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摘  要 

關鍵詞：台灣鮭魚、太平洋鮭屬、粒線體 DNA、生長荷爾蒙基因、遺傳標記 

一、研究緣起 

Oncorhynchus masou 為唯一僅分布於亞洲的太平洋鮭屬魚種，主要分佈在環日

本海地區，包括日本全島、庫頁島、堪察加半島南部、東西伯利亞與韓國東部的

溪流中與沿海。台灣則是唯一分佈該種魚類的亞熱帶國家，自 1917 年青木赳雄

氏於梨山附近發現後，對全球魚類學界均造成震撼性的影響。然而由於台灣鮭魚

在體型與外觀上與日本櫻鮭的陸封型 Yamame 十分接近，僅在一些細部特徵上有

所不同。外表的差異甚難對不同亞種的櫻鮭甚至不同種的太平洋鮭屬仔魚做出確

認，因此迄今仍有台灣鮭魚係日人自日本所引入之陸封型櫻鮭或是台灣鮭魚為數

十年前大甲溪上游人工養殖而逃逸之虹鱒(fresh water from Oncorhynchus 

mykiss；Rainbow trout)等等臆測，吾人實有必要以分子遺傳學證據來證實台灣

鮭魚確為台灣特有原生物種，以杜悠悠之口，並確立台灣鮭魚於魚類演化生態及

生物地理學上的重要地位。 

二、研究方法及過程 

本研究利用分子選殖的技術分析台灣鮭魚種內的遺傳多樣性，並尋求可茲應用的

分子標記作為往後親緣鑑定之用。另外亦與其他太平洋鮭魚屬(Genus 

Oncorhynchus)的魚種作種間遺傳多樣性的分析，藉分子演化的相關技術，來評

斷台灣鮭魚的演化史。 

三、重要發現 

1. 我們已經成功的選殖並定序了太平洋鮭屬中的櫻鮭四大亞種－－台灣鮭魚

(Oncorhynchus masou formosanus) 、 日 本 櫻 鮭 (Oncorhynchus masou 

masou) 、 石 川 氏 鮭 魚 (Oncorhynchus masou ishikawae) 、 琵 琶 鮭
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(Oncorhynchus masou subp.；Biwa salmon)及紅鮭(Oncorhynchus nerka；

sockeye salmon) 、 狗 鮭 (Oncorhynchus keta ； chum salmon) 、 銀 鮭

(Oncorhynchus kisutch；coho salmo)的完整的粒線體 DNA。我們發現在

Oncohynchus masou 各亞種中，台灣鮭魚、日本櫻鮭、琵琶鮭及石川氏鮭魚

的粒線體長度均同為 16,652 bp。紅鮭的粒線體長度則為 16,658 bp、狗鮭

與銀鮭的粒線體長度則均為 16,659bp。 

2. 從粒線體 DNA 序列分析，台灣鮭魚絕非臆測之逃逸之人工養殖虹鱒。台灣鮭

魚與虹鱒在太平洋鮭屬演化早期即分別獨立演化。 

3. 台灣鮭魚確為台灣原生特有亞種，我們發現台灣鮭魚在 GH 1 之 intron 3（或

intron c）的部分有一段 GCT 三個核酸鹼基對的缺失（deletion），而其他

櫻鮭的亞種的相同位置均無此一現象。另外我們亦完成櫻鮭各亞種的完整粒

線體 DNA 定序，分析其間遺傳距離(genetic distance)並推測其分歧分化時

間(divergence time)後，我們推論日本琵琶鮭因琵琶湖陸封最早獨立演

化，台灣鮭魚在更新世冰河期以台灣為避難所後，因冰河退卻及板塊活動於

距今二十萬至四十萬年前即已陸封在台灣，而獨立演化成一特有亞種，台灣

鮭魚的分化時間早於櫻鮭與石川氏鮭魚的分歧分化時間。因此，台灣鮭魚絕

非近百年前才由日人所引入。 

4. 我們從生長荷爾蒙基因片段與完整的粒線體 DNA 序列分析發現台灣鮭魚族群

缺乏遺傳多樣性。雖然台灣鮭魚族群的基因多樣性非常低，我們仍然可以發

現種內個體間的些微差異，這些變異代表著台灣鮭魚族群的基因體尚未到達

完全均質化的地步。 

 

四、主要建議事項 

1. 台灣鮭魚確為台灣特有原生物種，其基因庫(genome)中保有較日本的櫻鮭與

石川氏鮭魚原始的基因密碼，研究此一特有物種有助於釐清鮭科分子演化及

生物地理學上的不少疑問。 
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2. 鮭魚為冷水性魚類，台灣鮭魚於冰河期避難台灣，並陸封於台灣而演化成台

灣特有亞種，研究台灣鮭魚對氣候的的適應(adaptation)與 fixation 的過

程，可提供一個冷水性魚類對暖化的適應機制的模型。 

3. 國內近已引入日本陸封型櫻鮭進行商業性的養殖，目前已知台灣鮭魚能與櫻

鮭雜交並產出子代，因此應嚴加防範此一外來亞種入侵七家灣溪水域，以免因

雜交優勢而導致原生特有亞種的滅絕。 
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ABSTRACT 

 

Taiwan salmon (Oncorhynchus masou formosanus), an endangered landlocked 

subspecies of O. masou distributed at the southern limit of the distribution range of 

salmonids, had been found only in the stream of Chichiawan. In this study, the genetic 

differentiations from the other subspecies of O. masou and the divergence time of 

Taiwan salmon were estimated. To address this purpose, the complete mitochondrial 

genomes from four subspecies of O. masou namely O. masou formosanus, O. masou 

ishikawae, O. masou masou and Biwa salmon were determined. All the mitochondrial 

genomes consisting of 16,652 base pairs encode thirteen proteins, the 12S and 16 S 

ribosomal RNAs and 22 transfer RNAs. Their genes are ordered in the same way as 

most other vertebrates. Genetic distances were calculated by using Kimura’s two 

parameter method. Our data showed that Biwa salmon may be the primitive form of 

the species O. masou, and the distance between Taiwan salmon and the other two 

subtaxa-- O. masou ishikawae, O. masou masou was only 0.37%. On the other hand, 

the genetic distance between O. masou ishikawae and O. masou masou was only 

0.28%. These results indicate that Taiwan salmon diverged from the common ancestor 

of the O.masou complex before O. masou ishikawae and O. masou masou diverged. 

To adopt the evolutionary rate of base substitutions for mtDNA (0.9%/Mya) for the O. 

masou complex, we proposed that the divergence time of Taiwan salmon from the 

ancestor of the O. masou complex is estimated to be 400 thousand years ago. In the 

present study we also examined the genomic organization of growth hormone gene in 

the closely related species Formosan land-locked salmon. Sequence of the putative 

grow hormone genes were shared about 95% homology with the corresponding grow 

hormones from Masu salmon. In addition, the Y-linked type 2 growth hormone 

pseudogene was not observed in Taiwan salmon. Moreover, an unique tri-nucleotide 
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deleted (GCT) marker was only found in GH 1 intron 3 in Taiwan salmon.   

 

Keywords: Oncorhynchus masou formosanus, genus Oncorhynchus , mitochondrial 

genome, growth hormone genes, phylogenetic studies 
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一、前言（緣起、前人研究） 

鉤吻鮭屬(Genus Oncorhynchus)又稱為太平洋鮭魚屬(Pacific salmon)至少含

有十個種，其中紅鮭(Oncorhynchus nerka；Sockeye salmon)、狗鮭(Oncorhynchus 

keta；Chum salmon)、銀鮭(Oncorhynchus kisutch；Coho salmon)、王鮭(Oncorhynchus 

tshawytscha；Chinook salmon)、粉紅鮭(Oncorhynchus gorbuscha；Pink salmon)多

為遠洋降海迴游型，分布範圍均可橫跨北太平洋的東、西兩岸。這五種鮭魚各自

具有顯著的型態與生態上的差異甚為容易分辨。虹鱒(Oncorhynchus mykiss；

Rainbow trout)與切喉鱒(Oncorhynchus clarki)原本被歸類於大西洋鮭屬(Genus 

Salmo)自 1989 年後方由 Smith 與 Stearley 二氏根據其四十九項重要的型態特徵

重新歸為太平洋鮭屬。虹鱒同時具有降海型與陸封型，其降海迴游型俗稱為鐵頭

鮭(Steelhead salmon)，多分布於北起阿拉斯加南迄北加州的太平洋沿岸，僅少數

分布於亞洲堪察加半島 (Kamchatka peninsula) 的厄霍次克海沿岸 (Sea of 

Okhotsk)。切喉鱒則僅出現於北美洲太平洋沿岸，除分部於北起阿拉斯加南迄北

加州沿岸外，亦有十四個陸封型亞種散佈於北美的淡水湖及溪流中。兩者在體色

與外觀上亦有顯著特徵可供區別。研究鮭魚演化的學者推測上述鮭魚均由距今一

千萬年前的共同祖先演化而來。櫻鮭(Oncorhynchus masou)為數量最少的降海型

鮭魚，僅於亞洲發現，與多數太平洋鮭不同的是櫻鮭保存有較原始的、類似鱒 

(trout-like)的生活史：降海迴游型喪失遠洋迴游能力，陸封型不會在排卵後即死

亡，甚至一生中具有多次產卵的能力。研究鮭魚演化的學者根據這樣的生活史認

為櫻鮭可能是最早由太平洋鮭屬共同的祖先分化出來的一支。 

 

    櫻鮭的分佈區域僅限於環日本海地區，包括日本列島、庫頁島、堪察加半島

南部、東西伯利亞與韓國東部的溪流中與沿海。多數分類學者認為櫻鮭共有四個

亞種，Masu salom 即日人常稱的 Sakura masu 學名為 O. masou masou，廣佈於

日本列島的日本海沿岸、朝鮮半島東岸與堪察加半島南部的海域及相關水系，為
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數目最多的亞種，同時具有降海迴游及陸封型兩種不同的生活型態，其陸封型又

稱為山女魚(Yamame 或 Yamabe)；石川氏鮭魚(Satsuki salmon；O. Masou ishikwae)

僅分布於日本本州南部的太平洋與瀨戶內海沿岸及相關水系，亦同時具有降海迴

游型及陸封型，其陸封型稱為雨子(Amago)；陸封湖泊型的琵琶鮭(Biwa salmon)

僅存於日本本州中部滋賀縣的琵琶湖中，為一未定名亞種目前仍以 O. masou 

subsp. 稱之；台灣則是唯一分佈鮭魚的亞熱帶國家，台灣鮭魚 (O. masou 

formosanus)所在的七家灣溪為全球鮭魚分佈最南限。 

 

   魚類的體型、外觀與生活史作為分類依據，在外觀上石川氏鮭魚的成魚與仔

魚身體兩側均具有紅點，琵琶鮭仔魚具有紅點、成魚不具紅點，早期的分類學家

以此特徵曾經誤將此二亞種歸於同一種，並命為 O. rhododus。台灣鮭魚則因體

型、外觀上與陸封型櫻鲑相近，而被認為與櫻鮭同為 O. masou。不過根據許多分

類學者的研究顯示，台灣鮭魚與日本櫻鮭仍具有一些不同之處，例如：不同的吻

部形狀，較少的身體黑點數，較高的體高，較長的胸鰭和臀鰭，較多的脂鰭至側

線鱗片數。台灣鮭魚的臀鰭軟條數，胸鰭軟條數及脊椎骨的數目，亦均顯著少於

日本櫻鮭。此外，台灣鮭魚具有基鰓骨齒(basibranchial teeth；又名舌齒 hyoid 

teeth)；其鰓耙(gill-raker)近尖端兩側具有 2-3 個棘狀突起等等顯微特徵，讓魚類

分類學家終將台灣鮭魚獨立成一特有亞種 O. masou formosanus。 
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二、目的 

  近年來由於分子生物技術的進展迅速，因此生物地理及演化等問題常根據

不同個體遺傳物質之標誌（genetic marker）間的差異來分析。由於真核生物的基

因體(genome)動輒由數十億個鹼基對所組成，不利於實驗上的操作，因此平均長

度為15000-17000鹼基對的粒線體DNA（mtDNA）乃成為其中一有效的分析工

具。粒線體DNA為一環形雙股密閉DNA，在脊椎動物中，每個細胞中約存在

1000-10000個（multiple copies）。粒線體DNA的上的基因組成與結構均十分簡

單，通常由37個基因組成，包含2個ribosomalRNA基因（rRNAs），22個transfer RNA

基因(tRNAs)，及13 個攜帶著與有氧呼吸過程中電子傳遞鏈有關的酵素基因，另

有一non-coding region，在脊椎動物中又名D-loop或control region(控制區域)。脊

椎動物的粒線體基因體通常被描述為可自行複製(self-replication)、無介入子

（intronless）、缺乏修補能力（non-repair）、無重組（non-recombination）和母系

遺傳（maternal inheritance）等特性的簡單環形構造。由於複製過程缺乏校正修

補能力，因此常有單一鹼基突變(point mutation) 及長度突變(length mutation) 的

發生，許多研究均顯示粒線體DNA的突變速率約為核基因的5至10倍，由於沒有

基因傳組發生，因此物種間粒線體DNA序列的差異適用於區別物種及族群間的

分歧分化程度。特別是，它是透過母系遺傳，所以在追溯母系始祖時效果顯著。

利用檢視粒線體DNA內發生突變速率可以算出物種的演化速率，已被廣泛運用

在研究物種內的遺傳組成多樣性（ genetic diversity ）和族群遺傳結構

(populationgenetic structure)，以瞭解物種內族群間的遺傳分化和基因交流程度。

因此，粒線體基因庫的基因排列與序列多形性可提供極佳的遺傳標誌來定義族

群、追蹤個體或具親源關係族群之演化歷史、或建立系統演化樹。 
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三、材料與方法 

樣本採集： 

在內政部營建署雪霸國家公園境內的大甲溪流域七家灣溪，撿取產卵後自然

死亡的台灣鮭魚(Oncorhynchus masou formosanus)個體，以及用不傷害鮭魚生存

的方式剪取其脂鰭及採集一些未受精卵來抽取 DNA 作為實驗的材料，並自日

本東京海洋大學的大泉研究站取得Oncorhynchus masou masou(masu salmon)、

Oncorhynchus masou ishikawae(Amago salmon)、琵琶鮭(Biwa salmon)的肌肉樣

本，Onchorhynchus nerka、Oncorhynchus kisutch與 Oncorhynchus keta等肌肉樣本

由高雄海洋科技大學水產養殖系黃貴民教授提供。肌肉、脂鰭組織均以70％ 乙

醇保存。 

 

研究方法 

粒線體( mtDNA)的定序及分析  

 

1. DNA萃取  

(1) 取微量離心管,加入1x digestion buffer (1%SDS, 1mg/ml DTT, 0.5mg/ml 

proteinase K, 10mM Tris-HCl pH 8.0, 2mM EDTA)與組織，置於55℃之恆溫槽

反應隔夜。  

(2) 加入一倍體積5M LiCl與兩倍體積之chloroform/isoamyl aicohol萃取，搖盪30

分鐘；以12.5k rpm離心,取上清液。  

(3) 在上清液加入兩倍體積的100%室溫酒精，混合均勻後，12.5k rpm 離心15

分鐘，倒掉上清液，再以200 ul 75%酒精清洗DNA沈澱物，再以12.5k rpm 離

心5分鐘，小心抽乾酒精，可見白色或透明DNA沈澱物黏附於管壁上，自然

乾燥數小時，以去除殘餘酒精，最後加入50ul無菌水溶解DNA。產物的確定:

取1ul DNA溶液，1ul 6倍的染色溶液(loading dye)及4 ul TE buffer，放入0.8%
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瓊脂凝膠(argarose gel)中，電泳槽中放入1倍TBE buffer，以100伏特電壓電

泳約40分鐘後，將瓊脂凝膠放入200 ml去離子水中，並加入10 ul 溴化乙啶

(EtBr 10mg/ml)，水平搖盪40分鐘，將染色液倒掉，加入200ml去離子水，脫

去多餘的溴化乙啶，再以紫外光照射瓊脂凝膠，查看是否有DNA存在。  

 

2. 以雙股DNA聚合酶連鎖反應大量增幅DNA  

 

(1)引子的設計  

自行設計引子:利用SequencherTM4.0輸入由NCBI上所查到已登錄的虹鱒

(rainbow trout；Oncorhynchus mykiss)的完整粒線體DNA序列，踢除高變異性

的區域，再利用FASTPCR就基因保守區域去做分析，找出最適當的17對

primer，各預定放大的contig 間相互重疊(overlap)約200 bp，以利定序後的

assemble作業如圖一。PCR所使用的primer 序列如表一。放大Growth hormone 

基因的primer set 序列如表二。 

 (2)聚合酶鏈反應(polymerase chain reaction)  

聚合反應時，反應液25ul中包括5 ul 10 倍反應緩衝溶液(50Mm KCl, 10 Mm 

Tris-HCl pH 8.3) ，200mM dNTP(即分別含有200mM dATP、dCTP、dGTP、

dTTP)，並加上10pm所需增幅的一對引子，1ul 粗DNA為模板，4 units 

Supertherm 聚合脢，充分混勻後，將反應管放入溫度循環控制儀(thermal 

cycler)，先以94°C加熱5分鐘，再進行32-35次下述之流程:  

 

a.94°C 40秒，將雙股DNA變性解開(denaturing)。  

b.50°C 30秒， 使互補雙股片段與引子鍊合(annealing)。  

c.72°C 1分30秒，此時聚合酶進行反應，再引子3’端延伸聚合反應(extension)。  

d.最後加熱 72°C 10 分鐘，讓反應不全的片段繼續複製完成。 
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(3)定序  

PCR產物以核酸自動定序儀（ABI PRISM 3730 DNA Sequencer）定序。並以

Sequence Analyzer軟體Chromas進行Base Calling與文字檔輸出。 

 

(4) )建立 DNA 序列矩陣與基因樹之建構 

將所得序列送往GenBank 以BlastN程式與GenBank中已登錄的序列進行比對

分析後，再利用 Vecter NTI 9.0 版將各 contig 組合。排序後之序列先以 MEGA 

3.1 版軟體比較序列間發生鹼基替代(substitution)的情形，列出序列中的變異位

置(variable sites 或 mutation sites)，以鄰近連接法(neighbor joining，簡稱 NJ)法、

Minimal Evolotion 法繪出各物種間的演化樹。以 Modeltest version 3.06 尋求最

適合的演化計算模式再以 PAU Pversion 4.0 採用高度簡約原理(maximum 

parsimony，簡稱 MP)、鄰近連接法，及貝葉氏導出式(Bayesian inference，簡

稱 BI)三種分析方式來進行分析，而演化樹的支持度以 bootstrap 值及後驗概率

(posterior probability) 來 檢 視 。 最 大 概 率 (Maximum Likelihood) 法 則 以

http://power.nhri.org.tw/power 之 POWER version 1.0 版進行分析。 遺傳距離矩

陣採 Kimura 的 two-parameter 模式估算。
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四、結果與討論 

一、櫻鮭生長荷爾蒙基因分子演化研究 

我們藉著 PCR 放大台灣鮭魚 GH gene 的片段，探尋台灣鮭魚是否存在有

GH-ψ，並利用 DNA 定序分析台灣鮭魚與日本櫻鮭家族在 GH gene 間的差異，

同時調查台灣鮭魚個體與個體間的種內差異（diversity）。 

 

我們發現： 

1. 台灣鮭魚與虹鱒(rainbow trout；Oncorhynchus mykiss)的 GH 1 基因之 

intron 3 序列有極大的差異（圖二）。虹鱒的幼魚和櫻鮭一樣體側帶有

圓黑斑紋，乍看之下很難區分，利用此分子標記即可很容易的區分兩者

之仔稚魚。此外虹鱒的染色體數目（58～60）和櫻鮭的染色體數目（66）

相差 6 到 8 條染色體。 

2. 台灣鮭魚（雌雄兩性）沒有如一些櫻鮭家族成員一樣有 pseudogene GH-ψ

的存在（圖三）。台灣鮭魚無法以 pseudogene—GH-ψ 來判別鮭魚的性

別。 

3. 台灣鮭魚在 GH 1 之 intron 3（或 intron c）的部分有一段 GCT 三個核

酸鹼基對的缺失（deletion），而其他櫻鮭家族的成員（櫻鮭與石川氏鮭

魚）基因上均無此現象（圖四）。台灣鮭魚是歷經數十萬到數百萬年演

化後落地生根於台灣的物種，不可能是 100 年前日本人殖民佔領台灣時

從日本拿日本櫻鮭來放流的。 

4. 九尾台灣鮭魚的 GH 2 之 exon 5、intron 5 及 exon 6 序列的基因，同質

性非常高，在 380 bp 中 homology 幾乎達 100%。僅有在 exon 6 部位

有一個 A/G 的 heterozygotes（圖五）。顯示台灣鮭魚族群缺乏遺傳多樣

性。 
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二、鮭科粒線體 DNA 分子演化研究 

利用上述的 universal primer sets 我們已經成功的選殖並定序了太平洋鮭屬中的

櫻鮭四大亞種－－台灣鮭魚 (Oncorhynchus masou formosanus)、日本櫻鮭

(Oncorhynchus masou masou)、石川氏鮭魚(Oncorhynchus masou ishikawae)、琵琶

鮭(Oncorhynchus masou subp.；Biwa salmon)及紅鮭(Oncorhynchus nerka；sockeye 

salmon)、狗鮭(Oncorhynchus keta；chum salmon)、銀鮭(Oncorhynchus kisutch；

coho salmo)的完整的粒線體 DNA。我們發現在 Oncohynchus masou 各亞種中，

台灣鮭魚、日本櫻鮭、琵琶鮭及石川氏鮭魚的粒線體長度均同為 16,652 bp。紅

鮭的粒線體長度則為 16,658 bp、狗鮭與銀鮭的粒線體長度則均為 16,659bp(如圖

六)。 

 

  一般而言太平洋鮭屬各物種之粒線體 DNA 的鹼基組成屬 AT-rich，以台灣

鮭魚為例其粒線體 DNA 鹼基使用率分別為 A: 30.4%, C: 28.4%, G: 15.6% 與 T: 

25.6%。粒線體 DNA 中各基因間的相對位置與多數脊椎動物的粒線體上的排列

順序相同。分析太平洋鮭屬魚種的粒線體中的 protein-coding genes 後可見，不同

魚種之間相同的的 protein-coding genes 均具有很高的保存性(conservation)，不同

魚種的同一基因的長度均相同，分別為 ND1 基因 975 bp、ND2 基因 1050 bp、

CO1 基因 1551 bp、CO2 基因 691bp、ATP8 基因 168 bp、ATP6 基因 684 bp、

CO3 基因 786 bp、ND3 基因 351bp、ND4L 基因 297bp、ND4 基因 1381 bp、

ND5 基因 1839 bp、ND6 基因 522 bp、cytb 基因 1141 bp。可知太平洋鮭屬各

物種的粒線體 DNA 沒有發生遺傳重組(genetic rearrangement)的現象，僅有少許

的鹼基替換(nucleotide -substitution)。13 個 protein-coding genes中有 12 個的 open 

reading frame 位於 H 股，僅 ND6 基因的 open reading frame 位於 L 股上。所有

的 protein-coding gene 均以 methionine 起始，除了 CO1 以 GTG 作為起始密碼

(start codon)外，其於皆以 ATG 作為起始密碼。有八個基因的終止密碼(termination 

codon)為 TAA，ND1 與 ND3 則以 TAG 做為終止密碼，CO2、ND4 及 Cytb 的終
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止密碼不完全，僅具有一個 T 鹼基，其完整的 TAA 終止密碼的建立有賴於

post-transcriptional polyadenylation 後所附加的兩個 A 鹼基。ATP 8/ATP 6 及 

ND4L/ND4 基因間有重複序列(overlapping)，前者相互之間有 10 個鹼基對的重

複，後者則有 7 個鹼基對的重複，ATP6 與 CO3 則首尾相連共用一個鹼基對。

此外 ND5 與 ND6 所在位置為同屬一段雙股 DNA 的互補兩股(ND5 位於 H 股，

ND6 位於 L 股) (表三)。櫻鮭四亞種粒線體基因的密碼使用狀況如表四。 

 

此外太平洋鮭屬的粒線體中共攜帶有二十二個 tRNA 的基因，其中十四個位

於粒線體的 H strand 上、八個位於 L strand 上，各個 tRNA 的長度均介於 64 至

75 bp 之間，因此每個 tRNA 均可以摺疊成苜蓿葉型的二級結構，在所有的 tRNA

二級結構中 amino acid stem 均由 7 bp 所構成、TYC stem 由 5 bp 所構成、DHU 

stem 由 4 bp 所構成(tRNA-Ser(AGY)的 DHU stem 由 3 bp 構成)(圖七)。 

 

太平洋鮭屬物種之 12S rRNA 基因的長度介於 946-947bp，而 16S rRNA 基因

歧異性較大介於 1678-1755bp 之間，兩個 rRNA 基因位於 tRNA-Phe 與

tRNA-Leu(UUR)之間，其間間隔 tRNA-Val，許多關於物種的分子演化研究常採

取 12SrRNA 與 16SrRNA 為之，但是就鮭科各物種 rRNA 基因長度相當且序列

保存性甚高，以 12S rRNA 或 16SrRNA 並不適宜作為遺傳演化分析。 

 

粒線體的控制區(control region)又稱為 D loop 位於 tRNA-Pro 與 tRNA-Phe 之

間，各魚種間 D loop 長度由 946 bp-1005 bp 不等，櫻鮭各亞種的 D loop 長度均

為 999bp，除非完整定序否則難以利用 D loop 長度區別太平洋鮭屬各物種。 

 

此外太平洋鮭屬物種粒線體 L strand 的複製起始點 OriL 均位於 tRNA-Asn

與 tRNA-Cys 之間，由 33 個鹼基對所組成，這段 DNA 序列可摺疊成一個穩定

的 stem-loop 二級結構，其中二十個鹼基對構成 stem 的部分，十三個鹼基對構
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成 loop 的部分，與之相鄰的 tRNA-Cys 基因中也可以發現保存性甚高的 

5’-GCCGG-3’序列。  

 

我們為了了解台灣鮭魚個體間是否仍有多樣性存在，因此完成了三個台灣鮭

魚樣本的完整粒線體 DNA 定序，其一為雄性來自於第一、二號壩間(編號 Taiwan 

salmon 1)，其二分別為一公一母來自於七號壩之上，分析所得完整序列發現，來

自於七號壩以上的兩個樣本其 16,652bp 序列完全一致(編號 Taiwan salmon 7)，

但與來自於第一、二號壩間的樣本有十個鹼基對的變異。我們同樣取了來自於同

一族群的日本的陸封型 Amago salmon 的兩個樣本(編號 Amago 1 及 Amago 5)做

相同的分析，發現兩者間亦有十二個鹼基對的差異。分析台灣鮭魚與櫻鮭其他亞

種間粒線體 DNA 間的鹼基對取代數目，則可發現台灣鮭魚與琵琶鮭有 142-144

個鹼基的差異，台灣鮭魚與櫻鮭及石川氏鮭魚則均同為 61 個鹼基對的不同(表

五)。 

 

利用完整的粒線體的序列以Common whitefish(Coregonus lavaretus)做為外

群，使用鄰接法(Neighbor-Joining；NJ)、最小進化法(Minimum Evolution；ME)、

最大簡約法(Maximum Parsimony；MP)和最大似然法(Maximum Likelihood；ML)

建構的演化樹分別如圖八、圖九、圖十以及圖十一所示。四者分析的結果雖然大

致上相似，且多數的的分枝bootstrap 支持度都在90 以上。其中，櫻鮭四亞種中

琵琶鮭確為最早獨立演化的亞種，次為台灣鮭魚，櫻鮭與石川氏鮭魚雖然已經可

以明確的分群，但是其間支持度的bootstrap 值較低均僅超過60%。同一亞種內的

不同個體亦可透過此法歸為同一群。至於虹鱒(Rainbow trout；Oncorhynchus 

mykiss)與櫻鮭則清楚可見兩者在太平洋鮭屬分化的早期階段即以分道揚鑣。 

 

四個演化樹中最大的差異在於NJ、ME與MP三種建構方式均把紅鮭(Sockeye 

salmon；Oncorhynchus nerka)與虹鱒置於同一分枝上，但是ML法則認為紅鮭與櫻
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鮭屬於同一演化分枝。 

 

  以  Kimura’s two-parameter genetic distance 法分析所有已知鮭科 (family 

Salmonid)完整的粒線體DNA序列，所得的遺傳距離如表六。 

 

Wilson 等人曾估計鮭科粒線體 DNA 鹼基對替換速率與分化時間約為 2%/每

百萬年，若以此推估則台灣鮭魚與櫻鮭(Masu salmon)及石川氏(Amago salmon)

遺傳距離相同都是 0.37%，則台灣鮭魚在大約二十萬年左右就無法與北方的同種

鮭魚進行基因交流。然而以此方法推估則太平洋鮭屬與大西洋鮭屬間的分歧分化

時間為 550 萬年前，顯然與化石證據不符。 

 

Oohara 等人採用Martin and Palumbi兩氏所推估的粒線體DNA鹼基對替換

速率與分化時間0.5-0.9%/每百萬年，如此所計算出的分歧分化時間與目前所知的

化石證據較為吻合(根據化石證據推估太平洋鮭屬與大西洋鮭屬的分歧分化時間

約為一千一百萬年前，Sockeye salmon 則出現於六百萬年之前)，因此我們採用

0.9%/每百萬年來推估鮭科各物種的分歧分化時間得到以下結論： 

1. 太平洋鮭屬(genus Oncorhynchus)與大西洋鮭屬(genus Salmo)的分歧分化時間

約距今一千二百萬年前。 

2. 太平洋鮭屬的演化分為兩支進行，其中ㄧ支進入到東亞海域因冰河所形成的

地理障礙而在東亞獨自演化成櫻鮭ㄧ種(Oncorhynchus masou)，櫻鮭各亞種已

失去遠洋迴游能力。另ㄧ支則陸續演化成目前縱橫太平洋兩岸的太平洋鮭魚屬

各種。我們推測兩支的分歧分化時間為距今八百五十萬年前。 

3. 琵琶鮭魚是櫻鮭所有亞種中最早分化出來的，他與台灣鮭魚的遺傳距離約為

0.8% 推估可能在距今一百萬年前即因琵琶湖陸封，而在琵琶湖中獨自演化。 

4. 台灣鮭魚與櫻鮭(Masu salmon)及石川氏(Amago salmon)遺傳距離相同都是

0.37%, 推測台灣鮭魚在大約四十萬年左右就無法與北方的同種鮭魚進行基
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因交流, 這個時候大約是里斯冰河期結束的時代。因此，台灣鮭魚絕非近百

年前才由日人所引入。 

5. 兩個日本櫻鮭間的遺傳距離為 0.27%推測兩者應該在距今三十餘萬年前開始

分歧。 
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五、建議事項 

1. 台灣鮭魚確為台灣特有原生物種，其基因庫(genome)中保有較日本的櫻鮭與石

川氏鮭魚原始的基因密碼，研究此一特有物種有助於釐清鮭科分子演化及生

物地理學上的不少疑問。 

2. 必須建立台灣鮭魚遺傳多樣性的管理，在復育過程中應注意基因譜系的追

蹤，並做計劃性的配對以維持有效族群數量，維持或減緩目前遺傳多樣性的

消失速度。 

3. 國內近已引入日本陸封型櫻鮭進行商業性的養殖，目前已知台灣鮭魚能與櫻

鮭雜交並產出子代，因此應嚴加防範此一外來亞種入侵七家灣溪水域，以免

因雜交優勢而導致原生特有亞種的滅絕。 

4. 鮭魚為冷水性魚類，台灣鮭魚於冰河期避難台灣，並陸封於台灣而演化成台

灣特有亞種，研究台灣鮭魚對氣候的的適應(adaptation)與 fixation 的過程，可

提供一個冷水性魚類對暖化的適應機制的模型。 
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七、附錄： 

一、台灣鮭魚粒線體 DNA 完整序列 

LOCUS       DQ858456               16652 bp    DNA     circular VRT 20-JUL-2006 

DEFINITION  Oncorhynchus masou formosanus mitochondrion, complete genome. 

