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°“√»÷°…“∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õßª≈“ °ÿ≈ Oryzias
·≈–§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õß O. minutillus ‚¥¬„™â≈”¥—∫

π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬

 ‘‚π∑—¬  ¡‘∑∏‘§ÿ≥“ππ∑å Õ—®©√‘¬“ √—ß…‘√ÿ®‘* ·≈– «‘‡™’¬√ ¡“°µÿàπ

∫∑§—¥¬àÕ

°“√»÷°…“≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑—ÈßÀ¡¥¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß Oryzias minutillus,
O. mekongensis, O. javanicus, O. dancena ·≈– O. celebensis æ∫ 3 domain ∑’Ë ”§—≠ domain I
æ∫ termination-associated sequence (TAS) ·≈– extended termination-associated sequence (ETAS)
domain II æ∫ central conserved sequence block 3 ∫√‘‡«≥ (CSB-F, CSB-E, CSB-D) ·≈– domain
III æ∫ conserved sequence block 3 ∫√‘‡«≥ (CSB1, CSB2, CSB3) „π°“√»÷°…“§«“¡ —¡æ—π∏å‡™‘ß
«‘«—≤π“°“√‚¥¬„™â∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬ (domain II ·≈– III) ¢Õß Oryzias ∑—Èß 5 ™π‘¥ ·≈–„™â
Cololabis saira ‡ªìπ outgroup æ∫«à“ O. javanicus ·≈– O. dancena ¡’§«“¡„°≈â™‘¥°—π (BS = 100%)
‚¥¬¡’ O. minutillus ‡ªìπ sister group ·≈–„π°“√»÷°…“§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õß O. minutillus
®“° 11 ·À≈àß„πª√–‡∑»‰∑¬·≈–®“° 1 ·À≈àß„πª√–‡∑»°—¡æŸ™“ ‚¥¬„™â≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß
∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬ (domain I) ·≈–„™â O. dancena ·≈– O. celebensis ‡ªìπ outgroup æ∫
«à“ O. minutillus ®“°∑—Èß 12 ·À≈àß  “¡“√∂®—¥°≈ÿà¡‰¥â‡ªìπ 2 clade ∑’Ë ”§—≠ ‰¥â·°à clade I (BS = 100%)
ª√–°Õ∫¥â«¬ O. minutillus ®“°≈ÿà¡πÈ”‚µπ‡≈ “∫ ( ÿ√‘π∑√å  √–·°â« ·≈–ª√–‡∑»°—¡æŸ™“) ·≈–®“°≈ÿà¡πÈ”
¿“§„µâΩíòßµ–«—πÕÕ° ( ß¢≈“ ·≈–π§√»√’∏√√¡√“™) ·≈– clade II (BS = 100%) ª√–°Õ∫¥â«¬ O. minutillus
®“°≈ÿà¡πÈ”‡®â“æ√–¬“ ( ÿæ√√≥∫ÿ√’ π§√ «√√§å  √–∫ÿ√’ ·≈–æ√–π§√»√’Õ¬ÿ∏¬“) ®“°≈ÿà¡πÈ”‡æ™√∫ÿ√’ (‡æ™√∫ÿ√’
·≈–ª√–®«∫§’√’¢—π∏å) ·≈–®“°≈ÿà¡πÈ”‚¢ßµÕπ∫π (‡™’¬ß√“¬) º≈®“°°“√»÷°…“§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√
· ¥ß·π«‚πâ¡„π°“√®—¥°≈ÿà¡ O. minutillus ∑’Ë Õ¥§≈âÕß°—∫√Ÿª·∫∫¢Õß‚§√‚¡‚´¡°≈ÿà¡ primitive type (clade
I) ·≈–°≈ÿà¡ developed type (clade II)
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Studies of the Mitochondrial Control Region in Oryzias and
Phylogenetic Relationships of O. minutillus Using Nucleotide
Sequences of the Partial Mitochondrial Control Region

Sinotai Smitthikunanon, Achariya Rangsiruji* and Wichian Magtoon

ABSTRACT

A study of the entire mitochondrial control region sequences from Oryzias minutillus,
O. mekongensis, O. javanicus, O. dancena and O. celebensis revealed three important domains.
Domain I consists of the termination-associated sequence (TAS) and extended termination-
associated sequence (ETAS). Domain II contains three central conserved sequence blocks (CSB-F,
CSB-E, CSB-D) and domain III comprises three conserved sequence blocks (CSB1, CSB2,
CSB3). A phylogenetic study based on the mitochondrial control region (domains II and III) of
these five Oryzias species using Cololabis saira as outgroup revealed a close relationship
between O. javanicus and O. dancena (BS = 100%) with O. minutillus as a sister group.
A study of phylogenetic relationships based on nucleotide sequences of the partial mitochondrial
control region (domain I) of O. minutillus from 11 localities in Thailand and one locality from
Cambodia using O. dancena and O. celebensis as outgroup revealed two important clades. Clade
I (BS = 100%) comprises O. minutillus from Tonle Sap basin (Surin, Sakaeo and Cambodia)
and from the eastern Peninsula basin (Songkhla and Nakhon Si Thammarat). Clade II (BS =
100%) consists of O. minutillus from Chao Phraya basin (Suphanburi, Nakorn Sawan, Saraburi
and Ayutthaya), Phetchaburi basin (Phetchaburi and Prachuapkhirikhan) and upper Mekong
basin (Chiang Rai). The results of phylogenetic study showed a tendency to classify O. minutillus
according to their patterns of chromosomes as primitive type (clade I) and developed type (clade II).
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∫∑π”
ª≈“ °ÿ≈ Oryzias (Order Beloniformes; Family Adrianichthyidae) À√◊Õ ª≈“´‘«¢â“« “√

