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Rainboth(1996b) has varified all Puntius species of Smith(1945) into 4 genera, Punlius , Systomus,
Barbodes and Hypsibarbus by taking their distinctive external morphological differences into account. Since
cytotaxonomy by the studying of karyotypes and disiributions of nucleolus organizer regions (NORs) might
provide possible useful data lo support such taxonomic problem or vice versa. This study was therefore
designed to do comparative sludy by examining some extarnal morphological features but emphasizing on-the
comparison of karyotypes and distributions of NORs of a representative cyprinid species of those above 4
genera, they are Puntius brewis, Systomus orphoides, Barbodes gonionotus and Hypsibarbus wetmored,

respectively.

The fish materials in this study were obtained from middle plain of the Chao Phraya river system. Each .
species was taken at the same place as many as enough for selection. For morphometric and meristic studies
ten specimens of each species were encountered. Whereas another ten specimens of both Barbodes
gonionotus and Hypsibarbus wetmorel , eight specimens of Puntivs brevis and & specimens of Systomus
orphoides were used for the studies of karyotypes and distribution of NORs.

From the obitainable data on the external morphology of the sole representative species of the four
genera, they exhibit a number of diéﬁncth-a feature to render the agresable separation of the species al the
generic level. To support the above taxonomic thought, this further study on karyotypes and distributions of
MNORs have shown that although all the four species of different genera has similarly 50 diploid chromosome
number({2n), however, the combinations of chromosome types, arm number (NF), number and location of NORs
are likely different. For Puntius brevis, the karyotypes comprise of 2m, 2sm, 2st and 44a; 54 for NF and NORs
have one pair which locate on the satellited regions of a subtelocentric pair on short arms. Systomus
orphoides, the karyolypes comprise of 12m, 20sm, 4st and 14a; 82 for NF and NORs-have one pair which
locate on the satellited regions of a submetacentric pair on short arms. Barbodes gonionotus, the karyotypes
comprise of 6m, 16sm, Bst and 22a; 72 for NF and NORs have two pairs which locate on the sateliited regions
of a submetacentric pair on short arms and on the satellited regions of an acrocentric pair on short arms.
Hypsibarbus wetmorei, the karyotypes comprise of 12m, 12sm, 4st and 22a; 74 for NF and NORs have one

pair which locate on the satellited regions of an acrocentric pair on long arms.

snfiedotiin Dot Pans

me Biology......................... auila¥elifn PPvideaz  buamegs
- o wal m
A1 Zoology auiledaaanstnline . S



Acknowledgements

| would like to express my gratitude from the depth of my hear to my thesis advisor, Professor Dr,
. Thosapom Wongratana for his interest, reading, suggestions, guidances and encouragements throughout the study.
In addition, his teaching has been one of the most excellent things that | have ever experienced in my life.

| am mostly indebted to my co-thesis advisor, Associale Professor Dr. Wichian Magloon, and | wish to
express my feeling thanks his invaluable advice, his most kindness and his devoted help.

| am also mostly grateful 1o Professor Dr. Siriwat Weongsiri, chairman of my thesis commiltee for his valuable
advice and his kindness. | also would like fo express my gratitude to Associate Professor Dr. Kingkasw
Wattanasirmkit, thesis committee member for her most valuable suggestions, guidances and best wishes throughout
my study,

| am atways grateful 1o Dr. Jittawadee Radcharoen, for her kindnesses and best wishes o me,

| am truly grateful toAssociate Thawat Donsakul and Assistant Professor Dr. Anan Phupithayasathaporn for
their most valuable helps and suggestions throughout my study. Without them, | reafize that it would be truly more
difficult to finalize this study.

I am greatly indebted to O Petr Rab for his valuable guidances and his most generosity to send me his
papers from the Czech Republic, | alse would like to thank Dr. Prachit Wengrat and Dr. Chavalit Vidthayanaon for their
kindnesses, valuable guidances, their documenis at the beginning stage of this study,

I would like to express my thanks to Mr. Somwang Phimonbuth and Miss Misakom Srivithoon® s father for
most valuable helps and suggestions 10 find places and collect specimens from habitats including my wonderful
uncle who was always ready o help me in-collecting sﬂdﬂ@ans at anytime and anywheara.

I am truly thankful to Miss Jamngjit Sunairaﬂnnap_am’ and Mr. Chaiwulh Grudpant for their suggestions and
kindnesses in many ways whenever | needad their help during this study.

My thanks alse go 1o my best friends and close friends including classmates, everyone completes this
study in some way as follows: Miss Pryaporn Wichitratananon and her friend, Miss Watcharathorn Pensasithorn, Miss
Warangkhana Mgaenkaew, Mr, Sangchai Wattanaserikul, Mr. Anusak Pinyopich, Miss Bangon Tangtong, Ajam
Jirarach Srijunngam, Ajam Duangjai Ngamsom, Miss Mucharin Kaewkla, Miss Chatnaree Meesukkho, Mr. Yodchai
Lapakulchai, Mr. Roterawee Chairat and other students at the Departments of Biology and Chemistry, Chulalongkom
University and at-the Department of Biclogy.-Srinakharinwiral University. Special-thanks also extended 1o officers of
both departments,

| wish to thank the Department of Biolegy, of both Chulalongkorn University and Srinakharinwirot University
for facilities, and also.lo the Computer Research and Service Center of King Mongkut' s Insfitute of Technology
Ladkrabang.

For scholarships, | also would like to acknowledge the Professor Dr. Tab Milanidhi Foundation (The Tab
Foundation, Faculty of Science, Chulalangkorn University) and the University Development Committee(UDC), Ministny
of University Affairs.

Last but not leastl would like to dedicate my thesis to my father, my mother, my sisters, my cousins,
everyone in my family and my teachers, for their loves, supports, patiences and best wishes in many ways during my
study. Furthermore, this thesis is also dedicated to my young grandfather who passed away a few years ago for all of

his attentions rendered to me throughout my Study.



Contents

Page
B L = =TSR iv
Engiish AbStraish s i i SR R SRS G R v
AW IBINBNS i R S R S i
EONENS vnmmmmamvaing MR . .. s e B Wil
List of Tables .......cucuoes... AT ¢ IO .. iR TR A Y viii
List of Figures.............. .. . S Y —— i

Chapter 1: Introduction ... I eeesssresrrrsrrerseressseeseseesseeseseesassesssees
P ; .‘4_

Chapter 2: Literature REMIBWAL £ 4.5, .. & ohotisioins Sl ovvesmsnsssnssssssmsmnsnssssssssssnnes 3

Chapter 3: Materi W W\ N e A 1

Chapter 4: Results sion..... » N T v AR S S 19

Chapter 5: Conclusic : GIRCERIRLONRINI M .........ocssisssmmmmmssnnssssissiinimsiiias 43
A& ()

References ...ttt _,f,/,!-f/):‘! O D R 45
Appendices
Appendix |: Methods of nd counting fish morphological characters.51
Appendix II: D Fmamhomshicstuss ESPBICOUNt. ....coonnismnsininisiinsanss 53
Appendix x\}l— BBtion ..o liuisnimniinn 60
Blographym.,........m ..... ........ et L R YO 85

AONUUINBUINT )
RN INEAE



List of Tables

Page
Table 3 Classification of chromosomes and their arm ratio ..., 18
Table 4.1 Morphormetric study for this four studied species in Thailand.For each
character, range and mean + SD werg indicated......cccmmimsimnmisssms 27

Table 4.2 Meristic counts for this four studied species in Thailand. For each character,
range and mode ( in parentheses ) were iNdiCated. cui......ccocvrinennninsenene et 28
Table 4.3 Frequency distributions of diploid chremosome counts

Table 4.4 Summary of eytogenetic data for four studied cyprinid fishes........ccccocccvevieinnnn. 34



List of Figures

Fage
Figure 3.1 Map of Thailand .................. LSRR R SRR 12
Figure 3.2 Map of collecting localities of SPECIMENS ... 13
Figure 4.1 Puntius brevis(Bleeker, 1880).....ccc.ucaiierasimenismmmessssmssssnmsssssssssssssssssssssssssssenas 19
Figure 4.2 Systomus orphoides(Valenciennes in Cuvier and Valenciennes, 1842) ............ 21
Figure 4.3 Barbodes gonionotus(Bleeker, 1850):iiii i . iiiiiisisiicieresseersssssesssssenas 23
Figure 4.4 Hypsibarbuswetmorei{Smith, 1931) c..... i 25
Figure 4.5 A. conventional Giemsa stained metaphase plate ,B. sequentially silver-
stained metaphase plate and C. corresponding karyotype of Puntius brevis.........ceeeane 35

Figure 4.6 Idiogram of Puntius brevis based on the arm ratio and average chromosome
length from five metaphase plates. ®#® indicated NORS.........cccnnnnnnnn. 36
Figure 4.7 A. conventional Giemsa stained metaphase plate ,B. sequentially silver-

stained metaphase plate and C.corresponding karyotype of Systomus orphoides ........... T
Figure 4.8 Idiogram of Systomus orphoides based on the arm ratio and average
chromosome length from five metaphase plates. ®® indicated MORS ......c.cccocvviiniiicnnne 38
Figure 4.9 A. conventional Giemsa stained metaphase plate ,B. sequentially silver-

stained metaphase plate and C. corresponding karyotype of Barbodes gonionolus .......39
Figure 4.10 Idiogram of Barbodes gonionotus based on the arm ratio and average
chromosome length from five metaphase plates. 8, indicated NORS .......cccoeververcrennn 40
Figure 4.11 A. conventional Giemsa stained metaphase plate ,B. sequentially silver-
stained metaphase plate and C. corresponding karyotype of Hypsibarbus wetmorei....... 41
Figure 4.12 Idiogram of Hypsibarbus wetmorei based on the arm ratio and average
chromosome length from five metaphase plates. ®® indicated NORS .....c.ccccvcvvivevivirnens 42

Figure | Topography of a cyprinid fiSh ... 52



Chapter 1

Introduction

Fish exhibit enormous diversity in their morphology, in the habitats they occupy,
and in their biology (Nelson, 1994). Taxonomy, roughly defined as the study of the
classification with latin name of biological diversity, will always remain an important and

active branch of biology (Wongratana, 1993).

The family Cyprinidae is the largest family of freshwater fishes or various
members of this family are impertant as food fish, as aquarium fish and in biological
research (Nelson, 1994), Smith (1945) who studied the fresh-water Fishes of Siam, or
Thailand reported that the Thai Cyprinidae include as much as the largest family and
being the 54 genera. Especially genus Puntius which included many species members
and being found generally all over the country. According to the Smith (1945)' s
monograph, Thai fish species of the genus Puntius were identified or named accordingly
to Weber and de Beaufort (1916) who did not care about barbel numbers. Since then,
therefore, numbers of some cyprinid species in Southeast Asian water were identified as
member of the genus Puntius. However, recently, Rainboth (1996b) who studied fishes
of the Cambodian Mekong divided the Puntius of Weber and de Beufort(1916), or Smith
(1945) to four genera according to fin ray characlers, barbel numbers, gill raker
numbers, lower lip characters and proportion of anal-fin base length in relation to head
length. From«these-principle  criteria. the farmer Puntius spp.has been varified and

variously belonged to Puntius, Systomus, Barbodes and Hypsibarbus.

Scientifically, comparative karyology has become a useful tool in fish systematic
studies (Buth, Dowling and Gold, 1991 cited in Magtoon and Arai, 1993). In this benefit,
Mucleolus Organizer Regions (NORs) phenotypes which one type of cytotaxonomy can
be utilized as characters for testing or inferring hypotheses of cyprinid relationships
{.Je;'nkin, Li and Gold, 1992). Because NOR-bands with silver (Ag) represent
chromosomal sites of nuclear genes that encode 18S and 28S ribosomal RNAs (Gold et

al., 1990). This banding uses silver nitrate solution to stain chromosomes. Historically,



2
NOR-bearing chromosome studying in Thailand, there was only Magtoon and Arai

{1993) who studied and rendered the method for fish.

Since fishes of the genus Puntius belong to many species and taxonomically
encounter different combinations of characters, for many instances they are divided by
sub-groups, however this solution many of generic classification is still generally
unsatisfied. For Rainboth' s (1996b) idea proof, this studying was aimed to look for the
better ideas in the former Puntius which has identified by Rainboth(1996b) into four
genera. The purpose of this study is to use the micro-technique for representative
species of the four genera, namely, golden litfle barb (Puntius brevis), red-cheek barb
(Systomus orphoides), comman silver barb (Barbodes gonionotus) and golden belly
barb (Hypsibarbus wetmorei). Basically, all four species are common, could be
collected easily in any river of Thailand and are commercially important fishes. This
study has been designed to make comparison study of some important morphology
among the four species but this are treated as a minor study, while the major study is
the comparison of karyotypes and chromosomal NOR-phenotypes. It is hope that this
study could give information and betters ideas to develop biological taxonomy among

members of the family Cyprinidae.

Objectives

1. To make the comparison of some important morphology among four cyprinid fishes
of different genera, -namely, Puntius brevis, Systomus orphoides, Barbodes
gonionotus and Hypsibarbus wetmorei,

2. To make the comparison of karyotypes and ehromosomal NOR-phenotypes of the

four cyprinid fishes.

Anticipated benefits

To formulate the basic informations which could be applied to taxonomy of all

members of the family Cyprinidae.



Chapter 2
Literature review

2.1 Taxonomy of Puntius brevis, Systomus orphoides, Barbodes gonionotus and
Hypsibarbus wetmorei in Thailand

Thailand, which extends from latitude 5" 45' to 20° 30'N and from
longitude 97°30" E to 105° 45'E, approximately, 1,500 km from north to south and 800 km
from east to west, covering 513,517 square km. The North lies between the Salween and
Mekong River systems and most of the area is drained by the headwaters of the Chao
Phraya River system. The central part has been intermingled by the canels of the
Meklong, Chao Phaya and Bangpakeng rivers.The Mekong system , including the Kwae
Moi and Kwae Yai, originated from the Tennasserim range of the westernmost areas. The
term Peninsula Thailand is used to refer to that area south of 120°N latitude of southward
from the Isthmus of Kra. The Salween system lies with the Indo-Burmese subregion, the
Peninsula is at the extreme north of the Sundiac subregion, whereas the rest is belonged

to the Indochinese subregion (Vidthayanon, Karnasuta and Nabhitabhata, 1997).

For the river systems of Thailand, in which were referred and were
zoogeographically classified by Kottelat(1989) and Rainboth (1991) cited in Vidthayanon
et al.(1997) which consist of six major river drainages-(figure-3.1), there are the (1)
Salween (Sw), (2)Mekong (MK), (3)rivers of southern (5t) Peninsula, (4)south eastern (E)
part; (S)Chao Phraya (CP) ‘and (6)Meklong (Mkl) river| systems: Above these river

habitats, there are watershed and waterfalls.

According to the above river systems, four cyprinid fishes in this study have
reported in all excepting for the Salween system. Moreover Hypsibarbus wetmorei also

has never been found in the south east river system (Smith, 1945; Kottelat, 1989).



However, Magtoon and Donsakul (1990) collected Systomus orphoides' specimens from

Fai River, one of the river in the Salween system.

According to Smith(1945)'s monograph which was the study of the fresh-water
fishes of Thailand, fishes in the genus Puntius Hamilton,1822 comprise the most
numerous species and among the most abundant as to individuals among the fresh-
water fishes in Thailand. He described that it was convenient to adopt a section for
Thailand barbs. Taxonomically, the generic name Puntius, originally named by Hamilton
in 1822 to include a number of Indian species and later referred by Bleeker in 1863 who
proposed three subgenera based on the number of barbels, namely, Barbodes,
Copoeta and Puntius that had 4 barbels, 2 barbels and no barbels, respectively. Smith
(1945) disagreed with Bleeker's idea and mentioned that Barbodes with 4 barbels
should be properly placed within Funtius. Because the diagnosis of Puntius in this
monograph was taken solely from Weber and de Beaufort(1916) 's work which was
concerned largely on specimens from southeast Asia. From this work it happened that
they did not try to make use the subgeneric groupings based on the number of barbels,
although they did use the various possibilities in their key to species (Rainboth, 199€h).
Therefore, Rainboth (1996b), who studied fishes of the Cambodian Mekong, has divided
genus Puntius by Smith(1945) to four genera. They comprised Puntius, Systomus,

Barbodes and Hypsibarbus. Their distinctive descriptions are given as follows.

