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How and Where did Life on Earth Arise?

地球上的生命是如何形成？又是從哪裡開始的呢？
For the past 50 years, scientists have attacked the question of how life began in a pincer movement. Some approach it from the present, moving backward in time from life today to its simpler ancestors. Others march forward from the formation of Earth 4.55 billion years ago, exploring how lifeless chemicals might have become organized into living matter.

　　過去的50年內，科學家們就注意到了生命是如何始於鉗形運動。有些方法是來自現代，把時間由現代生活拉往更早之前的原始祖先。探討地球從四十五億五千萬年前形成後，無生命的化學物質如何成為有組織的生命物質。 
Working backward, paleontologists have found fossils of microbes dating back at least 3.4 billion years. Chemical analysis of even older rocks suggests that photosynthetic organisms were already well established on Earth by 3.7 billion years ago. Researchers suspect that the organisms that left these traces shared the same basic traits found in all life today. All free-living organisms encode genetic information in DNA and catalyze chemical reactions using proteins. Because DNA and proteins depend so intimately on each other for their survival, it’s hard to imagine one of them having evolved first. But it’s just as implausible for them to have emerged simultaneously out of a prebiotic soup.  
　　在回顧的工作中，古生物學家已發現微生物的化石，其生存期間至少始於三十四億年前。更早期的岩石化學分析指出，早在三十七億年前，光合生物體就已經在地球上形成了。研究人員懷疑，這些今天被發現存在於所有生命中的有機體，享有共同的基本特徵。所有自由生活的生物體對DNA中的遺傳訊息進行編碼，並催化行使蛋白質的化學反應。由於 DNA和蛋白質的生存必須密切依賴彼此，我們很難想像它們其中之一先行演化。原始湯的出現對他們來說是難以置信的。（這是一個實驗，在一個燒瓶中模仿原始地球的環境，用氣體放電類比雷電。實驗結束後，在此產物中分離出氨基酸。） 
Experiments now suggest that earlier forms of life could have been based on a third kind of molecule found in today’s organisms: RNA.  Once considered nothing more than a cellular courier, RNA turns out to be astonishingly versatile, not only encoding genetic information but also acting like a protein. Some RNA molecules switch genes on and off, for example, whereas others bind to

proteins and other molecules. Laboratory experiments suggest that RNA could have replicated itself and carried out the other functions required to keep a primitive cell alive. Only after life passed through this “RNA world,” many scientists now agree, did it take on a more familiar cast. Proteins are thousands of times more efficient as a catalyst than RNA is, and so once they emerged they would have been favored by natural selection. Likewise, genetic information can be replicated from DNA with far fewer errors than it can from RNA. Other scientists have focused their efforts on figuring out how the lifeless chemistry of a prebiotic Earth could have given rise to an RNA world. In 1953, working at the University of Chicago, Stanley Miller and Harold Urey demonstrated that experiments could shed light on this question. They ran an electric current through a mix of ammonia, methane, and other gases believed at the time to have been present on early Earth. They found that they could produce amino acids and other important building blocks of life. 
　　實驗指出，早期的生命形態可能奠基於一種於現代所發現，名為RNA的第三類分子生物體。一度被認為沒有比細胞信使更能貼切形容的RNA，證實了驚人的多樣性，不僅能夠進行遺傳訊息編碼，且具有蛋白質的功能。一些RNA分子把基因轉換為開啟跟關閉，有些則合成蛋白質和其他分子。實驗室的實驗顯示，RNA能自我複製並保持原始細胞的存活去進行其他功能。經過「RNA世界」這個改變後，許多科學家都認為，這樣做需要更適合的物質。蛋白質可加速原本過慢而無法用於生命的化學反應，效率比RNA高出幾千倍，因此一出現後，自然就受到關注與運用。從DNA中複製的基因資訊，其誤差遠比從RNA中複製的誤差還少。其他科學家努力探討著「原始地球的無生命物質如何形成RNA世界」這個問題。1953年，任職於芝加哥大學的Stanley Miller 和 Harold Urey的實驗釐清了這個問題，他們將甲烷、氨和其他氣體連結形成一個經過電極之迴路之後發現，他們可以用其生產氨基酸等其他對於日常生活來說極為重要的成分。 
Today, many scientists argue that the early atmosphere was dominated by other gases, such as carbon dioxide. But experiments in recent years have shown that under these conditions,

many building blocks of life can be formed. In addition, comets and meteorites may have delivered

organic compounds from space. Just where on Earth these building blocks came together as primitive life forms is a subject of debate. Starting in the 1980s, many scientists argued that life got its start in the scalding, mineral-rich waters streaming out of deepsea hydrothermal vents. Evidence for a hot start included studies on the tree of life, which suggested that the most primitive species of microbes alive today thrive in hot water. But the hot-start hypothesis has cooled off a bit. Recent