ACCESSION   DQ858456 

VERSION     DQ858456 

KEYWORDS    . 

SOURCE      mitochondrion Oncorhynchus masou formosanus (Taiwan salmon) 

  ORGANISM  Oncorhynchus masou formosanus 

            Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

            Actinopterygii; Neopterygii; Teleostei; Euteleostei; 

            Protacanthopterygii; Salmoniformes; Salmonidae; Oncorhynchus. 

REFERENCE   1  (bases 1 to 16652) 

  AUTHORS   Chang,H.-W., Chung,Y.H., Gwo,J.C., Lin,Y.F., Liao,L.Y., Chang,W.C. 

            and Chou,Y.C. 

  TITLE     The complete mitochondrial genome of Taiwan salmon (Oncorhynchus 

            masou formosanus) 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 16652) 

  AUTHORS   Chang,H.-W., Chung,Y.H., Gwo,J.C., Lin,Y.F., Liao,L.Y., Chang,W.C. 

            and Chou,Y.C. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (18-JUL-2006) Institute of Biotechnology, Chung Hwa 

            College of Medical Technology, 89, Wen Hwa 1st St., Jente, Tainan 

            717, Taiwan 

FEATURES             Location/Qualifiers 

     source          1..16652 

                     /organism="Oncorhynchus masou formosanus" 

                     /organelle="mitochondrion" 

                     /mol_type="genomic DNA" 

                     /sub_species="formosanus" 

                     /db_xref="taxon:173242" 

                     /note="common: Taiwan salmon" 

     D-loop          1..998 

     tRNA            999..1066 

                     /product="tRNA-Phe" 

     rRNA            1067..2012 
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                     /product="12S ribosomal RNA" 

     tRNA            2013..2084 

                     /product="tRNA-Val" 

     rRNA            2085..3763 

                     /product="16S ribosomal RNA" 

     tRNA            3764..3838 

                     /product="tRNA-Leu" 

     gene            3839..4813 

                     /gene="ND1" 

     CDS             3839..4813 

                     /gene="ND1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 1" 

                     /protein_id="ABG91507" 

                     /translation="MITTLITHVVNPLAYIVPVLLAVAFLTLLERKVLGYMQLRKGPN 

                     IVGPYGLLQPIADGLKLFIKEPVRPSTSSPFLFLATPMLALTLALTLWAPMPIPYPVT 

                     DLNLGVLFVLALSSLAVYSILGSGWASNSKYALIGALRAVAQTISYEVSLGLILLSVI 

                     IITGGFTLQTFNVAQESMWLLVPAWPLAAMWYISTLAETNRAPFDLTEGESELVSGFN 

                     VEYAGGPFALFFLAEYANILLMNTLSAILFLGASHIPAFPELTALNLMTKAALLSVVF 

                     LWMRASYPRFRYDQLMHLVWKSFLPLTLALVLWHLALPIALAGLPPQL" 

     tRNA            4818..4889 

                     /product="tRNA-Ile" 

     tRNA            complement(4887..4957) 

                     /product="tRNA-Gln" 

     tRNA            4957..5025 

                     /product="tRNA-Met" 

     gene            5026..6075 

                     /gene="ND2" 

     CDS             5026..6075 

                     /gene="ND2" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 2" 

                     /protein_id="ABG91508" 

                     /translation="MNPYVLTILISSLGLGTVLTFASSHWLLAWMGLEINTLAIIPIM 

                     AQQHHPRAIEATTKYFLTQATAAAMILFASTTNAWLMGEWEIHQLSHPLATTTAMLAL 

                     ALKLGLAPVHFWLPEILQGLELTTGLILSTWQKLAPFALMIQVAPSIDSSLLIAIGLM 

 19



                     STLVGGWGGLNQTQLRKILAYSSIAHLGWMVLILQFAPSLTLLSLSLYIIMTSSAFLT 

                     LKTNNSLTINALATSWTKSPTLAALTALVLLSLGGLPPLSGFMPKWLILQELTKQELP 

                     LIATLAAMTALLSLYFYLRLCYALTLTIYPNTLTATAPWRLNFTMFTLPLSIVTILAL 

                     GLLPLTPAVGAMLTL" 

     tRNA            6078..6147 

                     /product="tRNA-Trp" 

     tRNA            complement(6149..6218) 

                     /product="tRNA-Ala" 

     tRNA            complement(6220..6292) 

                     /product="tRNA-Asn" 

     rep_origin      complement(6293..6325) 

                     /note="OriL" 

     tRNA            complement(6326..6392) 

                     /product="tRNA-Cys" 

     tRNA            complement(6393..6463) 

                     /product="tRNA-Tyr" 

     gene            6465..8015 

                     /gene="CO1" 

     CDS             6465..8015 

                     /gene="CO1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 1" 

                     /protein_id="ABG91509" 

                     /translation="MAITRWFFSTNHKDIGTLYLVFGAWAGMVGTALSLLIRAELSQP 

                     GALLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLIPLMIGAPDMAFPRMNNMSF 

                     WLLPPSFLLLLSSSGVEAGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGISSILG 

                     AINFITTIINMKPPAISQYQTPLFVWAVLVTAVLLLLSLPVLAAGITMLLTDRNLNTT 

                     FFDPAGGGDPILYQHLFWFFGHPEVYILILPGFGMISHIVAYYSGKKEPFGYMGMVWA 

                     MMAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGVKVFSWLATLHGGSIKW 

                     ETPLLWALGFIFLFTVGGLTGIVLANSSLDIVLHDTYYVVAHFHYVLSMGAVFAIMGA 

                     FVHWFPLFTGYTLHSTWTKIHFGIMFIGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLW 

                     NTVSSIGSLVSLVAVIMFLFILWEAFAAKREVASIELTSTNVEWLHGCPPPYHTFEEP 

                     AFVQVQAN" 

     tRNA            complement(8016..8086) 

                     /product="tRNA-Ser" 

     tRNA            8090..8153 

                     /product="tRNA-Asp" 
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     gene            8178..8868 

                     /gene="CO2" 

     CDS             8178..8868 

                     /gene="CO2" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA'" 

                     /codon_start=1 

                     /transl_except=(pos:8868,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 2" 

                     /protein_id="ABG91510" 

                     /translation="MAHPSQLGFQDAASPVMEELLHFHDHALMIVLLISTLVLYIIVA 

                     MVSTKLTNKYILDSQEIEIVWTVLPAVILILIALPSLRILYLMDEINDPHLTIKAMGH 

                     QWYWSYEYTDYEDLGFDSYMVPTQDLVPGQFRLLETDHRMVVPVESPIRILVSAEDVL 

                     HSWAVPSLGVKMDAVPGRLNQTAFIASRPGVFYGQCSEICGANHSFMPIVVEAVPLEH 

                     FEKWSTMMLEDA" 

     tRNA            8869..8942 

                     /product="tRNA-Lys" 

     gene            8944..9111 

                     /gene="ATP8" 

     CDS             8944..9111 

                     /gene="ATP8" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATPase subunit 8" 

                     /protein_id="ABG91511" 

                     /translation="MPQLNPAPWFAILVFSWLVFLTVIPPKVLGHTFTNEPTSQSTEK 

                     AKPAPWNWPWH" 

     gene            9102..9785 

                     /gene="ATP6" 

     CDS             9102..9785 

                     /gene="ATP6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATPase subunit 6" 

                     /protein_id="ABG91512" 

                     /translation="MTLSFFDQFMSPTYLGIPLIAVALTLPWILFPTPSARWLNNRLI 

                     TLQGWFINRFTQQLLLPLNLGGHKWAALLTSLMLFLITLNMLGLLPYTFTPTTQLSLN 
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                     MGLAVPLWLATVIIGMRNQPTAALGHLLPEGTPVPLIPVLIIIETISLFIRPLALGVR 

                     LTANLTAGHLLIQLIATAAFVLLPLMPTVAILTSIVLFLLTLLEIAVAMIQAYVFVLL 

                     LSLYLQENV" 

     gene            9785..10570 

                     /gene="CO3" 

     CDS             9785..10570 

                     /gene="CO3" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 3" 

                     /protein_id="ABG91513" 

                     /translation="MAHQAHAYHMVDPSPWPLTGAIAALLLTSGTAVWFHFHSLTLLT 

                     LGNVLLLLTMYQWWRDIIREGTFQGHHTPPVQKGLRYGMILFITSEVFFFLGFFWAFY 

                     HASLAPTPELGGCWPPTGITTLDPFEVPLLNTAVLLASGVTVTWAHHNIMEGERKQTI 

                     QALTLTILLGFYFTFLQGMEYYEAPFTIADGVYGSTFFVATGFHGLHVIIGSTFLAVC 

                     LLRQVQYHFTSEHHFGFEAAAWYWHFVDVVWLFLYVSIYWWGS" 

     tRNA            10570..10639 

                     /product="tRNA-Gly" 

     gene            10640..10990 

                     /gene="ND3" 

     CDS             10640..10990 

                     /gene="ND3" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 3" 

                     /protein_id="ABG91514" 

                     /translation="MNLITTIITITITLSAVLATISFWLPQISPDAEKLSPYECGFDP 

                     LGSARLPFSLRFFLIAILFLLFDLEIALLLPLPWGDQLNTPALTLVWSTAVLALLTLG 

                     LIYEWTQGGLEWAE" 

     tRNA            10990..11058 

                     /product="tRNA-Arg" 

     gene            11059..11355 

                     /gene="ND4L" 

     CDS             11059..11355 

                     /gene="ND4L" 

                     /codon_start=1 
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                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4L" 

                     /protein_id="ABG91515" 

                     /translation="MTPVHFSFTSAFILGLMGLAFHRTHLLSALLCLEGMMLSLFIAL 

                     SLWALQMEATGYSVAPMLLLAFSACEASAGLALLVATARTHGTDHLQSLNLLQC" 

     gene            11349..12729 

                     /gene="ND4" 

     CDS             11349..12729 

                     /gene="ND4" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:12729,aa:TERM) 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4" 

                     /protein_id="ABG91516" 

                     /translation="MLKILIPTLMLFPTIWLSPAKWLWTTSIAQSLIIALASLSWLKW 

                     SSETGWSSSNLYLATDPLSTPLLVLTCWLLPLMILASQNHLSPEPLNRQRAYISLLVS 

                     LQTFLVLAFGATEIIMFYIMFEATLLPTLIIITRWGNQTERLNAGTYFLFYTLAGSLP 

                     LLVALLLMQNDSGTLSMFTLQYMQPMHLLTWGDKLWWAACLLAFLVKMPLYGVHLWLP 

                     KAHVEAPIAGSMILAAVLLKLGGYGMMRMMVVLDPLTKELAYPFIVLALWGIIMTGSI 

                     CLRQTDLKSLIAYSSVGHMGLVAGGILIQTPWGFSGAIILMIAHGLASSALFCLANTS 

                     YERTHSRTMLLARGMQMILPLMTTWWFMASLANLALPPLPNLMGELMIITSMFSWSYW 

                     TLILTGLGTLITASYSLYLFLMTQRGPLPSHIIALEPTHTREHLLIMLHLIPIVLLIL 

                     KPELMWGWCF" 

     tRNA            12730..12798 

                     /product="tRNA-His" 

     tRNA            12799..12867 

                     /product="tRNA-Ser" 

     tRNA            12869..12941 

                     /product="tRNA-Leu" 

     gene            12942..14780 

                     /gene="ND5" 

     CDS             12942..14780 

                     /gene="ND5" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 5" 
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                     /protein_id="ABG91517" 

                     /translation="MHPTTLILSSSLLMIFALLIYPLITTLTPTLQHENWALTHVKTA 

                     IKMAFLVSLLPLFIFLDQGTETIVTNWQWMNTTTFDINLSFKFDHYSIIFTPIALYVT 

                     WSILEFASWYMHADPNMNRFFKYLLLFLIAMVILVTANNMFQLFIGWEGVGIMSFLLI 

                     GWWHGRADANTAAMQAVIYNRVGDIGLILSMAWFATNLNSWEIQQMFASSKELDLTLP 

                     LMGLILAATGKSAQFGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRLHPLMENN 

                     QTALTTCLCLGALTTLFTATCALTQNDIKKIVAFSTSSQLGLMMVTIGLNQPQLAFLH 

                     ICTHAFFKAMLFLCSGSIIHSLNDEQDIRKMGGMHNLTPFTSSCLTIGSLALTGTPFL 

                     AGFFSKDAIIEALNTSHLNAWALTLTLLATSFTAIYSLRVIFFVSMGHPRFTPMTPIN 

                     ENNSSVINPIKRLAWGSIIAGLLITSNFLPSNTPVMTMPTHLKLAALLITILGLIIAL 

                     ELASLTSKQFKTTPNLITHNFSNMLGFFPAIIHRLAPKLNLTLGQAIASQMVDQTWFE 

                     KVGPKGVISTHLPMVTTTSNIQQGMIKTYLTLFFLSTTLAVLLTLT" 

     gene            complement(14777..15298) 

                     /gene="ND6" 

     CDS             complement(14777..15298) 

                     /gene="ND6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 6" 

                     /protein_id="ABG91518" 

                     /translation="MTYLVSLFLLGLVLGLVAVASNPAPYFAALGLVVAAGVGCGVLV 

                     GHGGSFLSLVLFLIYLGGMLVVFAYSAALAAEPFPESWGDRSVLGYVMVYTVGVVLVA 

                     GLFWGGWYETSWVAVDEFKEFSVLRGDTSGVGLMYSYGGGMLIVCAWVLLLTLFVVLE 

                     LTRGLGRGALRAV" 

     tRNA            complement(15299..15367) 

                     /product="tRNA-Glu" 

     gene            15371..16511 

                     /gene="CYTB" 

     CDS             15371..16511 

                     /gene="CYTB" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:16511,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome b" 

                     /protein_id="ABG91519" 

                     /translation="MANLRKTHPLLKIANDALVDLPTPSNISVWWNFGSLLGLCLATQ 
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                     ILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGL 

                     YYGSYLYKETWNIGVVLLLLTMMTAFVGYVLPWGQMSFWGATVITNLLSAVPYVGNAL 

                     VQWIWGGFSVDNATLTRFFAFHFLFPFVITAAAILHLLFLHETGSNNPAGINSDADKI 

                     SFHPYFSYKDLLGFAAMLLCLTSLALFAPNLLGDPDNFTPANPLVTPPHIKPEWYFLF 

                     AYAILRSIPNKLGGVLALLFSILVLMVVPILHTSKQRGLTFRPLTQFLFWALVADMLI 

                     LTWIGGMPVEHPFIIIGQIASVIYFTIFLVLSPLAGWAENKALQWA" 

     tRNA            16512..16583 

                     /product="tRNA-Thr" 

     tRNA            complement(16583..16652) 

                     /product="tRNA-Pro" 

ORIGIN       

        1 acggcgtaaa catgtacatt tgtaaatgtt ataacctgta aacccaatgt tatactacac 

       61 ctatgtataa tattacatat tgtgtattta ctcatatata acacctcacg ggtagtacat 

      121 tatatgtatt atcaacatac ggtgatttta acccctcata catcagcaca actccaaggt 

      181 ttacattaag caaaacacgt gataataacc aactaagttg ttttaaactg attaattgct 

      241 acatcaacta acctccagct aacacgggct ccgtctttac ccaccaactt tcagcatcgg 

      301 tcctacttaa tgtagtaaga accgaccaac gatttatcgg taggcatact cttattgatg 

      361 gtcaggggca gatatcgtat tgagtcgcat ttcgtgaact attcctggca tttggttcct 

      421 aagtcaaggc ctatccttaa gaaaccagcc cctgaaagcc gaatgtaacg catctggtta 

      481 atggtgtcaa tcttacgact cgttacccac caagccgggc gttctcttat atgcataggg 

      541 ttctcctttt ttttttttcc tttcagcttg catatacaag tgcaagcaaa gaagtctaac 

      601 aaggtcgaac tagatcttgg accccagagg acccttgtat catggtggaa tgatattcta 

      661 taaagaatcg catacttgga tatcaagtgc ataaggtcag ttatcttctt cacagatata 

      721 agatctcccc ggcttttgcg cggtaaaccc ccctaccccc ctaaagctga aagatcctta 

      781 tgttcctgtt aaacccctaa accaggaagt ttcaaatcag cgtaataatt ttatatacat 

      841 taataaactt ttgatgtact ttattgcatt cggcaccgac agcgctgtaa tacgtacact 

      901 ttcataatta aagtatacat taataaactc ttcgatccat ttaacagcac ctggcaccga 

      961 caacgctatc ataaatgcca tttcccgcac aacccgctgc tggcgtagct taactaaagc 

     1021 ataacactga agctgttaag acggacccta gaaagtccca cgagcacaaa ggcttggtcc 

     1081 tgactttact atcagctcta actgaactta cacatgcaag tctccgcatt cctgtgagga 

     1141 tgcccttaat cccctgcccg gggacgagga gccggtatca ggcacgccca ggcagcccac 

     1201 gacgccttgc taagccacac ccccaaggaa actcagcagt gataaatatt aagccataag 

     1261 cgaaagcttg acttagttaa ggttaagagg gccggtaaaa ctcgtgccag ccaccgcggt 

     1321 tatacgagag gccctagttg ataactaccg gcgtaaagag tggttatgga agatacttga 

     1381 taaagccgaa cactccctca gccgtcatac gcacctggaa gcacgaagac ctactgcgaa 

     1441 agcagcttta attatgcctg accccacgac agctaagaaa caaactggga ttagataccc 

     1501 cactatgcct agccgtaaac cttgatagaa atatacaatt gatatccgcc agggaactac 

     1561 aagcgccagc ttaaaaccca aaggacttgg cggtgcctca gacccaccta gaggagcctg 
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     1621 ttctagaacc gataaccccc gttcaacctc accacctctt gttttacccg cctatatacc 

     1681 accgtcgtca gcttaccctg tgaaggtccc atagtaagca aaatgggcaa aacccaaaac 

     1741 gtcaggtcga ggtgtagcgc atggggtggg aagaaatggg ctacattctc taaattagag 

     1801 cactacgaac cacactgtga aatcagtgtc cgaaggtgga tttagcagta aacagaaaac 

     1861 agagagttct cttgaaactg gctctgaggc gcgcacacac cgcccgtcac tctccccaag 

     1921 ttcaatatat ccttctaact aagaagttaa ccgaacaaag gggaggcaag tcgtaacatg 

     1981 gtaagtgtac cggaaggtgc ccttggaata accagagtgt agctaaaata gcaaagcacc 

     2041 tcccttacac cgagaagaca tccgtgcaaa tcgggtcacc ctgagctgac tagctagcca 

     2101 acacacttgg tataacacca caacataaat accccaataa aacttagaat taagtaaaca 

     2161 aaccattttt ccaccttagt acgggagacc gaaaaggaaa taattgagca acagaaaaag 

     2221 taccgcaagg gaaagctgaa agagaattga aacaagccat ttaagcctag aaaagcagag 

     2281 attaaatctc gtaccttttg catcatgatt tagccagcaa acctgagcaa agagaacttt 

     2341 agttcaggcc cccgaaacta gacgagctac tccgggacag cctattatag ggctaacccg 

     2401 tctctgtggc aaaagagtgg aacgagcccc gagtagaggt gataaaccta tcgagcctag 

     2461 ttatagctgg ttgcttagga aatgaataga agttcagccc cccggctttc ttaggacctt 

     2521 aaagtaaaac taatattgtc ccaaagaaac caggagagtt agtcaaagga ggtacagctc 

     2581 ctttgaacaa ggacacaacc ttaacaggcg gctaaggatc ataattaata aggtaacctg 

     2641 ttacagtggg cctaagagca gccacctgca cagaaagcgt taaagctcag acagatataa 

     2701 acctcttatc ctggtaacaa atcccacccc cctaaccgta ctaagccgtt ccatgcctcc 

     2761 atggaagaga ttatgctaga atgagtaata agagagaaca actctctccc agcacatgtg 

     2821 taagtcggat cggacccacc accgacaaat aacgaaccca aaccaagagg ggactgtagg 

     2881 ccagaataaa caccggggaa aacctacacc aacgaatcgt taaccccaca caggagtgcc 

     2941 cccagggaaa gacccaaagg aagagaagga actcggcaaa cacaagcctc gcctgtttac 

     3001 caaaaacatc gcctcttgca aatcaaagca taagaggtcc cgcctgccct gtgactatag 

     3061 gtttaacggc cgcggtattt tgaccgtgca aaggtagcgc aatcacttgt cttttaaatg 

     3121 aagacctgta tgaatggcat cacgagggct tagctgtctc ctcttccaag tcaatgaaat 

     3181 tgatctgtcc gtgcagaagc ggacataagc acataagacg agaagaccct atggagcttt 

     3241 agacaccagg cagatcacgt caaacaacct tgaattaaca agtaaaaacg cagtgacccc 

     3301 tagcccatat gtctttggtt ggggcgaccg cgggggaaaa ttaagccccc atgtggactg 

     3361 ggggcactgc ccccacagcc aagagctaca gctctaagca ccagaatatc tgaccaaaaa 

     3421 tgatccggca aacgccgatc aacggaccga gttaccctag ggataacagc gcaatcctct 

     3481 cccagagtcc ctatcgacga gggggtttac gacctcgatg ttggatcagg acatcctaat 

     3541 ggtgcagccg ctattaaggg ttcgtttgtt caacgattaa agtcctacgt gatctgagtt 

     3601 cagaccggag taatccaggt cagtttctat ctatgaagtg atgtttccta gtacgaaagg 

     3661 accggaaaga aggggcccat gcttaaggca cgccccaccc ccacctgatg aaggcaacta 

     3721 aaacagacaa gggggcacac caaattgcct aaaagaacgg cgcgctaagg tggcagagcc 

     3781 cggtaattgc gagaggccta agccctcttt ctcagaggtt caaaccctct ccttagctat 

     3841 gatcaccacc ctaattaccc acgttgttaa tccactagcc tacattgtac ccgttctgtt 
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     3901 agcagttgct ttcctcacac tactcgaacg aaaggtcctt ggatatatac aacttcgtaa 

     3961 aggaccaaac attgtaggtc cctatggact gctgcaaccc atcgcagacg gcctaaaatt 

     4021 atttattaaa gaaccagttc gaccttccac ttcctcaccc tttctatttc tcgctacacc 

     4081 catacttgcc cttacacttg cacttactct atgagccccc atacctattc cttaccctgt 

     4141 tacagatctt aaccttggag tactattcgt acttgcacta tccagcctag ccgtttactc 

     4201 tattctaggg tcaggctgag catcaaattc caagtacgct ttaattggag ccctccgagc 

     4261 agtagcgcaa accatttcct acgaagtcag cctgggctta atcctactta gcgtaattat 

     4321 catcaccggc ggatttactc ttcaaacctt caacgtagcc caagaaagta tatgactact 

     4381 agtaccagct tgaccacttg ccgccatatg atacatttct accctcgccg aaacaaaccg 

     4441 tgcacccttt gaccttacag aaggagaatc agaattagtc tcgggattca atgtagaata 

     4501 tgctggggga ccctttgccc tatttttcct agccgaatat gctaatatcc ttctaataaa 

     4561 tacactttca gccattctat ttctaggcgc atcccacatc cccgccttcc cagaattaac 

     4621 tgccctaaac ctaataacga aagctgccct tctctccgtt gtatttttat gaatacgagc 

     4681 atcctaccca cgatttcgat acgatcaact tatacattta gtatggaaaa gcttcctacc 

     4741 gctaactctg gcccttgtac tatgacattt agcacttccc atcgcactgg caggcctccc 

     4801 ccctcagctt tagcccagga attgtgcctg aatgcttaag gaccaccttg atagcgtggc 

     4861 tgataggggt tcaagtcccc tcaattctag agagaagggg ctcgaaccca tcctcaagag 

     4921 atcaaaactc ttggtgcttc cactacacca ctttctagta aagtcagcta attaagcttt 

     4981 cgggcccata ccccgaatat gttggttaaa atccttccct tactaatgaa tccctacgta 

     5041 ctcaccatct taatctctag tttagggcta ggtacagtcc tcacctttgc cagctcccac 

     5101 tgactactcg catgaatagg cctagaaatc aataccctcg ctattattcc aattatagca 

     5161 caacaacacc acccccgagc aattgaagca acaaccaaat attttttaac acaggcaacc 

     5221 gccgcagcaa taatcctttt tgctagcacc accaacgcct gactaatagg ggaatgagaa 

     5281 attcatcagc tatcacaccc tctagcaacc acaacagcaa tattggccct tgccctcaaa 

     5341 cttggactag cacccgttca cttttgatta ccagaaatcc ttcaaggact tgaactcact 

     5401 acaggactaa tcttgtcaac ctgacaaaaa ctcgcacctt tcgcacttat aattcaagta 

     5461 gccccatcca tcgactcttc cctacttatc gcaatcggcc ttatatctac actagtggga 

     5521 ggttgaggtg gactcaatca aacccaacta cgtaaaattc tagcatactc ttcaattgca 

     5581 catcttgggt gaatagtatt aatcttacaa ttcgcaccct ccctcacact cctaagcctc 

     5641 tccctatata ttatcataac atcttcagca ttcctcacac taaaaaccaa taattcccta 

     5701 actattaatg ctctcgcaac ttcatgaact aagtccccaa cccttgccgc attaaccgct 

     5761 cttgtattgc tatcccttgg gggtctcccc cctctttcag gcttcatacc aaaatgactt 

     5821 attttgcaag aactaacaaa acaagaatta ccactaattg ccacactagc tgctataaca 

     5881 gccctcttaa gcctttactt ctacttacga ctctgctacg ccttaaccct cactatttat 

     5941 cccaataccc taactgccac cgctccctga cgcctcaact ttaccatatt taccttaccc 

     6001 ctttcaattg ttactatttt agccctagga ttacttccac tcacaccagc tgtaggtgca 

     6061 atattaactt tgtaataagg gcttaggata gcactaagac caagagcctt caaagctcta 

     6121 agcgggagtg aaaatctccc agcccttgtt aagacttgca ggactttatc ccacatcttc 
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     6181 tgaatgcaac ccagacactt taattaagct aaagcctttc taggtgggaa ggcctcgatc 