Genus Puntivs was described by having smooth dorsal-fin spine, 2 maxillary

barbels( 1 perside ) and gill rakers 12 to 20 on first gill arch.

Genus Systomus was described by having finely serrated dorsal-fin spine, 2 or 4

barbels and gill rakers fewer than 12 on first gill arch.

Genus Barbodes was described by having serrated dorsal-fin spine, 8
branched pelvic-fin rays, skin of lower lip separated from lower jaw by a shallow groove

and anal-fin base long 90% of head length and no tubercles on snout.
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Genus Hypsibarbus was described by having serrated dorsalfin spine, 8
branched pelvic-fin rays, skin of lower lip discontinuous with lower jaw which as
separated by a shallow groove, anal-fin base 60% of head length and black scale

margins gave a reticulated color pattern.

To certify Rainboth(1996b)' s idea of recognizing the mentioned genera at
separated generic level. The following four species, each of which is representative

species of each genus, are therefore selected te meet the objectives.

Family Cyprinidae
Subfamily Cyprinina
Tribe Systomini
Subtribe Systomi
Genus Puntius
Species Puntius brevis
Genus Sysiomus
Species Systomus orphoides
Subtribe Semiploti
Genus Barbodes
Species Barbodes gonionotus
Genus Hypsibarbus

Species Hypsibarbus wetmorei

2.2 Karyotypes and NOR phenotypes

Karyotypes defined as the chromosomal complement of a cell or organism
(Quicke, 1993) which were visualized on a microscope then were photographed as they
appeared spread out in a preparation (Halnan, 1989) and each organism’ s karyotypes
depended on size, centromere position on chromosome or chromosome type. To get
c:hrc'rmusﬂmes for karyotypes, it is necessary to inhibit cell cycle at metaphase so

colchicine has been used. Colchicine has been a common use as mitotic inhibitor which



held metaphase throughout its activity and does not allow cell to enhance the next step
of mitosis, anaphase, by unformation of the spindle which is an important unstable
organelle in division's cell. Without the interference of colchicine to prevent the formation
of microtubules of the spindle is easily occurred (Halnan, 1989). Colchicine is an
alkaloid of Colchicum autumnale. This alkaloid has effected in cell by virtue of its ability
to bind tubulin which is a monomer of the mitotic spindles and causes depolymerization
and disappearence of the fibrillar microtubules (Insel, 1996). This is the reason why is

widely used to be the mitotic inhibitor for getting metaphase chromosomes.

Besides the study of conventional karyotypes as above, chromosomes could be
studied the other methods to get more details or more accuracy for matching
homologous chromosomes. Banding technigues were used for these methods such as
C-bands, G-bands, R-bands, Q-bands and NOR-bands. In this review, NORs were

intended so that correspoanded with this study.

NORs are thought to represent the chromosomal sites containing multiple copies
of the 18S and 28S ribosomal RNA genes, rDNA, which presumably are actively
transcribed at a preceding interphase (Gold et al., 1990; Pendas, Moran and Garcia-
Vazquez, 1993). Cytological methods for detecting these sites on chromosomes use
silver (Ag) staining remnants of the rRNA-protein complex synthesized by active genes
prior to interphase (Fakan and Hernandez-Verdun, 1986, cited in Rab et al., 1996). It has
been proposed that silver staining demonstrates some acidic nucleolus proteins that
remain associated at the secondary constriction or the satellite of chromosomes but not

the rDNA itself (Goodpasture and Bloom, 1975; Suja-and Hernandez-Verdun, 1996).

Since comparative karyology has become a useful tool in fish systematic study
{(Buth et al., 1991 cited in Magtoon and Arai, 1993) and karyotype information effectively
forms an independent data set for phylogenetic analysis and has probably been most
useful in the investigation of groups of closely related and morphologically similar
organisms(Quicke,1993). NOR phenotype which one type of cytotaxonomy can be

utilized as characters for testing or inferring hypotheses of cyprinid relationship (Jenkin



et al., 1992) and displayed by the location, number and size of NORs (Rodrigues and
Collares-Pereira, 1996).

There were documents that studied about NOR phenotypes in fish as follows:

Foresti, Almeida-Toledo and Toledo (1981) reported five species of the order
Gymnotiformes from Brazil, comprised of Gymnotus carapo, Apteronotus abifrons,
Sternopygus macrurus, Eigenmannia virescens and Eigenmannia sp. They found that
all five species presented only one pair oi homologs bearing NORs. In addition,
Fernandes-Matioli ,Almeida-Toledo and Toledo-Filho(1997) reported extensive NOR

polymorphism in six populations of Gymnotus carapo from the upper Parana nver

system and Brazil also.

Sanchez et al.(1990) analyzed the structure and variability of NORs of brown
trouts ( Salmo trutta ) by C- , Ag- dnd restriction endonuclease banding ‘s using which

revealed great variability in the size of the short arm of the NOR-bearing chromosome.

Magtoon et al.(1992) examined Kkaryotype evolution including NORs and
geographical distribution of the Thai medaka ( Oryzias minutillus ) in 18 localities within
Thailand. In this paper, they described karyotypes and NOR polymorphism of Oryzias
minutiius from each localities and discussed the relationship between karyotype

evolution and geographical-distribution of this species.

Pendas et al. (1993) reported that rENA genes were interspersed throughout a
heterochromatic chromosome arm in Atlantic salmon (Salmo salar ) by using four rDNA

probes of fluorescent in situ hybridization (FISH) including NORs' detection.

Vitturi et al.(1996) described characterization of mitotic chromosomes
Jkaryotypes and chromosomal phenotypes , and they reported the finding of
intraheteromorphism and interspecific variability in the number and the position of NOR-

bearing chromosomes of four Mediterranean species of the genus Diplodus.



Zhang and Tiersch (1997) studied chromosomal inheritance patterns of
intergeneric hybrids of Ictalurid catfishes of which having three species viz., fctalurus
punclatus, Ameiurus melas and Pylodiclis olivaris, and two hybrids, Ictalurus
punclatus x Ameiurus melas, Iclalurus punctatus x Pylodictis olivaris, by analysis of

chromosome formula and NOR phenotypes.

In the family Cyprinidae, Buth et al.{1991) cited in Rab, Karakousis et al.(1996)
reviewed that more than 15 different NOR phenotypes have been discovered among the
100+ species of karyotypically ctj'nseruaﬂve north American minnows. Similar
interspecific NOR varialion have been discovered among 30+ species of Japanese
cyprinids (Takai and Qjima, 1992 cited'in Rab, Karakousis et al., 1996). While Eurasian
leuciscine cyprinids, eyprinid fishes +n genus Lleuciscus from both Europe and
Asia,seem to be less variable although \éatﬂ on NOR phenotypes are available for only
some10+species (Rab and Gnliare’s-l‘-’arﬁ;lr;afjvggﬁ}. However, African cyprinids seem to
be no data on NOR phénn,i;-,fpes. -Exceptléénﬁentinnal karyotypes of Barbus sp. (Rab et
al., 1995). Because of its large group and ﬁ?ﬁgt distribution, there were other data about
cyprinids’ NOR phenotypes as fallows. \ -

Mayr, Raband Kalat (1986) investigated comparative cytogenetic determination
of the number and localization of Ag-NOR-positive chromosomes of seven cyprinid
species, they found threé'species.in dipliod (Scardinius erythrophthalmus, Leucaspius
delineatus and Tinca tinca) and four species in polyploid(Cyprinus carpio, Carassius
carassius, Carassius auratus gibelio and Carassius auratus auratus), together with
investigation in ‘the gehu;nes of the .mentioned species by counterstain-enhanced

fluorescence methods.

Amemiya and Gold (1988) reported substantial interspecific variation in
chromosomal NORs among ten cyprinid fishes in north America, the southern United

States, this variation was taxonomically informative.



Furthermore, the chromosomal NOR database appeared to provide a framework
of which systematic or phylogenetic inferences could be made. Therefore, Jenkin et al.
(1992) and Powers and Gold (1992) focused to cytogenetic studies in North American
Minnows. The first group studied chromosomal NOR phenotypes among 21 species and
proposed the relationships among these cyprinids. For the second group, they

examined chromosomal NOR variation in the 11 species of Luxilus.

Almeida-Toledo et al.(1995 ) studied chromosomal location of NORs and C-
bands in F, hybrid of bighead carp (Asstichthys nobilis) and silver carp
(Hypophthalmichthys molitrix) that reared in Brazil. They found that C-patterns were
distinctive. In contrast, NORs pattern were ineffective in hybrids of both A.nobilis and
H.molitrix, they, however, show multiple NORs located in the same kind of chromosomes

and at the same positions.

Rab, Karakousis et al.(1996 ) described banded karyotype of the cyprinid fish ,
Leuciscus borysthenicus, from the Strymon River, Greece. This study described
karyotype, C-banding and NOR band. Fer NOR band, they discussed location of NORs

which has one pair on subtelocentric chromosomes' short arms.

Rodrigues-and Collares-Pereira (1996) examined chromosomal polymorphism of
lberian species (Chondrostoma lusitanicum) from Portugal by using C-banding, silver-
staining and fluorescent staining with chromomygin A, (CMA,). For NOR polymorphism,
they described variability in the number of NOR regions per genome, number of active
MNOR site per cell and relative size of individual-NORs. While Collares-Pereira et al.
(1998) studied twao leuciscine species, Leuciscus caralitertii and Leuciscus pyrenaicus
also from Portugal. The work cytogenetically studied NORs. For both species, their

MORs apparently located in one small submetacentric pair of chromosomes.

For cyprinid fishes in Thailand, chromosome data were mostly informed in terms
of conventional karyotypes ( Magtoon and Arai ,1989; Magtoon and Donsakul , 1930 ).

There was only Magtoon and Arai (1993) who studied NORs' distribution of four cyprinid
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fishes, Cirrhinus jullieni, Osteochilus waanders, Cyclocheilichthys enoplos and exotic
Labeo rohita, including is also their study of karyotypes of the species.

AONUUINYUINNS )
ANRINITNINENAY



Chapter 3

Materials and Methods

3.1 Locality: The Chao Phraya River System

Van Beek (1995) was cited in Vidthayanon et al. (1997), he described this river
system as is seemed to be the main blood vessels of the northern and central lower
plain of Thailand, originated from watersheds of the two mountainous ranges,
Thanonthongchai and Peepunnum Ranges. The watershed systems have been drained
into by four major rivers; RPing, Wang, Yom and Nan Rivers, conjuncted into mainstream
of Chao Phraya River at Pak Nampo, Nakonsawan province northern Central Thailand.
The river connects with three tributaries; Sakaekrung and Tachin from western, Pasak
from the Petchabun Range, northern and Bangpakong from the Bantad range,
southeastern, then the system run off to the gulf of Thailand. Historically, The central

lower plain had raised above the sea level during 1000-5000 years ago.

3.2 Specimens

Specimens in this study were collected by seine from natural water way,
between March 1998 to December 1999 in the central plain, Puntius brevis and
Systomus orphoides’ specimens were captured from Amphur Tha Wung, Lop buri and
for Barbodes gaenionotus and Hypsibarbus wetmoref they were captured from Amphur
Phayuha Khiri, Nakhon Sawan, respectively. Specimens were kept alive, brought back,
maintained in well-aerated aguaria at the'laboratory at the Biology Department, Faculty
of Segience, Srinakharinwirot University at Prasanmitr, Bangkok. Their localities were

approximately shown in figure 3.1 with details in figure 3.2.
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Figure 3.1 Map of Thailand, to show localities of sampling specimens; numbers
indicated species (1 represented Hypsibarbus wetmorei and Barbodes gonionotus and
2 represented Systomus orphoides and Puntius brevis) modified from Vidthayanon et al.

(1997).
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Figure 3.2 Map of collecting localities of specimens( 1 ) located in the Chao Phraya river
between 15° 27'-28' N and 100°8-9'E and specimen ( 2 ) located the paddy field
befween 14°54'-55' N and 100°31-32' E which modified from Royal Thai Survey
Department ( map, 1994 ) with 1:50,000 scale.
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3.3 Morphometric study

10 individuals of each species apart from living specimens were preserved in
70% ethanol for morphometric measurements and meristic counts. The methods were
drawn from Lagler et al.(1977) the followings with some modifications were subjects of

the present study:-

Total length(TL)
Standard length(SL)
Body depth(BD)
Head length(HL)
Snout length(STL)
Eye diameter(EL)
Postorbital length(PL)
Dorsal fin rays’ count
Anal fin rays' count
Pelvic fin rays’ count

Pectoral fin rays’ count

3.4 Karyotypes' study

In this study, metaphase chromosomes will directly obtain from gill or kidney,
whatever be suitable condition.-As a reason to-use them-for metaphase preparation
because they were all good sources for actively dividing cells while kidney in most
fishes)contains theshematopoietic organscin-the renal intertubular tissue and gill has

epithelial cells (Gold et al., 1990).

Chromosomes of this study were obtained directly from live specimens by
method of which modified from Kligerman and Bloom (1977); Gold (1984); Gold et al.
{19890} Foresti, Oliveira and Almeida-Toledo (1993) and was taken step by step as the

followings:
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3.4.1 Colchicine treatment
Live specimen was injected predorsally with 0.1 %W/ of colchicine in which
quantity was equaled to 0.2 cc./individual ‘standard length and then returned to aerated

aquarium for 4-8 hours before sacrifice on ice.

3.4.2 Tissue preparation

As soon as fish stayed still on ice, lissue from the gills was taken, by opening the
operculum and pulling a forceps over the filaments of the branchial arches; or the
kidney by dissecting out pieces of cephalic kidney. Tissues were washed 2-3 times in a
Petri dish at room temperature containing distilled water to remove any adhering fat,

blood or debris.

3.4.3 Hypotonig treatment

Placed tissues into about 10 times their volume of 0.057% KCI hypotonic solution
and finely minced tissues in Petri dish, then transferred this suspension to the
centrifuged tube for 45 minutes at 4°C and brought this tube to be centrifuged at 1,000

rpm for 5 minutes.

3.4.4 Fixation procedure

Discarded the supernatant and added freshly prepared fixative (3 ethanol: 1
acetic acid) including gently stirring with a Pasteur pipette. Stored for at least 25 minutes
at room temperature then centrifuged at 1,000 rpm for 5 minutes. Discarded the

supernatant and repeated this procedure at leasttwice.

3.4.5 Slide preparation

Dropped 2 drops of the concentrated suspension onto a new and clean slide by
a Pasteur pipette at room temperature and tilted and let it be truly dry. Repeated this
prqcedure to other slides. For the remained suspension in fixative, tightly closed the

tube with parafilm and stored in the refrigerator at most 1 month,
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3.4.6 Staining chromosomes

Stained slides in 5% Giemsa' s working solution which prepared from 1 part of
Giemsa' stock solution and 20 parts of Sorensen’ s phosphate buffer pH 6.8 (one part of
2.75% Na,HPO, solution and one part of 2.84% KH,PO, solution) for 2 hours. Rinsed
briefly in distilled water and let them dried in air. Observed chromosomes under the light
microscope and marked the position of the chromosomes which were good enough for
counting, karyotypes and NOR banding’ s analysis in order to taking a

photomicrograph.

