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Abstract. Prakrongrak N, Boonsoong B, Monthatong M. 2023. Genetic diversity and phylogenetic analysis of mayfly Caenis (Insecta: 

Ephemeroptera) using Cytochrome C Oxidase I (COI) and 12s rRNA genes from Thailand. Biodiversitas 24: 1989-1997. Mayflies in 

genus Caenis is one of the top fifth species richness belonged to Family Caenidae. The present study aimed to use the partial 

mitochondrial Cytochrome C Oxidase subunit I (COI) and 12s rRNA nucleotide sequences for molecular species identification, diversity 

and phylogenetic relationships of mayflies in genus Caenis Stephens, 1835 species from Thailand. From a total of 37 specimens, 

thirteen nymphs were morphologically identified into five species: Caenis nasuta Malzacher, C. Picea Kimmins, C. ulmeriana 

Malzacher, C. cornigera Kang and Yang and C. longiforcipata Malzacher. The other 24 samples were Caenis sp.1 to sp.5. Partial COI 

sequences of all samples were compared with BOLD and GenBank for species identification. However, the result showed only genus-

level identification as Caenis with greater than 80% similarity. For species delimitation, interspecific genetic distance among these 

species ranged from 14.4 to 26.6% (COI) and from 7.36 to 22.4% (12s rRNA). Intraspecific divergence levels were 0.0% to 2.35%. 

ABGD analysis of both genes divided data into 10 groups corresponding to 10 morphospecies of Caenis. The phylogenetic relationships 

of Caenis, COI and 12s rRNA genes also classified each species to well supported clusters. In addition, we report C. cornigera from 

Thailand for the first time. The COI and 12s rRNA phylogenetic trees indicate a close relationship between C. cornigera and C. 

longiforcipata, which is supported by their similar morphology. 
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INTRODUCTION 

Mayflies are aquatic insects that are classified as Order 

Ephemeroptera (McCafferty 1981). This insect group is an 

archaic lineage that was present at the end of the Paleozoic 

during the late Carboniferous or early Permian (Misof et al. 

2014; Sartori and Brittain 2015). However, the Cretaceous 

fossil mayflies have been increasingly documented from all 

continents except Antarctica, due to their abundance in the 

period (Brandão et al. 2021). Since they are hemimetabolous 

insects, their life cycle undergoes incomplete metamorphosis 

and consists of a well-defined aquatic nymphal phase and 

two terrestrial phases (Almudi et al. 2019). Mayflies can be 

found in both lotic and lentic ecosystems of freshwater 

habitats all over the world, and in some cases brackish 

water; however, they are more abundant species-rich in the 

tropics and warm temperate regions. Nymphal stages 

develop in water containing higher levels of dissolved 

oxygen; therefore, they are important for freshwater 

ecology and qualified as bioindicators for pollution and 

water quality monitoring (Alhejoj et al. 2014; Scarduelli et 

al. 2017). Currently, approximately 40 families and more 

than 460 genera of mayflies have already been recognized 

worldwide (Jacobus et al. 2019). The small squaregilled or 

Caenid mayflies (Caenidae) consist of 26 genera and 221 

species (Sartori and Brittain 2015). Among these, the genus 

Caenis Stephens, 1835 is cosmopolitan and one of the most 

diversified genera with approximately 170 species (Barber-

James et al. 2013; Malzacher 2015). In 1853, Walker firstly 

studied caenid mayflies in the Oriental realm and reported 

Caenis perpusilla from Sri Lanka (Walker 1853). Later, 

Soldán (1978) described new genera and species of 

Caenidae from India. Kang and Yang (1994) reported the 

nymphal stages of seven new species of Caenidae in 

Taiwan. Since 2013, thirty-tree new Caenis species have 

been described from Thailand, Indonesia, India and 

Vietnam (Malzacher 2013; Malzacher 2015; Malzacher and 

Sangpradub 2017; Muthukatturaja and Balasubramanian 

2020; Malzacher 2021; Malzacher and Sangpradub 2021; 

Muthukatturaja and Balasubramanian 2021; Srinivasan et 

al. 2021).  

The study of Caenis diversity in Thailand began when 

Van Bruggen (1954) first reported Caenis demoulini from 

Bangkok, Thailand and described the female characters. In 

2015, Malzacher revised the Oriental species of the genus 

Caenis and found four new species from Thailand: C. 

nigropunctatula, C. ulmeriana, C. guttata and C. gephyria. 