(ricefish) æ∫Õ“»—¬µ“¡·À≈àßπÈ”®◊¥ ∑—Èß„ππ“¢â“« √àÕßπÈ” §≈Õß ∫àÕ ∑–‡≈ “∫ ·≈–„ππÈ”°√àÕ¬ [1] ªí®®ÿ∫—π
æ∫ 24 ™π‘¥ ·æ√à°√–®“¬µ—Èß·µàÕ‘π‡¥’¬‰ª®π∂÷ß≠’ËªÿÉπ ·≈–≈ß¡“∑“ß„µâ∂÷ßÀ¡Ÿà‡°“–Õ‘π‚¥-ÕÕ ‡µ√‡≈’¬ µ‘¡Õ√å
 ÿ≈“‡« ’ ·≈–≈Ÿ´Õπ [2-4] ‚¥¬ª≈“„π °ÿ≈π’È∑’Ë‡ªìπ∑’Ë√Ÿâ®—°°—π¥’§◊Õ Oryzias latipes À√◊Õ„π™◊ËÕ¿“…“≠’ËªÿÉπ«à“
‡¡¥“°– (medaka) ÷́Ëßπ‘¬¡„™â‡ªìπµ—«Õ¬à“ß∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√ (model organism) ‡π◊ËÕß®“°¡’«—Ø®—°√
™’«‘µ —Èπ ¡’¢π“¥‡≈Á° ‰¢à¡’¢π“¥„À≠à·≈–„ ∑”„Àâ “¡“√∂»÷°…“°“√‡®√‘≠‡µ‘∫‚µ‰¥â¥’ ·≈–ª≈“™π‘¥π’È¬—ß‡ªìπ
ª≈“°√–¥Ÿ°·¢Áß∑’Ë¡’°“√»÷°…“≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π®’‚π¡‰«âÕ¬à“ß ¡∫Ÿ√≥å (complete genome sequence) [5]
„πª√–‡∑»‰∑¬¡’√“¬ß“πæ∫ª≈“ °ÿ≈ Oryzias ®”π«π 4 ™π‘¥ ‰¥â·°à O. minutillus [6], O. mekongensis
[7], O. javanicus [8] ·≈– O. melastigma [9] (À√◊Õªí®®ÿ∫—π‡ª≈’Ë¬π™◊ËÕ‡ªìπ O. dancena) ‚¥¬
O. minutillus æ∫·æ√à°√–®“¬∑—Ë«∑ÿ°¿“§¢Õßª√–‡∑»‰∑¬ O. mekongensis æ∫·æ√à°√–®“¬‡©æ“–∑“ß
¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ∫√‘‡«≥≈ÿà¡πÈ”‚¢ß ·≈–≈ÿà¡πÈ”¡Ÿ≈  à«π O. javanicus ·≈– O. dancena æ∫Õ“»—¬
„ππÈ”°√àÕ¬∫√‘‡«≥ªÉ“™“¬‡≈π∑“ß¿“§„µâ¢Õßª√–‡∑»‰∑¬ „π°“√»÷°…“§√—Èßπ’È√«¡∂÷ß O. celebensis ´÷Ëßæ∫
∫√‘‡«≥‡°“– ÿ≈“‡« ’ ª√–‡∑»Õ‘π‚¥π’‡´’¬¥â«¬ [10]

ª≈“ Oryzias minutillus À√◊Õ Thai medaka ‡ªìπª≈“¢π“¥‡≈Á°¡’§«“¡¬“«¡“µ√∞“π‰¡à‡°‘π
17 ¡‘≈≈‘‡¡µ√ ·≈–¡’§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ Ÿß ®“°√“¬ß“π°“√»÷°…“®”π«π‚§√‚¡‚´¡∑’Ë‡ªìπ
¥‘æ≈Õ¬¥åæ∫§«“¡·ª√º—π®“° 28 ∂÷ß 42 ‚§√‚¡‚´¡ ·≈–®“°°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßª≈“™π‘¥π’Èæ∫«à“¡’
√Ÿª·∫∫‚§√‚¡‚´¡∑—Èß∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡ fused chromosome [11, 12] ·≈–°≈ÿà¡ monoarmed chromosome
¥â«¬ [13] πÕ°®“°π’Èº≈®“°°“√»÷°…“¥â“π·Õ≈‚≈‰´¡å (allozyme) [14] ¬—ß· ¥ß∂÷ß°“√·∫àß O. minutillus
‡ªìπ 3 ª√–™“°√°≈ÿà¡¬àÕ¬ (subpopulation) µ“¡√–∫∫¢Õß·¡àπÈ” “¬‡®â“æ√–¬“ ·¡àπÈ”‚¢ß ·≈–§“∫ ¡ÿ∑√
∑“ß¿“§„µâ¥â«¬