3.4.7 Chromosome photomicrography

Recorded the chromosomes by Olympus’ camera, PM 35-AD type, which
connected with Olympus’ light microscope, BHA type, which used 100 times of
objective lens and 5 times of eye lens. This instrument was automatically in controlling.
Photomicrography of appropriate spreads was carried out by using Kodak technical Pan

2415 film (ASA 100) developed in HC-110(Dil B) which was Kodak' s trademark.

3.5 NOR phenotypes’ study

In order to use chromosome number from conventional karyotypes more
meaningfully, it is necessary to be able to identify individual chromosomes (Quicke,
1993). In addition, banding techniques, especially NOR-bands, have been useful as
stated formerly. Hence, NORs of the four studied species will be examined in addition to

their karyotypes.

Chrompsaomes of this stage came from above preparation of Giemsa' s staining.
Eachcwhich contained chromosomes for silver staining, needed to destain in absolute
ethanol for 5 minutes and air-dried. After air-drying, the result was ready to stain with
silver. Silver staining method was that of Howell and Black (1980) and Gold and Ellison
(1982) which was remarked as one-step silver staining method. The procedure was as

f01I{:_lws:
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® Placed 2 drops of the gelatin solution, 2 g powdered gelatin USP in 100 ml
deionized water and 10 ml pure (91.5 %) formic acid, and 4 drops of the AgNO,
solution (50%W/V) on a slide. Mixed the solutions gently by tilting the slide from side
to side. Covered with a cover glass.

® [Kept the slide on a slide warmer set to 40-45°C until the solution turns golden brown
(approximately 6-8 minutes).

® Removed the cover glass and rinsed the slide thoroughly in distilled water to remove
cover glass. Fixed in 5% sodium thiosulfate for 4-5 minutes and rinsed briefly in
distilled water again.

® Counterstained with 5% Giemsa solution, rinsed briefly in distilled water and let it
dried in air.

® (Cleared in xylene for 10 minutes and mounted in permount.

® Recorded the chromasomes.
3.6 Chromosomal analysis

For the conventional karyotypes, the frequency for each chromosome count was
observed and the principal count was taken as the diploid number for each species.
Five best metaphase spreads for each species were_measured in comparison with a
stage micrometer in order that constructed the idiogram of each species. Chromosomes
from these spreads were classified according to the criteria nomenclature of Levan,
Fredga and Sandberg (1964) as shown in table 3, and calculated fundamental number
or arm number (NF) which metacentrics(m) and submetacentrics(sm) were described
as two-arm chromosomes, whereas subtelocentrics (stland acrocentrics(a) as one-arm

chromosomes.
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Table 3 Classification of chromosomes and their arm ratio

Chromosomal type Arm ratio”
Metacentrics (m) 1.0-1.7
Submetacentrics (sm) =1.7-3.0
Subtelocentrics (st) >3.0-7.0
Acrocentrics (a) =7.0

* arm ratio(r) defined as long arm(l) divided by short arm(s) so this mathematical

equation is r=I/s.

For NOR phenotype analysis, NOR stained metaphase plates which NOR regions on
chromosomes should be stained black, compared with original-metaphase plates in
order to identifying the position of the NOR on the chromosome and the centromere

position of homologous chromosome.



Chapter 4

Results and Discussion

4.1 Description of species(morphometric, meristic)

Scientific name: Puntius brevis (Bleeker, 1860)

Thai name: pla tapien sai

Common name: golden litile barb

Figure 4.1 Puntius brevis (Bleeker, 1860)

Symnonyms: Puntius puntio Hamilton, 1822
Capoeta javanicus Bleeker, 1850
Systomus (Capoeta) brevis Bleeker,1860
Systomus (Capoeta) leiacanthus Bleeker,1860
Funtius (Capoeta ) brevis Bleeker, 1863

Capoeta brevis Bleeker, 1863
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Puntius (Capoeta ) leiacanthus Bleeker, 1863
Barbus leiacanthus Gunther, 1868

Barbus brevis Glnther, 1868

Barbus sophoroides Gunther, 1868

Puntius sophoroides Smith, 1945

References: Smith(1945), Taki(1974), Rainboth(1989), Jayaram(1991), Roberts and
Warren(1994), and Rainboth(1996b).

Diagnosis: A Punlius species differing from other related Puntius species by having no
discrete dark spot at base of anterior dorsal-fin rays and having complete lateral line

(Rainboth, 1996b).

Morphometric and meristic data based on 10 individuals as shown in tables 4.1

and 4.2, respectively.

Body compressed and oblong, body depth 42.30% in standard length. Head
length 27.74% in standard length, head slightly more compressed than body with short
maxillary barbels. Snout shorter than eye diameter. Mouth terminal. Body covered with

cycloid scales, a dark spot at caudal peduncle. Lateral line complete. Caudal fin forked.

Dorsal fin ray 9, first spine simple with no serration, second to ninth rays
branched. Membrane of dorsal fin usually with dark stripes.-Anal fin rays 6, first spine
simple, second to sixth rays branched. Pectoral fin rays 10-12 (usually 11), pelvic fin

rays.8-9 (usually-9).



Scientific name: Systomus orphoides(Valenciennes in Cuvier and Valenciennes, 1842)

Thai name: pla kam cham

Common name: red-cheek barb

Figure 4.2 Systomus orphoides(Valenciennes in Cuvier and Valenciennes, 1842)

Symnonyms:

Barbus rubripinna van Hasselt, 1823

Barbus gardonides Valenciennes in Cuvier and Valenciennes, 1842
Barbus orphoides Valenciennes in Cuvier and Valenciennes, 1842
Barbus sarananella Bleeker, 1850

Systomus ( Barbodes ) rubripinnis Bleeker, 1860

Puntius caudimarginatus Blyth, 1860

Puntius ( Barbodes ) rubripinna Bleeker, 1863

Barbus rubripinnis Peters, 1868

Barbus rubripinnis Gunther, 1868

Barbodes rubripinnis Jordan and Seale, 1908

Puntius sarana Smith, 1945

Puntius simus Smith, 1945

FPuntius jacobusboehlkei Fowler, 1958



22

References: Smith(1945), Taki(1974), Rainboth(1989), Jayaram(1991), Roberts and
Warren(1994), and Rainboth (1996b ).

Diagnosis: A Systomus species differing from other related Systomus species by having
anterior maxillary barbels, 16 scale rows around caudal peduncle and having very

brightly color, bright red tail bordering by black submarginal stripes(Rainboth, 1996b).

Morphometric and meristic data based on 10 individuals as shown in tables 4.1

and 4.2 respectively.

Body compressed and oblong, body depth 37.52% in standard length. Head
length 25.93% in standard length, head slightly less compressed than body with 4
barbels. Snout shorter than eye diameter. Mouth terminal. Body covered with cycloid
scales and had a dark spot on caudal peduncle. Body with pale color or colorless when

captured. Lateral line complete. Caudal fin forked.

Dorsal fin ray 9, first spine simple with serration, second to ninth rays branched.
Anal fin rays 6, first spine simple, second to sixth rays branched. Pectoral fin rays 12-13

(usually 13), pelvic fin rays 8-9 (usually 9).



Scientific name: Barbodes gonionotus ( Bleeker, 1850 )

Thai name: pla tapien khao

Common name: common silver barb

Barbodes gonionotus

Figure 4.3 Barbodes gonionoius ( Bleeker, 1850 )

Symnonyms: Barbus gonionotus Bleeker, 1850
Puntius { Barbodes ) javanicus Bleeker, 1865
Barbus ( Puntius )javanicus von Martens, 1876
Puntius javanicus Sauvage, 1881
Barbus { Puntius ) javanicus Hora, 1923
Puntius { Barbodes Jjolamarki Smith;. 1934
Barbus jalamarki Fowler, 1937
Puntius viehoeveri Fowler, 1943

Puntius gonionotus Smith, 1945

References: Smith(1945), Taki(1974), Rainboth(1989), Jayaram(1991), Roberts and
Warren(1984), and Rainboth(1996b).

23
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Diagnosis: A Barbodes species differing from other related Barbodes species by having

slate-grey caudal fin, 6-7 branched anal-fin rays and no red coloration on body or fins

{Rainboth, 1996h).

Morphometric and meristic data based on 10 individuals as shown in tables 4.1

and 4.2 respectively.

Body compressed and oblong, body depth 40.27% in standard length. Head
length 26.33% in standard length, head slightly less compressed than body with 4
barbels. Snout shorter than eye diameter. Mouth terminal. Body covered with cycloid

scales, Lateral line complete. Caudal fin forked.

Dorsal fin ray 9, first spine simple with serration, second to ninth rays branched.
Anal fin rays 7, first spine simple, second to seventh rays branched. Pectoral fin rays 12,

pelvic fin rays 8-9 (usually 9).
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Scientific name: Hypsibarbus wetmorei (Smith, 1931)

Thai name: pla tapak

Common name: golden belly barb

Hypsibarbus wetmorei

Figure 4.4 Hypsibarbus wetmorei (Smith, 1931)

Symnonyms: Barbus goniosormna Duncker (not Bleeker), 1904
Puntius wetmorei Smith, 1931
Puntius [ barbodes ) daruphani Smith, 1934
Barbus daruphani Fowler, 1937
Puntius daruphani Smith, 1945
Barbus beasleyi Smith; 1945
Puntius daruphani tweediei Menon, 1954
Lissochilus annamensis Mai (not Pellrgrin and Chevey), 1978

Hypselobarbus cf. daruphani Roberts and Warren, 1994

References: Smith(1945), Taki(1974), Rainboth(1989), Jayaram(1991), Roberts and

Warren (1994) and Rainboth(1336a,b).
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Diagnosis: A Hypsibarbus species differing from other related Hypsibarbus species by
having red to reddish-orange pelvic and anal fins, robust body (not compressed), 3-5
gill rakers on lower arm of first arch, 7-9 (mean 8.3) predorsal scales and 9-14 (mean

11.7) dorsal-spine serrations(Rainboth, 1996b).

Maorphometric and meristic data based on 10 individuals as shown in tables 4.1

and 4.2 respectively.

Body compressed and oblong, body depth 41.80% in standard length. Head
length 23.56% in standard length, head slightly less compressed than body, with 4
barbels. Snout shorter than eye diameter. Mouth terminal. Body covered with cycloid
scales and with reddish-crange color on belly area. Lateral line complete. Caudal fin

forked.

Dorsal fin ray 9, first spine simple with serration and second to ninth rays
branched. Anal fin rays 6, first spine simple, second to sixth rays branched. Pectoral fin

rays 12, pelvic fin rays 9.



Table 4.1 Morphometric study for the four studied cyprnigesgecies. For each character, range and mean + SD are indicated.
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Characters Punilius brevis Systomus arphoides Barbodes gonionotus Hypsibarbus wetmorei
10 specimens 10 specimens 10 specimens 10 specimens

Range Mean+SD Range Mean+SD Range Mean+SD Range Mean+SD
Total length(mm) 56-81 70.9 + 165 87-119 100.2 + 10.68 103-137 126.2 + 9.81 114-158 135.4 + 15.72
Standard length(mm) 49-69 61.5 + 5.98 77-99 88.9 + 7.96 88-119 109.5 + 9.62 | 94-140 115.9 + 14.60
Body depth{mm) 21-30 26 + 3.06 27-37 333+ 275 32-49 44.1 +5.34 3r-58 48.4 £ 6.02
Head length({mm) 13-19 17.05 + 1.64 21-26 23.0 £ 1.6/ 26-31 28.75+193| 22-:1 27.3+3.53
Snout length{mm) 2.15-4.55 338+ 067 | 3.9-645 4.86 + 0.83 )/ 2.85-7.45 508 +1.21 | 4.25-7.95 6.26 + 1.24
Eye diameter(mm} 3.9-5.8 534+ 0.75)] 55695 .24 +053| 82115 942 + 1.04 | 7.85-11.7 937 + 1.31
Postorbital length{mm) 5.25-8.55 7.16 + 0.94 9.9-19 1281 +3.27 | 1205135 | 12894 +048 | 9.6-135 11.96 + 1.34

12
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Tabie 4.2 Meristic counts for the four studied cyprinid spegies. For each character, range and mode (in parentheses) are indicated.

Characters Puntius brevis Systomus orphoides Barbodes gonionofus Hypsibarbus wetmorei
10 specimens 10 specimens 10 specimens 10 specimens
Dorsal fin rays 9 9 9 9
Anal fin rays 6 6 T 6
Pelvic fin rays g g 8-9(9) 9
Pectoral fin rays 10-12(11) 12-13(13 ) 11-12(12 ) 12

8e
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4.2 Karyotypes and Chromosomal NOR- phenotypes

4.2.1 Frequency observation of chromosome diploid number

From chromosome counts of four studied species, all of them had the diploid number
from mode in each species which equaled to 50 as table 4.3. As same as results from

Magtoon and Arai(1989) and Magtoon and Donsakul(1990) also.

Table 4.3 Frequency distributions of diploid chromosome counts.

Examined 2n Total
Species specimens counts
43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51
Puntius brevis 8 - - - 1 3 a | 1121 1 128
Systormnus orphoides 6 - - - - - 2 6 | 114 | - 122
Barbodes gonionotus 10 - - - 2 - 2 6 | 138 | - 148
Hypsibarbus wetmore| 10 — _ 1 1 1 1 2 4 111 - 121

4.2.2 Description of karyotypes and NOR-phenotypes

Puntius brevis

Based on 112 metaphase counts per 8 specimens, the diploid number was 2n=
50. The karyotype .comprised of 2 metacentric chromosomes, 2 submetacentric
chromosomes, 2 subtelocentric chromosomes and 44 acrocentric chromosome (figure
4,5 and4.6). The arm number (NF) was 54. The average chromosome length range from
5 metaphase plates was 1.88- 4.01 um. Nucleolus organizer regions (NORs) were

located on the satellited regions of a subtelocentric pair on short arms(table 4.4).

Systomus orphoides
Based on 114 metaphase counts per 6 specimens, the diploid number was 2n=

50. The karyotype comprised of 12 metacentric chromosomes, 20 submetacentric




chromosomes, 4 subtelocentric chromosomes and 14 acrocentric chromosome (figure
4.7 and 4.8). The arm number was 82. The average chromosome length range from 5
metaphase plates was 1.49- 2.72 um.

NORs were located on the satellited regions of a submetacentric pair on short

arms (table 4.4).

Barbodes gonionotus

Based on 138 metaphase counts per 10 specimens, the diploid number was
2n= 50. The karyotype comprised of 6 metacentric chromosomes, 16 submetacentric
chromosomes, 6 subtelocentric chromosomes and 22 acrocentric chromosome (figure
4.9 and 4.10). The arm number was 72. The average chromosome length range from 5
metaphase plates was 2.12-4.31 um. NORs were located on the satellited regions of a
submetacentric pair on sh;rt arms and an the satellited regions of an acrocentric pair on

short arms(table 4.4).

Hypsibarbus welmorei

Based on 111 metaphased counts per 10 specimens, the diploid number was
2n= 50. The karyotype comprised of 12 metacentric chromosomes, 12 submetacentric
chromosomes, 4 subtelocentric chromosomes-and 22 acrocentric chromosome (figure
411 and 4.12). The arm number was 74. The average chromosome length range from
5 metaphase plates was 1.44- 3.27 pm. NORs were located on the satellited regions of

an acrocentric chromosome pair on long arms(table 4.4).

For karyotypes, Magtoon and Arai(1989) who studied. six.cyprinid fishes from
Ayuthaya reported that Puntivs brevis had the arm number was 54( 2m+2sm+4€a ),
Barbodes gonionotus had the arm number was 72( 2m+20sm+4st+24a ) and
Hypsibarbus welmorei had the arm number was 70 ( 12m+8sm+6st+24a ), respectively.
Whereas Taki and Suzuki (1977) cited in Magtoon and Arai (1989) reported Systomus
orphoides which was Indian and Ceylonese species had the arm number was 92 and

Magtoon and Donsakul(1990) who studied three cyprinid fishes in Pai river of the
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Salween river system reported Systomus orphoides had the arm number was 80
(14m+16sm+4st+16a), respectively, compared with this study they were different in arm
numbers or chromosome types in spite of they were the same species. Donsakul
{personal communication, 1999 ) explained that they might be happened if a study took
place at a different time or a different worker which connected with chromosome
measurement. Chromosomes might be measured different workers which had a different
criteria to specify the centromeric position. Moreover, each cell does not have cell cycle
to divide altogether such as chromosomes in mid-metaphase have less condensation
than late metaphase. It might be that differences in chromosome fixation and
preparation techniques could cause differential contractions of chromosomes and

thereby change the relative number of chromosome types.