studies suggest that heat-living microbes are not living fossils. Instead, they may have descended from less hardy species and evolved new defenses against heat. Some skeptics also wonder how delicate RNA molecules could have survived in boiling water. No single strong hypothesis has taken the hot start’s place, however, although suggestions include tidal pools or oceans covered by glaciers. Research projects now under way may shed more light on how life began. Scientists are running experiments in which RNA-based cells may be able to reproduce and evolve. NASA and the European Space Agency have launched probes that will visit comets, narrowing down the possible ingredients that might have been showered on early Earth.　
　　今天，許多科學家爭論關於早期的大氣層，可能由其他氣體所主導，如二氧化碳。但近幾年來專家們表示，在這種環境下，可以形成許多生命的基礎元素。此外，慧星和隕石很可能由太空釋放有機化合物。僅管只是地球上這些生命的基礎元素，如何會聚成為初始生命的形式，都是一個爭論的主題。自1980年代開始，許多科學家爭論生命是由深海炙熱的火山口流出的沸騰且富含礦物質的水流所形成。「熱的起源」之證據包含樹木生命的研究，其指出大多數的仍存活於今天的微生物初始物種，皆繁殖於熱水之中。但「熱的起源」之假說卻已經不太受到重視了。近期研究指出在熱源中生存的微生物並非活的化石，反之，他們可能是起源於稀少的耐寒物種，並且演化出新的抗熱機制。有些懷疑論者也想知道為何脆弱的RNA分子能夠生存於沸騰的水中。然而，雖然提議中含括潮汐水塘或海洋是被冰河所覆蓋，卻沒有一個單獨的假說可以在「熱的起源」上占有一席之位。當前正在進行的研究計劃，或許可以給予生命起源之說更多的指引：科學家們正在進行一些有關於以RNA為基礎的細胞能夠再生和演化的實驗。美國航太總署和歐洲太空總署已發射太空探測器，其將造訪慧星，以縮小已來到早期地球上的可能要素之範圍。　
Most exciting of all is the possibility of finding signs of life on Mars. Recent missions to Mars have provided strong evidence that shallow seas of liquid water once existed on the Red Planet—suggesting that Mars might once have been hospitable to life. Future Mars missions will look for signs of life hiding in underground refuges, or fossils of extinct creatures.　
　　最令人興奮的是能夠在火星上尋得生命跡象的可能性。近年來的火星任務提供了強而有力的證據，證實了液態水的淺海曾一度存在於這個紅色星球上：它意謂著火星曾經是個適宜生命的環境。未來的火星任務將尋找隱藏於地下保護層的生命跡象，或已經滅絕的生物化石。　
If life does turn up, the discovery could mean that life arose independently on both planets— suggesting that it is common in the universe— or that it arose on one planet and spread to the other. Perhaps martian microbes were carried to Earth on a meteorite 4 billion years ago, infecting our sterile planet.　
　　倘若生命沒有起源，這樣的發現意謂著生命是獨立出現於兩個行星上，即它們在宇宙中都是大同小異的，或者說是它先出現在一個行星之後，又蔓延至另外一個。也許是火星上的微生物，被四十億年前的一個隕石帶到了地球，在我們這個原先未具有生命力的星球上產生影響力。　
問題討論

· How do organs and whole organisms know when to stop growing?
· 組織以及整個有機體如何知道何時應停止生長？　
· A person’s right and left legs almost always end up the same length, and the hearts of mice and elephants each fit the proper rib cage. How genes set limits on cell size and number continues to mystify.　
· 一個人的左右腿幾乎都是在生長到相同長度時停止發育，老鼠以及大象的心臟則是在符合適當的肋骨長度時停止。基因如何對細胞的尺吋以及數量設定其限制，則持續無解。　
· How can genome changes other than mutations be inherited?　
· 基因組如何可以改變他者，使突變能夠延續呢？　
· Researchers are finding ever more examples of this process, called epigenetics, but they can’t explain what causes and preserves the changes.　
· 研究人員正在對這個程序找尋越來越多的例子，稱之為發育遺傳學，但他們無法解釋原因並保留其變化。　
· How is asymmetry determined in the embryo?　
· 如何確認胚胎的不對稱性？　
· Whirling cilia help an embryo tell its left from its right, but scientists are still looking for the first factors that give a relatively uniform ball of cells a head, tail, front, and back. 

· 迴旋纖毛協助胚胎由它的右側知其左側，但科學家仍在尋求一個使相對統一的細胞球有其頭、尾、前、後的首要因素。　
· How do limbs, fins, and faces develop and evolve? 　
· 四肢、雙鰭以及容貌是如何發展與演變的呢？　
· The genes that determine the length of a nose or the breadth of a wing are subject to natural and sexual selection. Understanding how selection works could lead to new ideas about the mechanics of evolution with respect to development.　
· 決定鼻子長度和翅膀寬度的基因是取決於自然與性的選擇。就發展而言，了解天擇的運作模式可以引發有關於力學演變的新思維。　
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