     6241 ctacaaactc ttagttaaca gctaagcgct ctatccagcg agcatccatc tactttcccc 

     6301 cgccaccggg gggcgaggcg agggaaagcc ccggcaggct attagcctac ttcttcagat 

     6361 ttgcaatcta acgtgtggta caccacaggg cttgataagg agaggaatta aacctctgtc 

     6421 catggagcta caatccaccg cttaggctct cagccaccct acctgtggca atcacacgat 

     6481 gatttttctc aaccaaccac aaagacattg gcaccctcta tttagtattt ggtgcctgag 

     6541 ccgggatagt aggcaccgcc ctaagtctac taattcgagc agaactaagc cagccaggcg 

     6601 ctctcctagg ggatgaccaa atctataacg tgatcgttac agcccatgcc ttcgttatga 

     6661 ttttctttat agttatgcca attatgattg gaggctttgg aaactgatta attcccctaa 

     6721 taatcggggc cccagacata gcatttcctc gaataaataa cataagcttc tgactccttc 

     6781 ccccatcctt tctcctcctc ttatcttcgt ctggagttga agctggcgct ggtactggat 

     6841 ggacagttta tccccctcta gccggaaacc tcgcccacgc aggagcctct gttgatttaa 

     6901 ctattttctc ccttcactta gctggaattt cctcaatttt aggagccatt aattttatta 

     6961 cgaccattat taacataaaa cccccagcta tttctcaata ccaaactcca ctttttgttt 

     7021 gagctgtact agttactgct gtacttctgc tactttccct ccctgttctg gcagcaggca 

     7081 ttactatgct actcacggac cgaaatctaa acactacttt ctttgacccg gcaggtggag 

     7141 gagatccaat tttgtaccaa cacctctttt gattcttcgg acacccagaa gtctatatcc 

     7201 tcatcctccc aggttttggt ataatttcac acatcgttgc atactattcc ggtaaaaaag 

     7261 aacccttcgg gtacatagga atagtctgag ctataatagc catcggattg ttaggattta 

     7321 tcgtctgagc ccatcatatg ttcactgtcg ggatagacgt ggacactcgt gcctacttca 

     7381 catctgccac cataattatc gctatcccca cgggagtaaa agtatttagc tgactggcca 

     7441 cactacatgg gggctcaatc aaatgagaaa caccacttct ttgagccctg ggatttattt 

     7501 tcctatttac agtgggtgga ctaacaggta ttgttcttgc taactcctca ttagatattg 

     7561 ttctacatga cacttattac gtagttgctc atttccacta tgttctatct ataggagctg 

     7621 tatttgccat tatgggtgct tttgtacact gattcccgct atttacggga tatacccttc 

     7681 acagcacatg aaccaaaatc cattttggaa ttatatttat tggtgtaaat ttaacctttt 

     7741 tcccacagca cttcctaggc cttgcaggaa taccacgacg gtattctgac tacccagacg 

     7801 cctatacgct atgaaacact gtgtcctcaa ttggatctct tgtttcctta gtagctgtaa 

     7861 tcatattcct atttattctt tgagaggcct ttgctgccaa acgggaggtg gcatcaatcg 

     7921 aattaacttc aacaaacgta gagtgactac atggatgccc cccaccttac cacacattcg 

     7981 aggagccagc atttgtccaa gtacaagcaa actaacgaga aagggaggaa ttgaaccccc 

     8041 atgtgctggt ttcaagccaa ccgcataacc actctgccac tttcttctat aagacactag 

     8101 taaaacagtc tattacattg ccttgtcaag acaaaattgt gggttaaaac cccgcgtgtc 

     8161 ttaagcactt agctataatg gcacatccct cacaactagg attccaagac gcggcctccc 

     8221 ctgttataga agaacttctt catttccacg accacgctct tatgattgtt cttcttatca 

     8281 gcacactagt gctttatatc atcgtagcaa tagtctctac taaacttact aacaagtata 

     8341 tccttgattc tcaagaaatc gagatcgttt gaactgtact cccagcagta atccttattc 

     8401 ttatcgctct cccctccctc cgaattctct atcttataga tgaaattaat gacccacacc 
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     8461 ttactattaa agcaatgggc caccaatgat attgaagcta cgaatacacc gattacgaag 

     8521 acctaggctt tgactcttac atagttccca ctcaagactt agtgccgggc caattccggc 

     8581 ttctagaaac agatcatcga atagttgtcc ctgtagaatc cccaatccga attctcgtct 

     8641 cagctgaaga cgtccttcac tcctgagccg ttccttcttt aggtgtaaaa atagatgcag 

     8701 tcccaggacg attaaaccaa acagccttta ttgcctctcg acctggagta ttctacggac 

     8761 aatgttctga aatctgcggg gctaaccata gcttcatacc catcgttgtt gaagccgtac 

     8821 ccctagaaca cttcgagaaa tgatccacta taatacttga agatgcctca ctaagaagct 

     8881 aaatcgggaa tagcgttagc cttttaagct aaagattggt ggcccccaac cacccctagt 

     8941 gacatgcccc aactcaaccc cgccccctga tttgctattt tagtattctc atgactggtt 

     9001 ttcctaactg ttattccccc aaaagtcctc ggccacacct tcacaaatga gcctacctca 

     9061 caaagcactg agaaagctaa acctgcgccc tgaaactgac catgacatta agcttcttcg 

     9121 accaatttat gagccccaca tacctaggta ttccacttat cgctgtagca ttaaccctcc 

     9181 catgaattct tttccccaca ccctctgccc gatgattaaa caaccgccta attaccctgc 

     9241 aaggatgatt catcaaccga tttacccaac aactcctttt accactaaat ttagggggtc 

     9301 acaaatgagc ggctctacta acctccctaa tactgtttct tattacccta aatatactag 

     9361 gtctactccc ttatacattt acccccacca cgcaactctc cctaaatata ggccttgcag 

     9421 tcccattatg gctcgccaca gtaattatcg gcatacgaaa tcaacccact gccgccctcg 

     9481 gccatctttt acccgaaggg acccccgtcc cactaatccc tgtactgatc attatcgaaa 

     9541 caattagcct ttttattcgc cccctcgccc ttggcgtacg acttacagcc aatctcacag 

     9601 caggccacct tctcatccaa ctgattgcta cagcagcctt tgttctctta cctctaatac 

     9661 ccacagtggc aatcttaact tctattgttc tatttctact tacccttctt gaaattgctg 

     9721 tagccataat tcaagcatac gtttttgttt tactcctaag cctctaccta caagaaaacg 

     9781 tttaatggca caccaagcac acgcatacca tatggttgac ccaagcccct gacctctaac 

     9841 cggcgcaatc gccgcccttt tacttacatc aggcactgca gtctgattcc atttccactc 

     9901 actcacacta cttaccctgg gtaatgttct attacttctc accatgtatc aatgatgacg 

     9961 agatattatt cgagagggca cctttcaagg acatcacaca cccccagtcc aaaaaggatt 

    10021 acgatatggt ataatcttgt ttattacctc cgaagtattc tttttcctgg gtttcttctg 

    10081 agccttctat cacgctagcc ttgcccccac acctgaatta gggggttgct gaccccccac 

    10141 aggcattaca actctagacc cctttgaggt gccccttctt aatactgcag tccttctagc 

    10201 atctggtgtt accgttacat gagcccatca taacatcata gaaggtgaac gaaaacaaac 

    10261 cattcaagct cttactctta ctattttact aggattttac ttcactttcc tacaaggtat 

    10321 agaatactac gaagccccat ttacaatcgc tgatggcgta tacggctcta ctttctttgt 

    10381 cgctacagga ttccatggcc tacatgtaat tatcggctct acctttttag ccgtttgcct 

    10441 tctacgacaa gttcaatatc actttacatc tgaacatcac tttggctttg aagctgctgc 

    10501 ttgatattga cactttgtag acgttgtatg gctcttccta tacgtctcta tttactgatg 

    10561 aggctcataa tctttctagt actaataagt ataagtgact tccaatcacc cggtcttggt 

    10621 taaagtccaa ggaaagataa tgaacttaat tacaacaatt atcactatta ccatcacact 

    10681 atctgcagta ctagccacta tttctttctg attaccacaa atttctccag acgcagagaa 
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    10741 attgtccccc tacgaatgtg gatttgaccc tttaggatcc gcccgtctac ccttctcctt 

    10801 acgcttcttc ctaatcgcca tcctgttcct tctatttgac ttggaaatcg ccctccttct 

    10861 acccctgccc tgaggagatc aactcaacac ccccgcccta acactcgtct gatccactgc 

    10921 tgtacttgcc ctccttactc taggcttaat ctatgaatga acccaaggag gcttagaatg 

    10981 agccgaatag gcagttagtc caaaacaaga cccttgattt cggctcaaaa gaccatggtt 

    11041 taagtccatg accgccttat gacaccagta catttcagct ttacttcagc ctttattcta 

    11101 gggcttatag gactcgcgtt tcaccgcacc catcttcttt cagcccttct atgcctagaa 

    11161 ggaataatac tctctctatt tattgccctc tccctatgag cccttcaaat ggaagcaacc 

    11221 ggctattcag tagctcctat acttctcctg gcattttcag cctgtgaagc aagcgcaggt 

    11281 ttagccctac tagtagcaac cgcacggaca catggcactg accacctcca aagcttaaac 

    11341 cttctccaat gttaaaaatc ctaatcccca cacttatgct ttttccaaca atctgactta 

    11401 gccccgcaaa atgattatga actacatcaa ttgcccaaag tttaattatt gccctagcaa 

    11461 gtttatcctg acttaaatga tcatcagaaa ccggatggtc ctcctctaac ctctatttag 

    11521 caactgaccc tttgtcaaca cctctactag tattaacctg ctgactactt ccccttataa 

    11581 tcctcgctag ccaaaatcat ctctcccctg aaccactaaa tcgccaacgg gcctacattt 

    11641 ccctcctagt ttcccttcaa acatttctag tcttagcatt cggggccaca gaaattatta 

    11701 tattttacat catatttgaa gccacactac tcccaaccct catcattatt acccgatgag 

    11761 gaaatcaaac agaacgtctc aatgccggta cctacttctt attttatacc ttagctggtt 

    11821 ccctacccct cctcgtagcc ctgcttctta tacaaaatga cagtggaacc ctatctatgt 

    11881 ttaccctaca atacatacaa cccatgcacc ttttaacatg aggagataaa ctatgatgag 

    11941 ctgcctgcct tttagctttc cttgtaaaaa taccactcta cggtgtacac ctctgactcc 

    12001 caaaagccca cgtagaggct ccaatcgccg gatccataat tctagcagct gttctcctca 

    12061 agctaggagg atacggtata atacgcataa tagttgtgtt agacccccta accaaagaac 

    12121 tagcctaccc ctttattgtc ttagccctat gaggtatcat tatgaccgga tctatttgcc 

    12181 tacgtcaaac agacctgaag tcactaatcg catattcttc agtaggccat ataggactag 

    12241 tcgcaggggg tattttaatt caaacaccct gaggattttc cggtgcaatt attcttataa 

    12301 tcgcacacgg cctagcctcc tcggcactat tctgcttagc caatactagt tacgaacgca 

    12361 cacatagccg aaccatacta ctagctcgag gaatgcaaat gattttaccc cttataacca 

    12421 cttgatgatt tatagctagt ttggccaatc tggcccttcc ccctctccca aacctaatag 

    12481 gagaattaat aatcatcact tctatattta gctgatcata ctgaacccta atccttacag 

    12541 gactgggcac attaattaca gcaagctact ccctctattt attcttaata acccaacggg 

    12601 ggcccctgcc ttcccatatt attgctctag aacccaccca cacccgagaa cacctactca 

    12661 ttatattgca cctcatccca attgtactac taatcctaaa acctgagctc atatgaggtt 

    12721 gatgtttctg tagatatagt ttaaccaaga cattagattg tgattctaaa aatagaggtt 

    12781 aaaatcctct tatccaccga gagaaatctg ttgataatag agactgctaa tcttctgtcc 

    12841 cctcagttaa attctgtggt tcactcgtgc ttctaaagga taacagctca tccattggtc 

    12901 ttaggaacca aaaactcttg gtgcaaatcc aagtagcagc tatgcacccg actacactca 

    12961 tcttaagctc atccctttta ataatcttcg cacttctaat ttatcctctt atcaccaccc 
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    13021 tcaccccaac ccttcagcac gaaaactgag cccttactca cgtaaaaacc gctatcaaga 

    13081 tggccttcct agtaagccta ctcccccttt ttatcttcct agaccaagga accgaaacta 

    13141 tcgtcactaa ctgacaatga ataaacacca caacctttga catcaatctc agctttaaat 

    13201 ttgaccacta ctccattatt tttaccccaa ttgccctgta cgtaacatga tctattctag 

    13261 aattcgcatc ctgatatata catgccgacc ccaacataaa ccggttcttt aaatacctcc 

    13321 tcctattcct gattgccata gttattttag taaccgccaa caatatattc caactattta 

    13381 tcggctgaga aggagtaggg attatatcat tccttctcat cggatgatga cacggccggg 

    13441 ctgacgctaa cacagctgct atacaagccg taatctataa ccgagtagga gacattggac 

    13501 ttatcctaag tatagcctgg ttcgcaacaa acctaaactc ctgagaaatt caacaaatat 

    13561 ttgcttcttc aaaagaacta gacctcacac tccctcttat gggcctcatt ctagccgcca 

    13621 ccggcaaatc agcgcaattt ggacttcacc cgtgacttcc ttccgcgata gaaggtccta 

    13681 cgccggtatc tgccctacta cactccagca ccatagtagt ggcgggcatc ttcctgttaa 

    13741 ttcgactcca ccctctgata gaaaataacc aaacagccct aaccacttgc ttatgtttag 

    13801 gagccctaac caccctcttc accgctacct gcgccctaac acaaaatgac atcaaaaaaa 

    13861 ttgttgcatt ctctacatcc agccaactag gacttataat agttaccatc ggacttaatc 

    13921 aaccacaact agcttttctt cacatctgca ctcacgcatt ctttaaagct atacttttcc 

    13981 tatgctcagg ctcaattatc cacagtttaa atgacgaaca agatatccga aaaataggag 

    14041 gtatacacaa cctcactcca tttacttcct cttgtctcac aatcgggagc ctagcactta 

    14101 ccggcacccc atttttagca ggcttcttct ccaaagatgc tattattgaa gctttaaaca 

    14161 cctcccacct caacgcctga gcccttactc ttaccttact agccacctca ttcactgcca 

    14221 tttatagcct ccgagttatc tttttcgtct ctataggaca cccccgcttt acacccataa 

    14281 cccctattaa tgaaaacaat tcatccgtaa ttaacccaat taagcgacta gcctgaggaa 

    14341 gtatcattgc aggacttctg attacctcga acttcctccc ctctaataca cccgtaataa 

    14401 ctatgcccac ccacttgaaa ttagccgccc tcctaattac catcctgggg cttatcattg 

    14461 cattagaact tgcatcacta actagcaaac aatttaaaac cacacccaac ctcattacac 

    14521 acaacttctc caacatatta gggttcttcc ccgccatcat tcaccgactg gccccaaaac 

    14581 taaacttaac tttgggacaa gccattgcta gccaaatggt agatcagaca tgatttgaaa 

    14641 aagtaggtcc aaaaggagtt atttctactc acttgcccat agtcactaca acaagtaata 

    14701 ttcaacaagg cataattaaa acatacctca ccctattttt cctttcaaca accctagctg 

    14761 tcctactaac attgacctaa actgctcgaa gcgcccctcg acctaaccca cgtgttagtt 

    14821 ccaataccac aaaaagcgtt aatagaagta cccacgcaca gacgattaac atcccccctc 

    14881 cataagaata tatcaatccc accccactcg tatccccacg caaaacagaa aactccttaa 

    14941 actcatccac cgccactcaa gaagtttcat accacccacc ccaaaataag cctgccacca 

    15001 acaccacccc aaccgtatat accatcacat accctaaaac cgaacgatcc cctcaagact 

    15061 ctggaaaagg ctcagcagcc aaagccgctg aataagcaaa taccacaagt attcccccca 

    15121 agtaaatcaa aaacagtacc aaagacaaga aagacccccc atgacccacc aaaacaccac 

    15181 aacccacacc cgctgctaca actaaaccta aagcagcaaa ataaggtgca ggattagatg 

    15241 caacagctac aagccctaaa accagcccta aaagaaataa agacacaaga taagtcataa 
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    15301 ttcctgctcg gactctaacc gaaactaatg acttgaaaaa ccaccgttgt tattcaacta 

    15361 caagaaccta atggccaacc tccgaaaaac ccacccactc ctaaaaatcg ctaatgacgc 

    15421 actagtcgat ctaccaacac catccaacat ctccgtctga tgaaactttg gctcactttt 

    15481 aggcctatgt ctagccaccc aaattcttac cggactcttc ttagccatgc actacacctc 

    15541 agatatttca acagcttttt cctctgtctg ccacatctgc cgagatgtta gttacggctg 

    15601 acttattcga aacatccatg ccaacggagc atctttcttt tttatttgta tttatataca 

    15661 tatcgcccgg ggactttatt atggctcata cctatacaaa gaaacctgaa atatcggagt 

    15721 tgtactttta cttctcacta taatgactgc attcgtaggt tacgtccttc catgaggaca 

    15781 aatatccttc tgaggagcca ctgtcattac aaacctcctc tccgctgtcc catacgttgg 

    15841 aaacgccctt gtacaatgaa tctgaggcgg gttctctgtc gacaacgcca ctctgacacg 

    15901 atttttcgcc tttcacttct tattcccttt cgtcattaca gctgctgcaa tcctccacct 

    15961 tctatttctt catgaaacag ggtcaaataa cccagcagga attaactccg atgctgataa 

    16021 aatctcgttc cacccttact tctcctacaa agatctccta ggattcgcag ctatacttct 

    16081 ctgtctaaca tccttagccc tttttgcacc aaatctccta ggagaccccg acaattttac 

    16141 acccgccaac cctctagtta ccccacccca catcaaaccc gaatgatatt tcctattcgc 

    16201 ttacgcaatc ctacgatcta tccccaacaa gctaggaggg gtactcgccc ttttattttc 

    16261 aatccttgtt cttatagttg ttcctatctt gcacacttcc aaacaacggg gactaacctt 

    16321 tcgaccactg acccaattct tattctgagc cttagtagca gatatactta tcctcacctg 

    16381 aatcggaggc atacccgtag aacacccatt cattatcatc ggccaaattg cctctgtgat 

    16441 ctacttcacc atcttcctag ttctctcccc cttagctggc tgggccgaaa ataaagccct 

    16501 ccaatgagcc tgccctagta gctcagcgcc agagcgccgg tcttgtaatc cggaagtcgg 

    16561 aggttaaaac cctccctagt gctcagagag aggagatttt aactcccacc cttaactccc 

    16621 aaagctaaga ttctaaatta aactactctc tg 

// 
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二、琵琶鮭魚粒線體 DNA 完整序列 

LOCUS       EF105342               16652 bp    DNA     circular VRT 16-NOV-2006 

DEFINITION  Oncorhynchus masou 'Biwa' mitochondrion, complete genome. 

ACCESSION   EF105342 

VERSION     EF105342  GI:117957320 

KEYWORDS    . 

SOURCE      mitochondrion Oncorhynchus masou 'Biwa' 

  ORGANISM  Oncorhynchus masou 'Biwa' 

            Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

            Actinopterygii; Neopterygii; Teleostei; Euteleostei; 

            Protacanthopterygii; Salmoniformes; Salmonidae; Oncorhynchus. 

REFERENCE   1  (bases 1 to 16652) 

  AUTHORS   Hsiah,C.C., Gwo,J.-C., Ohta,H. and Chou,Y.C. 

  TITLE     The phylogenetic relationship among the four subspecies of 

            Oncorhynchus masou 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 16652) 

  AUTHORS   Hsiah,C.C., Gwo,J.-C., Ohta,H. and Chou,Y.C. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (06-NOV-2006) Department of Medical Technology, Chung Hwa 

            College of Medical Technology, 89, Wen Hwa 1st St., Jente, Tainan 

            717, Taiwan 

FEATURES             Location/Qualifiers 

     source          1..16652 

                     /organism="Oncorhynchus masou 'Biwa'" 

                     /organelle="mitochondrion" 

                     /mol_type="genomic DNA" 

                     /sub_species="'Biwa'" 

                     /db_xref="taxon:412663" 

                     /country="Japan: Lake Biwa" 

                     /note="endemic subspecies of Lake Biwa" 

     D-loop          1..998 

                     /note="control region" 

     tRNA            999..1066 

                     /product="tRNA-Phe" 

     rRNA            1067..2012 

                     /product="12S ribosomal RNA" 

     tRNA            2013..2084 
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                     /product="tRNA-Val" 

     rRNA            2085..3763 

                     /product="16S ribosomal RNA" 

     tRNA            3764..3838 

                     /product="tRNA-Leu" 

     gene            3839..4813 

                     /gene="ND1" 

     CDS             3839..4813 

                     /gene="ND1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 1" 

                     /protein_id="ABK59098" 

                     /db_xref="GI:117957321" 

                     /translation="MITTLITHVVNPLAYIVPVLLAVAFLTLLERKVLGYMQLRKGPN 

                     IVGPYGLLQPIADGLKLFIKEPVRPSTSSPFLFLATPMLALTLALTLWAPMPIPYPVT 

                     DLNLGVLFVLALSSLAVYSILGSGWASNSKYALIGALRAVAQTISYEVSLGLILLSVI 

                     IITGGFTLQTFNVAQESIWLLVPAWPLAAMWYISTLAETNRAPFDLTEGESELVSGFN 

                     VEYAGGPFALFFLAEYANILLMNTLSAILFLGASHIPAFPELTALNLMTKAALLSVVF 

                     LWVRASYPRFRYDQLMHLVWKSFLPLTLALVLWHLALPIALAGLPPQL" 

     tRNA            4818..4889 

                     /product="tRNA-Ile" 

     tRNA            complement(4887..4957) 

                     /product="tRNA-Gln" 

     tRNA            4957..5025 

                     /product="tRNA-Met" 

     gene            5026..6075 

                     /gene="ND2" 

     CDS             5026..6075 

                     /gene="ND2" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 2" 

                     /protein_id="ABK59099" 

                     /db_xref="GI:117957322" 

                     /translation="MNPYVLTILISSLGLGTVLTFASSHWLLAWMGLEINTLAIIPIM 

                     AQQHHPRAIEATTKYFLTQATAAAMILFASTTNAWLMGEWEIHQLSHPLATTTAMLAL 

                     ALKLGLAPVHFWLPEVLQGLELTTGLILSTWQKLAPFALMIQVAPSIDSSLLIAIGLM 
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                     STLVGGWGGLNQTQLRKILAYSSIAHLGWMVLILQFAPSLTLLSLSLYIIMTSSAFLT 

                     LKTNNSLTINALATSWTKSPTLAALTALVLLSLGGLPPLSGFMPKWLILQELTKQELP 

                     LIATLAAMTALLSLYFYLRLCYALTLTIYPNTLTATAPWRLNFTMFSLPLSIVTILAL 

                     GLLPLTPAVSAMLTL" 

     tRNA            6078..6147 

                     /product="tRNA-Trp" 

     tRNA            complement(6150..6218) 

                     /product="tRNA-Ala" 

     tRNA            complement(6220..6292) 

                     /product="tRNA-Asn" 

     rep_origin      complement(6293..6325) 

                     /note="OriL" 

     tRNA            complement(6326..6392) 

                     /product="tRNA-Cys" 

     tRNA            complement(6393..6463) 

                     /product="tRNA-Tyr" 

     gene            6465..8015 

                     /gene="CO1" 

     CDS             6465..8015 

                     /gene="CO1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 1" 

                     /protein_id="ABK59100" 

                     /db_xref="GI:117957323" 

                     /translation="MAITRWFFSTNHKDIGTLYLVFGAWAGMVGTALSLLIRAELSQP 

                     GALLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLIPLMIGAPDMAFPRMNNMSF 

                     WLLPPSFLLLLSSSGVEAGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGISSILG 

                     AINFITTIINMKPPAISQYQTPLFVWAVLVTAVLLLLSLPVLAAGITMLLTDRNLNTT 

                     FFDPAGGGDPILYQHLFWFFGHPEVYILILPGFGMISHIVAYYSGKKEPFGYMGMVWA 

                     MMAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGVKVFSWLATLHGGSIKW 

                     ETPLLWALGFIFLFTVGGLTGIVLANSSLDIVLHDTYYVVAHFHYVLSMGAVFAIMGA 

                     FVHWFPLFTGYTLHSTWTKIHFGIMFIGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLW 

                     NTVSSIGSLVSLVAVIMFLFILWEAFAAKREVASIELTSTNVEWLRGCPPPYHTFEEP 

                     AFVQVQAN" 

     tRNA            complement(8016..8086) 

                     /product="tRNA-Ser" 

     tRNA            8090..8163 
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                     /product="tRNA-Asp" 

     gene            8178..8868 

                     /gene="CO2" 

     CDS             8178..8868 

                     /gene="CO2" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:8868,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 2" 

                     /protein_id="ABK59101" 

                     /db_xref="GI:117957324" 

                     /translation="MAHPSQLGFQDAASPVMEELLHFHDHALMIVLLISTLVLYIIVA 

                     MVSTKLTNKYILDSQEIEIVWTVLPAVILILIALPSLRILYLMDEINDPHLTIKAMGH 

                     QWYWSYEYTDYEDLGFDSYMVPTQDLVPGQFRLLETDHRMVVPVESPIRILVSAEDVL 

                     HSWAVPSLGVKMDAVPGRLNQTAFIASRPGVFYGQCSEICGANHSFMPIVVEAVPLEH 

                     FEKWSTMMLEDA" 

     tRNA            8869..8942 

                     /product="tRNA-Lys" 

     gene            8944..9111 

                     /gene="ATP8" 

     CDS             8944..9111 

                     /gene="ATP8" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATP synthase F0 subunit 8" 

                     /protein_id="ABK59102" 

                     /db_xref="GI:117957325" 

                     /translation="MPQLNPAPWFAILVFSWLVFLTVIPPKVLGHTFTNEPTSQSTEK 

                     AKPEPWNWPWH" 

     gene            9102..9785 

                     /gene="ATP6" 

     CDS             9102..9785 

                     /gene="ATP6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATP synthase F0 subunit 6" 
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                     /protein_id="ABK59103" 

                     /db_xref="GI:117957326" 

                     /translation="MTLSFFDQFMSPTYLGIPLIAVALALPWILFPTPSARWLNNRLI 

                     TLQGWFINRFTQQLLLPLNLGGHKWAALLTSLMLFLITLNMLGLLPYTFTPTTQLSLN 

                     MGLAVPLWLATVIIGMRNQPTAALGHLLPEGTPVPLIPVLIVIETISLFIRPLALGVR 

                     LTANLTAGHLLIQLIATAAFVLLPLMPTVAILTSIVLFLLTLLEIAVAMIQAYVFVLL 

                     LSLYLQENV" 

     gene            9785..10570 

                     /gene="CO3" 

     CDS             9785..10570 

                     /gene="CO3" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 3" 

                     /protein_id="ABK59104" 

                     /db_xref="GI:117957327" 