„πªí®®ÿ∫—π°“√»÷°…“¥â“π§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß ‘Ëß¡’™’«‘µ πÕ°®“°°“√„™â≈—°…≥–
∑“ß —≥∞“π«‘∑¬“ √à«¡°—∫°“√„™â§«“¡√Ÿâ¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å·≈â« °“√»÷°…“¥â“ππ’È¬—ß‰¥â¢¬“¬¢Õ∫‡¢µ‰ª∂÷ß
°“√„™â‡∑§π‘§¥â“π™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈ „π°“√»÷°…“§√—Èßπ’È®÷ß‡≈◊Õ°„™â∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬ ‚¥¬
DNA „π‰¡‚∑§Õπ‡¥√’¬ª√–°Õ∫¥â«¬¬’π∑—ÈßÀ¡¥ 37 ¬’π ¡’¬’π∑’Ë°”Àπ¥°“√ √â“ß‚ª√µ’π 13 ¬’π ¬’π ”À√—∫
 √â“ß rRNA 2 ¬’π ·≈–¬’π ”À√—∫ √â“ß tRNA 22 ¬’π πÕ°®“°π’È¬—ß¡’ à«π∑’Ë‰¡à∂Õ¥√À—  (non-coding
region) ÷́Ëß‡ªìπ∫√‘‡«≥§«∫§ÿ¡∑’Ë‡√’¬°«à“ control region À√◊Õ displacement loop (D-loop) æ∫Õ¬Ÿà
√–À«à“ß¬’π tRNAPro ·≈– tRNAPhe ¡’Àπâ“∑’Ë„π°“√§«∫§ÿ¡°“√®”≈Õßµ—«¢Õß DNA „π‰¡‚∑§Õπ‡¥√’¬
∫π “¬ H-strand ·≈–§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß∑—Èß H-strand ·≈– L-strand ´÷Ëß∫√‘‡«≥§«∫§ÿ¡π’È¡’Õ—µ√“
°“√°≈“¬ Ÿß°«à“∫√‘‡«≥¬’π„π‰¡‚∑§Õπ‡¥√’¬∑’Ë°”Àπ¥°“√ √â“ß‚ª√µ’πª√–¡“≥ 2-5 ‡∑à“ ·≈–¡’¢π“¥
·µ°µà“ß°—π„π ‘Ëß¡’™’«‘µ·µà≈–™π‘¥ (µ—Èß·µà 200-4100 §Ÿà‡∫ ) ¢÷ÈπÕ¬Ÿà°—∫®”π«π È́”¢Õß≈”¥—∫π‘«§≈’‚Õ‰∑¥å
(tandem duplication) [15] µ—«Õ¬à“ß‡™àπ „πª≈“∫‘‡™’¬ (Polypterus ornatipinnis) ¡’¢π“¥¢Õß∫√‘‡«≥
§«∫§ÿ¡ 1068 §Ÿà‡∫  [16] ·≈–„πª≈“ªí°‡ªÑ“®ÿ¥¥” (Tetraodon nigroviridis) ¡’¢π“¥¢Õß∫√‘‡«≥§«∫§ÿ¡
810 §Ÿà‡∫  [17] ®÷ßπ‘¬¡„™â∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬„π°“√»÷°…“‚§√ß √â“ß∑“ßæ—π∏ÿ°√√¡„π√–¥—∫
ª√–™“°√ [18, 19] °“√·æ√à°√–®“¬∑“ß¿Ÿ¡‘»“ µ√å [20, 21] ·≈–§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õßª≈“
[22, 23]
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∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬·∫àß‡ªìπ 3 domain ∑’Ë ”§—≠ (√Ÿª∑’Ë 1) ‰¥â·°à domain I
ª√–°Õ∫¥â«¬ termination-associated sequence (TAS) ·≈– extended termination-associated
sequence (ETAS) domain II ª√–°Õ∫¥â«¬ central conserved sequence block (CSB-F, CSB-E,
CSB-D, CSB-C, CSB-B) ·≈– domain III ª√–°Õ∫¥â«¬ conserved sequence block (CSB1, CSB2,
CSB3) [24] ‚¥¬ TAS ÷́Ëßæ∫∫√‘‡«≥ª≈“¬ 3û ®–∑”Àπâ“∑’Ë‡ªìπ —≠≠“≥„π°“√À¬ÿ¥°“√ —ß‡§√“–Àå D-loop
[25]  à«π CSB ∑’Ëæ∫∫√‘‡«≥ª≈“¬ 5û ∑”Àπâ“∑’Ë‡ªìπ —≠≠“≥„π°√–∫«π°“√ —ß‡§√“–Àå RNA primer
∑’Ë®”‡ªìπ„π°“√‡√‘Ë¡µâπ°“√®”≈Õßµ—«¢Õß H-strand [26]

√Ÿª∑’Ë 1 DNA „π‰¡‚∑§Õπ‡¥√’¬·≈–‚§√ß √â“ß¢Õß∫√‘‡«≥§«∫§ÿ¡ª√–°Õ∫¥â«¬ 3 domain ‰¥â·°à
termination-associated sequence (TAS), central conserved sequence block (CSB-F,
CSB-E, CSB-D, CSB-C, CSB-B) ·≈– conserved sequence block (CSB1, CSB2, CSB3)
(¥—¥·ª≈ß®“° Ruokonen [27])

ß“π«‘®—¬§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õßª≈“ Oryzias
5 ™π‘¥ ‰¥â·°à O. minutillus, O. mekongensis, O. javanicus, O. dancena ·≈– O. celebensis
·≈–„™â≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß∫√‘‡«≥§«∫§ÿ¡π’È‡æ◊ËÕ»÷°…“§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õß O. minutillus
„π·µà≈–°≈ÿà¡ª√–™“°√

«‘∏’°“√∑¥≈Õß
°“√‡°Á∫√«∫√«¡µ—«Õ¬à“ß ·≈–°“√µ√«® Õ∫™π‘¥

‡°Á∫µ—«Õ¬à“ßµ“¡æ◊Èπ∑’Ë°“√·æ√à°√–®“¬¢Õßª≈“ Oryzias 5 ™π‘¥ ‰¥â·°à O. minutillus,
O. mekongensis, O. javanicus, O. dancena ·≈– O. celebensis ‚¥¬‡°Á∫µ—«Õ¬à“ß¢Õß O. minutillus
12 ·À≈àß ·∫àß‡ªìπ„πª√–‡∑»‰∑¬ 11 ·À≈àß ·≈–„πª√–‡∑»°—¡æŸ™“ 1 ·À≈àß (µ“√“ß∑’Ë 1 ·≈– √Ÿª∑’Ë 2)
‚¥¬µ√«® Õ∫™π‘¥¢Õßª≈“µ“¡ Magtoon ·≈– Termvidchakorn [28]
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√Ÿª∑’Ë 2 ·À≈àß∑’Ë‡°Á∫µ—«Õ¬à“ß¢Õß Oryzias minutillus

