488 98 + - + - NMC5-B343
46  NWFY-14  Bacillus thermolactis R-6488 99.54 - - ++ - NMC5-B344
47  NWEFY-16 Ruania albidiflava DSM 18029 98 - - ++ - NMC5-B345
48  NWFY-17 Microbacterium suwonense MI1T8B9 99.25 -+ - - - NMC5-B346
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Table 3. Representative sequences of halophilic microorganisms isolated from the soil around the several ranches in Korea (continued)

Isolate . Closed strain ~ Similarity Extracellular enzyme activity Deposited
No Closed strain
Name number (%) Amylase Lipase Protease number

49 NWFY-18-1 Staphylococcus warneri ATCC 27836 99.91 - - - - NMC5-B347
50 NWFY-18-2 Ensifer shofinae CCBAU 251167  96.99 - - - +++ NMC5-B348
51  NWEFY-19 Bacillus velezensis CR-502 98.07 +++ - +++ - NMC5-B349
52 NWFY-20-1-1 EU332828 s LnR5-44 97.2 - - - - NMC5-B350
53  NWFY-20-2 Luteimonas lutimaris G3 96.95 - - ++ - NMC5-B351
54 NWEFY-20-3-1 Ensifer shofinae CCBAU 251167  96.7 - - - +++ NMC5-B352
55 NWFY-20-4 Luteimonas aestuarii B9 98.5 - - ++ +++ NMC5-B353
56  NWFY-20-5 Luteimonas lutimaris G3 98.73 - - ++ - NMC5-B354
57 NWFY-21 EU332828 s LnR5-44 97.4 - - - - NMC5-B355
58 NWFY-22-1 Galbibacter marinus ck-12-15 95.47 ++ - - - NMC5-B356
59 NWFY-23-1 Ensifer shofinae CCBAU 251167  97.39 - - - +++ NMC5-B357
60 NWFY-23-2 Ensifer shofinae CCBAU 251167  97.29 - - + +++ NMC5-B358
61 NWFY-23-3 Ensifer shofinae CCBAU 251167  97.29 - - - +++ NMC5-B359
62  NWFY-25 Arthrobacter rhombi F.98.3HR.69 98.19 - - + - NMC5-B360
63 NWFY-26 NRGU s BW78 98.53 - - ++ - NMC5-B361
64 NWFY-27 Ruania albidiflava DSM 18029 97.59 - - + - NMC5-B362
65  NWFY-29 Bacillus velezensis CR-502 98.56 +++ - + - NMC5-B363
66 NWFY-30-1 Bacillus velezensis CR-502 99.42 +++ - + - NMC5-B364
67 NWFY-30-2 Bacillus velezensis CR-502 98.84 +++ - + - NMC5-B365
68 NWFY-31 NRGU s BW78 98.15 - - + - NMC5-B366
69 NWFY-32-1 Ruania albidiflava DSM 18029 97.45 - - ++ - NMC5-B367
70  NWFY-33-1 Curtobacterium oceanosedimentum ATCC 31317 99.26 - - +++ +++ NMC5-B368
71 NWFY-33-2 Pusillimonas ginsengisoli DCY25 98.54 - - - ++  NMC5-B369
72 NWFY-33-3 Curtobacterium oceanosedimentum ATCC 31317 99.26 - - +++ +++ NMC5-B370
73 NWFY-35 Nocardia vermiculata NBRC 100427 99.08 - - - - NMC5-B371
74  NWFY-36 Bacillus velezensis CR-502 99.71 +H++ + +++ - NMC5-B372
75  NWFY-37 Bacillus licheniformis ATCC 14580 99.08 ++ - +++ - NMC5-B373
76  NWFY-38 Pusillimonas harenae B201 97.65 - - - +++ NMC5-B374
77  NWFY-39 Nocardia vermiculata NBRC 100427 99.08 - - - - NMCS5-B375
78  NWFY-40 Curtobacterium oceanosedimentum ATCC 31317 99.72 - - + - NMC5-B376
79  NWFY-41 Bacillus velezensis CR-502 99.62 -+ - +4+ - NMC5-B377
80 NWFY-42 Galbibacter marinus ck-12-15 98.24 - - - - NMC5-B378
81 NWFY-43-2 Microbacterium suwonense MIT8BY 99.15 - - + - NMC5-B379
82 NWFY-43-3 Pusillimonas ginsengisoli DCY25 98.82 - - - - NMC5-B380
83 NWFY-43-4 Pusillimonas ginsengisoli DCY25 98.81 - - - - NMC5-B381
84 NWFY-43-5 Pusillimonas harenae B201 97.17 - - - - NMC5-B382
85 NWFY-44 Curtobacterium oceanosedimentum ATCC 31317 99.72 - - + - NMC5-B383
86  NWFY-45 Pantoea ananatis LMG 2665 99.09 +++ - ++ +++ NMC5-B384
87 NWFY-46 Flavobacterium acidificum LMG 8364 98.62 - ++ +++ +++ NMC5-B385
88 NWFO-1  Bacillus velezensis CR-502 98.09 - - +++ - NMC5-B386
89  NWFO-2  Bacillus firmus NBRC 15306 99.09 - - +++ - NMC5-B387
90 NWFO-5-2 Streptomyces avermitilis MA-4680 99.54 - - - - NMC5-B388
91 NWFO-6  Bacillus firmus NBRC 15306 98.81 - - -+ - NMC5-B389
92  NWFO-7 Isoptericola variabilis MXS5 99.35 +H++ - + - NMC5-B390
93  NWFO-8-1 Paenarthrobacter ureafaciens DSM 20126 98.44 - - + - NMC5-B391
94 NWFO-9 Isoptericola variabilis MXS5 99.35 +H++ - + - NMC5-B392
95  NWFO-13  Bacillus thermolactis R-6488 98.26 - - ++ - NMC5-B393
96 NWFO-14-1 Bacillus velezensis CR-502 98.18 +++ - +++ - NMC4-B482
97 NWFO-14-2 Bacillus licheniformis ATCC 14580 98.37 -+ - +++ - NMC4-B48§3
98 NWFO-15 Bacillus timonensis 10403023 98.09 +H++ - - - NMC4-B484
99  NWFO-16 Bacillus licheniformis ATCC 14580 98.63 -+ - - - NMC4-B485
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Table 3. Representative sequences of halophilic microorganisms isolated from the soil around the several ranches in Korea (continued)