In 2021, Malzacher and Sangpradub found six new species: 

C. ludovici, C. nasuta, C. longiforcipata, C. karenae, C. 

obtusostilata, and C. acutostilata. Therefore; forty-three 

species of Caenis have been found in the Oriental region 

and twelve of them have been reported in Thailand. 
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However, Identification of some Caenis nymphs to species 

level is difficult since their morphology is diverse. Mostly, 

male adult characters are used for species identification in 

Caenis.  
Recently, several molecular genetic tools including 

DNA barcoding have been studied which may potentially 

improve the taxonomic discrimination, identification, and 

genetic variation analyses of aquatic insects 

(Sivaramakrishnan et al. 2014). Mitochondrial DNA 

(mtDNA) is the most extensively investigated genomic 

system in insects (Cameron 2014). It has been used for a 

wide array of research goals including molecular 

systematics, population genetics, genetic variation and 

phylogenetic relationships (Hwang et al. 2013). In addition, 

mtDNA is a potentially useful genetic marker to resolve 

lower taxonomic levels for organisms (Allio et al. 2017). 

The mitochondrial Cytochrome C Oxidase subunit I (COI) 

gene was adopted as a standard for DNA barcoding of 

animals by the Consortium for the Barcode of Life 

(CBOL). The COI gene has been an important tool for 

animal species identification, delimitation and revealing 

cryptic diversity of organisms. The benefits of COI include 

its variation that empower species-level discrimination, 

multiple copies for Polymerase Chain Reaction (PCR) 

amplification from an enormous range of species and 

millions of DNA sequences on associated databases 

(Deagle et al. 2014). Another advantage of using the COI 

gene comes from its capacity for taxonomic identification 

of all life stages of organisms (Hwang et al. 2013; Suh et 

al. 2019). In particular, aquatic insect identification mostly 

relies on the morphological characteristics of adult males, 

but most ecological research has been performed on the 

nymphal stages that are difficult to identify species (Suh et 

al. 2019). Various studies on Ephemeroptera have used 

COI in order to confirm new species and support 

morphological data in phylogenetic analyses (Selvakumar 

et al. 2016; Boonsoong and Satori 2019; Boonsoong et al. 

2021; Takayanagi and Yoshizawa 2021). The mitochondrial 

12S and 16S rRNA genes provide a potential for molecular 

systematics of many animals (Yang et al. 2014), albeit not 

widely for Ephemeroptera. The complete mitochondrial 

genomes of Caenis sp. from China were sequenced for 

investigating the phylogenetic relationships among 

Paleopterous insects and between Caenidae related families 

(Cai et al. 2018; Xu et al. 2020). The circular mitochondrial 

genome of Caenis sp. contains 37 genes coding for two 

rRNAs, 22 tRNAs and 13 polypeptides. This study 

evaluated the effectiveness of two mitochondrial genes, 

COI and 12s rRNA, in identifying species, assessing 

genetic diversity, and determining phylogenetic relationships 

among Caenis nymphs collected in Thailand. 

MATERIALS AND METHODS 

Specimen collection and identification 

Caenis larvae were collected by a 500 micron D-frame 

dip net from streams, rivers, ponds, and lakes in Northern 

(N), North-Eastern (NE), Eastern (E), Western (W), 

Central (C) and Southern (S) Thailand during 2017 to 2020 

(listed in Table 1). Specimens were stored in 95% ethanol. 

The morphological structures of Caenis larvae were 

identified to the lowest taxonomic level under the 

stereomicroscope, light microscope and Scanning Electron 

Microscope (SEM) using suitable taxonomical literature of 

Caenis in the last three decades (Kang and Yang 1994, 

1996; Tong and Dudgeon 2002; Sangpradub and Boonsoong 

2006; Jia et al. 2010; Malzacher 2013, 2015; Malzacher 

and Sangpradub 2021; Muthukatturaja and Balasubramanian 

2021; Srinivasan et al. 2021).  

DNA extraction, amplification, and sequencing 

Total DNA of each specimen was extracted using the 

PureLink™ Genomic DNA Mini Kit (Invitrogen, Carlsbad, 

CA, USA), following the manufacturer instructions. When 

whole larvae were obtained, legs or a very small quantity 

of thoracic tissue was removed, and the remainder of the 

specimen was preserved in 95% ethanol (a voucher). 

Partial sequences of the mitochondrial Cytochrome C 

Oxidase (COI) and 12S ribosomal RNA genes were 

amplified by PCR. The COI gene was amplified using the 

universal primers LCO1490 (5’-GGT CAA CAA ATC 

ATA AAG ATA TTG G-3’) and HCO2198 (5’-TAA ACT 

TCA GGG TGA CCA AAA AAT CA-3’) (Folmer et al. 