                     /translation="MAHQAHAYHMVDPSPWPLTGAIAALLLTSGTAVWFHFHSLTLLT 

                     LGNVLLLLTMYQWWRDIIREGTFQGHHTPPVQKGLRYGMILFITSEVFFFLGFFWAFY 

                     HASLAPTPELGGCWPPTGITTLDPFEVPLLNTAVLLASGVTVTWAHHSIMEGERKQTI 

                     QALTLTILLGFYFTFLQGMEYYEAPFTIADGVYGSTFFVATGFHGLHVIIGSTFLAVC 

                     LLRQVQYHFTSEHHFGFEAAAWYWHFVDVVWLFLYVSIYWWGS" 

     tRNA            10570..10639 

                     /product="tRNA-Gly" 

     gene            10640..10990 

                     /gene="ND3" 

     CDS             10640..10990 

                     /gene="ND3" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 3" 

                     /protein_id="ABK59105" 

                     /db_xref="GI:117957328" 

                     /translation="MNLITTIITITITLSAVLATISFWLPQISPDAEKLSPYECGFDP 

                     LGSARLPFSLRFFLIAILFLLFDLEIALLLPLPWGDQLNTPALTLVWSTAVLALLTLG 

                     LIYEWTQGGLEWAE" 

     tRNA            10990..11058 
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                     /product="tRNA-Arg" 

     gene            11059..11355 

                     /gene="ND4L" 

     CDS             11059..11355 

                     /gene="ND4L" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4L" 

                     /protein_id="ABK59106" 

                     /db_xref="GI:117957329" 

                     /translation="MTPVHFSFTSAFILGLMGLAFHRTHLLSALLCLEGMMLSLFIAL 

                     SLWALQMEATGYSVAPMLLLAFSACEASAGLALLVATARTHGTDHLQSLNLLQC" 

     gene            11349..12729 

                     /gene="ND4" 

     CDS             11349..12729 

                     /gene="ND4" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:12729,aa:TERM) 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4" 

                     /protein_id="ABK59107" 

                     /db_xref="GI:117957330" 

                     /translation="MLKILIPTLMLFPTIWLSPAKWLWTTSIAQSLIIALASLSWLKW 

                     SSETGWSSSNLYLATDPLSTPLLVLTCWLLPLMILANQNHLSPEPLNRQRAYISLLVS 

                     LQTFLVLAFGATEIIMFYIMFEATLLPTLIIITRWGNQTERLNAGTYFLFYTLAGSLP 

                     LLVALLLMQNDSGTLSMFTLQYMQPVHLLTWGDKLWWAACLLAFLVKMPLYGVHLWLP 

                     KAHVEAPIAGSMILAAVLLKLGGYGMMRMMVVLDPLTKELAYPFIVLALWGIIMTGSI 

                     CLRQTDLKSLIAYSSVGHMGLVAGGILIQTPWGFSGAIILMIAHGLASSALFCLANTS 

                     YERTHSRTMLLARGMQMILPLMTTWWFMASLANLALPPLPNLMGELMIITSMFNWSYW 

                     TLILTGLGTLITASYSLYLFLMTQRGPLPSHIIALEPTHTREHLLIMLHLIPIVLLIL 

                     KPELMWGWCF" 

     tRNA            12730..12798 

                     /product="tRNA-His" 

     tRNA            12799..12867 

                     /product="tRNA-Ser" 

     tRNA            12869..12941 
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                     /product="tRNA-Leu" 

     gene            12942..14780 

                     /gene="ND5" 

     CDS             12942..14780 

                     /gene="ND5" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 5" 

                     /protein_id="ABK59108" 

                     /db_xref="GI:117957331" 

                     /translation="MHPTTLILSSSLLMIFALLIYPLITTLTPTLQHKNWALTHVKTA 

                     IKMAFLVSLLPLFIFLDQGTETIVTNWQWMNTTTFDINLSFKFDHYSIIFTPIALYVT 

                     WSILEFASWYMHADPNMDRFFKYLLLFLIAMVILVTANNMFQLFIGWEGVGIMSFLLI 

                     GWWHGRADANTAAMQAVIYNRVGDIGLILSMAWFATNLNSWEIQQMFASSKELDLTLP 

                     LMGLILAATGKSAQFGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRLHPLMENN 

                     QTALTTCLCLGALTTLFTATCALTQNDIKKIVAFSTSSQLGLMMVTIGLNQPQLAFLH 

                     ICTHAFFKAMLFLCSGSIIHSLNDEQDIRKMGGMHNLTPFTSSCLTIGSLALTGTPFL 

                     AGFFSKDAIIEALNTSHLNAWALTLTLLATSFTAIYSLRVIFFVSMGHPRFTPMTPIN 

                     ENNSSVINPIKRLAWGSIVAGLLITSNFLPSNTPVMTMPTHLKLAALLVTILGLIIAL 

                     ELASLTSKQFKTTPNLITHNFSNMLGFFPAIIHRLTPKLNLTLGQAIASQMVDQTWFE 

                     KVGPKGVISTHLPMVTTTSNIQQGMIKTYLTLFFFSTTLAVLLTLT" 

     gene            complement(14777..15298) 

                     /gene="ND6" 

     CDS             complement(14777..15298) 

                     /gene="ND6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 6" 

                     /protein_id="ABK59109" 

                     /db_xref="GI:117957332" 

                     /translation="MTYLVSLFLLGLVLGLVAVASNPAPYFAALGLVVAAGVGCGVLV 

                     GHGGSFLSLVLFLIYLGGMLVVFAYSAALAAEPFPESWGDRSVLGYVMVYMVGVVLVA 

                     GLFWGGWYETSWVAVDEFKEFSVLRGDTSGVGLMYSYGGGMLIVCAWVLLLTLFVVLE 

                     LTRGLGRGALRAV" 

     tRNA            complement(15299..15367) 

                     /product="tRNA-Glu" 

     tRNA            complement(15299..15366) 

                     /product="tRNA-Glu" 
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     gene            15371..16511 

                     /gene="cytb" 

     CDS             15371..16511 

                     /gene="cytb" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:16511,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome b" 

                     /protein_id="ABK59110" 

                     /db_xref="GI:117957333" 

                     /translation="MANLRKTHPLLKIANDALVDLPTPSNISVWWNFGSLLGLCLATQ 

                     ILAGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGL 

                     YYGSYLYKETWNIGVVLLLLTMMTAFVGYVLPWGQMSFWGATVITNLLSAVPYVGNAL 

                     VQWIWGGFSVDNATLTRFFAFHFLFPFVITAAAILHLLFLHETGSNNPAGINSDADKI 

                     SFHPYFSYKDLLGFAAMLLCLTSLALFAPNLLGDPDNFTPANPLVTPPHIKPEWYFLF 

                     AYAILRSIPNKLGGVLALLFSILVLMVVPILHTSKQRGLTFRPLTQFLFWALVADMLI 

                     LIWIGGMPVEHPFIIIGQIASVIYFTIFLVLSPLAGWAENKALQWA" 

     tRNA            16512..16583 

                     /product="tRNA-Thr" 

     tRNA            complement(16583..16652) 

                     /product="tRNA-Pro" 

BASE COUNT     4762 a   4679 c   2740 g   4471 t 

ORIGIN       

        1 acggcgtaaa catgtacatt tgtaaatgtt ataacctgta aacccaatgt tatactacac 

       61 ctatgtataa tattacatat tatgtattta ctcatatata acagctcacg ggtagtacat 

      121 tatatgtatt atcaacatac ggtgatttta acccctcata catcagcaca actccaaggt 

      181 ttacattaag caaaacacgt gataataacc aactaagttg ttttaaactg attaattgct 

      241 acatcaacta acctccagct aacacgggct ccgtctttac ccaccaactt tcagcatcgg 

      301 tcctacttaa tgtagtaaga accgaccaac gatttatcgg taggcatact cttattgatg 

      361 gtcaggggca gatatcgtat tgagtcgcat ttcgtgaact attcctggca tttggttcct 

      421 aagtcaaggc ctatccttaa gaaaccagcc cctgaaagcc gaatttaacg catctggtta 

      481 atggtgtcaa tcttacgact cgttacccac caagccgggc gttctcttat atgcataggg 

      541 ttctcctttt tttttttttc ctttcagctt gcatatacaa gtgcaagcaa agaagtctaa 

      601 caaggtcgaa ctagatcttg gaccccagag gacccatgta tcatggtgga atgatattct 

      661 ataaagaatc gcatacttgg atatcaagtg cataaggtta gttatcttct tcacagatat 

      721 aagatctccc cggcttttgc gcggtaaacc cccctacccc cctaaagctg aaagatcctt 
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      781 atgttcctgt taaaccccta aaccaggaag tctcaaatca gcgtaataat tttgtataca 

      841 ttaataaact tttgatgtac tttattgcat ttggcaccga cagcgctgta atacgtacac 

      901 tttcataatt aaagtataca ttaataaact tttcgatcca tttaacagca ctggcaccga 

      961 caacgctatc ataaatgcca tttcccgcac aacccgctgc tggcgtagct taactaaagc 

     1021 ataacactga agctgttaag acggacccta gaaagtccca cgagcacaaa ggcttggtcc 

     1081 tgactttact atcagctcta actgaactta cacatgcaag tctccgcatt cctgtgagga 

     1141 tgcccttaat cccctgcccg gggacgagga gccggtatca ggcacgccca ggcagcccac 

     1201 gacgccttgc taagccacac ccccaaggaa actcagcagt gataaatatt aagccataag 

     1261 cgaaagcttg acttagttaa ggttaagagg gccggtaaaa ctcgtgccag ccaccgcggt 

     1321 tatacgagag gccctagttg ataactaccg gcgtaaagag tggttatgga aaatacttga 

     1381 taaagccgaa cactccctca gccgtcatac gcacctggaa gcacgaagac ctactgcgaa 

     1441 agcagcttta attatgcctg accccacgac agctaagaaa caaactggga ttagataccc 

     1501 cactatgcct agccgtaaac cttgatagaa atatacaatt gatatccgcc agggaactac 

     1561 aagcgccagc ttaaaaccca aaggacttgg cggtgcctca gacccaccta gaggagcctg 

     1621 ttctagaacc gataaccccc gttcaacctc accacctctt gttttacccg cctatatacc 

     1681 accgtcgtca gcttaccctg tgaaggtccc atagtaagca aaatgggcaa aacccaaaac 

     1741 gtcaggtcga ggtgtagcgc atggggtggg aagaaatggg ctacattctc taaattagag 

     1801 cactacgaac cacactgtga aatcagtgtc cgaaggtgga tttagcagta aacagaaaac 

     1861 agagagttct cttgaaactg gctctgaggc gcgcacacac cgcccgtcac tctccccaag 

     1921 ttcaatatat ccttctaact aagaagttag ccgaacaaag gggaggcaag tcgtaacatg 

     1981 gtaagtgtac cggaaggtgc gcttggaata accagagtgt agctaaaata gcaaagcacc 

     2041 tcccttacac cgagaagaca tccgtgcaaa tcgggtcacc ctgagctgac tagctagcca 

     2101 acacacttgg tataacacca caacataaat accccaataa aacttagaat taagtaaaca 

     2161 aaccattttt ccaccttagt acgggagacc gaaaaggaaa taattgagca acagaaaaag 

     2221 taccgcaagg gaaagctgaa agagaattga aacaacccat ttaagcctag aaaagcagag 

     2281 attaaatctc gtaccttttg catcatgatt tagccagcaa acctgagcaa agagaacttt 

     2341 agttcaggcc cccgaaacta gacgagctac tccgggacag cctattatag ggctaacccg 

     2401 tctctgtggc aaaagagtgg gacgagcccc gagtagaggt gataaaccta tcgagcctag 

     2461 ttatagctgg ttgcttagga aatgaataga agttcagccc cccggctttc ttaggacctt 

     2521 aaagtaaaac taatattgtc ccaaagaaac cagaagagtt agtcaaagga ggtacagctc 

     2581 ctttgaacaa ggacacaacc ttaacaggcg gctaaggatc ataattaata aggtaacctg 

     2641 ttacagtggg cctaagagca gccacctgca cagaaagcgt taaagctcag acagatataa 

     2701 acctcttatc ctgataacaa atcccacccc cctaaccgta ctaagccgtt ccatgcctcc 

     2761 atggaagaga ttatgctaga atgagtaata agagagaaca actctctccc agcacatgtg 

     2821 taagtcggat cggacccacc accgacaaat aacgaaccca aaccaagagg ggactgtagg 

     2881 ccagaataaa caccgaggaa aatctacacc aacgaatcgt taaccccaca caggagtgcc 

     2941 cccagggaaa gacccaaagg aagagaagga actcggcaaa cacaagcctc gcctgtttac 

     3001 caaaaacatc gcctcttgca aatcaaagca taagaggtcc cgcctgccct gtgactatgg 
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     3061 gtttaacggc cgcggtattt tgaccgtgcg aaggtagcgc aatcacttgt cttttaaatg 

     3121 aagacctgta tgaatggcat cacgagggct tagctgtctc ctcttccaag tcaatgaaat 

     3181 tgatctgtcc gtgcagaagc ggacataagc acataagacg agaagaccct atggagcttt 

     3241 agacaccagg cagatcacgt caaacaacct taaattaaca agtaaaaacg cagtgacccc 

     3301 tagcccatat gtctttggtt ggggcgaccg cgggggaaaa ttaagccccc atgtggactg 

     3361 ggggcactgc ccccacagcc aagagctaca gctctaagca ccagaatatc tgaccaaaaa 

     3421 tgatccggca aacgccgatc aacggaccga gttaccctag ggataacagc gcaatcctct 

     3481 cccagagtcc ctatcgacga gggggtttac gacctcgatg ttggatcagg acatcctaat 

     3541 ggtgcagccg ctattaaggg ttcgtttgtt caacgattaa agtcctacgt gatctgagtt 

     3601 cagaccggag taatccaggt cagtttctat ctatgaagtg atgtttccta gtacgaaagg 

     3661 accggaaaga aggggcccat gcttaaggca cgcctcaccc ccacctgatg aaggcaacta 

     3721 aaacagacaa gggggcacac caaattgcct aaaagaacgg cgcgctaagg tggcagagcc 

     3781 cggtaattgc gagaggccta agccctcttt ctcagaggtt caaaccctct ccttagctat 

     3841 gatcaccacc ctaattaccc acgttgttaa tccactagcc tacattgtac ccgttctgtt 

     3901 agcagttgct ttcctcacac tactcgaacg aaaggtcctt ggatatatac aacttcgtaa 

     3961 aggaccaaac attgtaggtc cctatggact gctgcaaccc atcgcagacg gcctaaaatt 

     4021 atttattaaa gaaccagttc gaccttccac ttcctcaccc tttctatttc tcgctacacc 

     4081 catacttgcc cttacacttg cacttactct atgagccccc atacctattc cttaccctgt 

     4141 cacagatctt aaccttggag tactattcgt acttgcacta tccagcctgg ccgtttattc 

     4201 tattctaggg tcaggctgag catcaaactc caaatacgct ttaattggag ccctccgagc 

     4261 agtagcgcaa accatttcct acgaagtcag cctgggctta atcctactta gcgtaattat 

     4321 catcacaggc ggatttactc ttcaaacctt caacgtagcc caagaaagta tctgactact 

     4381 agtaccagct tgaccacttg ccgccatatg atacatttct accctcgccg aaacaaaccg 

     4441 tgcacccttt gaccttacag aaggagaatc agaattagtc tccggattca atgtagaata 

     4501 tgctggagga ccctttgccc tatttttcct agccgaatat gctaatatcc ttctaataaa 

     4561 tacactttca gccatcctat ttctaggcgc atcccacatc cccgccttcc cagaattaac 

     4621 tgccctaaac ctaataacga aagctgccct tctctccgtt gtatttttat gagtacgagc 

     4681 atcctaccca cgatttcgat acgatcaact tatacattta gtatggaaaa gcttcctacc 

     4741 gctaactctg gcccttgtac tatgacattt agcacttccc atcgcactag caggcctccc 

     4801 ccctcagctt tagcccagga attgtgcctg aatgcttaag gaccaccttg atagcgtggc 

     4861 tgataggggt tcaagtcccc tcaattctag agagaagggg ctcgaaccca tcctcaagag 

     4921 atcaaaactc ttggtgcttc cactacacca ctttctagta aggtcagcta attaagcttt 

     4981 cgggcccata ccccgaatat gttggttaaa atccttccct tactaatgaa tccctacgta 

     5041 ctcaccatct taatctctag tttaggacta ggtacagtcc tcacctttgc cagctcccac 

     5101 tgactactcg catgaatagg cctagaaatc aataccctcg ctattattcc aattatagca 

     5161 caacaacacc acccccgagc aattgaagca acaaccaaat attttttaac acaggcaacc 

     5221 gccgcagcaa taatcctttt tgctagcacc accaacgcct gactaatagg ggaatgagaa 

     5281 attcatcagc tatcacaccc tctagcaacc acaacagcaa tattggccct tgccctcaaa 
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     5341 cttggactag cacccgttca cttttgatta ccagaagtcc ttcaaggact tgaactcact 

     5401 acaggactaa tcttgtcaac ctgacaaaaa ctcgcacctt tcgcacttat gattcaagta 

     5461 gccccatcca tcgactcttc cctacttatc gcaatcggcc ttatatctac actagtggga 

     5521 ggttgaggtg gactcaatca aacccaacta cgtaaaattc tagcatactc ttcaattgca 

     5581 catcttgggt gaatagtatt aatcttacaa ttcgcaccct ccctcacact cctaagcctc 

     5641 tccctgtata ttatcataac atcttcagca ttcctcacac taaaaaccaa taattcctta 

     5701 actattaatg ctctcgcaac ttcatgaact aagtccccga cccttgccgc attaaccgct 

     5761 cttgtattgt tatcccttgg gggtctcccc cctctttcag gctttatacc aaaatgactt 

     5821 attttgcaag aactaacaaa acaagaatta ccactaattg ccacactagc tgctataaca 

     5881 gccctcttaa gcctttactt ctacttacga ctctgctacg ccttaaccct cactatttat 

     5941 cccaataccc taactgccac cgctccctga cgcctcaact ttaccatatt ttccttaccc 

     6001 ctttcaattg ttactatttt agccctagga ttacttccac tcacaccagc tgtgagtgca 

     6061 atattaactt tgtaataagg gcttaggata gcactaagac caagagcctt caaagctcta 

     6121 agcgggagtg aaaatctccc agcccttgtt aagacttgca ggactttatc ccacatcttc 

     6181 tgaatgcaac ccagacactt taattaagct aaagcctttc taggtgggaa ggcctcgatc 

     6241 ctacaaactc ttagttaaca gctaagcgct ctatccagcg agcatccatc tactttcccc 

     6301 cgccaccggg gggcgaggcg agggaaagcc ccggcaggct attagcctac ttcttcagat 

     6361 ttgcaatcta acgtgtggta caccacaggg cttgataagg agaggaatta aacctctgtc 

     6421 catggagcta caatccaccg cttaggctct cagccaccct acctgtggca atcacacgat 

     6481 gatttttctc aaccaaccac aaagacattg gcaccctcta tttagtattt ggtgcctgag 

     6541 ccgggatagt aggcaccgcc ctgagtctac taattcgagc agaactaagc cagccaggcg 

     6601 ctctcctagg ggatgaccaa atctataacg tgatcgttac agcccatgcc ttcgttatga 

     6661 ttttctttat agttatgcca attatgattg gaggctttgg aaattgatta attcccctaa 

     6721 taatcggggc cccagacata gcatttcctc gaataaataa cataagcttc tgactccttc 

     6781 ccccatcctt tctcctcctc ttatcttcgt ctggagttga agctggcgct ggtactggat 

     6841 ggacagttta tccccctcta gccggaaacc tcgcccacgc aggagcctct gttgatttaa 

     6901 ctattttctc tcttcactta gctggaattt cctcaatttt aggagccatt aattttatta 

     6961 cgaccattat taacataaaa cccccagcta tttctcaata ccaaactcca ctttttgttt 

     7021 gagctgtact agttactgct gtacttctgc tactttccct ccctgttctg gcagcaggca 

     7081 ttactatgct actcacggac cgtaatctaa acactacttt ctttgaccca gcaggtggag 

     7141 gagatccaat tttgtaccaa cacctctttt gattcttcgg acatccagaa gtctatatcc 

     7201 tcatcctccc aggttttggt ataatttcac acatcgttgc atactattcc ggtaaaaaag 

     7261 aacccttcgg gtacatagga atagtctgag ctataatagc catcggattg ttaggattta 

     7321 tcgtctgagc ccatcatatg ttcactgtcg ggatagacgt ggacactcgt gcctacttca 

     7381 catctgccac cataattatc gctatcccca cgggagtaaa agtatttagc tgactagcca 

     7441 cactacatgg gggctcaatc aaatgagaaa caccacttct ttgagccctg gggtttattt 

     7501 tcctatttac agtgggtgga ctaacaggta ttgttcttgc taactcctca ttagatattg 

     7561 tcctacatga tacttattac gtagttgctc atttccacta tgttctatct ataggagctg 
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     7621 tatttgccat tatgggtgct ttcgtacact gattcccgct atttacgggg tatacccttc 

     7681 acagcacatg aaccaaaatc cattttggaa ttatatttat tggtgtaaat ttaacctttt 

     7741 tcccacagca tttcctaggc cttgcaggaa taccacgacg gtattctgac tacccagacg 

     7801 cctatacact atgaaacact gtgtcctcaa ttggatctct tgtttcctta gtagctgtaa 

     7861 tcatattcct atttattctt tgagaggcct ttgctgccaa acgggaggta gcatcaatcg 

     7921 aattaacttc aacaaacgta gagtgactac gtggatgccc cccaccttac cacacattcg 

     7981 aggagccagc atttgtccaa gtacaagcaa actaacgaga aagggaggaa ttgaaccccc 

     8041 ttgtgctggt ttcaagccaa ccgcataacc actctgccac tttcttctat aagacactag 

     8101 taaaacagtc tattacattg ccttgtcaag acaaaattgt gggttaaaac cccgcgtgtc 

     8161 ttaagcactt agctataatg gcacatccct cacaactagg attccaagac gcggcctccc 

     8221 ctgttataga agaacttctt catttccacg accacgctct tatgattgtt cttcttatca 

     8281 gcacactagt gctttatatc atcgtagcaa tagtctctac taaacttact aacaagtata 

     8341 tccttgattc tcaagaaatc gagatcgttt gaactgtact cccggcagta atccttattc 

     8401 ttatcgctct cccctccctc cgaattctct atcttataga tgaaattaat gacccacacc 

     8461 ttactattaa agcaatgggc caccaatgat attgaagcta cgaatacacc gattacgaag 

     8521 acctaggctt tgactcttat atagttccca ctcaagactt agtacccggc caattccggc 

     8581 ttctagaaac agatcatcga atagttgtcc ctgtagaatc cccaatccga attctcgtct 

     8641 cagctgaaga cgtccttcac tcctgagccg ttccttcttt aggtgtaaaa atagatgcag 

     8701 tcccaggacg attaaaccaa acagccttta ttgcctctcg acctggagta ttctacggac 

     8761 aatgttctga aatctgcggg gctaaccata gcttcatacc catcgttgtt gaagccgtac 

     8821 cccttgaaca cttcgagaaa tgatccacta taatacttga agatgcctca ctaagaagct 

     8881 aaatcgggaa tagcgttagc cttttaagct aaagattggt ggcccccaac cacccctagt 

     8941 gacatgcccc aactcaaccc cgccccctga tttgctattt tagtattctc atgactggtt 

     9001 ttcctaactg ttattccccc aaaagtcctc ggccacacct tcacaaatga gcctacctca 

     9061 caaagcactg agaaagctaa acctgagccc tgaaactgac catgacatta agcttcttcg 

     9121 accaatttat gagccccaca tacctgggta ttccacttat cgctgtagca ttagccctcc 

     9181 catgaattct tttccctaca ccctctgccc ggtgattaaa caaccgccta attaccctgc 

     9241 aaggatgatt tatcaaccga tttacccaac aactcctttt accactaaat ttagggggtc 

     9301 acaaatgagc ggctctacta acctccctaa tactgtttct tattacccta aatatactag 

     9361 gtctactccc ttatacattt acccccacca cgcaactctc cctaaatata ggccttgcag 

     9421 tcccattatg gctcgccaca gtaattatcg gcatacgaaa tcaacccact gccgccctcg 

     9481 gccatctttt acccgaaggg acccccgtcc cactaatccc tgtactgatc gttatcgaaa 

     9541 caattagcct ttttattcgc cccctcgccc ttggcgtacg actaacagcc aatctcacag 

     9601 caggccacct tctcatccaa ctaattgcta cagcagcctt tgttctctta cctctaatac 

     9661 ccacagtggc aatcttaact tctattgttc tatttctact tacccttctt gaaattgctg 

     9721 tagccataat tcaagcatac gtttttgttt tactcctaag cctctaccta caagaaaacg 

     9781 tttaatggca caccaagcac acgcatacca catggttgac ccaagcccct gacctctaac 

     9841 cggcgcaatc gccgcccttt tacttacatc aggcactgca gtctgattcc atttccactc 
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     9901 actcacacta cttaccctgg gtaatgttct attacttctc accatgtatc aatgatgacg 

     9961 agatattatt cgagagggca cctttcaagg acatcacaca cccccggtcc aaaaaggatt 

    10021 acgatatggt ataatcttat ttattacctc cgaagtattc tttttcctag gtttcttctg 

    10081 agccttctat cacgctagcc ttgcccccac acctgaatta gggggttgct gaccccccac 

    10141 aggcattaca actctagacc cctttgaggt gccccttctt aatactgcag tccttctagc 

    10201 atctggtgtt accgttacat gagcccatca tagcatcata gaaggtgaac gaaaacaaac 

    10261 cattcaagct cttactctta ctattttact aggattttac ttcactttcc tacaaggtat 

    10321 agaatactac gaagccccat ttacaatcgc tgatggcgta tacggctcta ctttctttgt 

    10381 cgctacagga ttccatggcc tacacgtaat tatcggctct acctttttag ccgtttgcct 

    10441 tctacgacaa gttcaatatc actttacatc tgaacatcac tttggctttg aagctgctgc 

    10501 ttgatattga cactttgtag acgttgtatg gctcttccta tacgtctcta tttactgatg 

    10561 aggctcataa tctttctagt attaataagt ataagtgact tccaatcacc cggtcttggt 

    10621 taaagtccaa ggaaagataa tgaacttaat tacaacaatt atcactatta ccatcacact 

    10681 atctgcagta ctagccacta tttctttctg attaccacaa atttctccag acgcagagaa 

    10741 attgtccccc tacgaatgtg gatttgaccc tttaggatcc gcccgcctac ccttctcctt 

    10801 acgcttcttc ctaatcgcca tcctattcct tctatttgac ttagaaatcg ccctccttct 

    10861 acccctgcct tgaggagatc aactcaacac ccccgcccta acactcgtct gatccactgc 

    10921 tgtacttgcc ctccttactc taggcttaat ctatgaatga acccaaggag gcttagaatg 

    10981 agccgaatag gcagttagtc caaaacaaga cccttgattt cggctcaaaa gaccatggtt 

    11041 taagtccatg accgccttat gacaccagta catttcagct ttacttcagc ctttattcta 

    11101 gggcttatag gactcgcgtt tcaccgcacc caccttcttt cagcccttct atgcctagaa 

    11161 ggaataatac tctctctatt tattgccctc tccctatgag cccttcaaat ggaagcaacc 

    11221 ggctattcag tagctcctat acttctcctg gcattttcag cctgtgaagc aagcgcaggt 

    11281 ttagccctac tagtagcaac cgcacggaca cacggcactg accacctcca aagcttaaac 

    11341 cttctccaat gttaaaaatc ctaatcccca cacttatgct ttttccaaca atctgactta 

    11401 gccccgcaaa atgattatga actacatcaa ttgcccaaag tttaattatt gccctagcaa 

    11461 gtttatcctg acttaaatga tcatcagaaa ccggatggtc ctcctctaac ctctatttag 

    11521 caactgaccc tttgtcaaca cctctactag tattaacctg ctgactactt ccccttataa 

    11581 tcctcgctaa ccaaaatcat ctctcccctg aaccactaaa tcgccaacgg gcctacattt 

    11641 ccctcctagt ttcccttcaa acatttctag tcttagcatt cggggccaca gaaattatta 

    11701 tattttacat catatttgaa gccacactac tcccaaccct catcattatt acccgatggg 

    11761 gaaatcaaac agaacgtctc aatgccggta cctacttctt attttatacc ctagctggtt 

    11821 ccctacccct cctcgtagcc ctgcttctta tacaaaatga cagtggaacc ctatctatgt 

    11881 ttaccctaca atacatacaa cccgtacacc ttttaacatg aggggataaa ctatggtgag 

    11941 ctgcctgcct tttagctttc cttgtaaaaa taccactcta cggtgtacac ctctgactcc 

    12001 caaaagccca cgtagaggct ccaatcgccg gatccataat tctagcagct gttctcctca 

    12061 agctaggagg atacggtata atacgcataa tagttgtact agacccccta accaaagaac 

    12121 tagcctaccc ctttattgtc ttagccctat gaggtatcat tatgaccgga tctatttgcc 
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    12181 tacgtcaaac agacctgaag tcactaatcg catattcttc agtaggccac ataggactag 