Isolate . Closed strain Similarity Extracellular enzyme activity Deposited
No Closed strain .
Name number () Amylase Lipase Protease number

100 NWFO-17 Bacillus vietnamensis 15-1 98.92 -+ - - - NMC4-B486

101 NWFO-18 Bacillus licheniformis ATCC 14580 99.18 -+ - - - NMC6-B408

102 NWFO-19 Bacillus licheniformis ATCC 14580 98.44 -+ - ++ - NMC6-B427

103 MSY-5  Staphylococcus capitis GTC 727 99.26 +++ + + - NMC6-B428
subsp. Urealyticus

104 MSY-7  Staphylococcus capitis GTC 727 99.26 - + + - NMC6-B429
subsp. Urealyticus

105 MSY-9  Massilia varians CCUG 35299 98.39 -+ - - - NMC6-B430

106 MSY-10  Massilia agri K-3-1 98.07 +++ - - - NMC6-B431

107 MSY-14-1 Micrococcus luteus NCTC 2665 98.99 +++ - - - NMC6-B432

108  TY-SF 3A  Bacillus kokeshiiformis MO-04 100 - +++ + - NMC6-B433

109  TY-SF 4A  Geobacillus thermodenitrificans ~ F84b 99.86 ++ + - - NMC6-B434
subsp. Calidus

110 TY-SF 2B Geobacillus thermodenitrificans ~ F84b 99.86 ++ + - - NMC6-B435
subsp. Calidus

111 TY-SF 4B Bacillus kokeshiiformis MO-04 100 - ++ ++ - NMC6-B440

112 TY-SF 1C  Bacillus kokeshiiformis MO-04 100 - ++ ++ - NMC6-B450

113 TY-SF 2C  Aeribacillus pallidus KCTC3564 99.8 -+ - - - NMC5-B316

114 TY-SF 3C  Bacillus kokeshiiformis MO-04 100 -+ - - - NMC5-B317

115 TY-SF ID  Bacillus kokeshiiformis MO-04 100 - - - - NMC5-B318

116 TY-SF 2D  Bacillus kokeshiiformis MO-04 100 - - - - NMC5-B319

 No activity
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Fig. 1. Evolutionary relationships of taxa by using the 16S rDNA sequences of bacteria from the soil around the several ranches
in Korea. The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The optimal tree with
the sum of branch length = 2.72807696 is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the branches (Felsenstein, 1985). The evolutionary distances were computed using the
Maximum Composite Likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per site. This
analysis involved 116 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were

removed for each sequence pair (pairwise deletion option). There were a total of 1599 positions in the final dataset. Evolutionary analyses
were conducted in MEGA X (Kumar et al., 2018).
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