It is possible that some of the intraspecies karyotype differences seen in
comparisons between different worker result from genetically isolated populations from
different geographical regions. There were some evidences for these events in mitotic
chromosomes of Serrasalmus- spilopleura which were sampled from the Parana
Paraguay rivers (Cestari and Galetti,Jr, 1992) ,Oryzias minutillus which were examined
from different localities in Thailand (Magtoon et al., 1992)and Gymnotus carapo from six
localities which were investigated from the Upper Parana river system (Fernandes-
Matioli et al.,1997), including Sternopygus macrurus which had a different NOR
phenotype in 3 Brazilian river basin (Dealmeidatoledo et al.,(1993) also. Therefore each
studied species was sampled from the same locality for each species to be make sure
that there was no differences in intraspecies karyotypes of genetically isolzted

populations.

In this study, this was the first time for idiogram construction for four cyprinid
fishes. Five metaphase plates per species which were used to measure for karyotype
and idiogram construction were good spreading, not overlapping or clumping, besides

they 'must be not too condensed to be difficult for measurement also.
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For karyotype construction, although all of karyotypes were demonstrated have
all the chromosome paired, it was realized that in some cases the pairing was arbitrary
because of the similarity in size which some chromosomes of each species were so

close in their length.

For comparison of four studied species’ karyotypes, it can be seen that the
relative numbers in chromosome types of metacentrics, submetacentrics,
subtelocentrics and acrocentrics vary among species. Interspecies karytotype
differences may be divided two groups between Punlius brevis and three other species
which Puntius brevis had NF = 54 while three other species had more than 70. This
opinion corresponded with Magtoon and Arai (1989)'s discussion also. However, the
analysis from only eonventional karyolype may not be truly enough, it is essential to
conduct other studies, such as morphological characters, isozymes, DNA content or

banding karyotypes, and organizes these informations for analysis.

For NOR phenotypes, it was clear that the number and the location of NORs an
the chromosomes of each studied species were different. This NORs study was
reported here for the first time of the old genus Puniius and because these cyprinid
fishes had never been reported, a phylogenetic analysis of four studied cyprinid fishes

can not be happened in this analysis.

From the priorresults/interspecies heteromorphism observed in this study (table
4.4) comprised of the number of silver stained NORs and the chromosomal location of
homologous chromosomes. Whereas NORs ‘of four studied species were different in
their own. In fact, Puntius brevis was reported silver-stained NORs on the subtelocentric
chromosome pair but these chromosomes in some cases belonged to the
submetacentric chromosome pair by measurement which resulted from less
condensation (longer chromosomes). However, it was necessary to allow this pair was
subtelocentric chromosomes from this disparity because every silver stained plates

which worked out and five metaphase plates which were measured for karyotype and
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idiogram construction were subtelocentric chromosomes by measurement. It is known
that regions where the chromatid fiber failed to undergo coiling result in the appearance
of centromere and nucleolus organizer (Ratter, 1992) which make them to be difficult to
stain with Giemsa solution and to see with the light microscope. From this controversial

result in another side, it was possible that Systomus orphoides and Puntius brevis may

have a common in NORs.

Besides interspecies heteromorphism in NORs, there was intraspecies
heteromorphism in individual specimen of each species even individual cell which efiect
on a limitation of these interpretations. However, the specificity of chromosomal silver
staining were at NOR sequences of rDNA that were actively transcribed at the
preceding interphase and not in the sequences themselves which has been proposed
that silver staining associated with some acidic nucleolus proteins at NOR sequences
(Goodpasture and Bloom, 1975;5uja and Hernandez-Verdun, 1996) and might reflect
rDNA s level of transcriptional activity during this interphase also (Gerbi, 1997). Thus an
important question to solve in the future was whether the NOR heteromorphisms
represent loss (or gain) of their transcriptional activities loss (or gain) of NOR sequences
themselves. This guestion can be directly proved by in situ autoradiography of
chromosomes by using radioactively labeled rRNA or complementary DNA sequences
(Gold, 1984) or the alternative technique is truly favorite and reliable at recent which is

fluorescence in situ hybriization (FISH) (Rab et al., 1996).

In the future, if the NOR study of this fish group extended, NOR database might
provide to help this controversial systematics. It is essential that this studied extension

should be continued.



Table 4.4 Summary of cytogenetic data for the four studied cyprinid Species.
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Species Karyotypes and . ldiegrams NOR  Phenotypes
specimens plates NF AR {ptm ) formula specimens | plates NOR pair Formula®
Punlius brevis 9 ] o4 1.88-4.01 | 2m+2sm+2st+44a o 10 1 cCc
Systomus orphoides 4] 5 82 1.49-2.72 [ 12m+20sm+dst+1da 3 T 1 DD
Barbodes gomionolus 5 5 T2 2.12-4.31 | Bm+16sm+6st+22a 4 9 2 AADD
Hypsibarbus wefmarei 5 5 74 1.44-3.27 | 12m+12sm+4st+22a 5 10 1 BB

1, NF: arm numbers

2, ALR: average length range

3, formula (modified from Amemiya and Gold, 1988): A, terminal on short arms of acrocentric chromosome; B, terminal on long arms of

acrocentric chromosome; C, terminal on short arms of subtelocentric chromosome; D, terminal on short arms of submetacentric chromosome
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stained metaphase plate and C. corresponding karyotype of Systomus orphoides; NOR

bearing chromosomes indicated by arrow heads A., B. and open arrow in C.
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Chapter 5

Conclusions and Recommendations

5.1 Conclusions

5.1.1 Karyotypes

In this study, all of four cyprinid species have similar diploid chromosome

number, which is 50( 2n=50 ), however they have different karyotypes as follows,
The karyotypes of Puntius brewvis comprise of 2 metacentric chromosomes, 2
submetacentric chromosomes, 2 subtelocentric chromosomes and 44 acrocentric

chromosomes ( 2m, 2sm, 2st and 44a ), with their arm number(NF) as many as 54.

The karyotypes of Systomus orphoides comprise of 12m, 20sm, 4st and 14a with

their NF as many as 82.

The karyotypes of Barbodes gonionotus comprise of 6m, 16sm, B6st and 22a with

their NF as many as 72.

The karyotypes of Hypsibarbus wetmorei comprise of 12m, 12sm, 4st and 22a

with-their NF-as.many as 74«

5.1.2 NOR phenotypes

For distribution of nucleolus organizer regions (NORs) of four cyprinid species,

the differences are as follows,
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Puntius brevis, NORs have one pair which are located on the satellited regions

of a subtelocentric pair on short arms.

Systomus orphoides, NORs have one pair which are located on the satellited

regions of a submetacentric pair on short arms.

Barbodes gonionotus, NORs have two pairs which are located on the satellited
regions of a submetacentric pair on short arms and on the satellited regions of an

acrocentric pair on short arms.

Hypsibarbus welmorei, NORs have one pair which are located on the satellited

regions of an acrocentricpair an long arms,

5.2 Recommendations

1. Identification of four eyprinid species should be really careful since some
close species have similar morphology also. It is essential that material

specimens should be kept for checking of their scientific name.

2. Cell culture might be the better choice than direct method if it were found a
suitable condition. At least, material specimens’ sacrifices for cell culture will

be less numbers than direct method.

3. Silver staining technique for NORs Is sensitive to failure therefore a lot of

metaphase plates should be prepared in this chromosome staining.
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Methods of measurement and countings

sSL -------""----.-..-.-...-...-.-.:

Figure | Topography of a cyprinid fish
TL= Total length: the straight distance from the tip of the snout to the tip of the caudal
fin.
SL= Standard length: the straight distance from the snout to the junction of the posterior
margin of the hypural bones or the base of the caudal fin or practically to the middle of
the line of flexure at the caudal fin base.
BD= Body depth: the greatest depth usually taken vertically between the insertion of the
first dorsal fin to the ventral profile.
HL= Head length: measured horizontally from the tip of the snout to the posterior edge
of the operculum.
STL= Snout length: the straight distance from the tip of the snout to the anterior border
of the eye. )
EL= Eye diameter: the horizontal straight distance of diameter of eye.
PL= Post orbital length: the straight distance from the posterior edge of the operculum to
the nearest point on the orbit.

DF= Dorsal fin rays —

AF= Anal fin rays B — Numbers of both spiny rays

VF= Pelvic fin rays —_— and soft branched rays

PF= Pectoral finrays ———
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puslurbltaﬂeﬂgﬁl[l"l-} 1 1 132 1105 Wﬁ;;_ ;u:éf s ss 19 1255  1281| 3272002
 eTUSL 1166667 108.642 109.0909 110.1124) 110/ 112887 108.8765| 113.0435 122.6804 113.1313] 112.6231| 4.309178
 wsusL 100 100 100 o—100———100 100 WO | 100 100 100| 100 0
| aBoisL 139235(45?4::?4 3?"3@4—3—9};32@3555555 - 359555?5505155 3636364 3752244 2.064314
9HLISL 27.38005 2716048 26.26263 24.7191 255&555 2727273 25925031 25 2474227 2525253 25.92722| 1.047427
[ WSTUSL | 4.540476) 5.555556 6.515152) 57903374 533638 5064935, 500642 5326087 4278351 5956505 5451245 0.61886
| swEewsL 6547619 7.530864 -E_E;ETLEE_?MEE 7.388880 E{EBE &?9&123[ 6630435 5927835 6.919192, 7.04718| 0705097
[ wpUSL  13.09524 1358025 13.33333 1241573 125555?* 13.63636 2283951 mmnai 1953?63' 1267677 14.45324) 3732017
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Morphometrie data of Barbades gonionotus

mmispecimens e 2 3 A7 Bl —r; 8 g, 10,  mean| sd
total length(TL) 126 128 3 sl o) e 87 1330 103] 1262 9.807027

[ standand Iengl:h[SL]- 1 w02 114 A1al | s 101, 118! 12| 118 88|  109.5 9.617602
body depth(BD) 495_ 46 41'; 4 .49‘ 'h .isf 42 . 48 9 a2 I
head length{HL) 305 o7 30, 28 2 . 28 . m 20 & 26|  28.75| 1.932002
snout length(STL) 575, 285 51  M2) “&ys 6% 55 471  7.45 4,3; 5.085| 1.211989
eye diameter(EL) s 85 97| ad 83 88 83 105 10] 82  9.42| 1.037947
postorbital length(PL) 1265 1205 13 1345_ 135 1265 T 125 135 12945 0476358
| wTusL 1105263 1254902 114.9123..1122807 1141503, 1148515 115.4261 1169643 112.7119) 117.0455 1154068, 4.080144
%SUSL 100 100 T — 100 {}- 100 1mi 100 100 0
%BOVSL 42.98246 45.09804 35. 95491'}:15245 38,0531 4158416 4023613 4375 35.50322| 3635364 4027081 35347
%HUSL 2675430 2647050 2631579 245614 2566372 2574257 26.05042 2580286 _252?119' 2054545 26.32684] 1.279269
%STUSL 504386 2794118 4.473684 3.684211 5.088496 519602 4621849 5196428 6313550 4836364 4.630058| 0.947611
WEUSL 1008772 8333333 8508772 7.368421 &méi; 8 71287 | ?sia.nz‘éb | 9375 8.474576 9.318182 8622409, 0795979
%PUSL 1109649 11.81373 1140351 11.79825 1172566 _12524?5| 1092437 11.96429110.59322| 1534091 1191852 1.326261
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FTLISL

mmispecimens
totat Iengﬁt[TL]
5tarndard ie-ngﬂ'n!SL]
I:-Dd].' depth{BD)
nead lengthiHL)
snout Iengtn[S-TL:l
gye dtameterIEL:l
posiorbital Ien-gﬂ'l[PL}I

3_214235 8.1 ‘[9256

1 2

. 188 125
a0 109
5] a8

31 24

T 78| azs
*"_TE 885
_-EE?_ 1075
s wasren
100| 100

| 3857143] 440367

= _|___
22. 14235' 2201835

Morphometric data of Hypsibarbus welmores

5 5?1#29' 3.899083

EI.E#EEE]"f 9.55-2335

Py ///E 6 7 8 9 10 mean  sd
134 o 1884/ 'I:_!-'Ei 14z 129 147 114 113 1354 1572118
13 -Eﬁ"—_-"ﬁa% 123 108 122, 98| g4l 1159! 14.60175
47 s@ [ 52 LA\ \ 2 s '43}_ 37| 484 6.022181
26 82, gl 4 29l |\ 5 23] 2 273 aseseny
635 /78 .86 ., 795 | 58 695 475 585 626/ 1244053
8ss W7 '*_955 'fk'a;a; 9.65 9.3 ?_.EEI E 9.37] 1313223
15 11;9;_' 107 136 1155 1305 12.5! 96  11.96) 1.341806
1@5.;11‘_ 116.4178 115.2542| 1154472| 1194444 1204918 1163265 1202128 1169715 2577535

100 1001 1u-u| 100] W0 100 00 100 100 0
4150007 43.28358 44.0678| 40.65041| 40.74074 41.80328| 4387755 39.3617| 41.79861| 1986577
' 23.00885 238906 2372881, 23.57724) 25 2540084| 23.45030| 23.40426 2356402 1072283
5 619463 5447761 ai?d&i"ﬁa; 5.463415| 5.37037 . 5606721 4846930| 6.223404 5.388435| 0.742587
7568370 8.731343 18050847 7.154472] 8835185 7.622851 8.010204| 8510638 8091556 0.547145
1&1?5@@35&&%?&5??9? 10.97561] 10.60444 10.69672 12,7551 10.21277| 10.37489] 1.017052
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numbersispecimens
dorsal fin rays - 9.
anaHﬁuay:;. _u__"E“
pehac fin rays 9-
pecioral fin rays 11—
mberdepecinens 1
dorsal fin rays - 9-
aﬂhﬁyﬁ 6
" pelvic fin rays 8
 pectoral finrays 3

8 9 10 mode|

9 9 9 9|

6 6 6 6

g 9 gi 9

12 11 1u} 11

8 9 m[ mode]
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Meristic D)
numbersispecimens 1 A 3 \ ?! 8| 9 10  mode
: dnu;;_rafs | @ g 9 N . ai g 8 9 9

anal fin rays 6 8l 258 TANRY Ei 6 5 6 5

i B, | 5 A y 2\ A\ I
pebvic fin rays g 9 W7 "} X 9 9 9 9 a

. B ] 1 l. = —— - -
pectoral fin rays —' 12 12 12 ;;'7; 1 12! 12 12 12! 12
Meristic of Ba N
o o 15,
numbersispecimens - k z 3 JEE 7 8 9 10|  mode
= 2 = ; . e b = B .
dorsal fin rays 9 g 9 o Ei 9! a 9 ] 9|
== ‘,.t-;_l" Y ; 1 T
|_mmme |7 7T SR A 1 :
pehic finrays 9 a8 - 3 8 9 g o
pectoral fin rays 12:_ 111 1 % ml 2 12 12 12 12
B <
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Measurement data of chromosomes for Puntius brevis

[psemy  Patem)

Plicm) P2{cm) PSicm) longarm (1) | fong am (1)