    12241 tcgcaggggg tattttaatt caaacaccct gaggattttc cggtgcaatt attcttataa 

    12301 tcgcacacgg cctagcctcc tcggcactat tctgcctagc caatactagt tacgaacgca 

    12361 cacatagccg aaccatacta ttagctcgag gaatgcaaat gattttaccc cttataacca 

    12421 cttgatgatt tatagctagt ttggccaatc tggcccttcc ccctctccca aacctaatag 

    12481 gagaattaat aatcatcact tctatattta actgatcata ctgaacccta atccttacag 

    12541 gactgggcac attaatcaca gcaagctact ccctctattt attcttaata acccaacgag 

    12601 gacccctgcc ttcccacatt attgctctag aacccaccca cacccgagag cacctactca 

    12661 ttatattgca cctcatccca attgtacttc taatcctaaa acctgagctc atatgaggtt 

    12721 gatgtttctg tagatatagt ttaaccaaga cattagattg tgattctaaa aatagaggtt 

    12781 aaaatcctct tatccaccga gagaaatctg ttgataatag agactgctaa tcttctgtcc 

    12841 cctcagttaa attctgtggt tcactcgtgc ttctaaagga taacagctca tccattggtc 

    12901 ttaggaacca aaaactcttg gtgcaaatcc aagtagcagc tatgcacccg actacactca 

    12961 tcttaagctc atccctttta ataatcttcg cacttctaat ttatcctctt atcaccaccc 

    13021 tcaccccaac cctccagcac aaaaactgag cccttactca cgtaaaaacc gctatcaaga 

    13081 tggccttcct agtaagccta ctcccccttt ttatctttct agaccaagga accgaaacta 

    13141 tcgtcactaa ctgacaatga ataaacacca caacctttga catcaatctc agctttaaat 

    13201 ttgaccacta ctccattatt tttaccccaa ttgccctgta cgtaacatga tctattctag 

    13261 aattcgcatc ctgatatata catgccgacc ccaacataga ccggttcttt aaatacctcc 

    13321 tcctattcct gattgccata gttattttag taaccgccaa caatatattc caactattta 

    13381 tcggctgaga aggagtaggg attatatcat tccttctcat cggatgatga cacggccggg 

    13441 ctgacgctaa cacagctgct atacaagccg taatctataa ccgagtagga gacattggac 

    13501 ttatcctaag tatagcctgg ttcgcaacaa acctaaactc ctgagaaatt caacaaatat 

    13561 ttgcttcttc aaaagaactc gacctcacac tccctcttat gggcctcatt ctagccgcca 

    13621 ccggcaaatc agcgcaattt ggacttcacc cgtgacttcc ttccgcgata gaaggtccta 

    13681 cgccggtatc tgccctacta cactccagca ccatagtagt ggcgggcatc ttcctgttaa 

    13741 ttcgactcca ccctctaata gaaaataacc aaacagccct aaccacttgc ttatgtttag 

    13801 gagccctaac caccctcttc accgctacct gcgccctaac acaaaatgac atcaaaaaaa 

    13861 ttgttgcatt ctctacatcc agccaactag gacttataat agtcaccatc ggacttaatc 

    13921 aaccacaact agcttttctt cacatctgca ctcacgcatt ctttaaagct atacttttcc 

    13981 tatgctcagg ctcaattatc cacagtttaa atgacgaaca agatatccga aaaataggag 

    14041 gtatacacaa cctcacccca tttacttcct cttgtctcac aatcgggagc ctagcactta 

    14101 ccggcacccc atttttagca gggttcttct ccaaagatgc tattattgaa gctttaaaca 

    14161 cctcccacct caacgcctga gccctcactc ttaccttact agccacctca ttcactgcca 

    14221 tttatagcct ccgagttatc tttttcgtct ctataggaca cccccgcttt acacccataa 

    14281 cccctattaa tgaaaacaat tcatccgtaa ttaacccaat taaacgacta gcctgaggaa 

    14341 gtatcgttgc aggacttctg attacctcga acttcctccc ctctaataca cccgtaataa 

    14401 ctatgcccac ccacttgaaa ttagccgccc tcctagtcac catcctgggg cttattattg 
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    14461 cattagaact tgcatcacta actagcaaac aatttaaaac cacacccaac ctcattacac 

    14521 acaacttctc caacatatta gggttcttcc ccgccatcat tcaccgactg accccaaaac 

    14581 taaacttaac tttgggacaa gccattgcta gccaaatggt agatcagaca tgatttgaaa 

    14641 aagtaggtcc aaaaggagtt atttctactc acttgcccat agtcactaca acaagtaata 

    14701 ttcaacaagg cataattaaa acatacctca ccctattttt cttttcaaca accctagctg 

    14761 tcctactaac attaacctaa actgctcgaa gcgcccctcg acctaaccca cgtgttagtt 

    14821 ccaataccac aaaaagcgtt aatagaagta cccacgcaca gacgattagc atcccccctc 

    14881 cataagaata catcaatccc accccactcg tatccccacg caaaacagaa aactccttaa 

    14941 actcatccac cgccactcaa gaagtttcat accacccacc ccaaaataag cctgccacca 

    15001 acaccacccc aaccatgtac accatcacat accctaaaac cgaacgatcc cctcaagact 

    15061 ctggaaaagg ctcagcagcc aaagccgctg aataagcaaa taccacaagt attcccccca 

    15121 agtaaatcaa aaacagtacc aaagacaaga aagacccccc atgacccacc aaaacaccac 

    15181 aacccacacc cgctgctaca accaaaccta aagcagcaaa ataaggtgca ggattagatg 

    15241 caacagctac aagccctaaa accagcccta aaagaaataa agacacaaga taagtcataa 

    15301 ttcctgctcg gactctaacc gaaactaatg acttgaaaaa ccaccgttgt tattcaacta 

    15361 caagaaccta atggccaacc tccgaaaaac ccacccactc ctaaaaatcg ctaatgacgc 

    15421 actagtcgat ctaccaacgc catccaacat ctccgtctga tgaaactttg gctcactttt 

    15481 aggcctatgt ctagccaccc aaattcttgc cggactcttc ttagccatgc actacacctc 

    15541 agatatttca acagcttttt cctctgtctg ccacatctgc cgagatgtta gttacggctg 

    15601 acttattcga aacatccatg ccaacggagc atctttcttt tttatttgta tttatataca 

    15661 tatcgcccgg ggactttatt atggctcata cctatataaa gaaacctgaa atatcggagt 

    15721 tgtactttta cttctcacta taatgactgc attcgtaggt tacgtccttc catgaggaca 

    15781 aatatccttc tgaggagcca ctgtaattac aaacctcctc tccgctgtcc catacgttgg 

    15841 aaacgccctt gtacaatgaa tctgaggcgg gttctctgtc gacaacgcca ctctgacacg 

    15901 atttttcgcc tttcacttct tattcccttt cgtcattaca gctgctgcaa tcctccacct 

    15961 tctatttctt catgaaacag ggtcaaataa cccagcagga attaactccg atgctgataa 

    16021 aatctcgttc cacccttact tctcctacaa agatctccta ggattcgcag ctatacttct 

    16081 ctgtctaaca tccttagccc tttttgcacc aaatctccta ggagaccccg acaattttac 

    16141 acccgccaac cctctagtta ccccacccca tatcaaaccc gaatgatatt tcctattcgc 

    16201 ttacgcaatc ctacgatcta tccccaacaa gctaggaggg gtactcgccc ttttattttc 

    16261 aatccttgtt cttatagttg ttcctatctt acacacttcc aaacaacggg gactaacctt 

    16321 tcgaccactg acccaattct tattctgagc cttagtagca gatatactta tcctcatctg 

    16381 aatcggaggc atacccgtag aacacccatt cattatcatc ggccaaattg cttctgtaat 

    16441 ctacttcacc atcttcctag ttctctcccc cttagctggc tgggccgaaa ataaagccct 

    16501 ccaatgagcc tgccctagta gctcagcgcc agagcgccgg tcttgtaatc cggaagtcgg 

    16561 aggttaaaac cctccctagt gctcagagag aggagatttt aactcccgcc cttaactccc 

    16621 aaagctaaga ttctaaatta aactaccctc tg 

// 
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三、櫻鮭粒線體 DNA 完整序列 

LOCUS       DQ864465               16652 bp    DNA     circular VRT 25-JUL-2006 

DEFINITION  Oncorhynchus masou masou mitochondrion, complete genome. 

ACCESSION   DQ864465 

VERSION     DQ864465 

KEYWORDS    . 

SOURCE      mitochondrion Oncorhynchus masou masou 

  ORGANISM  Oncorhynchus masou masou 

            Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

            Actinopterygii; Neopterygii; Teleostei; Euteleostei; 

            Protacanthopterygii; Salmoniformes; Salmonidae; Oncorhynchus. 

REFERENCE   1  (bases 1 to 16652) 
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FEATURES             Location/Qualifiers 

     source          1..16652 

                     /organism="Oncorhynchus masou masou" 

                     /organelle="mitochondrion" 

                     /mol_type="genomic DNA" 

                     /sub_species="masou" 

                     /db_xref="taxon:90313" 

     D-loop          1..998 

                     /note="control region" 

     tRNA            999..1066 

                     /product="tRNA-Phe" 

     rRNA            1067..2012 

                     /product="12S ribosomal RNA" 

     tRNA            2013..2084 

                     /product="tRNA-Val" 
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     rRNA            2085..3763 

                     /product="16S ribosomal RNA" 

     tRNA            3764..3838 

                     /product="tRNA-Leu" 

     gene            3839..4813 

                     /gene="ND1" 

     CDS             3839..4813 

                     /gene="ND1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 1" 

                     /protein_id="ABG91533" 

                     /translation="MITTLITHVVNPLAYIVPVLLAVAFLTLLERKVLGYMQLRKGPN 

                     IVGPYGLLQPIADGLKLFIKEPVRPSTSSPFLFLATPMLALTLALTLWAPMPIPYPVT 

                     DLNLGVLFVLALSSLAVYSILGSGWASNSKYALIGALRAVAQTISYEVSLGLILLSVI 

                     IITGGFTLQTFNVAQESIWLLVPAWPLAAMWYISTLAETNRAPFDLTEGESELVSGFN 

                     VEYAGGPFALFFLAEYANILLMNTLSAILFLGASHIPAFPELTALNLMTKAALLSVVF 

                     LWVRASYPRFRYDQLMHLVWKSFLPLTLALVLWHLALPIALAGLPPQL" 

     tRNA            4818..4889 

                     /product="tRNA-Ile" 

     tRNA            complement(4887..4957) 

                     /product="tRNA-Gln" 

     tRNA            4957..5025 

                     /product="tRNA-Met" 

     gene            5026..6075 

                     /gene="ND2" 

     CDS             5026..6075 

                     /gene="ND2" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 2" 

                     /protein_id="ABG91534" 

                     /translation="MNPYVLTILISSLGLGTVLTFASSHWLLAWMGLEINTLAIIPIM 

                     AQQHHPRAIEATTKYFLTQATAAAMILFASTTNAWLMGEWEIHQLSHPLATTTAMLAL 

                     ALKLGLAPVHFWLPEVLQGLELTTGLILSTWQKLAPFALMIQVAPSIDSSLLIAIGLM 

                     STLVGGWGGLNQTQLRKILAYSSIAHLGWMVLILQFAPSLTLLSLSLYIIMTSSAFLT 

                     LKTNNSLTINALATSWTKSPTLAALTALVLLSLGGLPPLSGFMPKWLILQELTKQELP 

                     LIATLAAMTALLSLYFYLRLCYALTLTIYPNTLTATAPWRLNFTMFTLPLSIITILAL 
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                     GLLPLTPAVSAMLTL" 

     tRNA            6078..6147 

                     /product="tRNA-Trp" 

     tRNA            complement(6149..6218) 

                     /product="tRNA-Ala" 

     tRNA            complement(6220..6292) 

                     /product="tRNA-Asn" 

     rep_origin      complement(6293..6325) 

                     /note="OriL" 

     tRNA            complement(6326..6392) 

                     /product="tRNA-Cys" 

     tRNA            complement(6393..6463) 

                     /product="tRNA-Tyr" 

     gene            6465..8015 

                     /gene="CO1" 

     CDS             6465..8015 

                     /gene="CO1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 1" 

                     /protein_id="ABG91535" 

                     /translation="MAITRWFFSTNHKDIGTLYLVFGAWAGMVGTALSLLIRAELSQP 

                     GALLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLIPLMIGAPDMAFPRMNNMSF 

                     WLLPPSFLLLLSSSGVEAGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGISSILG 

                     AINFITTIINMKPPAISQYQTPLFVWAVLVTAVLLLLSLPVLAAGITMLLTDRNLNTT 

                     FFDPAGGGDPILYQHLFWFFGHPEVYILILPGFGMISHIVAYYSGKKEPFGYMGMVWA 

                     MMAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGVKVFSWLATLHGGSIKW 

                     ETPLLWALGFIFLFTVGGLTGIVLANSSLDIVLHDTYYVVAHFHYVLSMGAVFAIMGA 

                     FVHWFPLFTGYTLHSTWTKIHFGIMFIGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLW 

                     NTVSSIGSLVSLVAVIMFLFILWEAFAAKREVASIELTSTNVEWLHGCPPPYHTFEEP 

                     AFVQVQAN" 

     tRNA            complement(8016..8086) 

                     /product="tRNA-Ser" 

     tRNA            8090..8153 

                     /product="tRNA-Asp" 

     gene            8178..8868 

                     /gene="CO2" 

     CDS             8178..8868 
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                     /gene="CO2" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:8868,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 2" 

                     /protein_id="ABG91536" 

                     /translation="MAHPSQLGFQDAASPVMEELLHFHDHALMIVLLISTLVLYIIVA 

                     MVSTKLTNKYILDSQEIEIVWTVLPAVILILIALPSLRILYLMDEINDPHLTIKAMGH 

                     QWYWSYEYTDYEDLGFDSYMVPTQDLVPGQFRLLETDHRMVVPVESPIRILVSAEDVL 

                     HSWAVPSLGVKMDAVPGRLNQTAFIASRPGVFYGQCSEICGANHSFMPIVVEAVPLEH 

                     FEKWSTMMLEDA" 

     tRNA            8869..8942 

                     /product="tRNA-Lys" 

     gene            8944..9111 

                     /gene="ATP8" 

     CDS             8944..9111 

                     /gene="ATP8" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATPase subunit 8" 

                     /protein_id="ABG91537" 

                     /translation="MPQLNPAPWFAILVFSWLVFLTVIPPKVLGHTFTNEPTSQSTEK 

                     AKPEPWNWPWH" 

     gene            9102..9785 

                     /gene="ATP6" 

     CDS             9102..9785 

                     /gene="ATP6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATPase subunit 6" 

                     /protein_id="ABG91538" 

                     /translation="MTLSFFDQFMSPTYLGIPLIAVALTLPWILFPTPSARWLNNRLI 

                     TLQGWFINRFTQQLLLPLNLGGHKWAALLTSLMLFLITLNMLGLLPYTFTPTTQLSLN 

                     MGLAVPLWLATVIIGMRNQPTAALGHLLPEGTPVPLIPVLIIIETISLFIRPLALGVR 

                     LTANLTAGHLLIQLIATAAFVLLPLMPTVAILTSIVLFLLTLLEIAVAMIQAYVFVLL 

                     LSLYLQENV" 
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     gene            9785..10570 

                     /gene="CO3" 

     CDS             9785..10570 

                     /gene="CO3" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 3" 

                     /protein_id="ABG91539" 

                     /translation="MAHQAHAYHMVDPSPWPLTGAIAALLLTSGTAVWFHFHSLTLLT 

                     LGNVLLLLTMYQWWRDIIREGTFQGHHTPPVQKGLRYGMILFITSEVFFFLGFFWAFY 

                     HASLAPTPELGGCWPPTGITTLDPFEVPLLNTAVLLASGVTVTWAHHSIMEGERKQTI 

                     QALTLTILLGFYFTFLQGMEYYEAPFTIADGVYGSTFFVATGFHGLHVIIGSTFLAVC 

                     LLRQVQYHFTSEHHFGFEAAAWYWHFVDVVWLFLYVSIYWWGS" 

     tRNA            10570..10639 

                     /product="tRNA-Gly" 

     gene            10640..10990 

                     /gene="ND3" 

     CDS             10640..10990 

                     /gene="ND3" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 3" 

                     /protein_id="ABG91540" 

                     /translation="MNLITTIITITITLSAVLATISFWLPQISPDAEKLSPYECGFDP 

                     LGSARLPFSLRFFLIAILFLLFDLEIALLLPLPWGDQLNTPALTLVWSTAVLALLTLG 

                     LIYEWTQGGLEWAE" 

     tRNA            10990..11058 

                     /product="tRNA-Arg" 

     gene            11059..11355 

                     /gene="ND4L" 

     CDS             11059..11355 

                     /gene="ND4L" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4L" 

                     /protein_id="ABG91541" 
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                     /translation="MTPVHFSFTSAFILGLMGLAFHRTHLLSALLCLEGMMLSLFIAL 

                     SLWALQMEATGYSVAPMLLLAFSACEASAGLALLVATARTHGTDHLQSLNLLQC" 

     gene            11349..12729 

                     /gene="ND4" 

     CDS             11349..12729 

                     /gene="ND4" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:12729,aa:TERM) 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4" 

                     /protein_id="ABG91542" 

                     /translation="MLKILIPTLMLFPTIWLSPAKWLWTTSIAQSLIIALASLSWLKW 

                     SSETGWSSSNLYLATDPLSTPLLVLTCWLLPLMILASQNHLSPEPLNRQRAYISLLVS 

                     LQTFLVLAFGATEIIMFYIMFEATLLPTLIIITRWGNQTERLNAGTYFLFYTLAGSLP 

                     LLVALLLMQNDSGTLSMFTLQYMQPMHLLTWGDKLWWAACLLAFLVKMPLYGVHLWLP 

                     KAHVEAPIAGSMILAAVLLKLGGYGMMRMMVVLDPLTKELAYPFIVLALWGIIMTGSI 

                     CLRQTDLKSLIAYSSVGHMGLVAGGILIQTPWGFSGAIILMIAHGLASSALFCLANTS 

                     YERTHSRTMLLARGMQMILPLMTTWWFMASLANLALPPLPNLMGELMIITSMFNWSYW 

                     TLILTGLGTLITASYSLYLFLMTQRGPLPSHIIALEPTHTREHLLIMLHLIPIVLLIL 

                     KPELMWGWCF" 

     tRNA            12730..12798 

                     /product="tRNA-His" 

     tRNA            12799..12867 

                     /product="tRNA-Ser" 

     tRNA            12869..12941 

                     /product="tRNA-Leu" 

     gene            12942..14780 

                     /gene="ND5" 

     CDS             12942..14780 

                     /gene="ND5" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 5" 

                     /protein_id="ABG91543" 

                     /translation="MHPTTLILSSSLLMIFALLIYPLITTLTPTLQHENWALTHVKTA 

                     IKMAFLVSLLPLFIFLDQGTETIVTNWQWMNTTTFDINLSFKFDHYSIIFTPIALYVT 

 53



                     WSILEFASWYMHADPNMNRFFKYLLLFLIAMVILVTANNMFQLFIGWEGVGIMSFLLI 

                     GWWHGRADANTAAMQAVIYNRVGDIGLILSMAWFATNLNSWEIQQMFASSKELDLTLP 

                     LMGLILAATGKSAQFGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRLHPLMENN 

                     QTALTTCLCLGALTTLFTATCALTQNDIKKIVAFSTSSQLGLMMVTIGLNQPQLAFLH 

                     ICTHAFFKAMLFLCSGSIIHSLNDEQDIRKMGGMHNLTPFTSSCLTIGSLALTGTPFL 

                     AGFFSKDAIIEALNTSHLNAWALTLTLLATSFTAIYSLRVIFFVSMGHPRFTPMTPIN 

                     ENNSSVINPIKRLAWGSIVAGLLITSNFLPSNTPVMTMPTHLKLAALLVTILGLIIAL 

                     ELASLTSKQFKTTPNLITHNFSNMLGFFPAIIHRLAPKLNLTLGQAIASQMVDQTWFE 

                     KVGPKGVISTHLPMVTTTSNIQQGMIKTYLTLFFLSTTLAVLLTLT" 

     gene            complement(14777..15298) 

                     /gene="ND6" 

     CDS             complement(14777..15298) 

                     /gene="ND6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 6" 

                     /protein_id="ABG91544" 

                     /translation="MTYLVSLFLLGLVLGLVAVASNPAPYFAALGLVVAAGVGCGVLV 

                     GHGGSFLSLVLFLIYLGGMLVVFAYSAALAAEPFPESWGDRSVLGYVMVYTVGVVLVA 

                     GLFWGGWYETSWVAVDEFKEFSVLRGDTSGVGLMYSYGGGMLIVCAWVLLLTLFVVLE 

                     LTRGLGRGALRAV" 

     gene            15371..16511 

                     /gene="CYTB" 

     CDS             15371..16511 

                     /gene="CYTB" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:16511,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome b" 

                     /protein_id="ABG91545" 

                     /translation="MANLRKTHPLLKIANDALVDLPTPSNISVWWNFGSLLGLCLATQ 

                     ILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGL 

                     YYGSYLYKETWNIGVVLLLLTMMTAFVGYVLPWGQMSFWGATVITNLLSAVPYVGNAL 

                     VQWIWGGFSVDNATLTRFFAFHFLFPFVITAAAILHLLFLHETGSNNPAGINSDADKI 

                     SFHPYFSYKDLLGFAAMLLCLTSLALFAPNLLGDPDNFTPANPLVTPPHIKPEWYFLF 

                     AYAILRSIPNKLGGVLALLFSILVLMVVPILHTSKQRGLTFRPLTQFLFWALVADMLI 
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                     LTWIGGMPVEHPFIIIGQIASVIYFTIFLVLSPLAGWAENKALQWA" 

     tRNA            16512..16583 

                     /product="tRNA-Thr" 

     tRNA            complement(16583..16652) 

                     /product="tRNA-Pro" 

ORIGIN       

        1 acggcgtaaa catgtacatt tgtaaatgtt ataacctgta aacccaatgt tatactacac 

       61 ctatgtataa tattacatat tgtgtattta ctcatatata acacctcacg ggtagtacat 

      121 tatatgtatt atcaacatac ggtgatttta acccctcata catcagcaca actccaaggt 

      181 ttacattaag caaaacacgt gataataacc aactaagttg ttttaaactg attaattgct 

      241 acatcaacta acctccagct aacacgggct ccgtctttac ccaccaactt tcagcatcgg 

      301 tgctacttaa tgtagtaaga accgaccaac gatttatcgg taggcatact cttattgatg 

      361 gtcaggggca gatatcgtat tgagtcgcat ttcgtgaact attcctggca tttggttcct 

      421 aagtcaaggc ctatccttaa gaaaccagcc cctgaaagcc gaatgtaacg catctggtta 

      481 atggtgtcaa tcttacgact cgttacccac caagccgggc gttctcttat atgcataggg 

      541 ttctcctttt ttttttttcc tttcagcttg catatacaag tgcaagcaaa gaagtctaac 

      601 aaggtcgaac tagatcttgg accccagagg acccatgtat catggtggaa tgatattcta 

      661 taaagaatcg catacttgga tatcaagtgc ataagggcag ttatctcctt cacagatata 

      721 agaactcccc ggcttttgcg cggtaaaccc ccctaccccc ctaaagctga aagatcctta 

      781 tgttcctgtt aaacccctaa accaggaagt ctcaaatcag cgtaataatt ttatatacat 

      841 taataaactt ttgatgtact ttattgcatt tggcaccgac agcgctgtaa tacgtacact 

      901 ttcataatta aagtatacat taataaactt ttcgatccat ttaacagcac ctggcaccga 

      961 caacgctatc ataaatgcca tttcccgcac aacccgctgc tggcgtagct taactaaagc 

     1021 ataacactga agctgttaag acggacccta gaaagtccca cgagcacaaa ggcttggtcc 

     1081 tgactttact atcagctcta actaaactta cacatgcaag tctccgcatt cctgtgagga 

     1141 tgcccttaat cccctgcccg gggacgagga gccggtatca ggcacgccca ggcagcccac 

     1201 gacgccttgc taagccacac ccccaaggaa actcagcagt gataaatatt aagccataag 

     1261 cgaaagcttg acttagttaa ggttaagagg gccggtaaaa ctcgtgccag ccaccgcggt 

     1321 tatacgagag gccctagttg ataactaccg gcgtaaagag tggttatgga agatacttga 

     1381 taaagccgaa cactccctca gccgtcatac gcacctggaa gcacgaagac ctactgcgaa 

     1441 agcagcttta attatgcctg accccacgac agctaagaaa caaactggga ttagataccc 

     1501 cactatgcct agccgtaaac cttgatagaa atatacaatt gatatccgcc agggaactac 

     1561 aagcgccagc ttaaaaccca aaggacttgg cggtgcctca gacccaccta gaggagcctg 

     1621 ttctagaacc gataaccccc gttcaacctc accacctctt gttttacccg cctatatacc 

     1681 accgtcgtca gcttaccctg tgaaggtccc atagtaagca aaatgggcaa aacccaaaac 

     1741 gtcaggtcga ggtgtagcgc atggggtggg aagaaatggg ctacattctc taaattagag 

     1801 cactacgaac cacactgtga aatcagtgtc cgaaggtgga tttagcagta aacagaaaac 

     1861 agagagttct cttgaaactg gctctgaggc gcgcacacac cgcccgtcac tctccccaag 
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     1921 ttcaatatat ccttctaact aagaagttaa ccgaacaaag gggaggcaag tcgtaacatg 

     1981 gtaagtgtac cggaaggtgc gcttggaata accagagtgt agctaaaata gcaaagcacc 

     2041 tcccttacac cgagaagaca tccgtgcaaa tcgggtcacc ctgagctgac tagctagcca 

     2101 acacacttgg tataacacca caacataaat accccaataa aacttagaat taagtaaaca 

     2161 aaccattttt ccaccttagt acgggagacc gaaaaggaaa taattgagca acagaaaaag 

     2221 taccgcaagg gaaagctgaa agagaattga aacaacccat ttaagcctag aaaagcagag 

     2281 attaaatctc gtaccttttg catcatgatt tagccagcaa acctgagcaa agagaacttt 

     2341 agttcaggcc cccgaaacta gacgagctac tccgggacag cctattatag ggctaacccg 

     2401 tctctgtggc aaaagagtgg gacgagcccc gagtagaggt gataaaccta tcgagcctag 

     2461 ttatagctgg ttgcttagga aatgaataga agttcagccc cccggctttc ttaggacctt 

     2521 aaagtaaaac taatattgtc ccaaagaaac caggagagtt agtcaaagga ggtacagctc 

     2581 ctttgaacaa ggacacaacc ttaacaggcg gctaaggatc ataattaata aggtaacctg 

     2641 ttacagtggg cctaagagca gccacctgca cagaaagcgt taaagctcag acagatataa 

     2701 acctcttatc ctgataacaa atcccacccc cctaaccgta ctaagccgtt ccatgcctcc 

     2761 atggaagaga ttatgctaga atgagtaata agagagaaca actctctccc agcacatgtg 

     2821 taagtcggat cggacccacc accgacaaat aacgaaccca aaccaagagg ggactgtagg 

     2881 ccagaataaa caccgaggaa aacctacacc aacgaatcgt taaccccaca caggagtgcc 

     2941 cccagggaaa gacccaaagg aagagaagga actcggcaaa cacaagcctc gcctgtttac 

     3001 caaaaacatc gcctcttgca aatcaaagca taagaggtcc cgcctgccct gtgactatgg 

     3061 gtttaacggc cgcggtattt tgaccgtgcg aaggtagcgc aatcacttgt cttttaaatg 

     3121 aagacctgta tgaatggcat cacgagggct tagctgtctc ctcttccaag tcaatgaaat 

     3181 tgatctgtcc gtgcagaagc ggacataagc acataagacg agaagaccct atggagcttt 

     3241 agacaccagg cagatcacgt caaacaacct tgaattaaca agtaaaaacg cagtgacccc 

     3301 tagcccatat gtctttggtt ggggcgaccg cgggggaaaa ttaagccccc atgtggactg 

     3361 ggggcactgc ccccacagcc aagagctaca gctctaagca ccagaatatc tgaccaaaaa 

     3421 tgatccggca aacgccgatc aacggaccga gttaccctag ggataacagc gcaatcctct 

     3481 cccagagtcc ctatcgacga gggggtttac gacctcgatg ttggatcagg acatcctaat 

     3541 ggtgcagccg ctattaaggg ttcgtttgtt caacgattaa agtcctacgt gatctgagtt 

     3601 cagaccggag taatccaggt cagtttctat ctatgaagtg atgtttccta gtacgaaagg 

     3661 accggaaaga aggggcccat gcttaaggca cgccccaccc ccacctgatg aaggcaacta 

     3721 aaacagacaa gggggcacac caaattgcct aaaagaacgg cgcgctaagg tggcagagcc 

     3781 cggtaattgc gagaggccta agccctcttt ctcagaggtt caaaccctct ccttagctat 

     3841 gatcaccacc ctaattaccc acgttgttaa tccactagcc tacattgtac ccgttctgtt 

     3901 agcagttgct ttcctcacac tactcgaacg aaaggtcctt ggatatatac aacttcgtaa 

     3961 aggaccaaac attgtaggtc cctatggact gctgcaaccc atcgcagacg gcctaaaatt 

     4021 atttattaaa gaaccagttc gaccttccac ttcctcaccc tttctatttc tcgctacacc 

     4081 catacttgcc cttacacttg cacttactct atgagccccc atacctattc cttaccctgt 

     4141 tacagatctt aaccttggag tactattcgt tcttgcacta tccagcctag ccgtctactc 
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     4201 tattctaggg tcaggctgag catcaaattc caagtacgct ttaattggag ccctccgagc 