1994). The universal primers 12Sai (5’-AAA CTA CGA 

TTA GAT ACC CTA TTA T-3’) and 12Sbi (5’-AAG AGC 

GCG GGC GAT GTG T-3’) (Simon et al. 1994) were used 

to amplify the DNA fragment of 12s rRNA gene. Each 50 

µL PCR mixture was composed of 1x ViBuffer A (500mM 

KCl, 100mM Tris-HCl pH 9.1, 0.1% Triton TMX-100), 2.5 

mM MgCl2, 0.2 µM of each primer, 0.2 mM dNTPs, 2 

units of Pfu DNA polymerase and 10-50 ng DNA template. 

PCR assays were conducted using the Prima-96™ thermal 

cycler (Himedia, India). The PCR conditions were as 

follows: one cycle of an initial denaturation at 94°C for 5 

min; 35 cycles of denaturation at 94°C for 30 sec, 

annealing at 48°C or 50°C (COI or 12s rRNA) for 30 sec, 

and elongation at 72°C for 60 sec; and a final extension 

step at 72°C for 5 min. All PCR amplicons were verified 

by 1.5% agarose gel stained with FluoroVue™ (SMOBIO, 

Taiwan). The PCR products were purified and sequenced 

on ABI 3730xl DNA Analyzer (Macrogen Inc, Korea). 

Data analysis 

The raw sequences of COI and 12s rRNA were 

examined and corrected with BioEdit version 7.2.5 (Hall 

1999). The COI sequences were compared with the 

GenBank nucleotide database by Basic Local Alignment 

Search Tool (BLAST) (Altschul et al. 1990) and Barcode 

of Life Data Systems (BOLD) (Ratnasingham and Hebert 

2007; 2013). Sequences were aligned using CLUSTALW 

via MEGA version 10 (Kumar et al. 2018) and Indel 

(insertion/deletion) regions were removed using SeqFIRE 

(Ajawatanawong et al. 2012). Intraspecific and interspecific 

sequence divergences based on Kimura-2-Parameter (K2P) 

distances were calculated using MEGA version 10. 

Additionally, the Automatic Barcode Gap Discovery 

(ABGD) method was used to delimit species by detecting a 

significant gap in the pairwise distance distribution 

generated via https://bioinfo.mnhn.fr/abi/public/abgd/ 
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(Puillandre et al. 2012). Genetic diversity and phylogenetic 

relationships were obtained by Maximum Likelihood (ML) 

analysis using MEGA version 10 and bootstrap analyses of 

1,000 replicates. Potamanthellus edmundsi Ulmer, 1939 

(Neoephemeridae) sequences were used as the outgroup 

since it belongs to the Superfamily Caenoidea as does 

Caenis spp. (Caenidae). The COI and 12sRNA sequence 

data for all samples were deposited in GenBank. 
 

 

 

 

Table 1. Profile of specimen collections examined in this study 

 

Species Collection locality (region) Latitude Longitude 

Sample ID 
GenBank  

accession no. 

COI 
12s 

rRNA 
COI 12s rRNA 

Caenis nasuta 

C. nasuta 

C. picea 

C. picea 

C. ulmeriana 

C. ulmeriana 

C. ulmeriana 

C. ulmeriana 

C. ulmeriana 

C. cornigera 

C. cornigera 

C. longiforcipata 

C. longiforcipata 

Caenis sp.1 

Caenis sp.1 

Caenis sp.1 

Caenis sp.2 

Caenis sp.2 

Caenis sp.2 

Caenis sp.2 

Caenis sp.2 

Caenis sp.2 

Caenis sp.3 

Caenis sp.3 

Caenis sp.3 

Caenis sp.3 

Caenis sp.3 

Caenis sp.3 

Caenis sp.3 

Caenis sp.3 

Caenis sp.4 

Caenis sp.4 

Caenis sp.4 

Caenis sp.5 

Caenis sp.5 

Caenis sp.5 

Caenis sp.5 

Potamanthellus 

edmundsi 
 

Klity Creek, Kanchanaburi (W) 

Ban Song Khon stream, Loei (NE) 

Peing Din stream, Loei (NE) 

Suan Hom stream, Loei (NE) 

Huay sarong, Prachuap Khiri Khan (S) 

Huay sarong, Prachuap Khiri Khan (S) 