µ“√“ß∑’Ë 1 ™π‘¥¢Õßª≈“ Oryzias ∑’Ë„™â„π°“√»÷°…“ ·≈–·À≈àß∑’Ë‡°Á∫µ—«Õ¬à“ß

™π‘¥¢Õßª≈“ ·À≈àß∑’Ë‡°Á∫µ—«Õ¬à“ß

Oryzias minutillus ®—ßÀ«—¥‡™’¬ß√“¬

O. minutillus ®—ßÀ«—¥ ÿ√‘π∑√å

O. minutillus ®—ßÀ«—¥ ÿæ√√≥∫ÿ√’

O. minutillus ®—ßÀ«—¥π§√ «√√§å

O. minutillus ®—ßÀ«—¥ √–∫ÿ√’

O. minutillus ®—ßÀ«—¥æ√–π§√»√’Õ¬ÿ∏¬“

O. minutillus ®—ßÀ«—¥ √–·°â«

O. minutillus ®—ßÀ«—¥‡æ™√∫ÿ√’

O. minutillus ®—ßÀ«—¥ª√–®«∫§’√’¢—π∏å

O. minutillus ®—ßÀ«—¥ ß¢≈“

O. minutillus ®—ßÀ«—¥π§√»√’∏√√¡√“™

O. minutillus ‚µπ‡≈ “∫ ª√–‡∑»°—¡æŸ™“

O. mekongensis ®—ßÀ«—¥ÀπÕß§“¬

O. javanicus ®—ßÀ«—¥¿Ÿ‡°Áµ

O. dancena ®—ßÀ«—¥√–πÕß

O. celebensis ‡°“– ÿ≈“‡« ’ ª√–‡∑»Õ‘π‚¥π’‡´’¬
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°“√»÷°…“∑“ß™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈
°“√ °—¥ DNA

 °—¥ DNA µ—«Õ¬à“ßª≈“ Oryzias ®“° 16 ·À≈àß∑’Ë»÷°…“ ®”π«π·À≈àß≈– 2 µ—« ‚¥¬„™â
DNeasy® Tissue Kit (QIAGEN)

°“√∑” PCR °“√‚§≈π ·≈–°“√À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß Oryzias 5 ™π‘¥
‡æ‘Ë¡ª√‘¡“≥ DNA ∫√‘‡«≥§«∫§ÿ¡¢Õß Oryzias 5 ™π‘¥ ¥â«¬‡∑§π‘§ PCR ‚¥¬„™â§Ÿà

primer L15923 ·≈– Cont-42Re √“¬≈–‡Õ’¬¥¢Õß primer ¥—ßµ“√“ß∑’Ë 2 ·≈–√Ÿª∑’Ë 3 ‚¥¬ PCR reaction
¡’ª√‘¡“µ√ 25 µL ª√–°Õ∫¥â«¬ “√µà“ßÊ ∑’Ë¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬¥—ßπ’È 50 ng ¢Õß DNA template,
1X PCR buffer, 0.2 mM dNTPs, 1 µM ¢Õß forward primer ·≈– reverse primer ·≈– 0.5 unit
Taq DNA polymerase π” à«πº ¡∑—ÈßÀ¡¥¢Õß PCR reaction ‡¢â“‡§√◊ËÕß MiniCyclerTM MJ Research
‚¥¬°”Àπ¥Õÿ≥À¿Ÿ¡‘·≈–‡«≈“¥—ßµàÕ‰ªπ’È

Initial heating 94 ÌC 2 π“∑’
Denaturation step 94 ÌC 1 π“∑’
Annealing step 55.4 ÌC 1 π“∑’ 30 √Õ∫
Extension step 72 ÌC 1 π“∑’
Final extension 72 ÌC 10 π“∑’

µ√«® Õ∫ PCR product ¢Õß Oryzias ∑—Èß 5 ™π‘¥ ‚¥¬«‘∏’ gel electrophoresis ‚¥¬
‡∑’¬∫°—∫ DNA ¡“µ√∞“π ∑” PCR product „Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â QIAquickTM Gel Extraction Kit
(QIAGEN) π”‰ª‡™◊ËÕ¡µàÕ°—∫ pGEM®-T Easy Vector (Promega) ·≈â«π”‡¢â“ Ÿà‡´≈≈å·∫§∑’‡√’¬
Escherichia coli  “¬æ—π∏ÿå XL1-Blue ‡≈◊Õ°‚§≈π®“° Oryzias ™π‘¥≈– 2 ‚§≈π (1 ‚§≈π®“°ª≈“ 1 µ—«)
 °—¥æ≈“ ¡‘¥‚¥¬„™â QIAGEN Plasmid Mini Kit (QIAGEN) ·≈–À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å ‚¥¬ àß
µ—«Õ¬à“ß‰ª∑’Ë∫√‘…—∑ Macrogen ª√–‡∑»‡°“À≈’„µâ

°“√∑” PCR ·≈–°“√À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß O. minutillus
‡æ‘Ë¡ª√‘¡“≥ DNA ∫“ß à«π¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß O. minutillus ∑—Èß 12