     4261 agtagcgcaa accatttcct acgaagtcag cctgggctta atcctactta gcgtaattat 

     4321 catcaccggc ggatttactc ttcaaacctt caacgtagcc caagaaagta tctgactact 

     4381 agtaccagct tgaccacttg ccgccatatg atacatttct accctcgccg aaacaaaccg 

     4441 tgcacccttt gaccttacag aaggagaatc agaattagtc tcgggattca atgtagaata 

     4501 tgctggagga ccctttgccc tatttttcct agccgaatat gctaatatcc ttctaataaa 

     4561 tacactttca gccattctat ttctaggcgc atcccacatc cccgccttcc cagaattaac 

     4621 tgccctaaac ctaataacga aagctgccct tctctccgtt gtatttttat gagtacgagc 

     4681 atcctaccca cgatttcgat acgatcaact tatacattta gtatggaaaa gcttcctacc 

     4741 gctaactctg gcccttgtac tatgacattt agcacttccc atcgcactgg caggcctccc 

     4801 ccctcagctt tagcccagga attgtgcctg aatgcttaag gaccaccttg atagcgtggc 

     4861 tgataggggt tcaagtcccc tcaattctag agagaaggga ctcgaaccca tcctcaagag 

     4921 atcaaaactc ttggtgcttc cactacacca ctttctagta aggtcagcta attaagcttt 

     4981 cgggcccata ccccgaatat gttggttaaa atccttccct tactaatgaa tccctacgta 

     5041 ctcaccatct taatctctag tttagggcta ggtacagtcc tcacctttgc cagctcccac 

     5101 tgactactcg catgaatagg cctagaaatc aataccctcg ctattattcc aattatagca 

     5161 caacaacacc acccccgagc aattgaagca acaaccaaat attttttaac acaggcaacc 

     5221 gccgcagcaa taatcctttt tgctagcacc accaacgcct gactaatagg ggaatgagaa 

     5281 attcatcagc tatcacaccc tctagcaacc acaacagcaa tattggccct tgccctcaaa 

     5341 cttggactag cacccgttca cttttgatta ccagaagtcc ttcaaggact tgaactcact 

     5401 acaggactaa tcttgtcaac ctgacaaaaa ctcgcacctt tcgcacttat aattcaagta 

     5461 gccccatcca tcgactcttc cctacttatc gcaatcggcc ttatatctac actagtggga 

     5521 ggttgaggtg gactcaatca aacccaacta cgtaaaattc tagcatactc ttcaattgca 

     5581 catcttgggt gaatagtatt aatcttacaa ttcgcaccct ccctcacact cctaagcctc 

     5641 tccctatata ttatcataac atcttcagca ttcctcacac taaaaaccaa taattcccta 

     5701 actattaatg ctctcgcaac ttcatgaact aagtccccga cccttgccgc attaaccgct 

     5761 cttgtattgc tatcccttgg gggtctcccc cctctttcag gcttcatacc aaaatgactt 

     5821 attttgcaag aactaacaaa acaagaatta ccactaattg ccacactagc tgctataaca 

     5881 gccctcttaa gcctttactt ctacttacga ctctgctacg ccttaaccct cactatttat 

     5941 cccaataccc taactgccac cgctccctga cgcctcaact ttaccatatt taccttgccc 

     6001 ctttcaatta ttactatttt agccctagga ttacttccac tcacaccagc tgtgagtgca 

     6061 atattaactt tgtaataagg gcttaggata gcactaagac caagagcctt caaagctcta 

     6121 agcgggagtg aaaatctccc agcccttgtt aagacttgca ggactttatc ccacatcttc 

     6181 tgaatgcaac ccagacactt taattaagct aaagcctttc taggtgggaa ggcctcgatc 

     6241 ctacaaactc ttagttaaca gctaagcgct ctatccagcg agcatccatc tactttcccc 

     6301 cgccaccggg gggcgaggcg agggaaagcc ccggcaggct attagcctac ttcttcagat 

     6361 ttgcaatcta acgtgtggta caccacaggg cttgataagg agaggaatta aacctctgtc 

     6421 catggagcta caatccaccg cttaggctct cagccaccct acctgtggca atcacacgat 
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     6481 gatttttctc aaccaaccac aaagacattg gcaccctcta tttagtattt ggtgcctgag 

     6541 ccgggatagt aggcaccgcc ctaagtctac taattcgagc agaactaagc cagccaggcg 

     6601 ctctcctagg ggatgaccag atctataacg tgatcgttac agcccatgcc ttcgttatga 

     6661 ttttctttat agttatgcca attatgattg gaggctttgg aaactgatta attcccctaa 

     6721 taatcggggc cccagacata gcatttcctc gaataaataa cataagcttc tgactccttc 

     6781 ccccatcctt tctcctcctc ttatcttcgt ctggagttga agctggcgct ggtactggat 

     6841 ggacagttta tccccctcta gccggaaacc tcgcccacgc aggagcctct gttgatttaa 

     6901 ctattttctc ccttcactta gctggaattt cctcaatttt aggagccatt aattttatta 

     6961 cgaccattat taacataaaa cccccagcta tttctcaata ccaaactcca ctttttgttt 

     7021 gagctgtact agttactgct gtacttctgc tactttccct ccctgttctg gcagcaggca 

     7081 ttactatgct actcacggac cgtaatctaa acactacttt ctttgacccg gcaggtggag 

     7141 gagatccaat tttgtaccaa cacctctttt gattcttcgg acacccagaa gtctatatcc 

     7201 tcatcctccc aggttttggt ataatttcac acatcgttgc atactattcc ggtaaaaaag 

     7261 aacccttcgg gtacatagga atagtctgag ctataatagc catcggattg ttaggattta 

     7321 tcgtctgagc ccatcatatg ttcactgtcg ggatagacgt ggacactcgt gcctacttca 

     7381 catctgccac cataattatc gctatcccca cgggagtaaa agtatttagc tgactggcca 

     7441 cactacatgg gggctcaatc aaatgagaaa caccacttct ttgagccctg ggatttattt 

     7501 tcctatttac agtgggtgga ctaacaggta ttgttcttgc taactcctca ttagatattg 

     7561 ttctacatga cacttattac gtagttgctc atttccacta tgttctatct ataggagctg 

     7621 tatttgccat tatgggtgct tttgtacact gattcccgct atttacggga tatacccttc 

     7681 acagcacatg aaccaaaatc cattttggaa ttatatttat tggtgtaaat ttaacctttt 

     7741 tcccacagca tttcctaggc cttgcaggaa taccacgacg gtattctgac tacccagacg 

     7801 cctatacgct atgaaacact gtgtcctcaa ttggatctct tgtttcctta gtagctgtaa 

     7861 tcatattcct atttattctt tgagaggcct ttgctgccaa acgggaggtg gcatcaatcg 

     7921 aattaacttc aacaaacgta gagtgactac atggatgccc cccaccttac cacacattcg 

     7981 aggagccagc atttgtccaa gtacaagcaa actaacgaga aagggaggaa ttgaaccccc 

     8041 atgtgctggt ttcaagccaa ccgcataacc actctgccac tttcttctat aagacactag 

     8101 taaaatagtc tattacattg ccttgtcaag acaaaattgt gggttaaaac cccgcgtgtc 

     8161 ttaagcactt agctataatg gcacatccct cacaactagg attccaagac gcggcctccc 

     8221 ctgttataga agaacttctt catttccacg accacgctct tatgattgtt cttcttatca 

     8281 gcacactagt gctttatatc atcgtagcaa tagtctctac taaacttact aacaagtata 

     8341 tccttgattc tcaagaaatc gagatcgttt gaactgtact cccagcagta atccttattc 

     8401 ttatcgctct cccctccctc cgaattctct atcttataga tgaaattaat gacccacacc 

     8461 ttactattaa agcaatgggc caccaatgat attgaagcta cgaatacacc gattacgaag 

     8521 acctaggctt tgactcttac atagttccca ctcaagactt agtgcccggc caattccggc 

     8581 ttctagaaac agatcatcga atagttgtcc ctgtagaatc cccaatccga attctcgtct 

     8641 cagctgaaga cgtccttcac tcctgagccg ttccttcttt aggtgtaaaa atagatgcag 

     8701 tcccaggacg attaaaccaa acagccttta ttgcctctcg acctggagta ttctacggac 
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     8761 aatgttctga aatctgcggg gctaaccata gcttcatacc catcgttgtt gaagccgtac 

     8821 ccctagaaca cttcgagaaa tgatccacta taatacttga agatgcctca ctaagaagct 

     8881 aaatcgggaa tagcgttagc cttttaagct aaagattggt ggcccccaac cacccctagt 

     8941 gacatgcccc aactcaaccc cgccccctga tttgctattt tagtattctc atgactggtt 

     9001 ttcctaactg ttattccccc aaaagtcctc ggccacacct tcacaaatga gcctacctca 

     9061 caaagcactg agaaagctaa acctgagccc tgaaactgac catgacatta agcttcttcg 

     9121 accaatttat gagccccaca tacctaggta ttccacttat cgctgtagca ttaaccctcc 

     9181 catgaattct tttccctaca ccctctgccc gatgattaaa caaccgccta attacactgc 

     9241 aaggatgatt catcaaccga tttacccaac aactcctttt accactaaat ttagggggtc 

     9301 acaaatgagc ggctctatta acctccctaa tactgtttct tattacccta aatatactag 

     9361 gcctactccc ttatacattt acccccacca cgcaactctc cctaaatata ggccttgcag 

     9421 tcccgttatg gctcgccaca gtaattatcg gcatacgaaa tcaacccact gccgccctcg 

     9481 gccatctttt acccgaaggg acccccgtcc cactaatccc tgtactgatc attatcgaaa 

     9541 caattagcct ttttattcgc cccctcgccc ttggcgtacg acttacagcc aatctcacag 

     9601 caggccacct tctcatccaa ctaattgcta cagcagcctt tgttctctta cctctaatac 

     9661 ccacagtggc aatcttaact tctattgttc tatttctact tacccttctt gaaattgctg 

     9721 tagccataat tcaagcatac gtttttgttt tactcctaag cctctaccta caagaaaacg 

     9781 tttaatggca caccaagcac acgcatacca tatggttgac ccaagcccct gacctctaac 

     9841 cggcgcaatc gccgcccttt tacttacatc aggcactgca gtctgattcc atttccactc 

     9901 actcacacta cttaccctgg gtaatgttct attacttctc accatgtatc aatgatgacg 

     9961 agatattatt cgagagggca cctttcaagg acatcacaca cccccagtcc aaaaaggatt 

    10021 acgatatggt ataatcttgt ttattacctc cgaagtattc tttttcctgg gtttcttctg 

    10081 agccttctat cacgctagcc ttgcccccac acctgaatta gggggttgct gaccccccac 

    10141 aggtattaca actcttgacc cctttgaggt gccccttctt aatactgcag tccttctagc 

    10201 atctggtgtt accgttacat gagcccatca tagcatcata gaaggtgaac gaaaacaaac 

    10261 cattcaagct cttactctta ctattttact aggattttac ttcactttcc tacaaggtat 

    10321 agaatactac gaagccccat ttacaatcgc tgatggcgta tacggctcta ctttctttgt 

    10381 cgctacagga ttccatggcc tacatgtaat tatcggctct acctttttag ccgtttgcct 

    10441 tctacgacaa gttcaatatc actttacatc tgaacatcac tttggctttg aagctgctgc 

    10501 ttgatattga cactttgtag acgttgtatg gctcttccta tacgtctcta tttactgatg 

    10561 aggctcataa tctttctagt actaataagt ataagtgact tccaatcacc cggtcttggt 

    10621 taaagtccaa ggaaagataa tgaacttaat tacaacaatt atcactatta ccatcacact 

    10681 atctgcagta ctagccacta tttctttctg attaccacaa atttctccag acgcagagaa 

    10741 attgtccccc tacgaatgtg gatttgaccc tttaggatcc gcccgtctac ccttctcctt 

    10801 acgcttcttc ctaatcgcca tcctgttcct tctatttgac ttggaaatcg ccctccttct 

    10861 acccctgcct tgaggagatc aactcaacac ccccgcccta acactcgtct gatccactgc 

    10921 tgtacttgcc ctccttactc taggcttaat ctatgaatga acccaaggag gcttagaatg 

    10981 agccgaatag gcagttagtc caaaacaaga cccttgattt cggctcaaaa gaccatggtt 
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    11041 taagtccatg accgccttat gacaccagta catttcagct ttacttcagc ctttattcta 

    11101 gggcttatag gactcgcgtt tcaccgcacc catcttcttt cagcccttct atgcctagaa 

    11161 ggaataatac tctctctatt tattgccctc tccctatgag cccttcaaat ggaagcaacc 

    11221 ggctattcag tagctcctat acttctcctg gcattttcag cctgtgaagc aagcgcaggt 

    11281 ttagccctac tagtagcaac cgcacggaca catggcactg accacctcca aagcttaaac 

    11341 cttctccaat gttaaaaatc ctaatcccca cacttatgct ttttccaaca atctgactta 

    11401 gccccgcaaa atgattatga actacatcaa ttgcccaaag tttaattatt gccctagcaa 

    11461 gtttatcctg acttaaatga tcatcagaaa ccggatggtc ctcctctaac ctctatttag 

    11521 caactgaccc tttgtcaaca cctctactag tattaacctg ctgactactt ccccttataa 

    11581 tcctcgctag ccaaaatcat ctctcccctg aaccactaaa tcgccaacgg gcctacattt 

    11641 ccctcctagt ttcccttcaa acatttctag tcttagcatt cggggccaca gaaattatta 

    11701 tattttacat catatttgaa gccacactac tcccaaccct catcattatt acccgatggg 

    11761 gaaatcaaac agaacgtctc aatgccggta cctacttctt attttatacc ttagctggtt 

    11821 ccctacccct cctcgtagcc ctgcttctta tacaaaatga cagtggaacc ctatctatgt 

    11881 ttaccctaca atatatacaa cccatgcacc ttttaacatg aggagataaa ctatgatgag 

    11941 ctgcctgcct tttagctttc cttgtaaaaa taccactcta cggtgtacac ctctgactcc 

    12001 caaaagccca cgtagaggct ccaatcgccg gatccataat tctagcagct gttctcctca 

    12061 agctaggagg atacggtata atacgcataa tagttgtgtt agacccccta accaaagaac 

    12121 tagcctaccc ctttattgtc ttagccctat gaggtatcat tatgaccgga tctatttgcc 

    12181 tacgtcaaac agacctgaag tcactaatcg catattcttc agtaggccat ataggactag 

    12241 tcgcaggggg tattttaatt caaacaccct gaggattttc cggtgcaatt attcttataa 

    12301 tcgcacacgg cctagcctcc tcggcactat tctgcttagc caatactagt tacgaacgca 

    12361 cacatagccg aaccatacta ctagctcgag gaatgcaaat gattttaccc cttataacca 

    12421 cttgatgatt tatagctagt ttggccaatc tggcccttcc ccctctccca aacctaatag 

    12481 gagaattaat aatcatcact tctatattta actgatcata ctgaacccta atccttacag 

    12541 gactgggcac attaattaca gcaagctact ccctctattt attcttaata acccaacggg 

    12601 ggcccctgcc ttcccatatt attgctctag aacccaccca cacccgagaa cacctactca 

    12661 ttatattgca cctcatccca attgtactac taatcctaaa acctgaactc atatgaggtt 

    12721 gatgtttctg tagatatagt ttaaccaaga cattagattg tgattctaaa aatagaggtt 

    12781 aaaatcctct tatccaccga gagaaatctg ttgataatag agactgctaa tcttctgtcc 

    12841 cctcagttaa attctgtggt tcactcgtgc ttctaaagga taacagctca tccattggtc 

    12901 ttaggaacca aaaactcttg gtgcaaatcc aagtagcagc tatgcacccg actacactca 

    12961 tcttaagctc atccctttta ataatcttcg cacttctaat ttatcctctt atcaccaccc 

    13021 tcaccccgac ccttcagcac gaaaactgag cccttactca cgtaaaaacc gctatcaaga 

    13081 tggccttcct agtaagccta ctcccccttt ttatcttcct agaccaagga accgaaacta 

    13141 tcgtcactaa ctgacaatga ataaacacca caacctttga catcaatctc agctttaaat 

    13201 ttgaccacta ctccattatt tttaccccaa ttgccctgta cgtaacatga tctattctag 

    13261 aattcgcatc ctgatatata catgccgacc ccaacataaa ccggttcttt aaatacctcc 
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    13321 tcctattcct gattgccata gttattttag taaccgccaa caatatattc caactattta 

    13381 tcggctgaga aggagtaggg attatatcat tccttctcat cggatgatga cacggccggg 

    13441 ctgacgctaa cacagctgct atacaagccg taatctataa ccgagtagga gacattggac 

    13501 ttatcctaag tatagcctgg ttcgcaacaa acctaaactc ctgagaaatt caacaaatat 

    13561 ttgcttcttc aaaagaacta gacctcacac tccctcttat gggcctcatt ctagccgcca 

    13621 ccggcaaatc agcgcaattt ggacttcacc cgtgacttcc ttccgcgata gaaggtccta 

    13681 cgccggtatc tgccctacta cactccagca ccatagtagt ggcgggcatc ttcctgttaa 

    13741 ttcgactcca ccctctaata gaaaataacc aaacagccct aaccacttgc ttatgtttag 

    13801 gagccctaac caccctcttc accgctacct gcgccctaac acaaaatgac atcaaaaaaa 

    13861 ttgttgcatt ctctacatcc agccaactag gacttataat agttaccatc ggacttaatc 

    13921 aaccacaact agcttttctt cacatctgca ctcacgcatt ctttaaagct atacttttcc 

    13981 tatgctcagg ctcaattatc cacagtttaa atgacgaaca agatatccga aaaataggag 

    14041 gtatacacaa cctcactcca tttacttcct cttgtctcac aatcgggagc ctagcactta 

    14101 ccggcacccc atttttagca gggttcttct ccaaagatgc tattattgaa gctttaaaca 

    14161 cctcccacct caacgcctga gcccttactc ttaccttact agccacctca ttcactgcca 

    14221 tttatagcct ccgagttatc tttttcgtct ctataggaca cccccgcttt acacccataa 

    14281 cccctattaa tgaaaacaat tcatccgtaa ttaacccaat taaacgacta gcctgaggaa 

    14341 gtatcgttgc aggacttctg attacctcga acttcctccc ctctaataca cccgtaataa 

    14401 ctatgcccac ccacttgaaa ttagccgccc tactagttac catcctgggg cttatcattg 

    14461 cattagaact tgcatcacta actagcaaac aatttaaaac cacacccaac ctcattacac 

    14521 acaacttctc caacatatta gggttcttcc ccgccatcat tcaccgactg gccccaaaac 

    14581 taaacttaac tttaggacaa gccattgcta gccaaatggt agatcagaca tgatttgaaa 

    14641 aagtaggtcc aaaaggagtt atttctactc acttgcccat agtcactaca acaagtaata 

    14701 ttcaacaagg cataattaaa acatacctca ccctattttt cctttcaaca accctagctg 

    14761 tcctactaac attgacctaa actgctcgaa gcgcccctcg acctaaccca cgtgttagtt 

    14821 ccaataccac aaaaagcgtt aatagaagta cccacgcaca gacgattagc atcccccctc 

    14881 cataggaata catcaatccc accccactcg tatccccacg caaaacagaa aactccttaa 

    14941 actcatccac cgccactcaa gaagtttcat accacccacc ccaaaataag cctgccacca 

    15001 acaccacccc aaccgtatat accatcacat accctaaaac cgaacgatcc cctcaagact 

    15061 ctggaaaagg ctcagcagcc aaagccgctg aataagcaaa taccacaagt attcccccca 

    15121 agtaaatcaa aaacagtacc aaagacaaga aagacccccc atgacccacc aaaacaccac 

    15181 aacccacacc cgctgctaca actaaaccta aagcagcaaa ataaggtgca ggattagatg 

    15241 caacagctac aagccctaaa accagcccta aaagaaataa agacacaaga taagtcataa 

    15301 ttcctgctcg gactctaacc gaaactaatg acttgaaaaa ccaccgttgt tattcaacta 

    15361 caagaaccta atggccaacc tccgaaaaac ccacccactc ctaaaaatcg ctaatgacgc 

    15421 actagtcgat ctaccaacac catccaacat ctccgtctga tgaaactttg gctcactttt 

    15481 aggcctatgt ctagccaccc aaattcttac cggactcttc ttagccatgc actacacctc 

    15541 agatatttca acagcttttt cctctgtctg ccacatctgc cgagatgtta gttacggctg 
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    15601 acttattcga aacatccatg ccaacggagc atctttcttt tttatttgta tttatataca 

    15661 tatcgcccgg ggactttatt atggctcata cctttacaaa gaaacctgaa atatcggagt 

    15721 tgtactttta cttctcacta taatgactgc attcgtaggt tacgtccttc catgaggaca 

    15781 aatatccttc tgaggagcca ctgtcattac aaacctcctc tccgctgtcc catacgttgg 

    15841 aaacgccctt gtacaatgaa tctgaggcgg gttctctgtc gacaacgcca ctctgacacg 

    15901 atttttcgcc tttcacttct tattcccttt cgtcattaca gctgctgcaa tcctccacct 

    15961 tctatttctt catgaaacag ggtcaaataa cccagcagga attaactccg atgctgataa 

    16021 aatctcgttc cacccttact tctcctacaa agatctccta ggattcgcag ctatacttct 

    16081 ctgtctaaca tccttagccc tttttgcacc aaatctccta ggagaccccg acaattttac 

    16141 acccgccaac cctctagtta ccccgcccca catcaaaccc gaatgatatt tcctattcgc 

    16201 ttacgcaatc ctacgatcta tccccaacaa gctaggaggg gtactcgccc ttttattttc 

    16261 aatccttgtt cttatagttg ttcctatctt gcacacttcc aaacaacggg gactaacctt 

    16321 tcgaccactg acccaattct tattctgagc cttagtagca gatatactta tcctcacctg 

    16381 aatcggaggc atacccgtag aacacccatt cattatcatc ggccaaattg cctctgtgat 

    16441 ctacttcacc atcttcctag ttctctcccc cttagctggc tgggccgaaa ataaagccct 

    16501 ccaatgagcc tgccctagta gctcagcgcc agagcgccgg tcttgtaatc cggaagtcgg 

    16561 aggttaaaac cctccctagt gctcagagag aggagatttt aactcccacc cttaactccc 

    16621 aaagctaaga ttctaaatta aactactctc tg 

// 
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一、石川氏鮭魚粒線體 DNA 完整序列 

LOCUS       DQ864464               16652 bp    DNA     circular VRT 25-JUL-2006 

DEFINITION  Oncorhynchus masou ishikawae mitochondrion, complete genome. 

ACCESSION   DQ864464 

VERSION     DQ864464 

KEYWORDS    . 

SOURCE      mitochondrion Oncorhynchus masou ishikawae (Ishikawa's cherry 

            salmon) 

  ORGANISM  Oncorhynchus masou ishikawae 

            Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

            Actinopterygii; Neopterygii; Teleostei; Euteleostei; 

            Protacanthopterygii; Salmoniformes; Salmonidae; Oncorhynchus. 

REFERENCE   1  (bases 1 to 16652) 

  AUTHORS   Chang,H.-W., Chung,Y.H., Gwo,J.C., Lin,Y.F., Liao,L.Y., Chang,W.C. 

            and Chou,Y.C. 