[pair type lengarm (1} | longam {1} | longam (1} | long am (1} | long arm (1) |sum of P mean of P
1|m 0.525 1.145 0.475 0.62 0.55 3.315 0.663
1|m 0.53 1.05 0.48 0.55 0.57 3.18| 0636
2|sm 0.85 2 0.805 0.94 1.22 5.815 1.163
2|sm 1.025 2315  0.875 0.89 1.2 6.305 1.261
3|st 0.625 1.58 0.695 0.785 0.83 4315 0.863
3|st 0.86 1.515 0.68 0.66 0.625 4.34 0.868
41a 1.42 2.575 }.GB 1.165 1.46 1.7 1.54
4la 1.385|  2.565 1.08 1.125 1.44 7.545 1.508
5|a 1.33 2.52 1.025 1.095 1.39 7.36 1.472
5|a 1.235 2.51 0.945 1.065 1.265 7.02 1.404
6la 1,22 2.49 0.94 1.06 1.255 6.965 1.393
6|a 1.165 2.29 0.925 1.05 1.135 6.565 1.313
7la 14 2.085 0.92 1.035 1.115 6.265 1.253
7\a 1.085 2.025 0.915 1.025 1.075 B.125 1.225
Bla 1408 2.02 0.89 1 1.025 6.015 1.203
&la 1.07 1.88 0.89 0.875 1.005 5.82 1.164
9la 1.085| /- 1.865| ~ 088 0.975 1| 5775  1.188
9la 1.035| - 1.845 0.865|  0.955 0.995 5.695 1.139
10|a 1.025 1.8 0.85 0.955| 0.99 5.62 1.124
10|a 0.995| 179 0845 004 098 5.55 111
11|a 098] 1.785| 0.845 0.93| 0975 5,525 1.105
11|a 0.985 1.76 0.84 0.925 0.965 5.475 1.085
12|a 0,985 1755 0.84 0.82 0.955 5.455 1.091
12|a 0.985 105 0.83 0.91 D.94 5.415 1.083
13]a 0.985 1.75 0.82 0.905 0.94 5.4 1.08
13ja 0.98 1.745 0.81 0.905 0.94 5.38 1.078
14la 0.98 1.735 0.81 0.905 0.935 5,365 1.073
14|a 0.97 1.735 0.805 0.9 0.93 5.34 1,068
15|a 0.95 1.73 0.8 0.9 0.93 5.31 1.062
15|a 0.95 1.73 0.78 0.9 0.93 5.29 1.058
16]a 0,945 1.715 0.78 0.895 0.925 5.26 1.052
- _15 a 0.945 1.7 0.78 0.895 0.925 5.255 1.051
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Measurement data of chromosomes for Puntius brevis

[P1iem) |P2tem) |Patem Pa{cm) |Pstem) leng arm {1} | leng amm {1}
|pair fong am (1) | langarm (1) | longarm (1) | long arm {1} | long am (1) [sum ol P |mean of P

17 0.93 1.68 0.77 0.89| 0925 5195  1.039
17 0.925 168 0785 0885 0915 517  1.034
18 092l 167 0765 o088 0905 s514] 1028
18 0.915 1.86 0.76 0.87|  0.905 5.11 1.022
19 0.915 166 0755{ 0.885  0.905 5.1 1.02
19 0.905 1.66 0.74) 0865 0.885| 5055  1.011
20 0.88)  1.855 0.74]  0.855 0.88 501  1.002
20 0.88 1.64| 0735 0.84 0.88| 4975  0.995
21 0.85 1610 073 0835 0835 486 0972
21 0.84 1.8 0.73 0.83| 0815 4815 09863
22 0.83]  1.575 0.71| 0788 0795 4695 0939
22 082| / /1535] 0.705 0.775 0.79| 4625 0.925
23 0.51 15 o7 . o073| o785 4525 o008
23 0.8 1.49 07| 0725 0.77|  4.485| 0897
24 0.79 1.49 0.7 0.72 0.76 4.46|  0.892
24 78| 1458 ‘ 07| .« ox1s| o0735| 43es5| oera
25 0.745| -~ 1455 o7 0.71 0.725| 4.335|  0.867
25 0.685 T.44 {}EEE 0.67 0.7 413 0.826
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Measurement data of chromosomes for Puntius brevis

lang arm (1) |Pi(em)

P2(em) Pa{em) Paem) [Psiem) short amm ( 3 ) [short arm (=) [short arm (s )
S0 of P shortamm { s ) [shortamm (s ) [shortarm (s ) [shortarm (5 ) [shortam (s ) [sumofP  |meanofP  [SDofP
0.274468 0.49 1.05 0.405 0.5 0.51 2.955 0.591| 0.259962
0.233838 0.515 1.02 0.345 0.445 0.45 2775 0.555] 0.266895
0.494894 0.455 0.88 0.455 0.45 0.505 2.745 0.549| 0.186393
0.603525 0.58 1.24 0.4 0.465 0.48 3.165 0.633] 0.345391
0.405596 0.205 0.48 0.195 0.22 0.19 1.29 0.258| 0124629
0.372938 0.225 0.49 0.18 0.205 0.185 1.285 0.257| 0.131463
0.600885 o #Divl | #Dhvio
o.812121 0O #Diviol | #DIviod
0.605626 0| #DNVIOL | #DIVIO!
0.631807 0] #DIVil | #DIVIOL
0.626195 0| #DIViol | #DIVIOL
0.554037 0] #DIVIOL | #DIvOL
0.476925 0| #DIolL | #DIvO!
0.452272 0] #DMOL | #DIVIO!
0.46192 0 #Divial | #DIvio!
0.405453 O #Divil | #DIviol
0.401917 0| #DIvl | #DIVIOL
0.399662 0| #DMNOI #DIWI0!
0.383526 0| #DIV/O! | #DIV/OL
0.384554 0| #DIDI #DIWOL
0.384301 O #DIMVIDL | #DIviol
0.375882 o #Diviat | #DIvion
0.375123 o #Dnvior | #DIVIO
0.377121 0| #DNOL | #DIVIDI
0.379391 Op-#DIVAO | #DIVIOL
0.379233 al\ #ONO! | #DIVIO
0.375277 ) 0| #DIOL | #DIvOY
0.3778 o #DihvL | #Dvio!
‘EETTE?AQ O #Divor | #DIVio!
0.381405 o #Dvar | #OIWOL
0.3?‘5092 0| #DIviol | #DIvOL
0.373888 0] #DIVID!

HOIV/O!
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Measurement data of chromosomes for Puntius brevis

[Pstem

lang amm {1} |Fliem) Fiem) Pd{cm) |Psiem short arm { s ) |shortarm (s ) |shortam ( 5)
SD of P shartarm (&) |shortamn (s ) [shertarm (s ) |short am (s ) [shortam (s ) [sum of P meanof P |SDof P
0.364115 0| #Diwol | #DiIviol
0.366715 O #DIWOL | #DIV/O!
0.364018 O #DIOU | #DIV/O!
0.361915 0} #DiVio! | #DIV/O!
0.363352 0| #DN/O! | #DIV/O!
0.368466 0| #DIv/ol | #DOIYO
0.369605 0| #DIOL | #DIVID)
0.365411 0| #DIVL | #DIVIOL
0.359872 0| #DIViO! | #DIV/O!
0.358741 0 #DIWOL | #DIV/OI
0.358214 0O} #Divio! | #DIVIO!
0.343602 0| #Diviol | #DIviol
0.335447 0 #Diviol | #DIWID!
0.333759 0| #DIV/0L | #DIVIOL
0.33611 a| #Dnvor | #DIvO!
0.326125 0| #DiviO! | ®DIV/O!
0.329139 0| #DiW/O! | #DIV/O!
0.344082 0| #DiW/Ol | #DIV/OI
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Measurement dala of chromosomes far Puntius brevis

o8 Uiz Iang arm short arm |+s(cm) s acfjust adjust adjust
mean of P mean of P palr mean palr maan palr maan palr mean limécron) s{micran) H-s{micron)
1.254| 1121827 0.6495 0.573 1.2225| 1.133887| 1.443333| 1.273333| 2.716667
1.191] 1.145846 0.68495 0.573 1.2225( 1.133887| 1.443333| 1.273333| 2.716667
1.712] 2.118397 1.212| 0.591 1.803| 2.055249| 2.693333| 1.313333| 4.006667
1.894| 1,992101 1.212|  0.591 1.803| 2.055249| 2.693333| 1.313333| 4.006667
1.121| 3.344961| 0.8655| 0.2575 1.123| 3.361197| 1.923333| 0.572222| 2.495556
1,125 3.377432| 0.8655| 0.2575 1.123| 3.361197| 1.923333| 0.572222| 2.495556
#DIV/O1 | #DIVIO! 1.5245| #DIV/0L | #DIV/O! | #DIV/Ol | 3.387778| #DIV/OI | #DIV/O!
#DIVID! | #DIV/O! 1.5245( #DIV/OI | #DIW/OL| #DIV/O! | 3.387778| #DIV/O! | #DIV/O!
#DIV/OL | #DIVIO! 1.438| #DIV/Ol | #DIVfO! | #DIV/O! | 3.195556| #DIV/Ol | #DIVIOI
#DIV/OL | #DIVIO! 1:438] #oivior | #owviol | #DIIOL | 3.195556| #DIviol | #DIviol
#DIV/O! | #DIV/O! 1.353| #DIV/OI | #DIV/OL | #DIViOL | 3.008667| #DIV/O! | #DIV/O!
#DIVIO! | #DIV/O! 1.353| #DIViDl | #DIV/Ol | #DIVIO! | 3.008667| #DIV/O! | #DIV/O!
#DIV/O! | #DIV/O! 1.239| #DIV/OF | #DIV/Ol | #DIV/OL | 2.753333| #DIv/ol | #DIVIO!
#DIV/OL | #DIVIO! 1.239| #DIV/O1 | #DIVYO! | #DIV/O! | 2.753333| #DIVIO! | #DIV/O!
#DIV/IOL | #DIV/O! 1.1835| #DIV/0! | #Div/ol | #Div/ol 2.63| #DIV/O! | #DIV/OI
#DIVIOl | #DIV/O! inaa_s #Diviol | #piviol | #oiviol 2.63| #DIV/IO! | #DIV/O!
#OIV/O! | #DIv/o! 1.147| #DIV/oL | #DIVIOL | #DIV/O! | 2.548889| #DIV/O! | #DIV/O!
#DIV/OL | #DIV/O! 1.147| #DIW/O! | #DIV/OL | #DIV/IO! | 2.548889| #DIV/OI | #DIV/O!
#DIV/OL | #DIVIOI 1.117| #Dviol | #DIvior | #DIvio! | 2.482222| #DIVIO! | #DIV/O!
#DIVIOL | #DIV/O! 1.117| #DIVIOT | #DIVIDT | #DIVHOL | 2.482222| #DIvio! | #DIvV/Ol
#DIVIOI | #DIV/O! 1.1| #DIV/0l | #DIV/DL | #DIV/OL | 2.444444| #DIVIOI | #DIV/OI
#OMID! #Ono! 1.1| #DIwoL #OIv0L #DIVOL | 2.444444| #DIVIOI #OIVO!
#DIVIDL | #DIVJO! 1,087 #DIv/ol | #DIV/O! | “#DIV/O! | 2.415556| #DIV/OL | #DIV/OI
#DIV/IOL | #OMIO! 1.087| #DIWD! | #DIV/OL | #DIV/OL | 2.445556| #DIV/IOI | #DIV/O!
#DIVIO! | #DIVIO! 1.078| #DIV/OT | #DIV/O! | #DW/O!I | 2.395556|-#DIV/O! | #DIV/O!
aDivi0! | ‘#Diviol 1.078| ‘#DIViDl, | #DIV/O! | #DIV/O! || 2.395556] #DIV/0l | #DIv/ol
#DIV/D! | #DIV/O! 1.0705| #DIV/Ol | #DIV/O! | #DIV/O! | 2.378889| #DIV/D! | #DIV/O!
#DIVIOL | #DIVIO! 1.0705| #DIW/O! | #DIV/O! | #DIVIO! | 2.378889| #DIV/O! | #DIV/O!
#DIviO! | #DIVIO! 1.06| #DIV/O! | #DIV/O! | #DIV/D! | 2.355556| #DIV/Ol | #DIV/Ol
#DIVIO! | #DIV/O! 1.06| #DIV/O! | #DIV/O! | #DIviol | 2.355556| #DIv/O!l | #DIV/O!
#DIV/DL | #DIVIO! 1.0515| #DIW/O! | #DIV/Ol | #DIV/O! | 2.336667| #DIVIOI | #DIV/O!
HOMNOL #OM/O! 1.0515| #DIV/O! HOINVOL #OMO! | 2.336667| #DIVIO! #OIVID!
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Measurement data of chromosomes for Puntius brevis
[1+5 s liong arm shortam  |Hsicm) Jus adust adjust adfjust
[meanotP  |meanofP  |pawmean  |pamean [pairmean  [pairmean [i(micron) simicren)  |l+s(micran)
#DIviol | #DIviol 1.0365| #DIV/O! | #DIV/OL | #DIV/D! | 2.303333| #DIVIO! | #DIVYOIL
#DMol | #DIvOL 1.0365) #DIV/O! | #DIVAOL | #DIVAOL | 2.303333| #DIV/OI | #DIWIOL
#DIvioL | #DvL 1.025| #DN/DL | #DIV/O! | #DIVWIDL | 2277778 #DIWOL | #DIvo!
#DIWOL | #DIVO! 1.025| #DIVOL | #DIVIDL | #DIV/OL | 2277778 #DIVOL | #DIvio!l
#OWMWL | #DIviO! 1.0155| #DNOL | #DIOL | #DIVOL | 2.256867| #DIVIO! | #DIVIO!
#DIviol | #DIVOL 1.0155 #DIVAOL | #DIVOL | #DIVAOL | 2.256B67| #DIV/O! | #DIV/OL
#DIvfol | #DIvol 0.9285] #DIV/OL | #DIVAOL | #DIVAOL | 2.218889| #DIVIO! | #DIVIOI
#0DMial | #DIvOL 0.89985| #DIV/OL | #DINVIO! | #DIV/OL | 2.218888| #DIV/OL | #DIV/O!
#DIViDl | #DIvio! 0.9675| #DIVID! | #DIviOL | #DIVID! 2.15| #DIVIOl | #DIvIO!
#OMO! | #DIVAOI 0.96875| #DNO! | #DIV/OL | #DIW/OL 215 #Diviot | #DIviol
#DIv/ol | #DIviol 0.232| #DNDY | #DIW/O! » #DIVAOL | 2.071111| #DIV/OY | #DIV/O!
#OIV/O! | #DIV/OL 0.932| #DIVIO! ! #OIVIOL | #DIVIOL | 2.071111| #DNO! | #DIVIO!
#DIvalL | #DvOY ﬂ.E-D‘I. #DIWI0| ! #0DIViol | #DIVAOY | 2.002222| #DIVIOD | #Diviot
#DMaL | #Divea! 0,801 #DI\J{DL—’ #E._Illwm #DIVOL | 2.002222) #DIWO1 | #DIviol
#DOWM | #DIvio! 0.8825| #DIvior | #DIv/ol | #DIW/OY | 1.961111| #DIV/Ol | #DIV/O!
#0101 | #DIVYOL 0.8825| #DIVI0Y | #DIVIOL | #DIVADE | 1.961111| #DIV/OY | #DIV/D!
#DIMV/O! | #DIVIOL 0.8465| #OIVDT | #DIVIOL | #DIV/O! | 1.881111| #DIViD! | #DIw/Ol
#Dnval | #DNO 0.8465| #DIV/O! i #DIVIOL | #DIV/D! | 1.881111| #DIV/O! | #DIV/OL
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Measuremenl data of chromosomes for Systomus orphoides

S1{cm) S2(em) S3(cm) Sdjom) S5(em) fong arm (1) | long ammi {1}
|pair |typa fongam (1) | longarm (1) | long am (1) | lang arm (1) | long am (1) |sumof S mean of S