Ban NonPattana, Loei (NE) 

Ban Song Khon stream, Loei (NE) 

Ban Song Khon stream, Loei (NE) 

Klity Creek, Kanchanaburi (W) 

Klity Creek, Kanchanaburi (W) 

Pha Ta Baek, Nakhon Ratchasima (NE) 

Ched khot stream, Saraburi (C) 

Pha Ta Baek, Nakhon Ratchasima (NE) 

Pha Ta Baek, Nakhon Ratchasima (NE) 

Ched khot stream, Saraburi (C) 

Namtok laung waterfall, Ranong (S) 

Namtok laung waterfall, Ranong (S) 

Lue Jae Pond, Wang, Narathiwat (S) 

Lue Jae Pond, Wang, Narathiwat (S) 

Lue Jae Pond, Wang, Narathiwat (S) 

Lue Jae Pond, Wang, Narathiwat (S) 

Lam Chiang Sa, Nakhonratchasima (NE) 

Bo Khlueng, Ratchaburi (W) 

Khlong Tong, Prachuap Khiri Khan (S) 

Khlong Tong, Prachuap Khiri Khan (S) 

Yang Chum, Prachuap Khiri Khan (S) 

Bo Khlueng, Ratchaburi (W) 

Pla Baa steam, Loei (NE) 

Khlong Huay Pee lok stream, Saraburi (C) 

Nam Thob Ranger station, Loei (NE) 

Nam Thob Ranger station, Loei (NE) 

Nam Thob Ranger station, Loei (NE) 

Khlong Wang, Narathiwat (S) 

Khlong Wang, Narathiwat (S) 

Khlong Bala, Narathiwat (S) 

Khlong Bala, Narathiwat (S) 

Khun Korn stream, Chiang Rai (N) 

 

14°52'36.3"N 

17°21' 21.70"N 

17°3' 9520"N 

17° 2' 82.10"N 

12°06'54.3"N 

12°06'54.3"N 

17°05'54.5"N 

17°21' 21.70"N 

17°21' 21.70"N 

14°52'36.3"N 

14°52'36.3"N 

14°21'51.1"N 

14°27'37.8"N 

14°21'51.1"N 

14°21'51.1"N 

14°27'37.8"N 

9°51'11.2"N 

9°51'11.2"N 

5°54'50.2"N 

5°54'50.2"N 

5°54'50.2"N 

5°54'50.2"N 

14° 29.826'N 

13°31'07.3"N 

11°16'38.3"N 

11°16'38.3"N 

12°07'11.0"N 

13°31'07.3"N 

17°23' 49.40"N 

14°28'58.3"N 

17°15' 35"N 

17°15' 35"N 

17°15' 35"N 

5°56'10.8"N 

5°56'10.8"N 

5°49'10.6"N 

5°49'10.6"N 

19°51'54.6"N 
 

98°57'00.9"E 

101° 24' 37.50"E 

101°44' 8440"E 

101°45' 69.90"E 

99°38'00.0"E 

99°38'00.0"E 

101°28'48.9"E 

101°24' 37.50"E 

101°24' 37.50"E 

98°57'00.9"E 

98°57'00.9"E 

101°20'44.2"E 

101°09'33.1"E 

101°20'44.2"E 

101°20'44.2"E 

101°09'33.1"E 

98°37'14.4"E 

98°37'14.4"E 

101°52'24.0"E 

101°52'24.0"E 

101°52'24.0"E 

101°52'24.0"E 

101°57.252' E 

99°14'46.7"E 

99°25'43.6"E 

99°25'43.6"E 

99°37'51.8"E 

99°14'46.7"E 

101°22' 22.60"E 

101°09'00.9"E 

101° 34' 49" E 

101° 34' 49" E 

101° 34' 49" E 

101°53'03.3"E 

101°53'03.3"E 

101°51'38.8"E 

101°51'38.8"E 

99°38'54.4"E 
 

C21 

C102 

C103 

C105 

C59 

C60 

C91 

C99 

C100 

C20 

C22 

C95 

C109 

C93 

C94 

C98 

C44 

C45 

C72 

C74 

C75 

C76 

C10 

C27 

C46 

C47 

C61 

C89 

C104 

C107 

C14 

C17 

C35 

C64 

C65 

C68 

C69 

-* 

 

R21 

R102 

R103 

R105 

R59 

R60 

R91 

R99 

R100 

R20 

R22 

R95 

R109 

R93 

R94 

R98 

R44 

R45 

R72 

R74 

R75 

R76 

R10 

R27 

R46 

R47 

R61 

R89 

R104 

R107 

R14 

R17 

R35 

R64 

R65 

R68 

R69 

R39 

 