  TITLE     The complete mitochondrial genome of Oncorhynchus masou ishikawae 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 16652) 

  AUTHORS   Chang,H.-W., Chung,Y.H., Gwo,J.C., Lin,Y.F., Liao,L.Y., Chang,W.C. 

            and Chou,Y.C. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (22-JUL-2006) Institute of Biotechnology, Chung Hwa 

            College of Medical Technology, 89, Wen Hwa 1st St., Jente, Tainan 

            717, Taiwan 

FEATURES             Location/Qualifiers 

     source          1..16652 

                     /organism="Oncorhynchus masou ishikawae" 

                     /organelle="mitochondrion" 

                     /mol_type="genomic DNA" 

                     /sub_species="ishikawae" 

                     /db_xref="taxon:8021" 

     D-loop          1..998 

                     /note="control region" 

     tRNA            999..1066 

                     /product="tRNA-Phe" 

     rRNA            1067..2012 

                     /product="12S ribosomal RNA" 

     tRNA            2013..2084 
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                     /product="tRNA-Val" 

     rRNA            2085..3763 

                     /product="16S ribosomal RNA" 

     tRNA            3764..3838 

                     /product="tRNA-Leu" 

     gene            3839..4813 

                     /gene="ND1" 

     CDS             3839..4813 

                     /gene="ND1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 1" 

                     /protein_id="ABG91521" 

                     /translation="MITTLITHVVNPLAYIVPVLLAVAFLTLLERKVLGYMQLRKGPN 

                     IVGPYGLLQPIADGLKLFIKEPVRPSTSSPFLFLATPMLALTLALTLWAPMPIPYPVT 

                     DLNLGVLFVLALSSLAVYSILGSGWASNSKYALIGALRAVAQTISYEVSLGLILLSVI 

                     IITGGFTLQTFNVAQESIWLLVPAWPLAAMWYISTLAETNRAPFDLTEGESELVSGFN 

                     VEYAGGPFALFFLAEYANILLMNTLSAILFLGASHIPAFPELTALNLMTKAALLSVVF 

                     LWVRASYPRFRYDQLMHLVWKSFLPLTLALVLWHLALPIALAGLPPQL" 

     tRNA            4818..4889 

                     /product="tRNA-Ile" 

     tRNA            complement(4887..4957) 

                     /product="tRNA-Gln" 

     tRNA            4957..5025 

                     /product="tRNA-Met" 

     gene            5026..6075 

                     /gene="ND2" 

     CDS             5026..6075 

                     /gene="ND2" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 2" 

                     /protein_id="ABG91522" 

                     /translation="MNPYVLTILISSLGLGTVLTFASSHWLLAWMGLEINTLAIIPIM 

                     AQQHHPRAIEATTKYFLTQATAAAMILFASTTNAWLMGEWEIHQLSHPLATTTAMLAL 

                     ALKLGLAPVHFWLPEVLQGLELTTGLILSTWQKLAPFALMIQVTPSIDSSLLIAIGLM 

                     STLVGGWGGLNQTQLRKILAYSSIAHLGWMVLILQFAPSLTLLSLSLYIIMTSSAFLT 

                     LKTNNSLTINALATSWTKSPTLAALTALVLLSLGGLPPLSGFMPKWLILQELTKQELP 
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                     LIATLAAMTALLSLYFYLRLCYALTLTIYPNTLTATAPWRLNFTMFTLPLSIVTILAL 

                     GLLPLTPAVSAMLTL" 

     tRNA            6078..6147 

                     /product="tRNA-Trp" 

     tRNA            complement(6149..6218) 

                     /product="tRNA-Ala" 

     tRNA            complement(6220..6292) 

                     /product="tRNA-Asn" 

     rep_origin      complement(6293..6325) 

                     /note="OriL" 

     tRNA            complement(6326..6392) 

                     /product="tRNA-Cys" 

     tRNA            complement(6393..6463) 

                     /product="tRNA-Tyr" 

     gene            6465..8015 

                     /gene="CO1" 

     CDS             6465..8015 

                     /gene="CO1" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 1" 

                     /protein_id="ABG91523" 

                     /translation="MAITRWFFSTNHKDIGTLYLVFGAWAGMVGTALSLLIRAELSQP 

                     GALLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLIPLMIGAPDMAFPRMNNMSF 

                     WLLPPSFLLLLSSSGVEAGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGISSILG 

                     AINFITTIINMKPPAISQYQTPLFVWAVLVTAVLLLLSLPVLAAGITMLLTDRNLNTT 

                     FFDPAGGGDPILYQHLFWFFGHPEVYILILPGFGMISHIVAYYSGKKEPFGYMGMVWA 

                     MMAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGVKVFSWLATLHGGSIKW 

                     ETPLLWALGFIFLFTVGGLTGIVLANSSLDIVLHDTYYVVAHFHYVLSMGAVFAIMGA 

                     FVHWFPLFTGYTLHSTWTKIHFGIMFIGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLW 

                     NTVSSIGSLVSLVAVIMFLFILWEAFAAKREVASIELTSTNVEWLHGCPPPYHTFEEP 

                     AFVQVQAN" 

     tRNA            complement(8016..8086) 

                     /product="tRNA-Ser" 

     tRNA            8090..8153 

                     /product="tRNA-Asp" 

     gene            8178..8868 

                     /gene="CO2" 
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     CDS             8178..8868 

                     /gene="CO2" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:8868,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 2" 

                     /protein_id="ABG91524" 

                     /translation="MAHPSQLGFQDAASPVMEELLHFHDHALMIVLLISTLVLYIIVA 

                     MVSTKLTNKYILDSQEIEIVWTVLPAVILILIALPSLRILYLMDEINDPHLTIKAMGH 

                     QWYWSYEYTDYEDLGFDSYMVPTQDLVPGQFRLLETDHRMVVPVESPIRILVSAEDVL 

                     HSWAVPSLGVKMDAVPGRLNQTAFIASRPGVFYGQCSEICGANHSFMPIVVEAVPLEH 

                     FEKWSTMMLEDA" 

     tRNA            8869..8942 

                     /product="tRNA-Lys" 

     gene            8944..9111 

                     /gene="ATP8" 

     CDS             8944..9111 

                     /gene="ATP8" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATPase subunit 8" 

                     /protein_id="ABG91525" 

                     /translation="MPQLNPAPWFAILVFSWLVFLTVIPPKVLGHTFTNEPTSQSTEK 

                     AKPEPWNWPWH" 

     gene            9102..9785 

                     /gene="ATP6" 

     CDS             9102..9785 

                     /gene="ATP6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="ATPase subunit 6" 

                     /protein_id="ABG91526" 

                     /translation="MTLSFFDQFMSPTYLGIPLIAVALTLPWILFPTPSARWLNNRLI 

                     TLQGWFINRFTQQLLLPLNLGGHKWAALLTSLMLFLITLNMLGLLPYTFTPTTQLSLN 

                     MGLAVPLWLATVIIGMRNQPTAALGHLLPEGTPVPLIPVLIIIETISLFIRPLALGVR 

                     LTANLTAGHLLIQLIATAAFVLLPLMPTVAILTSIVLFLLTLLEIAVAMIQAYVFVLL 
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                     LSLYLQENV" 

     gene            9785..10570 

                     /gene="CO3" 

     CDS             9785..10570 

                     /gene="CO3" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="cytochrome c oxidase subunit 3" 

                     /protein_id="ABG91527" 

                     /translation="MAHQAHAYHMVDPSPWPLTGAIAALLLTSGTAVWFHFHSLTLLT 

                     LGNVLLLLTMYQWWRDIIREGTFQGHHTPPVQKGLRYGMILFITSEVFFFLGFFWAFY 

                     HASLAPTPELGGCWPPTGITTLDPFEVPLLNTAVLLASGVTVTWAHHSIMEGERKQTI 

                     QALTLTILLGFYFTFLQGMEYYEAPFTIADGVYGSTFFVATGFHGLHVIIGSTFLAVC 

                     LLRQVQYHFTSEHHFGFEAAAWYWHFVDVVWLFLYVSIYWWGS" 

     tRNA            10570..10639 

                     /product="tRNA-Gly" 

     gene            10640..10990 

                     /gene="ND3" 

     CDS             10640..10990 

                     /gene="ND3" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 3" 

                     /protein_id="ABG91528" 

                     /translation="MNLITTIITITITLSAVLATISFWLPQISPDAEKLSPYECGFDP 

                     LGSARLPFSLRFFLIAILFLLFDLEIALLLPLPWGDQLNTPALTLVWSTAVLALLTLG 

                     LIYEWTQGGLEWAE" 

     tRNA            10990..11058 

                     /product="tRNA-Arg" 

     gene            11059..11355 

                     /gene="ND4L" 

     CDS             11059..11355 

                     /gene="ND4L" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4L" 
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                     /protein_id="ABG91529" 

                     /translation="MTPVHFSFTSAFILGLMGLAFHRTHLLSALLCLEGMMLSLFIAL 

                     SLWALQMEATGYSVAPMLLLAFSACEASAGLALLVATARTHGTDHLQSLNLLQC" 

     gene            11349..12729 

                     /gene="ND4" 

     CDS             11349..12729 

                     /gene="ND4" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:12729,aa:TERM) 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 4" 

                     /protein_id="ABG91530" 

                     /translation="MLKILIPTLMLFPTIWLSPAKWLWTTSIAQSLIIALASLSWLKW 

                     SSETGWSSSNLYLATDPLSTPLLVLTCWLLPLMILASQNHLSPEPLNRQRAYISLLVS 

                     LQTFLVLAFGATEIIMFYIMFEATLLPTLIIITRWGNQTERLNAGTYFLFYTLAGSLP 

                     LLVALLLMQNDSGTLSMFTLQYMQPMHLLTWGDKLWWAACLLAFLVKMPLYGVHLWLP 

                     KAHVEAPIAGSMILAAVLLKLGGYGMMRMMVVLDPLTKELAYPLIVLALWGIIMTGSI 

                     CLRQTDLKSLIAYSSVGHMGLVAGGILIQTPWGFSGAIILMVAHGLASSALFCLANTS 

                     YERTHSRTMLLARGMQMILPLMTTWWFMASLANLALPPLPNLMGELMIITSMFNWSYW 

                     TLILTGLGTLITASYSLYLFLMTQRGPLPSHIIALEPTHTREHLLIMLHLIPIVLLIL 

                     KPELMWGWCF" 

     tRNA            12730..12798 

                     /product="tRNA-His" 

     tRNA            12799..12867 

                     /product="tRNA-Ser" 

     tRNA            12869..12941 

                     /product="tRNA-Leu" 

     gene            12942..14780 

                     /gene="ND5" 

     CDS             12942..14780 

                     /gene="ND5" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 5" 

                     /protein_id="ABG91531" 

                     /translation="MHPTTLILSSSLLMIFALLIYPLITTLTPTLQHENWALTHVKTA 
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                     IKMAFLVSLLPLFIFLDQGTETIVTNWQWMNTTTFDINLSFKFDHYSIIFTPIALYVT 

                     WSILEFASWYMHADPNMNRFFKYLLLFLIAMVILVTANNMFQLFIGWEGVGIMSFLLI 

                     GWWHGRADANTAAMQAVIYNRVGDIGLILSMAWFATNLNSWEIQQMFASSKELDLTLP 

                     LMGLILAATGKSAQFGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRLHPLMENN 

                     QTALTTCLCLGALTTLFTATCALTQNDIKKIVAFSTSSQLGLMMVTIGLNQPQLAFLH 

                     ICTHAFFKAMLFLCSGSIIHSLNDEQDIRKMGGMHNLTPFTSSCLTIGSLALTGTPFL 

                     AGFFSKDAIIEALNTSHLNAWALTLTLLATSFTAIYSLRVIFFVSMGHPRFTPLTPIN 

                     ENNSSVINPIKRLAWGSIVAGLLITSNFLPSNTPVMTMPTHLKLAALLVTILGLIIAL 

                     ELASLTSKQFKTTPNLITHNFSNMLGFFPAIIHRLAPKLNLTLGQAIASQMVDQTWFE 

                     KVGPKGVISTHLPMVTTTSNIQQGMIKTYLTLFFLSTTLAVLLTLT" 

     gene            complement(14777..15298) 

                     /gene="ND6" 

     CDS             complement(14777..15298) 

                     /gene="ND6" 

                     /codon_start=1 

                     /transl_table=2 

                     /product="NADH dehydrogenase subunit 6" 

                     /protein_id="ABG91532" 

                     /translation="MTYLVSLFLLGLVLGLVAVASNPAPYFAALGLVVAAGVGCGVLV 

                     GHGGSFLSLVLFLIYLGGMLVVFAYSAALAAEPFPESWGDRSVLGYVMVYTVGVVLVA 

                     GLFWGGWYETSWVAVDEFKEFSVLRGDTSGVGLMYSYGGGMLIVCAWVLLLTLFVVLE 

                     LTRGLGRGALRAV" 

     tRNA            complement(15299..15367) 

                     /product="tRNA-Glu" 

     gene            15371..16511 

                     /gene="CTYB" 

     CDS             15371..16511 

                     /gene="CTYB" 

                     /note="TAA stop codon is completed by the addition of 3' A 

                     residues to the mRNA" 

                     /codon_start=1 

                     /transl_except=(pos:16511,aa:TERM) 

                     /transl_table=2 

                     /product="cytochrome b" 

                     /protein_id="ABG91520" 

                     /translation="MANLRKTHPLLKIANDALVDLPTPSNISVWWNFGSLLGLCLATQ 

                     ILTGLFLAMHYTSDISTAFSSVCHICRDVSYGWLIRNIHANGASFFFICIYMHIARGL 

                     YYGSYLYKETWNIGVVLLLLTMMTAFVGYVLPWGQMSFWGATVITNLLSAVPYVGNAL 
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                     VQWIWGGFSVDNATLTRFFAFHFLFPFVITAAAILHLLFLHETGSNNPAGINSDADKI 

                     SFHPYFSYKDLLGFAAMLLCLTSLALFAPNLLGDPDNFTPANPLVTPPHIKPEWYFLF 

                     AYAILRSIPNKLGGVLALLFSILVLMVVPILHTSKQRGLTFRPLTQFLFWALVADMLI 

                     LTWIGGMPVEHPFIIIGQIASVIYFTIFLVLSPLAGWAENKALQWA" 

     tRNA            16512..16583 

                     /product="tRNA-Thr" 

     tRNA            complement(16583..16652) 

                     /product="tRNA-Pro" 

ORIGIN       

        1 acggcgtaaa catgtacatt tgtaaatgtt ataacctgta aacccaatgt tatactacac 

       61 ctatgtataa tattacatat tgtgtattta ctcatatata acacctcacg ggtagtacat 

      121 tatatgtatt atcaacatac ggtgatttta acccctcata catcagcaca actccaaggt 

      181 ttacattaag caaaacacgt gataataacc aactaagttg ttttaaactg attaattgct 

      241 acatcaacta acctccagct aacacgggct ccgtctttac ccaccaactt tcagcatcgg 

      301 tcctacttaa tgtagtaaga accgaccaac gatttatcgg taggcatact cttattgatg 

      361 gtcaggggca gatatcgtat tgagtcgcat ttcgtgaact attcctggca tttggttcct 

      421 aagtcaaggt ctatccttaa gaaaccagcc cctgaaagcc gaatgtaacg catctggtta 

      481 atggtgtcaa tcttacgact cgttacccac caagccgggc gttctcttat atgcataggg 

      541 ttctcctttt ttttttttcc tttcagcttg catatacaag tgcaagcaaa gaagtctaac 

      601 aaggtcgaac tagatcttgg atcccagagg acccatgtat catggtggaa tgatattcta 

      661 taaagaatcg catacttgga tatcaagtgc ataaggtcag ttatcttctt cacagatata 

      721 agatctcccc ggcttttgcg cggtaaaccc ccctaccccc ctaaagctga aagatcctta 

      781 tgttcctgtt aaacccctaa accaggaagt ctcaaatcag cgtaataatt ttatatacat 

      841 taataaactt ttgatgtact ttattgcatt tggcaccgac agcgctgtaa tacgtacact 

      901 ttcataatta aagtatacat taataaactt ttcgatccat ttaacagcac ctggcaccga 

      961 caacgctatc ataaatgcca tttcccgcac aacccgctgc tagcgtagct taactaaagc 

     1021 ataacactga agctgttaag acggacccta gaaagtccca cgagcacaaa ggcttggtcc 

     1081 tgactttact atcagctcta actgaactta cacatgcaag tctccgcatt cctgtgagga 

     1141 tgcccttaat cccctgcccg gggacgagga gccggtatca ggcacgccca ggcagcccac 

     1201 gacgccttgc taagccacac ccccaaggaa actcagcagt gataaatatt aagccataag 

     1261 cgaaagcttg acttagttaa ggttaagagg gccggtaaaa ctcgtgccag ccaccgcggt 

     1321 tatacgagag gccctagttg ataactaccg gcgtaaagag tggttatgga agatacttga 

     1381 taaagccgaa cactccctca gccgtcatac gcacctggaa gcacgaagac ctactgcgaa 

     1441 agcagcttta attatgcctg accccacgac agctaagaaa caaactggga ttagataccc 

     1501 cactatgcct agccgtaaac cttgatagaa atatacaatt gatatccgcc agggaactac 

     1561 aagcgccagc ttaaaaccca aaggacttgg cggtgcctca gacccaccta gaggagcctg 

     1621 ttctagaacc gataaccccc gttcaacctc accacctctt gttttacccg cctatatacc 

     1681 accgtcgtca gcttaccctg tgaaggcccc atagtaagca aaatgggcaa aacccaaaac 
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     1741 gtcaggtcga ggtgtagcgc atggggtggg aagaaatggg ctacattctc taaattagag 

     1801 cactacgaac cacactgtga aatcagtgtc cgaaggtgga tttagcagta aacagaaaac 

     1861 agagagttct cttgaaactg gctctgaggc gcgcacacac cgcccgtcac tctccccaag 

     1921 ttcaatatat ccttctaact aagaagttaa ccgaacaaag gggaggcaag tcgtaacatg 

     1981 gtaagtgtac cggaaggtgc gcttggaata accagagtgt agctaaaata gcaaagcacc 

     2041 tcccttacac cgagaagaca tccgtgcaaa tcgggtcacc ctgagctgac tagctagcca 

     2101 acacacttgg tataacacca caacataaat accccaataa aacttagaat taagtaaaca 

     2161 aaccattttt ccaccttagt acgggagacc gaaaaggaaa taattgagca acagaaaaag 

     2221 taccgcaagg gaaagctgaa agagaattga aacaacccat ttaagcctag aaaagcagag 

     2281 attaaatctc gtaccttttg catcatgatt tagccagcaa acctgagcaa agagaacttt 

     2341 agttcaggcc cccgaaacta gacgagctac tccgggacag cctattatag ggctaacccg 

     2401 tctctgtggc aaaagagtgg gacgagcccc gagtagaggt gataaaccta tcgagcctag 

     2461 ttatagctgg ttgcttagga aatgaataga agttcagccc cccggctttc ttaggacctt 

     2521 aaagtaaaac taatattgtc ccaaagaaac caggagagtt agtcaaagga ggtacagctc 

     2581 ctttgaacaa ggacacaacc ttaacaggcg gctaaggatc ataattaata aggtaacctg 

     2641 ttacagtggg cctaagagca gccacctgca cagaaagcgt taaagctcag acagatataa 

     2701 acctcttatc ctgataacaa atcccacccc cctaaccgta ctaagccgtt ccatgcctcc 

     2761 atggaagaga ttatgctaga atgagtaata agagagaaca actctctccc agcacatgtg 

     2821 taagtcggat cggacccacc accgacaaat aacgaaccca aaccaagagg ggactgtagg 

     2881 ccagaataaa caccgaggaa aacctacacc aacgaatcgt taaccccaca caggagtgcc 

     2941 cccagggaaa gacccaaagg aagagaagga actcggcaaa cacaagcctc gcctgtttac 

     3001 caaaaacatc gcctcttgca aatcaaagca taagaggtcc cgcctgccct gtgactatgg 

     3061 gtttaacggc cgcggtattt tgaccgtgcg aaggtagcgc aatcacttgt cttttaaatg 

     3121 aagacctgta tgaatggcat cacgagggct tagctgtctc ctcttccaag tcaatgaaat 

     3181 tgatctgtcc gtgcagaagc ggacataagc acataagacg agaagaccct atggagcttt 

     3241 agacaccagg cagatcacgt caaacaacct tgaattaaca agtaaaaacg cagtgacccc 

     3301 tagcccatat gtctttggtt ggggcgaccg cgggggaaaa ttaagccccc atgtggactg 

     3361 ggggcactgc ccccacagcc aagagctaca gctctaagca ccagaatatc tgaccaaaaa 

     3421 tgatccggca aacgccgatc aacggaccga gttaccctag ggataacagc gcaatcctct 

     3481 cccagagtcc ctatcgacga gggggtttac gacctcgatg ttggatcagg acatcctaat 

     3541 ggtgcagccg ctattaaggg ttcgtttgtt caacgattaa agtcctacgt gatctgagtt 

     3601 cagaccggag taatccaggt cagtttctat ctatgaagtg atgtttccta gtacgaaagg 

     3661 accggaaaga aggggcccat gcttaaggca cgccccaccc ccacctgatg aaggcaacta 

     3721 aaacagacaa gggggcacac caaattgcct aaaagaacgg cgcgctaagg tggcagagcc 

     3781 cggtaattgc gagaggccta agccctcttt ctcagaggtt caaaccctct ccttagctat 

     3841 gatcaccacc ctaattaccc acgttgttaa tccactagcc tacattgtac ccgttctgtt 

     3901 agcagttgct ttcctcacac tactcgaacg aaaggtcctt ggatatatac aacttcgtaa 

     3961 aggaccaaac attgtaggtc cctatggact gctgcaaccc atcgcagacg gcctaaaatt 
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     4021 atttattaaa gaaccagttc gaccttccac ttcctcaccc tttctatttc tcgctacacc 

     4081 catacttgcc cttacacttg cacttactct atgagccccc atacctattc cttaccctgt 

     4141 tacagatctt aaccttggag tactattcgt acttgcacta tccagcctag ccgtttactc 

     4201 tattctaggg tcaggctgag catcaaattc caagtacgct ttaattggag ccctccgagc 

     4261 agtagcgcaa accatttcct acgaagtcag cctgggctta atcctactta gcgtaattat 

     4321 catcaccggc ggatttactc ttcaaacctt caacgtagcc caagaaagta tctgactact 

     4381 agtaccagct tgaccacttg ccgccatatg atacatttct accctcgccg aaacaaaccg 

     4441 tgcacccttt gaccttacag aaggagaatc agaattagtc tcaggattca atgtagaata 

     4501 tgctggagga ccctttgccc tatttttcct agccgaatat gctaatatcc ttctaataaa 

     4561 tacactttca gccattctat ttctaggcgc atcccacatc cccgccttcc cagaattaac 

     4621 ggccctaaac ctaataacga aagctgccct tctctccgtt gtatttttat gagtacgagc 

     4681 atcctaccca cgatttcgat acgatcaact tatacattta gtatggaaaa gcttcctacc 

     4741 gctaactctg gcccttgtac tatgacattt agcacttccc atcgcactgg caggcctccc 

     4801 ccctcagctt tagcccagga attgtgcctg aatgcttaag gaccaccttg atagcgtggc 

     4861 tgataggggt tcaagtcccc tcaattctag agagaagggg ctcgaaccca tcctcaagag 

     4921 atcaaaactc ttggtgcttc cactacacca ctttctagta aggtcagcta attaagcttt 

     4981 cgggcccata ccccgaatat gttggttaaa atccttccct tactaatgaa tccctacgta 

     5041 ctcaccatct taatctctag tttagggcta ggtacagtcc tcacctttgc cagctcccac 

     5101 tgactactcg catgaatagg cctagaaatc aataccctcg ctattattcc aattatagca 

     5161 caacaacacc acccccgagc aattgaagca acaaccaaat attttttaac acaggcaacc 

     5221 gccgcagcaa taatcctttt tgctagcacc accaacgcct gactaatagg ggaatgagaa 

     5281 attcatcagc tatcacaccc tctagcaacc acaacagcaa tattggccct tgccctcaaa 

     5341 cttggactag cacccgttca cttttgatta ccagaagtcc ttcaaggact tgaactcact 

     5401 acaggactaa tcttgtcaac ctgacaaaaa ctcgcacctt tcgcacttat aattcaagta 

     5461 accccatcca tcgactcttc cctacttatc gcaatcggcc ttatatctac actagtggga 

     5521 ggttgaggtg gactcaatca aacccaacta cgtaaaattc tagcatactc ttcaattgca 

     5581 catctggggt gaatagtatt aatcttacaa ttcgcaccct ccctcacact cctaagcctc 

     5641 tccctatata ttatcataac atcttcagca ttcctcacac taaaaaccaa taattcccta 

     5701 actattaatg ctctcgcaac ttcatgaact aagtccccga cccttgccgc attaaccgct 

     5761 cttgtattgc tatcccttgg gggtctcccc cctctttcag gcttcatacc aaaatgactt 

     5821 attttgcaag aactaacaaa acaagaatta ccactaattg ccacactagc tgctataaca 

     5881 gccctcttaa gcctttactt ctacttacga ctctgctacg ccttaaccct cactatttat 

     5941 cccaataccc taactgccac cgctccctga cgcctcaact ttaccatatt taccttaccc 

     6001 ctttcaattg ttactatttt agccctagga ttacttccac tcacaccagc tgtgagtgca 

     6061 atattaactt tgtaataagg gcttaggata gcactaagac caagagcctt caaagctcta 

     6121 agcgggagtg aaaatctccc agcccttgtt aagacttgca ggactttatc ccacatcttc 

     6181 tgaatgcaac ccagacactt taattaagct aaagcctttc taggtgggaa ggcctcgatc 

     6241 ctacaaactc ttagttaaca gctaagcgct ctatccagcg agcatccatc tactttcccc 
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     6301 cgccaccggg gggcgaggcg agggaaagcc ccggcaggct attagcctac ttcttcagat 

     6361 ttgcaatcta acgtgtggta caccacaggg cttgataagg agaggaatta aacctctgtc 

     6421 catggagcta caatccaccg cttaggctct cagccaccct acctgtggca atcacacgat 

     6481 gatttttctc aaccaaccac aaagacattg gcaccctcta tttagtattt ggtgcctgag 

     6541 ccgggatagt aggcaccgcc ctaagtctac taattcgagc agaactaagc cagccaggcg 

     6601 ctctcctagg ggatgaccaa atctataacg tgatcgttac agcccatgcc ttcgttatga 

     6661 ttttctttat agttatgcca attatgatcg gaggctttgg aaactgatta attcccctaa 

     6721 taatcggggc cccagacata gcatttcctc gaataaataa cataagcttc tgactccttc 

     6781 ccccatcctt tctcctcctc ttatcttcgt ctggagttga agctggcgct ggtactggat 

     6841 ggacagttta tccccctcta gccggaaacc tcgcccacgc aggagcctct gttgatttaa 

     6901 ctattttctc ccttcactta gctggaattt cctcaatttt aggagccatt aattttatta 

     6961 cgaccattat taacataaaa cccccagcta tttctcaata ccaaactcca ctttttgttt 

     7021 gagctgtact agttactgct gtacttctgc tactttccct ccctgttctg gcagcaggca 

     7081 ttactatgct actcacggac cgtaatctaa acactacttt ctttgacccg gcaggtggag 

     7141 gagatccaat tttgtaccaa cacctctttt gattcttcgg acacccagaa gtctatatcc 

     7201 tcatcctccc aggttttggt ataatttcac acatcgttgc atactattcc ggtaaaaaag 

     7261 aacccttcgg gtacatagga atagtctgag ctataatagc catcggattg ttaggattta 

     7321 tcgtctgagc ccatcatatg ttcactgtcg ggatagacgt ggacactcgt gcctacttca 

     7381 catctgccac cataattatc gctatcccca cgggagtaaa agtatttagc tgactggcca 

     7441 cactacatgg gggctcaatc aaatgagaaa caccacttct ttgagccctg ggatttattt 

     7501 tcctatttac agtgggtgga ctaacaggta ttgttcttgc taactcctca ttagatattg 

     7561 ttctacatga cacttattac gtagttgctc atttccacta tgttctatct ataggagctg 

     7621 tatttgccat tatgggtgct tttgtacact gattcccgct atttacggga tatacccttc 

     7681 acagcacatg aaccaaaatc cattttggaa ttatatttat tggtgtaaat ttaacctttt 

     7741 tcccacagca tttcctaggc cttgcaggaa taccacgacg gtattctgac tacccagacg 

     7801 cctatacgct atgaaacact gtgtcctcaa ttggatctct tgtttcctta gtagctgtaa 

     7861 tcatattcct atttattctt tgagaggcct ttgctgccaa acgggaggtg gcatcaatcg 

     7921 aattaacttc aacaaacgta gagtgactac atggatgccc cccaccttac cacacattcg 

     7981 aggagccagc atttgtccaa gtacaagcaa actaacgaga aagggaggaa ttgaaccccc 

     8041 atgtgctggt ttcaagccaa ccgcataacc actctgccac tttcttctat aagacactag 

     8101 taaaacagtc tattacattg ccttgtcaag acaaaattgt gggttaaaac cccgcgtgtc 

     8161 ttaagcactt agctataatg gcacatccct cacaactagg attccaagac gcggcctccc 

     8221 ctgttataga agaacttctt catttccacg accacgctct tatgattgtt cttcttatca 

     8281 gcacactagt gctttatatc atcgtagcaa tagtctctac taaacttact aacaagtata 

     8341 tccttgattc tcaagaaatc gagatcgttt gaactgtact cccagcagta atccttattc 

     8401 ttatcgctct cccctccctc cgaattctct atcttataga tgaaattaat gacccacacc 

     8461 ttactattaa agcaatgggc caccaatgat attgaagcta cgaatacacc gattacgaag 

     8521 acctaggctt tgactcttac atagttccca ctcaagactt agtgcccggc caattccggc 
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     8581 ttctagaaac agatcatcga atagttgtcc ctgtagaatc cccaatccga attctcgtct 