1{m 0.545 0.485 0.585 0.69 0.465 2.75 0.55
1|m 0.525| 0.405| 0625 0.575| 0365 2495  0.499
2|m 0.56|  0.435 0.7] 0835 0525 3.085 0.611
2|m 0.6 0.44 0.55 0.68 0.49 2.76| 0552
3|m 0.545|  0.455 0.55|  0.605 0.44| 2585 0519
3\m 0.52 0.44|  0.455 0.61 0.48| 2505  0.501
4|m 0.405 0.44 046/ 0535 0435 2275| 0455
4|m 0.395|  0.415| 0.545 0.84 0.42| 2415  0.483
5|m 0.45 0.34 0.53|  0.615 0.41 2.345|  0.469
5|m 0475 0245 0505 0625 0455 2405 0.481
6|m 0.375 0.23| | 0455 0.51 0.38 2.05 0.41
B|m 0.355 0.35| 0.5 0.57 0.33| 2105 0421
7|sm 0.82 0.8 1 1.15 0.75 452  0.904
7{sm 077 069 0965  1.045 0.72 419| 0838
&|sm 0.79 0.7{ @795 0705 0715 3705 0.741
8|sm 0735| 0725 0715 0.79 0.74|  3.705|  0.741
9|sm 0.655| ./, DB45|  0F15) 0765 0.54 3.32|  0.664
9|sm 0.66 0.615 0.86 0.805 0.555 3.495|  0.693
10|sm 0.65 0.57| 0715 0.765| / 0475 3175 0635
10{sm  084] 0595 062 088 0475 301| 0602
11{sm 0.65 0.56 0.76 0.68| 0.53 318 0636
11|sm i 0.66 0.505 0.66 0.64 0.535 3 0.6
12|sm 0.6 » 0.475 059 , ~0.635 0.47 277 0554
12|sm 0.62( 7 0.465 0.58)- 0.605 0.5 277 0.554
13|sm 0.53 0.48] _ 0,555 ‘0.575 0,59 2.74|  0.548
18|sm 0.56| 0545 0.57 0.6 0.49|0 2785  0.553
14|sm 0.55|  0.455 0.55| 0.615 0.44 2.61 0.522
14 |sm 0.49| 0435 0575 0.625 0.44| 2565 0.513
15(sm 0.54 0.44 0.5 0.58 0.415 2475 0.495
15{sm 0.545 0.49 0.51 0.585 0.38 2.51 0.502
16|sm 0.49 0.46 0.65 - -0.515 o _U.EE 2.495 0.499
16/sm 0.45 0.44 0.55 0.51 0.4 2.35 0.47

&7



Measurement data of chromosomes for Sysfomus orphoides

51(cm) 52(cm) [s3tem) Sdiem) S5(cm) long am (1) | long am (1)
type lengarm (1) | longam (1) | long arm (1} | leng amm (1) | long arm (1) |sum of S mean of 5

17st 0.63 0.51 0.71 082 0725 3395 0679
17st 063 0545 0.76 0.65 056| 3145 0.629
18{st 0.6 0.49 0.71 0.72| 0485 3005 0.601
18|st 0.555|  0.475 0.66|  0.665 0.52| 2875 0575
19la 0.915 0.79 16|  1.005 0.82 513  1.026
19la 0.875|  0.715 0.96| 0965  0.815 433 0866
20a 0.875 0.71| 0925 0945 0.805 426 0852
20la 0.815| 0705 0915| 0.905 0.79 413 0826
21|a 0.81 0.7] 0905 0.88) 0785 408 0816
21la 0.8 0.69 0.87|  0.875 0.78|  4.015| 0.803
22|a 0.79 0.66|  0.865 0.87| 0775 398 0792
22|a 0.755 | 0.655| u.‘aa 0.865 0.755 3.89 0.778
23/a 0738 = 0ss| o83 oses| o075 383 o766
23|a 0.73| © o&4s| 0825|0855 073| 3785 0.757
24|a o72| o0645|  os2s]  oes| oes| 373 0746
24|a 0.715) © 0,635 0.8 0825 0.66| 3635 0.727
25|a 0.665| ~-0.61] 0775 0.81 0.64 35 0.7
25|a 0.635| —@:585  ©.735|  0.685 0.61 322|  0.644




Measurement data of chromosomes for Systomus orphoides
long arm (1) |S1(em) s2(em) 53(cm) sd(em) 58(cm) short arm { 5 ) [short arm (s ) [short arm (s )
15D ol 5 short arm { s ) [shortarm (5} |short arm (s ) |shortarm {8 ) (shert arm {5 ) [sum of S msan of 5 SDols
0.093941 0.45 0.4 0.52 0.585 0.415 2.37 0.474| 0L.OV7411
0.110815 0.465 0.39 0.525 0.525 0.35 2.255 0.451| 0.079168
0157377 0.238 0.33 0.465 0.49 0.36 2.025 0.405( 0.069101
0.093648|  0.355 0.34 0.42 0.4| 0.325 1.84|  0.368| 0.040404
0.069588|  0.325| 0.285| 0.375 0.43 0.28| 1695  0.339| 0.063581
0.068044 0.31 0.26| 0315 0425 0285 1.595|  0.319| 0.063186
0.048862|  0.295 0.26| 0295 047 0255 1.575|  0.315| 0.088671
0.105865 0.36| 0245 0.335| 0285  0.265 1.58|  0.318| 0.060581
0.106677 0.27 0.245 0.325 0.37 0,245 1.455 0.291] 0.054932
0.100648 0.285 0.22 .31 Q.37 0.28 1.465 0.293| 0.054288
0.071676 0.25| 0.135 029 0.3 0255 1.29 0.258| 0.041322
0.107378] 0325| 021 ~ 03] o345 0.2 1.38|  0.278| 0.066839
0.166823|  0.285| 0.295 0.45 048] 0258 1785  0.353| 0.103839
0.157663 0.26| o028s| . 0538 | 0295  0.275 1.75 0.35| 0.116404
0.047355 0.31 0.285 0.325 0.355 0.25 1.525 0.305| 0.039843
0.029026 0.3 0.26] 0295 0415 0.26 1.54|  0.308| 0.063699
0.084587 0.3| 0385 . 0.295| 0.305) 0215 1.47|  0.294| 0.050299
0.128909 0.32 028| - 03 034s| o0.195 1.45 0.29| 0.057118
0.115488 028 0295 0365 0255 0:23| 1.425| 0.285| 0.051113
0.077508 0.29 0.29] 0.325 0.31 0.25] | 1.465|  0.293| 0.028196
0.092898 0.25| | 0.195 03| 0335 0185 1.265|  0.253| 0.065058
0074246 0.285 0.22 0.265 0.315 D.‘EBS 1.27 0.254( 0,051769
0.076273| 0205 0215 0315 . D0.265 0.23 1.23|  0.248| 0.044777
0.067952| 0.215 0.2 .~ 0.305| | (0295 c0.205 1.22|  0.244| 0.051527
0,039465 0.24| 0175 0.28| 0205 “0.205 1.195| " 0.239| 0.050175
0.040589| | 0.235 022| ¢ ©8.315| - 0295 0175 1.24|, [0.248| 0.056985
0.073195 0.22 0.185 0.31 0.28 0.175 1.17 0.234| 0.058097
0.084158 0.21 0.185|  0.325 0.27 0.19 1.18|  0.236| 0.060146
0.068374 0.25 0.17 0.26|  0.245 0.2| 1125  0.225| 0.038406
0.077185 0.25 0.17 0.28 0.25 0.2 1.15 0.23| 0.044159
0.098514 0.185 0.185 0.275 0.2 017 1.025 0.205( 0.040774
0.058582 0.215 0.155 0.225 0.185 0.18 0.97 0.194| 0.027928
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Measurement data of chromosomes for Systomus orphoides

leng arm (1} |S1(em) Is2(em) 53(em) S4(cm) S5(cm) [shortam () [shortarm (s ) [shortarm ()
SD of 5 shortam (s ) |shortarm (s ) [shortarm (s ) [shortarm () [shortam (s) sumofS  [meanofS  [SDofS
0.118103 0.19 0.135 0.23 0,255 0.145 0.855 0.191| 0.05213
0.085761 0.2 0.155 0.245 0.21 0.115 0.925 0.185| 0.050621
0.11382 0.125 0.15 0.22 017 0.11 0.775 0.155| 0.043012
0.084779 0.12 0.125 0.215 0.13 0.14 0.73 0.148| 0.039275
0.331802 0 #DMNOL | #DIVOL
0.105024 0| #DIIOL | #DIVOL
0.096021 0| #DIV/OL | #DIV/O
0.08692 0| #DiViOL | #DIV/OI
0.081348 0| #Diviol | #DIVi0!
0.075796 o #DIviol | #DIVIOI
0.085338 0 #Divol | #DIWOL
0.087293 0| #DIViOl | #DIV/O!
0.084513 0 #DIVIOL | #DIVOl
0.084008 0y #DIOL | #DIV/OL
0.088133 0 #DivoL | #DIiD!
0.083711 o #Divmat | #DIViol
0.087536 o #Divol | #DIvYoL
0.069138 O #DIViOL | #DIViOL




Measurement data of chromosomes for Systomus orphoides
li+s Im. |Innn arm shortarm e us adjust adljust adjust
meanof & |meanof$  |pairmean  |pairmean  |pakmean  |parmean  |lmicron) s{micran) b simicron)

1.024| 1.160338| 0.5245| 04625  0.987| 1.133384| 1.165556| 1.027778| 2.193333
0.95| 1.10643| 0.5245| 04625 0.987| 1.133384| 1.165556| 1.027778| 2.193333
1.016| 1.508642| 0.5815| 0.3865|  0.968| 1.504321 1.292222| 0.858889| 2.151111
0.92 1.5| 05815 0.3885  0.968| 1.504321| 1.292222| 0.858889| 2.151111
0.858| 1.530973 0.51| 0.328|  0.839| 1.550753| 1.133333| 0.731111| 1.864444
0.82| 1.570533 0.51| 0.329|  0.839] 1.550753| 1.133333| 0.731111| 1.864444
0.77| 1.444444| 0469 03165 0.7855| 1.481656| 1.042222| 0.703333| 1.745556
0.801| 1.518868|  0.469| 0.3165| 0.7855) 1.481656| 1.042222| 0.703333| 1.745556
0.76| 1.611684| 0475\  0.292|  0.767| 1.626661| 1.055556| 0.648889| 1.704444
0.774| 1.641638|  0.475| 0.202|  0.767| 1.626661| 1.055556| 0.648889| 1.704444
0.668| 1.589147| 04155 0.267| 0.6825| 1.557255| 0.923333| 0.593333| 1.516667
0.697| 1.525362| 04155 ~ 0267 0.6825| 1.557255| 0.923333| 0.593333| 1.516667
1.257| 2.560907| @871 < 0.3515]  1.2225| 2.477596| 1.935556| 0.781111| 2.716667
1.188| 2.394286| 0871 03515  1,2225| 2.477596| 1.935556| 0.781111| 2.716667
1.046| 2.429508| . 0.741| 0.3065| 1.0475| 2.417676| 1.646667| 0.681111| 2.327778
1.049| 2.405844|  0.741] 03085 1.0475| 2.417676| 1.646667| 0.681111| 2.327778
0.958| 2.258503| 0.6815| ~0.292| 0.9735| 2.334424| 1.514444| 0.648889| 2.163333
0.989| 2.410345| 0.6815| —0.202] 0.9735| 2.334424| 1.514444| 0.648889| 2.163333
0.92| 222807 08185 0.289| 0.9075| 2.141339] 1.374444| 0.642222| 2.016667
0.895| 2.054608( —0.6186{ 0:268|  0.8075( 2:141338] 1.374444| 0.642222| 2.016667
0.889| 2.513834| — 0618 02535 0.8715| 2.438019| 1.373333| 0.563333| 1.936667
0.854| 2.362205| ° 0.618| 0.2535| 0.8715| 2.438019| 1.373333| 0.563333| 1.936667
0.8| 2.252033|  0.564| 0245  0.799] 2:261262| 1.231111| 0.544444| 1.775556
0.798| 2.270492|  0554|| | 0.245| 0.799| 2.261262| 1.231111| 0.544444| 1.775556
0.787| 2.202887| 0.5505| 0.2435(  0.794| 2,261363| 1.223333.0541111| 1.764444
2:801| 2.229839] \ 0.5505| ) 0.2435| = 0.794| 2.261363| 1.223333)\0.541111| 1.764444
0.756| 2.230763| 0.5175| 0235 0.7525| 2.202249 1.15| 0.522222| 1.672222
0.749| 2.173729| 0.5175| 0.235 0.7525| 2.202249 1.15| 0.522222| 1.672222
0.72 22| 04985 02275 0.726| 2.191304| 1.107778| 0.505556| 1.613333
0.732| 2.182609| 0.4985| 02275  0.726| 2.191304| 1.107778| 0.505556| 1.613333
6.704| 2.434146| 04845 0.1995|  0.684| 2.428413] 1.076867| 0.443333 1,52
0.664| 242268 0.4845 01995  0.684| 2.428413| 1.076667| 0.443333 1.52
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Measurement data of chromosomes for Systomus orphoides
[+s lvs lang anm shortarm |18 Ifs adjust adpust adjust
meanof 5 meanof & |pairmean  |parmesn  (pairmean  (pairmean  |imicron) simicron)  [1simicren)
0.87| 3.554974 0.654 0.188 0.842| 3.477487| 1.453333| 0.417778| 1.871111
0.814 34 0.654 0.188 D.842| 3.477487| 1.453333| 0.417778| 1.871111
0.756| 3.877419 0.588| 0.1505| 0.7385| 3.907888| 1.3068667| 0.334444| 1.641111
0.721| 3.938356 0.588| 0.1505| 0.7385| 3.907888| 1.306667| 0.334444| 1.641111
#DIviol | #DIviol 0.848| #DIV/OL | #DIV/OL | #DIV/DY | 2.102222| #DIVIDL | #DIV/OI
#DIv/ol | #DIviOl 0.848| #DIv/ol | #DIV/0! | #DIVID! | 2,102222| #DIViol | #DiviO!
#DIVAOY | #DIviOL 0.839| #DIViOL | #DIVIO! | #DIV/O! | 1.8B84444| #DIV/O! | #DIV/O!
#DIVID! | #DIVIOE 0.839| #DIV/OL | #DIVDL | #DIV/OL | 1.8B84444| #DIV/D! | #DIV/Ol
#OIV/O! | #DIVOL 0.8085( #DIV/D! | #DIV/OL | #DIV/OL | 1.798889| #DIV/0! | #DIV/0l
#DIV/O! | #DIVIO! 0.8085| #DIVOY | #DIMVO! | #OIV/O! | 1.798889| #DIVIO! | #DIV/O!
#DIV/O!L | #DIV/O! 0.785| #DW/D! | #DIVIOL | #DIVIOL | 1.744444| #DIV/O! | #DIViO!
#DIVID1 | #DIvio! 0.785| #0ONIOL | #DIVID! | #DIVIDL | 1.744444| #DIV/OL | #Divi!
#DIviol | #DIviol 0:7615| #DIviol | #biviol | #Diwior | 1.892222| #DIviol | #Divrol
#DIV/DL | #DIviOL 07615 #DIv/0L | #DIV/Ol [ HDIOU | 1.892222| #DIV/OL | #DIv/O!
#DIV/OL | #DIV/DL 07365 #DIVI0lL | #DIV/O! | #DIVIOL | 1.83B667| #DIV/O! | #DIV/O!
#DIViol | #Div/ol 0.7365| #DIvioL | #DIV/OI | #DIW/O! | 1.636667| #DIV/O! | #DIV/OL
H#DIVID! | #DIVAO! 0.672| #DivoL : #DN.*G! #DIV/D! | 1.493333| #DIVID! | #DIV/O!
#DIV/iO! | #DIv/Ol 0.672 #ﬁl?.;‘ﬂ! #DIV/O! | #DIV/O! | 1.493333| #DIV/O! | #DIv/Ol
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Measurement data of chromosomes for l':'yps.ibamus wetmore!