OQ476166 

OQ476167 

OQ476168 

OQ476169 

OQ476173 

OQ476174 

OQ476175 

OQ476176 

OQ476177 

OQ476196 

OQ476197 

OQ476198 

OQ476199 

OQ476170 

OQ476171 

OQ476172 

OQ476182 

OQ476183 

OQ476184 

OQ476185 

OQ476186 

OQ476187 

OQ476188 

OQ476189 

OQ476190 

OQ476191 

OQ476192 

OQ476193 

OQ476194 

OQ476195 

OQ476200 

OQ476201 

OQ476202 

OQ476178 

OQ476179 

OQ476180 

OQ476181 

MN186576 

 

OQ244322 

OQ244323 

OQ244324 

OQ244325 

OQ244332 

OQ244333 

OQ244334 

OQ244335 

OQ244336 

OQ244355 

OQ244356 

OQ244358 

OQ244357 

OQ244326 

OQ244327 

OQ244328 

OQ244341 

OQ244342 

OQ244343 

OQ244344 

OQ244345 

OQ244346 

OQ244347 

OQ244348 

OQ244349 

OQ244350 

OQ244351 

OQ244352 

OQ244353 

OQ244354 

OQ244329 

OQ244330 

OQ244331 

OQ244337 

OQ244338 

OQ244339 

OQ244340 

OQ244359 

 

Note: N: North; NE: North-East; E: East; W: West; C: Central; and S: South. *: Using GenBank sequence accession number: 

MN186576 
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RESULTS AND DISCUSSION 

Morphological identification 

Based on nymphal stage morphological diagnosis; with the 

exception of C. ulmeriana which was identified from nymph 

and adult male, thirteen Caenis specimens were identified into 

five species which were Caenis nasuta Malzacher, 2021 (in 

Malzacher and Sangpradub 2021), C. picea Kimmins, 1947, 

C. ulmeriana Malzacher, 2015, C. cornigera Kang & Yang, 

1994 and C. longiforcipata Malzacher, 2021 (in Malzacher 

and Sangpradub 2021). The other 24 samples with ambiguous 

species identification were sorted into featured clusters and 

given the epithet “sp” including sp.1 to sp.5 (Table 1 and 

Figure 1). The genus Caenis is distributed throughout the 

world, with 43 species found in the Oriental region, with only 

12 species reported in Thailand (Malzacher 2015; Malzacher 

and Sangpradub 2021). Caenis mayflies are typically 

identified by male imaginal characters such as penis shape, 

forceps shape, apical tuft of spines on forceps, prosternal 

triangle, foretarsus, base of the antennal flagellum, scutellum 

pigmentation, styliger sclerite, lateral sclerite and apophyses 

(Malzacher 2015; Malzacher and Sangpradub 2021). In this 

work Caenis was studied from the nymphal stage, which 

limited identification to only five species according to 

available published documents (Kang and Yang 1994; 

Malzacher 2015; Malzacher and Sangpradub 2021; Srinivasan 

2021). 

C. nasuta and Caenis sp.1 were very similar in 

morphology. Both of them have sides of mesonotum with 

an anterolateral, nose-shaped process densely provided 

with short spatulate bristles but Caenis sp.1 can be 

distinguished from C. nasuta by a forefemur on the dorsal 

side without a transverse row of bristles. Although, C. 

picea is morphologically similar to Caenis sp.4 by having 

the same tergum I and II each with a cone shaped 

posteromedian process, Caenis sp.4 can be discriminated 

from C. picea by the presence of transverse row of bristles 

on the forefemur. Caenis sp.5 can be distinguished from 

other species by the following set of characters: pronotum 

clearly diverging with 5 setae on anterolateral margins, 

forefemur dorsally with transverse row bristles, sternum IX 

medially with slightly deep incision and mesonotum with 

the anterior-lateral nose-shaped process without bristle. 

The distinctive features of Caenis sp.2 collected from 

southern Thailand are long bristles on the dorsal, lateral 

and medial margin of the operculate gills, turgum VII with 

long acute bristles, hind margin of sternum IX rounded and 

mesonotum without anterolateral, nose-shaped process. 