     8641 cagctgaaga cgtccttcac tcctgagccg ttccttcttt aggtgtaaaa atagatgcag 

     8701 tcccaggacg attgaaccaa acagccttta ttgcctctcg acctggagta ttctacggac 

     8761 aatgttctga aatctgcggg gctaaccata gcttcatacc catcgttgtt gaagccgtac 

     8821 ccctagaaca cttcgagaaa tgatccacta taatacttga agatgcctca ctaagaagct 

     8881 aaatcgggaa tagcgttagc cttttaagct aaagattggt ggcccccaac cacccctagt 

     8941 gacatgcccc aactcaaccc cgccccctga tttgctattt tagtattctc atgactggtt 

     9001 ttcctaactg ttattccccc aaaagtcctc ggccacacct tcacaaatga gcctacctca 

     9061 caaagcactg agaaagctaa acctgagccc tgaaactgac catgacatta agcttcttcg 

     9121 accaatttat gagccccaca tacctaggta ttccacttat cgctgtagca ttaaccctcc 

     9181 catgaattct tttccctaca ccctctgccc gatgattaaa caaccgccta attaccctgc 

     9241 aaggatgatt catcaaccga tttacccaac aactcctttt accactaaat ttagggggtc 

     9301 acaaatgagc ggctctacta acctccctaa tactgtttct tattacccta aatatactag 

     9361 gtctactccc ttatacattt acccccacca cgcaactctc cctaaatata ggccttgcag 

     9421 tcccgttatg gctcgccaca gtaattatcg gcatacgaaa tcaacccact gccgccctcg 

     9481 gccatctttt acccgaaggg acccccgtcc cactaatccc tgtactgatc attatcgaaa 

     9541 caattagcct ttttattcgc cccctcgccc ttggcgtacg acttacagcc aatctcacag 

     9601 caggccacct tctcatccaa ctaattgcta cagcagcctt tgttctctta cctctaatac 

     9661 ccacagtggc aatcttaact tctattgttc tatttctact tacccttctt gaaattgctg 

     9721 tagccataat tcaagcatac gtttttgttt tactcctaag cctctaccta caagaaaacg 

     9781 tttaatggca caccaagcac acgcatacca tatggttgac ccaagcccct gacctctaac 

     9841 cggcgcaatc gccgcccttt tacttacatc aggcactgca gtctgattcc atttccactc 

     9901 actcacacta cttaccctgg gtaatgttct attacttctc accatgtatc aatgatgacg 

     9961 agatattatt cgagagggca cctttcaagg acatcacaca ccaccagtcc aaaaaggatt 

    10021 acgatatggt ataatcttgt ttattacctc cgaagtattc tttttcctgg gtttcttctg 

    10081 agccttctat cacgctagcc ttgcccccac acctgaatta gggggttgct gaccccccac 

    10141 aggcattaca actctagacc cctttgaggt gccccttctt aatactgcag tccttctagc 

    10201 atctggtgtt accgttacat gagcccatca tagcatcata gaaggtgaac gaaaacaaac 

    10261 cattcaagct cttactctta ctattttact aggattttac ttcactttcc tacaaggtat 

    10321 agaatactac gaagccccat ttacaatcgc tgatggcgta tacggctcta ctttctttgt 

    10381 cgctacagga ttccatggcc tacatgtaat tatcggctct acctttttag ccgtttgcct 

    10441 tctacgacaa gttcaatatc actttacatc tgaacatcac tttggctttg aagctgctgc 

    10501 ttgatattga cactttgtag acgttgtatg gctcttccta tacgtctcta tttactgatg 

    10561 aggctcataa tctttctagt actaataagt ataagtgact tccaatcacc cggtcttggt 

    10621 taaagtccaa ggaaagataa tgaacttaat tacaacaatt atcactatta ccatcacact 

    10681 atctgcagta ctagccacta tttctttctg attaccacaa atttctccag acgcagagaa 

    10741 attgtccccc tacgaatgtg gatttgaccc tttaggatcc gcccgtctac ccttctcctt 

    10801 acgcttcttc ctaatcgcca tcctgttcct tctatttgac ttggaaatcg ccctccttct 
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    10861 acccctgcct tgaggagatc aactcaacac ccccgcccta acactcgtct gatccactgc 

    10921 tgtacttgcc ctccttactc taggcttaat ctatgaatga acccaaggag gcttagaatg 

    10981 agccgaatag gcagttagtc caaaacaaga cccttgattt cggctcaaaa gaccatggtt 

    11041 taagtccatg accgccttat gacaccagta catttcagct ttacttcagc ctttattcta 

    11101 gggcttatag gactcgcgtt tcaccgcacc catcttcttt cagcccttct atgcctagaa 

    11161 ggaataatac tctctctatt tattgccctc tccctatgag cccttcaaat ggaagcaacc 

    11221 ggctattcag tagctcctat acttctcctg gcattttcag cctgtgaagc aagcgcaggt 

    11281 ttagccctac tagtagcaac cgcacggaca catggcactg accacctcca aagcttaaac 

    11341 cttctccaat gttaaaaatc ctaatcccca cacttatgct ttttccaaca atctgactta 

    11401 gccccgcaaa atgattatga actacatcaa ttgcccaaag tttaattatt gccctagcaa 

    11461 gtttatcctg acttaaatga tcatcagaaa ccggatggtc ctcctctaac ctctatttag 

    11521 caactgaccc tttgtcaaca cctctactag tattaacctg ctgactactt ccccttataa 

    11581 tcctcgctag ccaaaatcat ctctcccctg aaccactaaa tcgccaacgg gcctacattt 

    11641 ccctcctagt ttcccttcaa acatttctag tcttagcatt cggggccaca gaaattatta 

    11701 tattttacat catatttgaa gccacactac tcccaaccct catcattatt acccgatggg 

    11761 gaaatcaaac agaacgtctc aatgccggta cctacttctt attttatacc ttagctggtt 

    11821 ccctacccct cctcgtagcc ctgcttctta tacaaaatga cagtggaacc ctatctatgt 

    11881 ttaccctaca atacatacaa cccatgcacc ttttaacatg aggagataaa ctatgatgag 

    11941 ctgcctgcct tttagctttc cttgtaaaaa taccactcta cggtgtacac ctgtgactcc 

    12001 caaaagccca cgtagaggct ccaatcgccg gatccataat tctagcagct gttctcctca 

    12061 agctaggagg atacggtata atacgcataa tagttgtgtt agacccccta accaaagaac 

    12121 tagcctaccc ccttattgtc ttagccctat gaggtatcat tatgaccgga tctatttgcc 

    12181 tacgtcaaac agacctgaag tcactaatcg catattcttc agtaggccat ataggactag 

    12241 tcgcaggggg tattttaatc caaacaccct gaggattttc cggtgcaatt attcttatag 

    12301 tcgcacacgg cctagcctcc tcggcactat tctgcttagc caatactagt tacgaacgca 

    12361 cacatagccg aaccatacta ctagctcgag gaatgcaaat gattttaccc cttataacca 

    12421 cttgatgatt tatagctagt ttggccaatc tggcccttcc ccctctccca aacctaatag 

    12481 gagaattaat aatcatcact tctatattta actgatcata ctgaacccta atccttacag 

    12541 gactgggcac attaattaca gcaagctact ccctctattt attcttaata acccaacggg 

    12601 ggcccctgcc ttcccatatt attgctctag aacccaccca cacccgagaa cacctactca 

    12661 ttatattgca cctcatccca attgtactac taatcctaaa acctgaactc atatgaggtt 

    12721 gatgtttctg tagatatagt ttaaccaaga cattagattg tgattctaaa aatagaggtt 

    12781 aaaatcctct tatccaccga gagaaatctg ttgataatag agactgctaa tcttctgtcc 

    12841 cctcagttaa attctgtggt tcactcgtgc ttctaaagga taacagctca tccattggtc 

    12901 ttaggaacca aaaactcttg gtgcaaatcc aagtagcagc tatgcacccg actacactca 

    12961 tcttaagctc atccctttta ataatcttcg cacttctaat ttatcctctt atcaccaccc 

    13021 tcaccccaac ccttcagcac gaaaactgag cccttactca tgtaaaaacc gctatcaaga 

    13081 tggccttcct agtaagccta ctcccccttt ttatcttcct agaccaagga accgaaacta 
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    13141 tcgtcactaa ctgacaatga ataaacacca caacctttga catcaatctc agctttaaat 

    13201 ttgaccacta ctccattatt tttaccccaa ttgccctgta cgtaacatga tctattctag 

    13261 aattcgcatc ctgatatata catgccgacc ccaacataaa ccggttcttt aaatacctcc 

    13321 tcctattcct gattgccata gttattttag taaccgccaa caatatattc caactattta 

    13381 tcggctgaga aggagtaggg attatatcat tccttctcat cggatgatga cacggccggg 

    13441 ctgacgctaa cacagctgct atacaagccg taatctataa ccgagtagga gacattggac 

    13501 ttatcctaag tatagcctgg ttcgcaacaa acctaaactc ctgagaaatt caacaaatat 

    13561 ttgcttcttc aaaagaacta gacctcacac tccctcttat gggcctcatt ctagccgcca 

    13621 ccggcaaatc agcgcaattt ggacttcacc cgtgacttcc ttccgcgata gaaggtccta 

    13681 cgccggtatc tgccctacta cactccagca ccatagtagt ggcgggcatc ttcctgttaa 

    13741 ttcgactcca ccctctaata gaaaataacc aaacagccct aaccacttgc ttatgtttag 

    13801 gagccctaac caccctcttc accgctacct gcgccctaac acaaaatgac atcaaaaaaa 

    13861 ttgttgcatt ctctacatcc agccaactag gacttataat agttaccatc ggacttaatc 

    13921 aaccacaact agcttttctt cacatctgca ctcacgcatt ctttaaagct atacttttcc 

    13981 tatgctcagg ctcaattatc cacagtttaa atgacgaaca agatatccga aaaataggag 

    14041 gtatacacaa cctcactcca tttacttcct cttgtctcac aatcgggagc ctagcactta 

    14101 ccggcacccc atttttagca gggttcttct ccaaagatgc tattattgaa gctttaaaca 

    14161 cctcccacct caacgcctga gcccttactc ttaccttact agccacctca ttcactgcca 

    14221 tttatagcct ccgagttatc tttttcgtct ctataggaca cccccgcttt acacccctaa 

    14281 cccctattaa tgaaaacaat tcatccgtaa ttaacccaat taaacgacta gcctgaggaa 

    14341 gtatcgttgc aggacttctg attacctcga acttcctccc ctctaataca cccgtaataa 

    14401 ctatgcccac ccacttgaaa ttagccgccc tcctagttac catcctgggg cttatcattg 

    14461 cattagaact tgcatcacta actagcaaac aatttaaaac cacacccaac ctcattacac 

    14521 acaacttctc caacatatta gggttcttcc ccgccatcat tcaccgacta gccccaaaac 

    14581 taaacttaac tttgggacaa gccattgcta gccaaatggt agatcagaca tgatttgaaa 

    14641 aagtaggtcc aaaaggagtt atttctactc acttgcccat agtcactaca acaagtaata 

    14701 ttcaacaagg cataattaaa acatacctca ccctattttt cctttcaaca accctagctg 

    14761 tcctactaac attgacctaa actgctcgaa gcgcccctcg acctaaccca cgtgttagtt 

    14821 ccaataccac aaaaagcgtt aatagaagta cccacgcaca gacgattagc atcccccctc 

    14881 cataagaata catcaatccc accccactcg tatccccacg caaaacagaa aactccttaa 

    14941 actcatccac cgccactcaa gaagtttcat accacccacc ccaaaataag cctgccacca 

    15001 acaccacccc aaccgtatat accatcacat accctaaaac cgaacgatcc cctcaagact 

    15061 ctggaaaagg ctcagcagcc aaagccgctg aataagcaaa taccacaagt attcccccca 

    15121 agtaaatcaa aaacagtacc aaagacaaga aagacccccc gtgacccacc aaaacaccac 

    15181 aacccacacc cgctgctaca actaaaccta aagcagcaaa ataaggtgca ggattagatg 

    15241 caacagctac aagccctaaa accagcccta aaagaaataa agacacaaga taagtcataa 

    15301 ttcctgctcg gactctaacc gaaactaatg acttgaaaaa ccaccgttgt tattcaacta 

    15361 caagaaccta atggccaacc tccgaaaaac ccacccactc ctaaaaatcg ctaatgacgc 

 76



    15421 actagtcgat ctaccaacac catccaacat ctccgtctga tgaaactttg gctcactttt 

    15481 aggcctatgt ctagccaccc aaattcttac cggactcttc ttagccatgc actacacctc 

    15541 agatatttca acagcttttt cctctgtctg ccacatctgc cgagacgtta gttacggctg 

    15601 acttattcga aacatccatg ccaacggagc atctttcttt tttatttgta tttatataca 

    15661 tatcgcccgg ggactttatt atggctcata cctttacaaa gaaacctgaa atatcggagt 

    15721 tgtactttta cttctcacta taatgactgc attcgtaggt tacgtccttc catgaggaca 

    15781 aatatccttc tgaggagcca ctgtcattac aaacctcctc tccgctgtcc catacgttgg 

    15841 aaacgccctt gtacaatgaa tctgaggcgg gttctctgtc gacaacgcca ctctgacacg 

    15901 atttttcgcc tttcacttct tattcccttt cgtcattaca gctgctgcaa tcctccacct 

    15961 tctatttctt catgaaacag ggtcaaataa cccagcagga attaactccg atgctgataa 

    16021 aatctcgttc cacccttact tctcctacaa agatctccta gggttcgcag ctatacttct 

    16081 ctgtctaaca tccttagccc tttttgcacc aaatctccta ggagaccccg acaattttac 

    16141 acccgccaac cctctagtta ccccacccca catcaaaccc gaatgatatt tcctattcgc 

    16201 ttacgcaatc ctacgatcta tccccaacaa gctaggaggg gtactcgccc ttttattttc 

    16261 aatccttgtt cttatagttg ttcctatctt acacacttcc aaacaacggg gactaacctt 

    16321 tcgaccactg acccaattct tattctgagc cttagtagca gatatactta tcctcacctg 

    16381 aatcggaggc atacccgtag aacacccatt cattatcatc ggccaaattg cctctgtaat 

    16441 ctacttcacc atcttcctag ttctctcccc cttagctggc tgggccgaaa ataaagccct 

    16501 ccaatgagcc tgccctagta gctcagcgcc agagcgccgg tcttgtaatc cggaagtcgg 

    16561 aggttaaaac cctccctagt gctcagagag aggagatttt aactcccacc cttaactccc 

    16621 aaagctaaga ttctaaatta aactactctc tg 

// 
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表一、PCR放大櫻花鉤吻鮭粒線體DNA所使用的primer set 序列 

 

primer sequence 

AF 

AR 

5＇TAACACGGGCTCCGTCTTTAC3＇ 

5＇TTCAAAGGAGCTGTACCTCC3＇ 

BF 

BR 

5＇CTGTTAAACCCCTAAACCAGG3＇ 

5＇AGTCAGATGCTTTCTTGGGC3＇ 

CF 

CR 

5＇CCTATATACCACCGTCGTCA3＇ 

5＇AGGATTATTGCTGCGGCGGTT3＇ 

DF 

DR 

5＇CGAGCCTAGTTATAGCTGGT3＇ 

5＇AGGGCTGTTATAGCAGCTAG3＇ 

EF 

ER 

5＇CCTAGCCCATATGTCTTTGG3＇ 

5＇AATACTAAATAGAGGGTGCC3＇ 

FF 

FR 

5＇TCCTACGAAGTTAGCCTAGG3＇ 

5＇AGGATTATTGCTGCGGCGGTT3＇ 

GF 

GR 

5＇ATGAACCCCTACGTACTCAC3＇ 

5＇ATACCAAAGCCTGGGAGGAT3＇ 

HF 

HR 

5＇ACTTCATGAACTAAATCCCC3＇ 

5＇TCGATTGATGCTACCTCTCG3＇ 

IF 

IR 

5＇ACAGCTAAGCGCTCTATCCA3＇ 

5＇TGAAGGACGTCTTCAGCTGA3＇ 

JF 

JR 

5＇CTGGCAGCAGGCATTACTAT3＇ 

5＇GATTGGCTGTAAGTCGTACG3＇ 

KF 

KR 

5＇ATAGGCGCTTTCGTACACTG3＇ 

5＇CTGCAGTGCCTGATGTAAGT3＇ 

LF 

LR 

5＇GTTGTCCCTGTAGAATCCCC3＇ 

5＇TCCACATTCGTAGGGGGATA3＇ 

MF 

MR 

5＇CGGGAATAGCGTTAGCCTTT3＇ 

5＇ATAGGGGGTCAGTTGCTAAA3＇ 

NF 

NR 

5＇TAATGGCACACCAAGCACAC3＇ 

5＇GCGATTAGTGATTTCAGGTC3＇ 

OF 

OR 

5＇ACTTCCAATCACCCGGTCTT3＇ 

5＇TAGAAGCACGAGTGAACCAC3 

PF 

PR 

5＇CGCCTCCAAAGCTTAAACCT3＇ 

5＇GGTATTTGCTTATTCAGCGGC3＇ 

QF 

QR 

5＇CAAAAGCCCACGTAGAAGCT3＇ 

5＇AATCGTTGGTCGGTTCTTAC3＇＇ 
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表二、用於台灣櫻花鉤吻鮭growth hormone gene 選殖的primer 序列 

  

primer sequence Amplified region 

F1 

R1 

5＇GTCAAGTCATCGAGTACGTTG3＇ 

5＇ TGACCGCGATGTTGAAGAGCC3＇ 

promoter, exon 1 , intron 

1 and exon2(partial) 

F2 

R2 

5＇GCTGATGCCAGTCTTACTGGT3＇ 

5＇TGAACTCTTCTGAGTCTCGTG3＇ 

exon 2, intron 2 and exon3

F3 

R3 

5＇GACGGTACCCTGTTGCCTGAT3＇ 

5＇CGTGATGAGCAGATTGATGCC3＇ 

:exon 3. intron 3 and exon 

4 

F4 

R4 

5＇ AGATCTCTGAGAAGCTCAGCG3＇ 

5＇TGTGCTAGTCCTTCTTGAAGC3＇ 

exon 4, intron 4 and exon 

5 

F5 

R5 

5＇CTACGAGTTGTTGGCTTGCTT3 

5＇GCAGAGAACAACAGATTTATT3＇ 

exon 5, intron 5 and exon 

6 to polyA additional 

signal 



 表三. 櫻鮭四亞種粒線體基因組結構 

Position number 

Amago Biwa Masu Taiwan 

Size Condon Gene 

from to from to from to from to A B M T start stop 

Strain 

D loop 1 998 1 998 1 998 1 998 998 998 998 998   H 

tRNAphe 999 1066 999 1066 999 1066 999 1066 68 68 68 68   H 

12S rRNA 1067 2012 1067 2012 1067 2012 1067 2012 946 946 946 946   H 

tRNAVal 2013 2084 2013 2084 2013 2084 2013 2084 72 72 72 72   H 

16S rRNA 2085 3763 2085 3763 2085 3763 2085 3763 1679 1679 1679 1679   H 

tRNALeu 3764 3838 3764 3838 3764 3838 3764 3838 75 75 75 75   H 

ND1 3839 4813 3839 4813 3839 4813 3839 4813 975 975 975 975 ATG TAG H 

tRNAIle 4818 4889 4818 4889 4818 4889 4818 4889 72 72 72 72   H 

tRNAGln 4887 4957 4887 4957 4887 4957 4887 4957 71 71 71 71   L 

tRNAMet 4957 5025 4957 5025 4957 5025 4957 5025 69 69 69 69   H 

ND2 5026 6075 5026 6075 5026 6075 5026 6075 1050 1050 1050 1050 ATG TAA H 

tRNATrp 6078 6147 6078 6147 6078 6147 6078 6147 70 70 70 70   H 

tRNAAla 6149 6218 6149 6218 6149 6218 6149 6218 70 70 70 70   L 

tRNAAsn 6220 6292 6220 6292 6220 6292 6220 6292 73 73 73 73   L 

OriL 6293 6325 6293 6325 6293 6325 6293 6325 33 33 33 33   L 
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tRNACys 6326 6392 6326 6392 6326 6392 6326 6392 67 67 67 67   L 

tRNATyr 6393 6463 6393 6463 6393 6463 6393 6463 71 71 71 71   L 

CO1 6465 8015 6465 8015 6465 8015 6465 8015 1551 1551 1551 1551 GTG TAA H 

tRNASer 8016 8086 8016 8086 8016 8086 8016 8086 71 71 71 71   L 
tRNAAsp 8090 8163 8090 8163 8090 8163 8090 8163 74 74 74 74   H 

CO2 8178 8868 8178 8868 8178 8868 8178 8868 691 691 691 691 ATG T— H 
tRNALys 8869 8942 8869 8942 8869 8942 8869 8942 74 74 74 74   H 
ATP8 8944 9111 8944 9111 8944 9111 8944 9111 168 168 168 168 ATG TAA H 
ATP6 9102 9785 9102 9785 9102 9785 9102 9785 684 684 684 684 ATG TAA H 
CO3 9785 10570 9785 10570 9785 10570 9785 10570 786 786 786 786 ATG TAA H 

tRNAGly 10570 10639 10570 10639 10570 10639 10570 10639 70 70 70 70   H 
ND3 10640 10988 10640 10988 10640 10988 10640 10988 349 349 349 349 ATG T— H 

tRNAArg 10990 11058 10990 11058 10990 11058 10990 11058 69 69 69 69   H 
ND4L 11059 11355 11059 11355 11059 11355 11059 11355 297 297 297 297 ATG TAA H 
ND4 11349 12729 11349 12729 11349 12729 11349 12729 1381 1381 1381 1381 ATG T— H 

tRNAHis 12730 12798 12730 12798 12730 12798 12730 12798 69 69 69 69   H 
tRNASer 12799 12867 12799 12867 12799 12867 12799 12867 69 69 69 69   H 
tRNALeu 12869 12941 12869 12941 12869 12941 12869 12941 73 73 73 73   H 

ND5 12942 14780 12942 14780 12942 14780 12942 14780 1839 1839 1839 1839 ATG TAA H 
ND6 14777 15298 14777 15298 14777 15298 14777 15298 522 522 522 522 ATG TAG L 

tRNAGlu 15299 15367 15299 15367 15299 15367 15299 15367 69 69 69 69   L 
Cytb 15371 16511 15371 16511 15371 16511 15371 16511 1141 1141 1141 1141 ATG T— H 

tRNAThr 16512 16583 16512 16583 16512 16583 16512 16583 72 72 72 72   H 
tRNAPro 16583 16652 16583 16652 16583 16652 16583 16652 70 70 70 70   L 
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表四、櫻鮭四亞種粒線體 protein coding genes 之胺基酸密碼使用表 

 

Amino 

acid 

codon 

Masu 

salmon 

Amago 

salmon 

Taiwan 

salmon 

Biwas 

almon 

Ala GCG 12 11 13 24 

Ala GCA 95 99 105 210 

Ala GCT 77 84 87 176 

Ala GCC 120 132 140 280 

Cys TGT 12 12 12 24 

Cys TGC 16 16 16 32 

Asp GAT 29 28 29 60 

Asp GAC 35 45 45 90 

Glu GAG 20 21 18 40 

Glu GAA 86 85 88 172 

Phe TTT 98 110 118 242 

Phe TTC 100 109 110 216 

Gly GGG 42 31 42 86 

Gly GGA 78 95 97 194 

Gly GGT 37 44 47 92 

Gly GGC 60 56 61 120 

His CAT 39 39 38 68 

His CAC 60 69 71 148 

Ile ATT 130 137 151 294 

Ile ATC 113 116 123 250 

Lys AAG 9 9 10 16 

Lys AAA 66 67 64 134 

Leu TTG 28 18 28 50 

Leu TTA 106 106 116 236 

Leu CTG 34 33 36 68 

Leu CTA 172 160 192 386 

Leu CTT 151 128 160 316 

Leu CTC 113 112 123 252 

Met ATG 39 38 38 80 

Met ATA 104 107 117 226 

Asn AAT 49 45 49 98 

Asn AAC 56 64 66 132 

Pro CCG 10 7 7 16 
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Pro CCA 60 72 74 144 

Pro CCT 47 44 44 92 

Pro CCC 85 71 86 170 

Gln CAG 8 7 7 14 

Gln CAA 92 86 93 186 

Arg CGG 10 10 10 20 

Arg CGA 44 40 45 88 

Arg CGT 11 11 10 22 

Arg CGC 9 7 9 20 

Ser AGT 15 15 14 30 

Ser AGC 39 36 39 76 

Ser TCG 6 5 6 10 

Ser TCA 55 58 55 110 

Ser TCT 57 56 58 118 

Ser TCC 72 69 71 144 

Thr ACG 11 11 11 20 

Thr ACA 97 97 106 214 

Thr ACT 65 74 75 148 

Thr ACC 115 109 116 226 

Val GTG 27 15 26 48 

Val GTA 76 84 87 184 

Val GTT 61 70 71 140 

Val GTC 41 40 39 86 

Trp TGG 11 10 10 24 

Trp TGA 100 111 111 218 

Tyr TAT 40 48 49 102 

Tyr TAC 61 59 62 120 

End AGG 0 0 0 0 

End AGA 0 1 0 0 

End TAG 3 3 3 4 

End TAA 7 6 7 14 



 

 

 

表五. 鲑科各物種間粒線體 DNA 鹼基對變異數目 
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表六. 鲑科各物種完整粒線體 DNA 序列以 Kimura-2-parameter 法計算出之遺傳距離(genetic distance) 
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圖一、台灣鮭魚粒線體 DNA 定序中各 PCR 反應的放大部位。

34 10340 50 60 70 80 90(34)
ATGCCCTTTAGAACCATATAAAGTGTCAAATCG---------C----TATTCACCTTAAATATGAACTCCrainbow trout GH1 intron3 (34)
ATGCCCTTTAGAACCATATAAAGTGTCAGATCGTGACAGTTTCACTCTATTCACCTTAAATATGAACTCCTaiwan salmon A GH1 intron 3 (34)
ATGCCCTTTAGAACCATATAAAGTGTCAGATCGTGACAGTTTCACTCTATTCACCTTAAATATGAACTCCTaiwan salmon B GH1 intron 3 (34)
ATGCCCTTTAGAACCATATAAAGTGTCAGATCGTGACAGTTTCACTCTATTCACCTTAAATATGAACTCCTaiwan salmon C GH1 intron 3 (34)

440 509450 460 470 480 490(440)
GGGCGGCACACAATTCTCCCAGCGTCGTTAGGGTTTGGCCGGGTTGCAATACCTCAGTGTCTTCAACTAArainbow trout GH1 intron3 (426)
GGGCGGCACACAATTCTCCCAGC--------------------------------AGTGTCTTCAACTAATaiwan salmon A GH1 intron 3(435)
GGGCGGCACACAATTCTCCCAGC--------------------------------AGTGTCTTCAACTAATaiwan salmon B GH1 intron 3(435)
GGGCGGCACACAATTCTCCCAGC--------------------------------AGTGTCTTCAACTAATaiwan salmon C GH1 intron 3(435)

567 636580 590 600 610 620(567)
TCGGTGGTTTCTCTACGTCTACATTCTCCGTTTTGTGCTTTTCTGTACAGGAAACCCGCCCCAAAAGTATrainbow trout GH1 intron3 (553)
TTGGTGGTTTCTCTACATCTCCATT-------TTGTGCTTTTCTGTACAGGAATCCCGCCCCAAAAGTATTaiwan salmon A GH1 intron 3(529)
TTGGTGGTTTCTCTACATCTCCATT-------TTGTGCTTTTCTGTACAGGAATCCCGCCCCAAAAGTATTaiwan salmon B GH1 intron 3(529)
TTGGTGGTTTCTCTACATCTCCATT-------TTGTGCTTTTCTGTACAGGAATCCCGCCCCAAAAGTATTaiwan salmon C GH1 intron 3(529)

圖二、比對台灣鮭魚與虹鱒的GH I之 intron 3 序列，發現兩物種有極大的差異。 

51 12160 70 80 90 100 110(51)
ATAAAGTGTCAGATCGTGACAGTTTCACTCTGCTATTCACCTTAAATATGAACTCCTCCATGATGCAAGATamago GH1 intron 3 (51)
ATAAAGTGTCAGATCGTGACAGTTTCACTCTGCTATTCACCTTAAATATGAACTCCTCCATGATGCAAGATmasu GH1 intron3 (51)
ATAAAGTGTCAGATCGTGACAGTTTCACTC---TATTCACCTTAAATATGAACTCCTCCATGATGCAAGATTaiwan salmon GH1 inton 3 (51)

圖三、在GH 1之 intron 3的部分發現台灣鮭魚有一段TCG三個核酸鹼基對的

缺失，而其他櫻鮭家族亞種（櫻鮭與石川鮭魚）此段的基因均無此現象。 



GH-II 380bp 

圖四、台灣鮭魚的基因體中沒有生長荷爾蒙的pseudogene GH-ψ存在  
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圖五. 九個台灣鮭魚檢體的 GH2 基因 exon 6 部位僅有有一個A/G的

heterozygotes。  
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圖六. 七個太平洋鮭屬魚種粒線體

基因結構。  
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圖七、用於台灣櫻花鉤吻鮭growth hormone gene 選殖的primer 序列 
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圖八、利用完整的粒線體的序列以 Common whitefish 做為外群，使用鄰接法(Neighbor-Joining；NJ)建構的演化樹 
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圖九、利用完整的粒線體的序列以 Common whitefish 做為外群，使用最小進化法(Minimum Evolution；ME)建構的演化樹 
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圖十、利用完整的粒線體的序列以 Common whitefish 做為外群，使用最大簡約法(Maximum Parsimony；MP)建構的演化樹 
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圖十一、利用完整的粒線體的序列以 Common whitefish 做為外群，使用最大似然法(Maximum Likelihood；ML)建構的演化樹 
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圖十二、櫻鮭四大亞種形態與解剖學上的異同 
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