H1 Hz H3 H4 HS long arm { 1} | long am {1}
fypa feng arm (1) | long aem (1) long arm (1) | bong arm (1) | long armi {1 ) |sum of H mean ol H

1|m 071 o0ses| 0675 0635 0.72| 3325 0665
1|m 0.565| 0545 0595 0.585 0.7 209 0598
2|m 0.575 0.49 0.68 0.54 058 2865 0573
2|m 0.565 0.52 0.68 0.49 0.63| 2885 0577
3 0.65|  0.415 0.7 05 0675 294|  0.588
3 0.54 0.4 068 049 0855 2765 0.553
4m 0.6 04| = /0655 0.47 0.66| 2785 0557
4 0.605 0.4 053]  0.465 0.61 261 0522
5 0.57 04| 0525 0.41 0.5 2405 0481
5/m 085 0.4 0.5 0.455 0.48| 2385 0477
6|m 05 0415 04| 043 0445|228 o046
6/m 0.55 0.38) 048 0:43| 0535 2375 0475
7|sm 14 0.85f  1.135] 0.9 121 5285  1.087
7|sm 1.025 087| | A.085 0785 1.285 503  1.006
8|sm 0.95f 0825 095 0705 0.99 443 0886
8|sm 08|~ 063 0935 0.74| 0925 413| 0826
9/sm 061 0.7{ 0675 0895 0.8 368 0.736
9|sm o7as| — os1| 085 0535 08|  334] oses
10{sm 07  oe1| 072| 0e8s. 078 3475 0695
10{sm 0675 0475  D.605) 0.51 0.685 293 0586
11|sm 0.69 0.6 0.685 045“55 0.64 318 0.636
11|sm 0.68 0.5 0.61 0.56 0.6 2.95 0.59
12|sm 0:86| <0475 0.55 0.4 06| 2585 0517
12|sm 0.735| | 0458 0.58| .| D.455 0.55| 2775 0585
13t 0.76 0:58 0.66 0.68| 07950 3.475| 0695
13|st o8|} [ lose| | To7es| | oesl- | ores|l - 349] 0698
14|st 072 o048 059 0635 0.68| 3.105| 0621
14|st 0.6 0.5 0.56 0.645 0.58 2.885 0.577
15/a 1.145 0.8 0.98| 0915 1.175| 5015  1.003
15]a 1.11 0.785 0.98 0.89 0,915 4,66 0.932
16|a 103 0738 095 0875 0.9 443  0.898
16]a 1025| osss| o095 0855 oses| 44 o088
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Measurement data of chromosomes for Hypsibarbus wetmorei

H1 H2 H3 H4 H5 larg arm (1) | long am {1}
pair type tong arm (1) | tong arm (1) | longarm (1) | lengam (1) | leng arm (1) [sum of H miean of H

17|a 1.02 0.675 0.85 0.8 0.855 4.3 0.86
17|a 1.01 0.665 0.93 0.79|  0.855 4.25 0.85
18la 1.01 0.855 0.93| 0775 0.845| 4.215| 0.843
18la 1 0.85 0.8 0725 0.83| 4105/  0.821
19|a 0.99 0.65 0.9| 0.705 0.82| 4065 0813
19(a 0.925 0.65 0.885 0.68 0.8 3.94 0,788
20|a 0.915 0.65 0.88 0.67 0.8 3915 0783
20|a 0.91 0.65| = 0BB5| 0655 0795 3.875| 0.775
21|a 0.88) 08645 0.865 0.65 0.785| 3.825| 0.765
21|a 0.875!  0.635| 0.805)  0.845 0.76 3.72| 0744
22|a 0.876| < 0.635 0.8 0.64| 0755 3705 0.741
22|a 0:87 0.82 0.8 0.61 0.725|  3.625 0.725
23|a 0:85 0.62{  0.795 0.61 0.68) 3.565| 0.713
23a 0.855| = 0615  0.795 0.61 0.68| 3.555 0.711
24|a 0.815 0.6 0.785 0.61 0.87 3.48 0.696
24|a 0.815 0.595 0.7 0.6 0.655 3.435 0.687
25(a 0.8 0.55f  0.685| 0.595 0.65 328 0656
25/a 0.795 0.55)—0.675 0.57 0.635 3225 0.645
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Measurement data of chromosomes for Hypsibarbus wetmorei

H4 |Hs

long arm { 1) H1 H2 H3 short arm (3) |short arm () |short am (s )
50 of H short arm { = ) |shortanm (s ) (shart arm (s ) [shortarm () |shartarm { ) |sum of H meanof H  |S0efH
0.050374|  0.545| 0.425| 0.505 0.4| 0525 2.4 0.48| 0.063836
0.060166|  0.51 0.4 052 035 058 236  0.472| 0.094181
0.089785|  0.475 04| o044] 037 0555 224| 0448] 0.071818
0.07807 0.44| 0335 044 0355 05| 207 0.414] 0.067952
0.124127| 0435 033 0455 039 044 205 0.41| 0.050867
0116276 0.395| 036 0455 = 038 043  202] 0.404| 0.038308
0.11649 0.375 0.315 0.43 0,35 0.415 1.885 0.377| 0.046984
0.090595 0.36 03| 0395 035/ 038 1785 0.357| 0.036332
0.073858|  0.345| 0.275 0.4 03] 0415 1.735|  0.347| 0.060889
0.055408] 034 025/ ~ 03| 030s]  04s| 1.735|  0.347| 0.076942
0037318|  036| 0245 - 03es|. 0275| 0.315 1.56|  0.312| 0.052393
0.071239| 0.345(" @23  0405| 0255 032| 1555 0.311] 0.070303
0.14025 0.45| & 04) | o082 04|  o0s8l 235 0.47| 0.07874
0.193016 0.4 041 ‘oars| 0315 0465 2085 0.413| 0.063894
0.119237| 0485 038 05| 0415 0415 2008 0.419] 0.076273
0.135065 0.48| 0345 D4 0355 044 202| 0404| 0.056943
0.083777 0.36| 0245/ 02395, 0895 044 1.835| 0367 0.073875
0.105747 03 0.27 pasl 08l 041 1.66|  0.332| 0.059749
0.055227|  0.355|  0.325 04/ 0335 0328 1.74| 0.2348] 0.031544
0.090305 034 027 0345\ 028 0325 1.56|  0.312| 0.034749
0.054014 o.28| = o020s] 0325 025 034 1.4 0.28] 0.055114
0.086332|  0.275 023| 0285 024 034 1.38|  0.276 0.044357
0.079498| 7 0.27) ) .36} | Tds)) O Joe2 0.3 <7.205|  0.259| 0.020865
0.115163 0.30] ‘0235 0205 023 024 1.30| 0278 0.087879
0:085, ' ~049] . ) 0;145 0.2 10,208} ~ 0:26 1 0.2| 0.041079
0.093314| = 0.185] = 014" “ 0.28] © "022|" “ 026 1.045|  “0.209| 0.054818
0.092628 0.2 013 0,19 0.175 0.22 0.915 0.183] 0.033838
0.053339 0.185 0.125 0.18 0.165 0.155 0.81 0.162| 0.023875
0.157504 0 #DiVIO1 #DMa!
0.126422 0| #DIv/OL | #DIVIO!
0.108662 ol #Diviot | #Divio!
0.127083 o| #oviot | #oiviol
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Measurement data of chromosomes for Hypsibarbus wetmorei

long arm (1} |H1

HZ H3 Hi H5 short arm {5 ) [shortarm (2 ) |shorlamm | s )
SOl H shortamm { =) |shortarm {8 ) |shortarm (8 ) |shortarm (s ) |shortarm (s ) |sum of H meanofH  [SDolH

0.133744 0| #DIV/OL | #DIVO!
0.132146 0l #DIOL | #DIVIDY
0.137323 Ol #DNOL | #DIVIOY
0.138582 0] #Dnor | #DIVD!
0.138906 0| #Dnol | #DIvOL

0.12148 O #DNOL | #DIVIO
0.118979 O #DIAL | HDIVO
0.119111 O #DMOL | #DIVIOY
0.113192 0| #DIOL | #DIVIDY
0.103465 0} #DNOL | RDIVIOY
0.103767 0] #DNoL | #DIvIo
0.112805 0] #DIv/OL | #DIV/O!
0.110318 0| #DIWADL | #DIVAOY
0.109738 Q| #DIViDl | #DIVADY
0.098209 0| #DINOL | #DIVIO
0.100412 O #DIOL | #DIVIOY
0.095816 0| #DIV/O! | #DIV/D!

0.09766 0y #DNOU | RDIVID!
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Measurement data of chromosomes for Hypsibarbus wetmorei

les l""' lang aem shortam  |Ha Us adjust {adjust acjust
meanofH  |meancfH  |pairmean  |pairmean  |pairmean  |pairmean  |Hmicron) simicron)  [I+s{micron)
1.145| 1.385417 0.6315 0.476 1.1075| 1.326183( 1.403333| 1.057778| 2.461111
1.07| 1.266949| 0.6315| 0.476| 1.1075| 1.328183| 1.403333| 1.057778| 2.461111
1.021] 1.279018| 0575 0431  1.008| 1.336369| 1.277778| 0.957778| 2.235556
0.891| 1.39372| 0575 0.431|  1.006| 1.336369| 1.277778| 0.957778| 2.235556
0.998( 1.434146 0.5705 0.407 0.9775| 1.401479| 1.267778| 0.904444| 2172222
0.957| 1.368812 0.5705 0.407 0.9775| 1.401479( 1.267778| 0.904444| 2172222
0.934| 1.477454| 0.5395| 0367 0.9065| 1.469819| 1.198889| 0.815556| 2.014444
0.879| 1.462185| 0.5395|  0.367| 0.9085| 1.469819| 1.198889| 0.815556| 2.014444
0.828| 1.386167| 0479  0.347|  0.826| 1.380403| 1.084444| 0.771111| 1.835556
0.824| 137464 _ 0478|  0347|  0.826| 1.380403| 1.064444| 0.771111| 1.835556
0.768| 1.461538| 04655 03115  0.777| 1.494435| 1.034444| 0.692222| 1.726667
0.786| 1.527331] 0.4658|  03115|  0.777| 1.494435| 1.034444| 0.692222| 1.726667
1.527| 2.248936| 110315| / 0.4415| ' 1.473| 2.342386| 2.292222| 0.981111| 3.273333
1.419| 2.435835| 1,0315| © 0.4415| = 1.473| 2.342386| 2.292222| 0.981111| 3.273333
1.305| 2.114558| ~ 0856) 0.4115| 1.2675| 2.079556| 1.902222| 0.914444| 2.816667
1.23| 2.044554| 0.856| = 0.4115| 1.2675| 2.079556| 1.902222| 0.914444| 2.816667
1.103| 2.00545|  0.002| ~0.3495| 1.0515| 2.008749 1.56| 0.776667| 2.336667
1| 2.012048| 0702 ©:3495| 1.0515| 2.008749 1.56| 0.776667| 2.336667
1.043] 1.997126] 06405| 033 09705 1.937666] 1.423333| 0.733333| 2156667
0.898| 1.878205|  0.6405 0,33 0,9705| 1,937666| 1.423333| 0.733333| 2.156667
0.916| 2.271429)" 0613 0278  0.891| 2.204555| 1.362222| 0.617778 1.98
0.866| 2.137681|  0.613| 0278  0.891| 2.204555| 1.362222| 0.617778 1.98
0.776| 1.996139| 0536 0:2685| 0.8045/1:996271| 1.191111| 0.596667| 1.787778
0.833] 1,936403 0536 0.2685 0.80450 1.996271( 1.181111| 0.596667| 1.787778B
0.895 3.475 0.6965 0.2045 0.901| 3:407356| 1.547778.0.454444| 2.002222
0,907(\8.339713| ', 06965 (0.2045| | 0.901 3.4078356| 1.547778} 0454444| 2.002222
0.804| 3.393443| 0599 0.1725| 0.7715| 3.477586/ 1.331111| 0.383333| 1.714444
0.739| 3.561728|  0.599| 0.1725] 0.7715| 3.477586| 1.331111| 0.383333| 1.714444
#DIV/O!L | #DIVD! | 0.9675| #DIV/O! | #DIVIO! | #DIV/OL 2.15| #DIvio! | #DIv/o!
#DIV/OI | #DIVID! |  0.9675| #DIV/O! | #DIVIOI | #DIV/OI 2.15| #DIv/o! | #DIv/O!
#piviot | #Diviol 0.889| #DIVIO! | #DIV/Ol | #DIV/O! | 1.975556| #DIV/O! | #DIV/Ol
#DMO! #Dal 0.8839| #DIV/D! #OOL #OM0! 1.975556| #DIWol #O1wal

[



Measurement data of chromosomes for Hypsibarbus wetmorel

s s lang anm short amm b+ 'l-'i adjust adjust adjust
meanofH  |meanofH  |pairmean  |palrmean  |pairmean  |pairmean  |Hmicron) s{micron) l+s(micron)
#DIVAD! | #DIV/O! 0.855) #DNOL | #DIVOL | #DIVAD 1.9 #DIVID! | #DIVIOI
#DIV/D! | #DIV/D! 0.855| #DIV/Ol | #DIvOI | #DIV/OI 1.9| #DIVID! | #DIV/D!
#DIWIDL | #DIVID! 0.832| #DNVY | #DIVADY | #DIV/OL | 1.848888| #DIV/DL | #DIVID!
#DIViDL | #DIVD! 0.832| #DIVIO! | #DIVAO! | #DIV/OL | 1.84B889| #DIV/OL | #DIVIO!
#OIV/OL | #DIviO! 0.8005| #DMWOI | #DIV/OL | #DIVAOL | 1778889 #DIVIOL | #DIVIO!
#OIW/OL | #DIVAO! 0.8005| #DIMWOL | #DMWVOL | #DINOL | 1778889 #DIVIDD | #DIVIOY
#DIV/O! | #DIV/O! 0.779| #DIV/Ol | #DIV/OL | #DIV/O! | 1.731111| #DIV/O! | #DIV/O!
#DIW/DL | #DIVTO!L 0.778| #DIVAO! #GNM! FHDIVIDL | 1731111 #DIV/OL | #DIVIOL
#DIVDL | #DIVD! 0:7545] #DIVIO! | #DIVIOL | #DIWV/O! | 1.67BBB7| #DIV/DL | #DIVAO
#DIVID! | #DIVO! 0.7545| #DWWIOL | #DIV/O! | #DIVAOL | 1676867 #DIVIOL | #DIVID!
#DIVIOL | #DIVO! 0.733| #DIVIO! | #DIV/O! | #DIV/O! | 1.628889| #DIV/O! | #DIWO!
#DIV/O! | #DIV/O 0,033 #DOL | ADIVAOL | #DIVIOL | 1.628889| #DIVIO! | #DIV/OI
#DIVIDL | #DIviol 0.712) #DIV/OL . #DIVID! | #DIVIOD | 1.582222| #DIVIOL | #DIV/OL
#DIVIDL | #DIV/D! 0.712| #DIvio! | #DIVIOL | #DIViDI | 1.582222| #DIV/OL | #DIVIO!
#DIViol | #DIvio! 0.6915] #DIVID! | #DIV/OL | #DIViOY | 1.53B667| #DIVOI | #DIV/O!
#DIVID! | #DIVID! 0.6915| #DIV/0l | #DIV/O! | #DIVIO! | 1.536667| #DIV/O! | #DIV/D!
#Ono!l | #DIVD! 0.6505| #@DIV/OL | #DIV/OL | #DIV/OI | 1.445556| #DIV/IO! | #DIV/OI
#DIVIDL | #DIVIO!L 0.6505) #DM/0L | #DIWOL | #DIV/OL | 1.445556| #DIV/OI | #DIV/OL
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Measurement data of chromosomes for Barbodes gonionotus

|e2

B1 B3 B4 85 leng arm {1} | blongamm {1}
palr type leng arm {1} | lang arm (1) | bong arm (1) | lang arm (1) | leng arm (1) |sum of B mean of B