·À≈àß ¥â«¬‡∑§π‘§ PCR ‚¥¬„™â§Ÿà primer L15923 ·≈– H16498 √“¬≈–‡Õ’¬¥¢Õß primer ¥—ßµ“√“ß∑’Ë 2
·≈–√Ÿª∑’Ë 3 ‚¥¬ à«πª√–°Õ∫¢Õß PCR reaction Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√∑” PCR ‡À¡◊Õπ°—∫∑’Ë°≈à“«¡“
¢â“ßµâπ ¬°‡«âπ annealing step (50 ÌC 1 π“∑’) ·≈– final extension (72 ÌC 2 π“∑’) µ√«® Õ∫ PCR
product ¢Õß O. minutillus „π·µà≈–·À≈àß ‚¥¬«‘∏’ gel electrophoresis ‚¥¬‡∑’¬∫°—∫ DNA ¡“µ√∞“π
·≈–∑” PCR product „Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â QIAquickTM Gel Extraction Kit (QIAGEN) ‡æ◊ËÕπ”‰ªÀ“
≈”¥—∫π‘«§≈’‚Õ‰∑¥å ‚¥¬ àßµ—«Õ¬à“ß‰ª∑’Ë∫√‘…—∑ Macrogen ª√–‡∑»‡°“À≈’„µâ

}
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µ“√“ß∑’Ë 2 primer  ”À√—∫°“√∑” PCR

primer ≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß primer 5û → 3û ∑‘»∑“ß ‡Õ° “√Õâ“ßÕ‘ß

L15923 5û-TTA AAG CAT CGG TCT TGT AA-3û forward [29]

H16498 5û-CCT GAA GTA GGA GGA ACC AGA TG-3û reverse [29]

Cont-42Re 5û-CTT AAC ATC TTC AGT GTT ATG CTT T-3û reverse [22]

√Ÿª∑’Ë 3 µ”·Àπàß°“√®—∫¢Õß primer ∫π DNA ¢Õß‰¡‚∑§Õπ‡¥√’¬

°“√‡∑’¬∫‡§’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å ·≈–°“√ √â“ß phylogenetic tree
‡∑’¬∫‡§’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õßª≈“ Oryzias ∑—Èß 5 ™π‘¥

‚¥¬„π·µà≈–™π‘¥„™â≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë‡ªìπ‡Õ°©—π∑å (consensus sequence) ®“°∑—Èß 2 ‚§≈π ¥â«¬
‚ª√·°√¡ Clustal X [30] ·≈–«‘‡§√“–Àå‚§√ß √â“ß¢Õß∫√‘‡«≥§«∫§ÿ¡∑—Èß 3 domain ‚¥¬‡∑’¬∫°—∫∫√‘‡«≥
§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õßª≈“„π°≈ÿà¡ª≈“‡°ã“ (Sinipercine) [23] „π°“√ √â“ß phylogenetic tree
¥â«¬‚ª√·°√¡ PAUP* version 4.0b [31] ‚¥¬«‘∏’ parsimony (branch-and-bound search) „™â¢âÕ¡Ÿ≈
≈”¥—∫π‘«§≈’‚Õ‰∑¥å‡©æ“–„π domain II ·≈– domain III ´÷Ëß¡’°“√®—¥‡√’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å‡¢â“°—π‰¥â
Õ¬à“ß™—¥‡®π (‰¡à¡’ ambiguous site) ‚¥¬„™â Cololabis saira (GenBank accession number AP002932)
‡ªìπ outgroup

 ”À√—∫µ—«Õ¬à“ß O. minutillus ®“° 12 ·À≈àß π”≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß∫√‘‡«≥
§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬ (domain I) ¡“‡∑’¬∫‡§’¬ß ·≈– √â“ß phylogenetic tree ‚¥¬«‘∏’‡™àπ‡¥’¬«°—∫
¢â“ßµâπ ·µà„™â O. dancena ·≈– O. celebensis ‡ªìπ outgroup

º≈°“√∑¥≈Õß
µ—«Õ¬à“ßª≈“ Oryzias ∑’Ë„™â„π°“√»÷°…“

º≈®“°°“√‡°Á∫√«∫√«¡µ—«Õ¬à“ßª≈“ Oryzias 5 ™π‘¥ ®“°·À≈àßµà“ßÊ ‡æ◊ËÕπ”¡“„™â„π°“√»÷°…“
§√—Èßπ’È · ¥ß¥—ß√Ÿª∑’Ë 4
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√Ÿª∑’Ë 4 µ—«Õ¬à“ßª≈“ Oryzias ∑’Ë„™â„π°“√»÷°…“ Oryzias minutillus (A), O. mekongensis (B),
O. javanicus (C), O. dancena (D) ·≈– O. celebensis (E)

°“√‡æ‘Ë¡®”π«π™‘Èπ DNA ∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß Oryzias 5 ™π‘¥ ·≈–∫“ß à«π¢Õß
∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß O. minutillus ¥â«¬‡∑§π‘§ PCR

°“√µ√«® Õ∫ PCR product ¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬∑’Ë‰¥â®“°§Ÿà primer L15923
·≈– Cont-42Re ¢Õß Oryzias ∑—Èß 5 ™π‘¥ æ∫«à“ O. minutillus, O. javanicus ·≈– O. dancena
¡’¢π“¥ª√–¡“≥ 1500 §Ÿà‡∫   à«π O. celebensis ¡’¢π“¥ª√–¡“≥ 1000 §Ÿà‡∫  ·≈– O. mekongensis
¡’¢π“¥ª√–¡“≥ 950 §Ÿà‡∫ 

 ”À√—∫ PCR product ∑’Ë‰¥â®“°∫“ß à«π¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬®“°§Ÿà primer
L15923 ·≈– H16498 ¢Õß O. minutillus ∑—Èß 12 ·À≈àß ¡’¢π“¥ª√–¡“≥ 1000 §Ÿà‡∫ 

°“√»÷°…“∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß Oryzias 5 ™π‘¥
®“°°“√»÷°…“≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑—ÈßÀ¡¥¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õßª≈“