Caenis sp.3 can be found in almost every region of 

Thailand. It is characterized by 5-7 bristles on the 

posterolateral of the operculate gill, hind margin of sternum 

IX rounded, turgum VII with long bristles and turgum VIII 

with slightly long bristles. C. cornigera can be distinguished 

from all other Caenis species by the following combination 

of characters: mesonotum with a distinct process near 

anterolateral corner. Middle and hind femora with stout 

biforked clavated setae (Kang and Yang 1994). C. 

ulmeriana can be distinguished from all other Caenis 

species by the following combination of characters: 

Bristles of transverse row on forefemur and dorsal side of 

mid femur broad, strongly spatulated. Hind claw strongly 

bowed. Mid-ridge on the anterior operculate gill with 5-6 

spatulated bristles in the apical half or two-thirds 

(Malzacher and Sangpradub 2021). C. longiforcipata can 

be distinguished from all other Caenis species by the 

following combination of characters: Mesonotum with 

anterolateral, Nose-shaped process without bristles. 

Operculate gill dorsally along the very flat inner ridge 

basally with about 4 short blunt bristles and posteriorly 

with two or three long and thin ones (Malzacher and 

Sangpradub 2021). 

 

 

 

 
 

Figure 1. The nymphal characters of Caenis spp. in this study. A. Caenis nasuta; B. C. picea; C. C. ulmeriana; D. C. Cornigera; E. C. 

longiforcipata; F. Caenis sp.1; G. Caenis sp.2; H. Caenis sp.3; I. Caenis sp.4; J. Caenis sp.5 (Scale bar = 1 mm) 

A 

E 
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F 

C 

G 
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I J 
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Malzacher and Sangpradub (2021) described six new 

species of Caenis from Thailand: C. ludovici, C. nasuta, C. 

longiforcipata, C. karenae, C. obtusostilata and C. 

acutostilata. Our study also found C. nasuta and C. 

longiforcipata as well but from different regions. One 

sample of C. nasuta was found in Kanchanaburi province, 

western Thailand and two specimens of C. longiforcipata 

were collected from Narathiwat province, southern 

Thailand. While these two species were previously reported 

from Northeastern Thailand, our results preliminarily 

indicate that they are widely distributed.  

Moreover, the specimens collected from Khlong Wang, 

Narathiwat represent the first report of C. cornigera from 

Thailand. C. cornigera can be distinguished from C. 

longiforcipata by the setation of the operculate gill 

(Malzacher and Sangpradub 2021). The species was first 

described by Kang and Yang in 1994 from Taiwan based 

on the nymphal stage (Kang and Yang 1994) but there has 

been no previous reports of this species from other areas of 

the Oriental region including Thailand. 

Molecular identification using COI by BOLD and 

GenBank 
The COI amplicons from all 37 Caenis specimens were 

successfully amplified and sequenced. The 653 bp fragments 

of the COI were compared with BOLD and GenBank for 

species identification. Eleven samples matched two 

unidentified species recorded in Genbank and BOLD: Caenis 

sp.3 matched Caenis sp. (Genbank accession number 

ON704656.1) with 95% identity and Caenis sp.4 matched 

Caenis sp. (BOLD:AAL8077 and Genbank accession number 

HQ979423.1) with 94-95% identity. The other samples did 

not match the species level records when searching against 

both databases. However, there was no misidentification at the 

genus level in BOLD and GenBank. All our query sequences 

corresponded to the genus Caenis with greater than 80% 

similarity. According to the latest information, BOLD contains 

barcode sequences for 45,791 Ephemeroptera, 1,791 Caenidae 

and 1,261 Caenis covering formally described 27 Caenis 

species (accessed on 7th December 2022). BOLD and 

GenBank are the main public repositories of DNA barcode 

sequences (Meiklejohn et al. 2019), but the information for 

Caenis species identification is still inadequate. Pentinsaari et 

al. (2020) revealed that BOLD and GenBank demonstrated 

similar performance in identification and the limitations of 

both platforms to identify to species-level imposed by the lack 

of a polished species-level taxonomy for many organisms. The 

GenBank accession numbers of COI and 12sRNA sequences 

from this study were shown in Table 1.  

Genetic divergence 

Partial sequences of the COI and 12s rRNA genes were 

obtained for all 38 samples, including out-group species 

sample Potamanthellus edmundsi. The COI and 12s rRNA 

sequence alignments were 653 bp and 359 bp in length, 

respectively. Both genes had no indel (insertion/deletion) 

content. The average nucleotide composition of COI was 

36.4% T, 19.9% C, 24.5% A and 19.2% G. The mean 

overall nucleotide frequencies observed for 12s rRNA 

sequences were 32.5% T, 11.8% C, 38.7% A and 17.0% G. 