1|m 0.8 078| 1115  0955| 0675 4.325|  0.865
1|m 0.955| 0755 0.925 0815 0.7 415 0.83
2|m 0965  0.815 0.82| 0785  0.545 393 0786
2|m 0.82| 0775 0795 0.755| 0.665 381| 0762
3|m 0.7 07| 0955 0.85 0.64| 3.845 0.769
3|m 0.74| 0785 0645 0.855 0.72|  3.745| 0.749
4|sm 132| . 1.44| /1525 1.51 141  7.205|  1.441
4|sm 1.27 1.27 1.285 1.44 1.215 6.48 1.296
5|sm 1.185 144 a1 1.505 1.04 6.48 1.296
5/sm 1145 1.355| 1315|1415 0895 6125 1.225
8|sm 104] 1,245 1.27 1,22 1.03| 5875 1475
6|sm 1.025 142 0.855 1.185 0.815 5 1
Tism ‘Iﬂ!’.’- - 0.59 1.045 1.04 0.815 4,92 0.984
7|sm 086 085 . 1.07| 0955 0815 4595 0919
8lsm 1| 108 " o088 . 0835 0.87| 4715 0943
8/sm go|” o089  os7| o095 o7es| 435 osr
9sm 088 0855 072 0855 0735 4045 0809
9|sm 0.87 077l 08 0.85| 0.685| 3975 0795
10|sm 0915 0715|  0.885 08 0875 429 0858
10{sm 0805 0785 087 088 081 3.95 0.79
11|sm 0.775 0.72 0.78 074 0.75 3.765 0.753
11{sm 0.775 0.72| 0755 081 0775 3835 0767
121st 11 0.95 1.415 1.1 1 5.565 1.113
12|st 0.81 0.97 1.56 0,84 0.83 501  1.002
13|st 093] 0855 1.04|~ 0855 0858} 4635 0927
13)st 0.8 1 0.93 1.07 0.81 4.71 0.942
14|st 0.925| 0.855 1.03| 09865 0715 4.48|  0.898
14 st 0.855 0.84| 0915 0.88| 0845 4335  0.867
15|a 1.675 1.5 1.44| 1635 1.225| 7475 1495
15)a 1.5 1.42 1.32 1.34 1.16 6.74 1.348
16|a 1.42|  1.315 1.29) 1325 1.1 6.46|  1.202
16|a 1.415 1.285 1.29 1.325 1.1 B 6.415 1.283
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Measurement data of chromosomes for Barbodes gonionotus

B1 g2 B3 B4 BS lengam (1] | long am (1)
typa longarm (1) | longam (1) | bongarm (1) | lengarm {1} | long arm (|} [sumof B mean of B

17|a 1.27 1.275 1.28 1.305 1.085| 6.215 1.243
17|a 1.24 1.27 1.27 1.295 1,065 6.14 1.228
18(a 1.22 1.25 1.27 1.29 1.045|  6.075 1.215
18|a 1.22 1.22 1.28 1.29 1.04 6.03 1.206
19)a 1.22 1.22 1.245 1.24 1.015 5.94 1.188
19|a 1.2 1.2 1.245 1.205 1 5.85 1.7
20|a 1.2 1.185| 1.245 1.18 1 5.81 1.162
20|a 1.19 147| a23f 1185 1| s785]  1.151
21|a 117 1.14 1.18 1.16|  0.995 5.645 1.129
21ja 17 1.135 1.7 1.135 0.99 5.6 1.12
22|a 117 143 1155 1.135 0.98 5.57 1.114
22la .18 1.08 1.145 113| 0975 5.5 1.1
23a 1.15 1.075 1.135 1.12| 00965 5445 1.089
23|a 1145 1,075 1.1 1.1 0.965|  5.385 1.077
24|a 1.115 1.07 1.1 1.085 0.93 5.3 1.08
24|a 1.04 1.02 1.08 1.06 0.915 5.115 1.023
25(a 1.025 0.9{ 1035 1.05 0.9 491 0982
25(a 1,02 0:825 0.88 1 0.895 4.82 0.924




Measurement data of chromosomes for Barbodes gonionotus

fong amn (1) |B1B [s2 [e3 B4 85 short anm { 5 ) [short arm {5 ) |shortarm (s )
SDofB short arm { 5 ) [shortamm {5 ) |shortarm (s ) |shortarm (s ) short arm {5 ) |sumiof B maan of B SDolB
0.171885 0.7 0.745 0.805 0.7 0.635 3.585 0.717| D.062809
0.108858 0.745 0.69 0.685 0.765 0.545 3.43 (0.686| 0.086052
0.151756 0.73 0.545 0.6895 0.665 0.4 3.035 0.607| 0.135028
0.05933|  0.505 0.54| 0565  0.485 0.44| 2535  0.507| 0.048554
0.12973 0.48] 0425 06| 0505 0395 2405  0.481| 0.079483
0.077894 0.49 0.5 0.45| 0505| 0.425 2.37|  0.474| 0.034893
0.082795|  0.485 0.57| 0825|0805 0.55| 2.835  0.567| 0.054383
0.084809 0.54 0.57 064 058| 0525 2.87| 0574 0.045744
0.188726 0.48 05| 0625 0515 0.48 2.6 0.52| 0.060519
0.21 0.45 05 0625 05350 0415 2.525|  0.505| 0.081317
0.101489|  0.465 _0/835 0.74 0.52| 0395 2755  0.551| 0.137359
0.161632|  0.385| _0.508| /  0.49 049  0.34 231]  0.462| 0.103477
0.096915 0.575 'U,Eﬁ‘ U‘:455 ‘-3.425 0.44 2.465 0.493| 0.069696
0.098704 0.5 0.52 0.48 0.4 0.41 232|  0.464| 0.055045
0.082128 036 /o445 035 " 0.485 0,39 2.03|  0.408| 0.057508
0.0861948|  0.375 0.41 0.34 051] 0355 1.99|  0.308| 0.067879
0.075283|  0.435| 0445 0385 05|  038] 2145 0429 0.049168
0.073144 0.4 0.445 : 0;445 Qﬁﬁﬁ 0.38 2.125 0.425( 0.032977
0.081363 0.37| 0355 038  043] 031, 1845 0.369] 0.043359
0.069192 0.33 0.45) 0385 0.36 0.285 1.81 0.362| 0.061705
0.0249 03/~ 0315 038 03|  o033| 1625 0325 0.033166
0.032901 0.41 0.3 0.38 0.305 0.3 1.6895 0.339| D0.052249
0180887 0.355 0.255 0485 0.27 0.3 1.645 0.329| 0.085103
0.318229| [\0.25| 0:215| . 0508| - 0.21 022 1 15 0.3| 0.121707
0.077347 0.19 0.23 027 0.18| ~0.195|  1.085).7 0213| 0.037014
0.101341\ 0245| \ (0.18]) 0305 021| 0225~ | 1.165) 0233} 0.046717
0.120395 0.17 0.265 0.22 0.275 0.145 1.075 0.215| D.057118
0.030943 017 0215 021 0.26 02| 1055 0.211| 0.032481
0.17885 o| #Divior | #DIVIO!
0.126965 #DIO1 #0O1ol
0.11306 0| #DIv/Ol | #DIVIO!
0.114815 o| #oiviol | #ovior |
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Measurement data of chromosomes for Barbodes gonionotus

long arm (1) |B1B B2 B3 B4 BS [short arm ( s ) |short arm (s ) |shortarm s )
SD ol B short arm {3 ) [shortarm (s ) [shortarm (s ) [shortarm (3 ) |shortam (s ) {sum of 8 meanol B[SO of B

0.089345 a| #DIviol | #DIv/Dl
0.09318 o| #Diviol | #DiIv/Dl
0.088489 0| #DIvio! | #DIv/ol
0.087365 0| #Diviol | #DIviol
0.087378 a| #DIviol | #DIV/OL
0.086889 0| #DIviol | #Diviol
0.094114 0| #Diviol | #Diviol
0.088204 0| #Diviol | #DIviol
0.076354 0| #Divial | #DIv/o!
0.07475 a| #Diviol | #DIv/O!L
0.0766 0| #DIviD! #DIval
0.074582 o| #DIViol | #DIVOL
0.074783 0| #DIvial | #DIviol
0.067509 0| #DIVOL | #DIViOl
0.074582 a| #DIviol | #Diviol
0.064382 0| #DNO! | #DIVOL
0.075382 0| #DIV/DI | #DIV/O!
0.083021 0| #DivOL | #DIviol
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Measurement data of chromosomes for Barbodes gonionotus
[ Us long arm  |shotam WS ™ adjust adjust adjust
meanolB  |meanof B [pairmean  |parmean  (pairmean  [pairmean  [i{micron) simicron)  |Hs{micron)
1.582| 1.206418| 0.8475| 0.7015 1.549| 1.208164| 1.883333| 1.558889| 3.442222
1.516] 1.209913 0.8475 0.7015 1.549| 1.208164| 1.883333( 1.5608889| 3.442222
1.393| 1.294893 0.774 0.557 1.331| 1.398926 1.72| 1.237778| 2.957778
1.269| 1.502959 0.774 0.557 1.331] 1.398926 1.72| 1.237778| 2.957778
1.25| 1.598753|  0.759| 0.4775| 1.2365| 1.580461| 1.686667| 1.061111| 2.747778
1.223| 1.580168|  0.759| 0.4775| 1.2365| 1.589461| 1.686667| 1.061111| 2.747778
2008| 2.541446| 1.3685 0.5708 1,939| 2.399643| 3.041111| 1.267778| 4.308889
1.87| 2.25784| 1.3685| 0.5705 1,939 2.399643| 3.041111| 1.267778| 4.308889
1.816| 2.492308| 1.2805| 0.5125\,  1.773| 2.459025| 2.801111| 1.138889 3.94
1.73| 2.425743 1.2605 0.5125 1.773] 2.458025| 2.801111| 1.138889 3.94
1.726| 2.132486| 110875| 05085 1.594| 2.148494| 2.416667| 1.125556| 3.542222
1.462| 2.164502| 1.0875| = 0.5085 1.594| 2.148494| 2.416667| 1.125556| 3.542222
1.477| 1.995043| 0.9515| = 0.4785 1.43| 1.988273| 2.114444| 1.063333| 3.177778
1.383| 1.980603 08515 0.4785 1.43| 1.988273| 2.114444| 1.063333| 3.177778
1.349| 2.32266| ~ 0.90B5|  0402|  1.3085| 2.254205| 2.014444| 0.893333| 2.907778
1.268| 2.18593| 0.9065 0.402| ~ 1.3085| 2.254295| 2.014444| 0.893333| 2.907778
1.238| 1.885781 0.802 o427 1.229| 1.878185| 1,782222| 0,948889| 2.731111
1.22| 1.870588|  0.802| ~ @.427|  1.229| 1.878185| 1.782222| 0.948889| 2.731111
1,227 2.325203 ﬂ.324‘ i 0.3655 ‘i’,iﬁﬂﬁ 2.253762(1.831111| 0.812222| 2.643333
1.152| 2.18232( 0:824f 0:3655| 1.1895| 2:253762| 1.831111| 0.812222| 2.643333
1.078| 2.316923 0.76| 0.332| 1.082| 228373 1.888889| 0.737778| 2.426667
1.106| 2.262537 0.76)  0.332 1.002| 2.28973| 1.688889/ 0.737778| 2.426667
1.442| 3.382079| 1.0575| ©6:3145 1.372|3:361489 2.35| 0.698889| 3.048889
1.302 3.34 _ 1.0575 -_[-}.3145 1.372 3.'35143é 2.35| 0.6988893| 3.048889
1.14] 4.352113| 0.9345|  0.223| 1.1575| 4:197516| 2.0766671-0.495556| 2.572222
1.175| 4.042918| \\ D.9345 0.223] = 1.1575| 4,197516| 2.076667 ) 0.495556| 2.572222
1.113| 4.176744|  0.8825|  0.213| 1.0955| 4.142874| 1.961111| 0.473333 2.434444)
1.078] 4.108005 0.8825 0.213 1.0955| 4.142874| 1.9671111] 0.473333| 2.434444
#OIVI0I #OIMO! 1.4215( #DIV/OI #OIVIOY H#OIVID1 | 3.158883| #DIV/D! #DIO!
#DIV/OL | #DIVIO! 1.4215| #DIV/0l | #DIv/ol | #DIV/O! | 3.158883| #DIV/O!I | #DIV/O!
#DIvVIO! | #DIviol | 1.287s| #Divior | sDIvior | #DIvior | 2.861111) #DIViOl | #DIviol
#DIVIOL | #DIV/O! 1.2875| #DIV/O! | #DIV/OL | HDIV/OI | 2.861111| #DIVIOI | #DIVIO!
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Measuremenl dala of chromosomes for Barbodes gonionotus
[+ ||m long arm short arm |I+s ™ adt adjust adjust
Imeanofs  |meanofB  |parmean  |pairmean  |pairmean  |pairmean  |imicron) simicron)  [l+s{micron)
#DIviolL | &0l 1.2355| #DIVIDI | #DIV/Ol | #DIV/Ol | 2.745556| #DIV/OL | #DIV/Ol
#DIV/OL | #DIV0!L 1.2355| #DIV/Ol | #DIV/O! | #DIV/O! | 2.745556| #DIVIO! | #DIV/OI
#DIV/OL | #DIVADL 1.2105] #DIWV/OL | #DIVADD | #DIV/OL 2.69| #DIV/O! | #HDIVD!
H#OMVOL | #DIVIOL 1.2105| #DIv/Ol | #DIVIO! #DIvia 2.69| #DNMOL #DIVI0
#DIVID! | #DIWID! 1.179| #DIV/OY | #DIVIOL | #DIVID! 2.62| #DIV/O! | #DIviol
#OIO1 | #DIVYOL 1.179| #DIVAOl | #DIv/ol | #DIV/OL 2.862| #DIV/Ol | #DIV/OI
#DIV/OL | #DIV/D! 1.1565| #DIVIDD | #DIV/O! | #DIV/DL 2.57| #DIv/o! | #DIV/O!
#OMOL | #DIV/OL 1.1565| #DIV/Dl | #DIWI0L"| #DIV/O! 2.57| #DIV/Ol | #DIVID!
#OMVOL | #DIVAO! 1.1245| #DIV/0! | #Diviol | #DIv/Ol | 2.498889| #DIVIO! | #DIV/O!
#DIVID! | HDIVID! 11245 #0iv/0! | #DIWOL | #DIVID! | 2.493889| #DIV/iOl | #Diviol
#DI\0! | #DIviol 1.107| #000! | #DIV/OL | #DIviDl 246 #DIV/O! | #DIVOL
#DIV/OL | #DIV/D! 1.107 | #DIwrol | #DiV/Ot | #DIVIDI 2.48| #DivolL | #Diviol
HDIV/O! | #OIVYO!L 1.083| #DIVIOL #DIVMI #DI/0! | 2.406667| #DIV/O! | #DIV/O!
#DVOL | #DIVOL 1.083| #DIV/Ol | #DIWOL | #DIV/OL | 2.406667| #DIVIOL | #DIV/OL
#OIVOL | #DIVAD! 1.0415| #DIV/OL | #DIV/O! | #DIVIOI | 2.314444| #DIV/O! | #DIV/O!
#OIVIO! | #DIVIOY 1.0415| #DIWO!L | #DIV/O! | #DIV/O! | 2.314444| #DIV/O! | #DIV/O!
#DIV/ol | #DIVID! 0853 #DIV/O! | #DIVIDL | #DIV/D! | 2.117778| #DIVIDl | #DIV/O!
#DIViol | #DIvIOL 0.953 V#DMG! #ﬂl_wm #DIV/OL | 2417778 #DIV/OL | #DIVADY
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