O. minutillus, O. javanicus, O. dancena, O. celebensis ·≈– O. mekongensis æ∫«à“¡’¢π“¥ 1340,
1290, 1261, 886 ·≈– 830 §Ÿà‡∫  µ“¡≈”¥—∫ À≈—ß®“°°“√‡∑’¬∫‡§’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß Oryzias
∑—Èß 5 ™π‘¥ æ∫«à“∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¡’ 3 domain ¥—ßµàÕ‰ªπ’È domain I æ∫∫√‘‡«≥ TAS
(TACAT), palindromic motif (ATGTA) ·≈– ETAS domain II æ∫ CSB-F, CSB-E ·≈– CSB-D
·≈– domain III æ∫ CSB1, CSB2 ·≈– CSB3 (√Ÿª∑’Ë 5)
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√Ÿª∑’Ë 5 ≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß O. minutillus, O. javanicus, O. dancena,
O. mekongensis ·≈– O. celebensis  à«π∑’Ë·√‡ß“ª√–°Õ∫¥â«¬ extended termination-
associated sequence (ETAS), central conserved sequence block (CSB-F, CSB-E, CSB-D)
·≈– conserved sequence block (CSB1, CSB2, CSB3) ∫√‘‡«≥∑’Ë¢’¥‡ âπ„µâ· ¥ß termination-
associated sequence (TAS; TACAT) ·≈–∫√‘‡«≥∑’Ë¢’¥‡ âπ§Ÿà· ¥ß palindromic motif (ATGTA)
µ—«Õ—°…√ R = A/G, Y = C/T, K = G/T ·≈– W = A/T



SWU Sci. J. Vol. 25 No. 2 (2009)110

√Ÿª∑’Ë 5 (µàÕ)
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°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õß Oryzias 5 ™π‘¥
®“°°“√«‘‡§√“–Àåº≈‚¥¬„™â‚ª√·°√¡ Clustal X ·≈– PAUP* ¢Õßπ‘«§≈’‚Õ‰∑¥å∫√‘‡«≥

domain II ·≈– domain III æ∫«à“¡’§«“¡¬“«‡∑à“°—∫ 575 §Ÿà‡∫  ´÷Ëß®”·π°‡ªìπª√–‡¿∑¢Õß≈—°…≥–
(character) ‰¥â¥—ßπ’È: constant character = 315 §Ÿà‡∫  (54.78%), parsimony-uninformative character
= 141 §Ÿà‡∫  (24.52%), ·≈– parsimony-informative character = 119 §Ÿà‡∫  (20.70%) º≈®“°°“√
 √â“ß phylogenetic tree ‰¥â strict consensus tree (√Ÿª∑’Ë 6) ®“° 2 equally parsimonious tree ∑’Ë¡’
§«“¡¬“« 391 step ÷́Ëß· ¥ß§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√„π√–¥—∫‚¡‡≈°ÿ≈¢Õß Oryzias ∑—Èß 5 ™π‘¥ ‚¥¬
æ∫«à“ O. dancena ·≈– O. javanicus ¡’§«“¡ —¡æ—π∏å„°≈â™‘¥°—π (BS = 100%) ·≈–¡’ O. minutillus
‡ªìπ sister group

√Ÿª∑’Ë 6 Strict consensus tree (§«“¡¬“« 391 step) ‰¥â®“°°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫√‘‡«≥
§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬ (domain II ·≈– III) ¢Õß Oryzias dancena, O. javanicus,
O. minutillus, O. celebensis ·≈– O. mekongensis ‚¥¬¡’ Cololabis saira ‡ªìπ outgroup
‚¥¬„™â«‘∏’ parsimony (branch-and-bound search) ¢âÕ¡Ÿ≈∑“ß ∂‘µ‘‡°’Ë¬«°—∫ tree ¡’¥—ßπ’È:
CI = 0.844, RI = 0.604 ·≈– RC = 0.510 µ—«‡≈¢∑’ËÕ¬Ÿà∫π°‘Ëß· ¥ß§«“¡¬“«¢Õß°‘Ëß (branch
length) ·≈–µ—«‡≈¢∑’ËÕ¬Ÿà„π«ß‡≈Á∫· ¥ß bootstrap value (%) ®“° 1000 È́”

°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õß O. minutillus
®“°°“√‡∑’¬∫‡§’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π domain I ¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬„π

O. minutillus ®“° 12 ·À≈àß æ∫«à“¡’§«“¡¬“«‡∑à“°—∫ 879 §Ÿà‡∫  ∑’Ë “¡“√∂®—¥‡√’¬ß‡¢â“°—π‰¥â¥’ (‰¡à¡’ ambiguous
site) ́ ÷Ëß®”·π°‡ªìπª√–‡¿∑¢Õß≈—°…≥–‰¥â¥—ßπ’È: constant character = 504 §Ÿà‡∫  (57.34%), parsimony-
uninformative character = 273 §Ÿà‡∫  (31.06%) ·≈– parsimony-informative character = 102 §Ÿà‡∫ 
(11.60%) „π°“√ √â“ß phylogenetic tree º≈∑’Ë‰¥â§◊Õ æ∫ 1 most parsimonious tree (√Ÿª∑’Ë 7)
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∑’Ë¡’§«“¡¬“« 440 step ·≈–· ¥ß§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√„π√–¥—∫‚¡‡≈°ÿ≈¢Õß O. minutillus ®“°
12 ·À≈àß ‚¥¬æ∫ 2 clade ∑’Ë ”§—≠§◊Õ clade I (BS = 100%) ª√–°Õ∫¥â«¬ O. minutillus 2 °≈ÿà¡¬àÕ¬
‰¥â·°à °≈ÿà¡·√° (BS = 91%) ª√–°Õ∫¥â«¬ O. minutillus ®“°®—ßÀ«—¥ ÿ√‘π∑√å  √–·°â« ·≈–ª√–‡∑»
°—¡æŸ™“ ‚¥¬∑’Ë O. minutillus ®“°®—ßÀ«—¥ ÿ√‘π∑√å ·≈– √–·°â«¡’§«“¡ —¡æ—π∏å„°≈â™‘¥°—π¡“°°«à“ (BS =
57%) ·≈–°≈ÿà¡∑’Ë 2 (BS = 100%) ª√–°Õ∫¥â«¬ O. minutillus ®“°®—ßÀ«—¥ ß¢≈“ ·≈–π§√»√’∏√√¡√“™
„π clade II (BS = 100%) ª√–°Õ∫¥â«¬ 2 °≈ÿà¡¬àÕ¬‡™àπ°—π §◊Õ °≈ÿà¡·√° (BS = 51%) ª√–°Õ∫¥â«¬
O. minutillus ®“°®—ßÀ«—¥ ÿæ√√≥∫ÿ√’ π§√ «√√§å  √–∫ÿ√’ ·≈–æ√–π§√»√’Õ¬ÿ∏¬“ ·≈–°≈ÿà¡∑’Ë 2 (BS =
63%) ª√–°Õ∫¥â«¬ O. minutillus ®“°®—ßÀ«—¥‡æ™√∫ÿ√’ ·≈–ª√–®«∫§’√’¢—π∏å ´÷Ëß¡’ O. minutillus ®“°
®—ßÀ«—¥‡™’¬ß√“¬ ‡ªìπ sister group ¢Õß∑—Èß 2 °≈ÿà¡