For both genes, A + T (COI: 60.9%, 12s rRNA: 71.2%) 

were present in a substantially larger percentage than G + C 

(COI: 39.1%, 12s rRNA: 28.8%), as is typical for insects 

(Cameron 2014; Zhou and Yang 2022).  

As shown in Table 2, the mean intraspecific K2P 

genetic distances of COI ranged from 0% to 2.35% with an 

average of 0.90%, while 12s rRNA K2P distances were 

between 0% and 2.0% with an average of 0.52%. The 

maximum mean intraspecific K2P divergences were 2.35% 

and 2.0% in C. nasuta for COI and 12s rRNA, respectively. 

In this study, two specimens of C. nasuta were collected 

from the west and northeast Thailand. The results 

suggested that geographic distance between two sampling 

sites may affect genetic variation within the species. 

Isolation by geographic distance is a primary and 

reasonable expectation for how genetic differentiation is 

structured at a geographic scale (Sexton et al. 2014). The 

mean interspecific genetic distance for COI ranged from 

14.4% to 26.2% with a mean of 20.35%, while 12s rRNA 

ranged from 7.36% to 22.4% with a mean of 16.99% (as 

shown in Tables 3 and 4). The minimum interspecific 

genetic K2P divergence was 14.4% between C. ulmeriana 

and Caenis sp.1 for COI and 7.4% between C. cornigera 

and C. longiforcipata for 12s rRNA. The maximum 

intraspecific genetic divergences from both genes are 

considerably less than the minimum interspecific genetic 

divergences. There was clear evidence of a barcoding gap 

indicating that all Caenis species are genetically different 

from each other. Both COI and 12s rRNA genes gave low 

intraspecific and high enough interspecific values to be 

able to differentiate. The 12s rRNA is highly conserved in 

insects and used for the study of genetic diversity in phyla 

(Gerber et al. 2001). Yang et al. (2014) mentioned that 

short sequences (approximately 100 bp) of 12s rRNA 

might hinder species identification due to the existence of 

multiple similar sequences in closely related species but the 

longer sequences (approximately 430 bp) of 12s rRNA 

contains multiple polymorphisms that enable interspecies 

and intraspecific identification. Our study analyzed 359 bp 

of 12s rRNA from Caenis spp. and found that the 12s 

rRNA gene was also able to differentiate species and gave 

similar results of intraspecific and intraspecific genetic 

divergences when the COI gene was used. 
 

 

 

Table 2. Mean intrapecific Kimura-2-Parameter nucleotide 

divergence (%) of COI and 12s rRNA genes 

 

Species COI 12s rRNA 

Caenis nasuta 

C. picea 

C. ulmeriana 

C cornigera 

C. longiforcipata 

Caenis sp.1  

Caenis sp.2 

Caenis sp.3 

Caenis sp.4 

Caenis sp.5 

2.35 

1.06 

1.29 

0.00 

0.00 

0.40 

2.07 

1.36 

0.30 

0.15 

2.00 

0.00 

0.50 

0.00 

0.00 

0.56 

1.03 

0.35 

0.56 

0.14 

Mean 0.90 0.51 
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The Automatic Barcode Gap Discovery (ABGD) 

method revealed a barcoding gap between 4% and 13% 

(COI) and between 3% and 7% (12s rRNA) pairwise 

distances (Figure 2). The outcomes for both gene analyses 

agreed with one another. Initial partition of the sequence 

data at each value of the prior intraspecific divergence (P) 

divided data of the Caenis samples into ten groups that 

corresponded to the ten Caenis species. Recursive partition 

analysis with prior maximal distance P=7.74e-03 divided 

dataset for ten groups. 

Phylogenetic tree construction 

Through the Maximum Likelihood (ML) method, the 

phylogenetic trees constructed from COI and 12s rRNA 

genes were slightly different as shown in Figures 3 and 4.  

Both phylogenetic trees revealed that the 37 Caenis mayfly 

samples were grouped into monophyletic species and 

divided into individual species in the same clades but were 

unable to indicate the deeper evolutionary history. This is 

due to the sequences being conserved and the samples 

being too closely related to each other. However, the trees 

of the COI gene showed that Caenis sp.3 was a sibling to 

Caenis sp.2 while the tree of the 12s rRNA gene showed 

that Caenis sp.3 was sibling to Caenis ulmeriana. Because 

protein-coding genes like COI are typically under strong 

selective pressure to maintain their function, which can 

result in a higher rate of base substitutions and 

approximately three times higher rate of molecular 

evolution compared to non-coding regions like 12S or 16S 

rRNA (Knowlton and Weigt 1998).  
 

 

Table 3. Mean interspecific Kimura-2-Parameter nucleotide divergence (%) of COI gene for 37 specimens belonging to 11 different species 

 

  1 2 3 4 5 6 7 8 9 10 P. edmundsi 

1. C. nasuta            

2. C. picea 16.4           

3. C. ulmeriana 19.0 19.7          

4. Caenis sp.5 19.5 18.0 17.5         

5. C. cornigera 22.4 21.6 20.1 19.8        

6. C. longiforcipata 22.6 26.2 19.5 21.1 16.1       

7. Caenis sp.1 15.9 16.2 14.4 16.8 21.2 21.1      

8. Caenis sp.2 21.6 24.1 21.7 21.9 21.2 25.2 24.1     

9. Caenis sp.3 19.4 20.1 15.5 16.3 19.2 20.4 18.6 17.2    

10. Caenis sp.4 23.3 20.1 22.5 21.9 21.7 24.5 21.6 24.7 24.0   

11. P. edmundsi 21.7 19.4 17.7 18.5 22.4 22.8 17.9 24.7 18.1 25.8  

 

Table 4. Mean interspecific Kimura-2-Parameter nucleotide divergence (%) of 12s rRNA gene for 37 specimens belonging to 11 

different species 

 

  1 2 3 4 5 6 7 8 9 10 P. edmundsi 

1. C. nasuta            

2. C. picea 11.6           

3. C. ulmeriana 16.9 21.2          

4. Caenis sp.5 18.0 16.1 19.2         

5. C. cornigera 21.9 20.0 20.3 17.3        

6. C. longiforcipata 21.0 21.1 17.4 15.5 7.36       

7. Caenis sp.1 8.96 11.0 18.8 17.4 20.3 22.4      

8. Caenis sp.2 16.7 18.3 18.3 16.4 15.0 13.0 15.9     

9. Caenis sp.3 14.6 17.5 8.86 15.7 17.7 15.2 16.4 14.6    

10. Caenis sp.4 15.9 17.3 19.7 20.4 20.5 20.3 15.9 16.0 19.3   

11. P. edmundsi 33.9 37.0 34.0 31.1 32.0 33.8 32.4 33.1 32.3 35.2  

 

  
A B 

Figure 2. Results of Automatic Barcode Gap Discovery (ABGD) partition analysis for COI (A) and 12s rRNA (B) sequences of Caenis 

mayfly (nbr: number of runs) 
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Figure 3. Phylogenetic tree of COI sequences generated from 37 Caenis specimens based on Maximum Likelihood (ML) analysis (the 

best model: T92+G+I, I=0.5918, G=1.1812, -lnl= 4287.83). Numbers at nodes indicate bootstrap values 

 

 

 

The results were also in agreement with the 

morphological identification of all specimens. Each 

indeterminate species (sp.1 to sp.5) was also clustered in 

the same clade according to their given numbers. C. 

cornigera and C. longiforcipata were placed at the same 

node in both trees confirming their close relative species 

not only in morphology but also in genetics. The results 

proved that COI and 12s rRNA genes could be used in 

phylogenetic relationship studies of the family Caenidae. 

Mitochondrial based markers have been embraced and 

progressively utilized as molecular markers for phylogenetic 

studies and the mtDNA COI gene is especially valuable for 

determining intra and interspecific levels and can be 

utilized for phylogenetic analyses at both the species and 

genus levels because the marker has a well-defined 

barcoding gap (Matumba et al. 2020). 

In conclusion, Caenis mayfly nymphs were collected 

from different regions in Thailand. They were classified 

into five species based on nymphal morphological 

identification. Using COI as barcoding on BOLD and 

GenBank, all specimens could be correctly identified at the 

genus level. We reported herein the comparative use of 

COI and 12s rRNA genes to investigate Caenis genetic 

diversity. Both genes gave similar results in both intra and 

interspecific divergences and in phylogenetic construction 

although the COI seems to present greater diversity values. 

This may be due to the longer nucleotide sequences of COI 

compared to 12s rRNA. 
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Figure 4. Phylogenetic tree of 12s rRNA sequences generated from 37 Caenis specimens based on Maximum Likelihood (ML) analysis 

(the best model: T92+G+I, I=0.2540, G=0.4952, -lnl= 2060.43). Numbers at nodes indicate bootstrap values 
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