√Ÿª∑’Ë 7 Single most parsimonious tree (§«“¡¬“« 440 step) ‰¥â®“°°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π
domain I ¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß O. minutillus 12 ·À≈àß ‚¥¬¡’ O. dancena
·≈– O. celebensis ‡ªìπ outgroup ‚¥¬„™â«‘∏’ parsimony (branch-and-bound search) ¢âÕ¡Ÿ≈
∑“ß ∂‘µ‘‡°’Ë¬«°—∫ tree ¡’¥—ßπ’È: CI = 0.977, RI = 0.966 ·≈– RC = 0.944 µ—«‡≈¢∑’ËÕ¬Ÿà∫π°‘Ëß
· ¥ß§«“¡¬“«¢Õß°‘Ëß ·≈–µ—«‡≈¢∑’ËÕ¬Ÿà„π«ß‡≈Á∫· ¥ß bootstrap value (%) ®“° 1000 ´È”

 √ÿª·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬¢Õß Oryzias ∑—Èß 5 ™π‘¥ ¡’¢π“¥∑’Ë·µ°µà“ß°—πµ—Èß·µà 830-1340

§Ÿà‡∫  ́ ÷Ëß¢π“¥∑’Ë·µ°µà“ß°—ππ’È‡°‘¥®“°°“√‡æ‘Ë¡ (insertion) °“√¢“¥À“¬‰ª (deletion) À√◊Õ°“√‡°‘¥®”π«π È́”
(tandem duplication) ¢Õß≈”¥—∫π‘«§≈’‚Õ‰∑¥å ‡π◊ËÕß®“°∫√‘‡«≥π’È‡ªìπ à«π∑’Ë‰¡à¡’°“√∂Õ¥√À—  (non-coding
region)  àßº≈„Àâ¡’Õ—µ√“°“√°≈“¬ Ÿß°«à“∫√‘‡«≥Õ◊Ëπ„π‰¡‚∑§Õπ‡¥√’¬ °“√»÷°…“§√—Èßπ’Èæ∫∫√‘‡«≥ TAS ·≈–
ETAS „π domain I ´÷Ëß¡’§«“¡§≈â“¬§≈÷ß°—∫¢Õßª≈“™π‘¥Õ◊Ëπ ‡™àπ ª≈“„π°≈ÿà¡ª≈“‡°ã“ [23] ·≈–°≈ÿà¡
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ª≈“§“√åæ [32] ‡ªìπµâπ „π à«π¢Õß domain II ÷́Ëß„π —µ«å¡’°√–¥Ÿ° —πÀ≈—ß∑—Ë«‰ª®–æ∫∫√‘‡«≥ CSB-F,
CSB-E, CSB-D, CSB-C ·≈– CSB-B [24] ·µà„π°“√»÷°…“§√—Èßπ’Èæ∫‡æ’¬ß CSB-F, CSB-E ·≈–
CSB-D ·≈–„π domain III æ∫∫√‘‡«≥ CSB1, CSB2 ·≈– CSB3 ́ ÷Ëß Õ¥§≈âÕß°—∫∑’Ëæ∫„πª≈“À≈“¬™π‘¥
[23, 32, 33]

°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õßª≈“ Oryzias ∑—Èß 5 ™π‘¥‚¥¬„™â≈”¥—∫π‘«§≈’‚Õ‰∑¥å
∫√‘‡«≥ domain II ·≈– III æ∫«à“ O. dancena ·≈– O. javanicus ¡’§«“¡ —¡æ—π∏å„°≈â™‘¥°—π ‚¥¬¡’
O. minutillus ‡ªìπ sister group ́ ÷Ëß Õ¥§≈âÕß°—∫º≈¢Õß§“√‘‚Õ‰∑ªá‡π◊ËÕß®“° O. dancena ·≈– O. javanicus
¡’‚§√‚¡‚´¡®—¥Õ¬Ÿà„π°≈ÿà¡ monoarmed [12]  à«π O. minutillus ¡’‚§√‚¡‚´¡®—¥Õ¬Ÿà∑—Èß„π°≈ÿà¡ monoarmed
·≈–°≈ÿà¡ fused [11] Õ¬à“ß‰√°Á¥’º≈°“√»÷°…“§√—Èßπ’È‰¡àæ∫§«“¡ —¡æ—π∏å∑’Ë„°≈â™‘¥°—π¢Õß O. celebensis
·≈– O. mekongensis °—∫ Oryzias ™π‘¥Õ◊ËπÊ ·µà„Àâº≈∑’Ë Õ¥§≈âÕß°—∫°“√»÷°…“∑’Ë„™â≈”¥—∫π‘«§≈’‚Õ‰∑¥å
∫√‘‡«≥¬’π tyrosinase [35], cytochrome b ·≈– 12S rDNA [36] ¥—ßπ—Èπ ¢âÕ¡Ÿ≈≈”¥—∫π‘«§≈’‚Õ‰∑¥å
∫√‘‡«≥ domain II ·≈– III ®÷ß “¡“√∂„™â»÷°…“§«“¡·ª√º—π∑“ßæ—π∏ÿ°√√¡¢Õß Oryzias ™π‘¥µà“ßÊ ‰¥â
(inter-specific variation)

°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å∫“ß à«π¢Õß∫√‘‡«≥§«∫§ÿ¡„π‰¡‚∑§Õπ‡¥√’¬ (domain I) æ∫
«à“‡ªìπ∫√‘‡«≥∑’Ë¡’§«“¡·ª√º—π¢Õß≈”¥—∫π‘«§≈’‚Õ‰∑¥å Ÿß°«à“ domain Õ◊Ëπ ®÷ß‡À¡“– ”À√—∫°“√»÷°…“
§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õß ‘Ëß¡’™’«‘µ¿“¬„π™π‘¥‡¥’¬«°—π (intra-specific) ́ ÷Ëß„π°“√»÷°…“§√—Èßπ’È “¡“√∂
·∫àß O. minutillus ®“°∑—Èß 12 ·À≈àß‡ªìπ 2 clade ¿“¬„π·µà≈– clade · ¥ß°“√·æ√à°√–®“¬¢Õß
O. minutillus ‡ªìπ°≈ÿà¡¬àÕ¬∑’Ë Õ¥§≈âÕß°—∫√–∫∫≈ÿà¡πÈ”¢Õßª√–‡∑»‰∑¬ [37] ‚¥¬„π clade I ª√–°Õ∫¥â«¬
O. minutillus ®“°®—ßÀ«—¥ ÿ√‘π∑√å  √–·°â« ·≈–ª√–‡∑»°—¡æŸ™“ (√–∫∫≈ÿà¡πÈ”‚µπ‡≈ “∫) ·≈– O. minutillus
®“°®—ßÀ«—¥ ß¢≈“ ·≈–π§√»√’∏√√¡√“™ (√–∫∫≈ÿà¡πÈ”¿“§„µâΩíòßµ–«—πÕÕ°)  à«π clade II ª√–°Õ∫¥â«¬
O. minutillus ®“°®—ßÀ«—¥ ÿæ√√≥∫ÿ√’ π§√ «√√§å  √–∫ÿ√’ ·≈–æ√–π§√»√’Õ¬ÿ∏¬“ (√–∫∫≈ÿà¡πÈ”‡®â“æ√–¬“)
·≈– O. minutillus ®“°®—ßÀ«—¥‡æ™√∫ÿ√’ ·≈–ª√–®«∫§’√’¢—π∏å (√–∫∫≈ÿà¡πÈ”‡æ™√∫ÿ√’) ‚¥¬¡’ O. minutillus
®“°®—ßÀ«—¥‡™’¬ß√“¬ ´÷Ëß®—¥Õ¬Ÿà„π≈ÿà¡πÈ”‚¢ßµÕπ∫π‡ªìπ sister group

®“°√“¬ß“π§“√‘‚Õ‰∑ªá¢Õß O. minutillus „πª√–‡∑»‰∑¬ æ∫«à“¡’®”π«π‚§√‚¡‚´¡∑’Ë‡ªìπ
¥‘æ≈Õ¬¥å (2n) µ—Èß·µà 28 ∂÷ß 42 ‚¥¬·∫àß√Ÿª·∫∫¢Õß‚§√‚¡‚´¡‡ªìπ 2 °≈ÿà¡ ‰¥â·°à °≈ÿà¡ primitive type
´÷Ëß¡’®”π«π‚§√‚¡‚´¡ 2n = 40-42 ¡’‚§√‚¡‚´¡¢π“¥„À≠à (LM) 0-2 §Ÿà ·≈–°≈ÿà¡ developed type
´÷Ëß¡’®”π«π‚§√‚¡‚´¡ 2n = 28-34 ¡’‚§√‚¡‚´¡¢π“¥„À≠à 8-14 §Ÿà „π°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õß O. minutillus
®“°®—ßÀ«—¥ ß¢≈“ æ∫«à“¡’®”π«π‚§√‚¡‚´¡ 2n = 42 ®—¥Õ¬Ÿà„π°≈ÿà¡ primitive type ·≈– O. minutillus
®“°®—ßÀ«—¥ ÿæ√√≥∫ÿ√’  √–∫ÿ√’ æ√–π§√»√’Õ¬ÿ∏¬“ ·≈–‡™’¬ß√“¬ ¡’®”π«π‚§√‚¡‚´¡ 2n = 28, 30, 30
·≈– 32 µ“¡≈”¥—∫ ®—¥Õ¬Ÿà„π°≈ÿà¡ developed type [13] ÷́Ëßº≈®“°°“√»÷°…“§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√
„π§√—Èßπ’È· ¥ß·π«‚πâ¡„π°“√®—¥°≈ÿà¡ O. minutillus ∑’Ë Õ¥§≈âÕß°—∫√Ÿª·∫∫¢Õß‚§√‚¡‚´¡°≈ÿà¡ primitive
type (clade I) ·≈–°≈ÿà¡ developed type (clade II)
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