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為何人類擁有的基因如此少量？
Why Do Humans Have So Few Genes
伊莉莎白‧潘尼西（ELIZABETH PENNISI）
　　1990年代後期，當主流的生物學家正要解開人類基因組的序列時，他們猜測構成我們DNA的三十億組鹼基對裡的基因究竟有多少，但幾乎沒有一種猜測接近事實。大約十多年前，他們都認為，人們之所以能夠存活，是仰賴大約十萬個基因來製造數以萬計的細胞過程。然而，最後得到的答案是我們只有二萬五千個基因──這個數量約略和一種叫做擬南芥的小花差不多，和秀麗隱桿線蟲相較之下，也相差不遠。
　　When leading biologists were unraveling the sequence of the human genome in the late 1990s, they ran a pool on the number of genes contained in the 3 billion base pairs that make up our DNA. Few bets came close. The conventional wisdom a decade or so ago was that we need about 100,000 genes to carry out the myriad cellular processes that keep us functioning. But it turns out that we have only about 25,000 genes—about the same number as a tiny flowering plant called Arabidopsis and barely more than the worm Caenorhabditis elegans.

　　這個出人意料的結果增強了基因學家正在形成的一項共識：人類和其他哺乳類動物的基因組，遠比已知的更有彈性且複雜多了。「單一基因／單一蛋白質」的概念早已過時；如今，我們知道有許多基因能夠製造不只一個蛋白質。調節蛋白質、RNA、非編碼DNA，或甚至是基因組本身的化學和結構性改變，掌控了基因的表現方式及其時空。理解這些基本元素是如何共同作用並編排基因表現，是生物學家今天所面臨的重大挑戰之一。
　　That big surprise reinforced a growing realization among geneticists: Our genomes and those of other mammals are far more flexible and complicated than they once seemed. The old notion of one gene/one protein has gone by the board: It is now clear that many genes can make more than one protein. Regulatory proteins, RNA, noncoding bits of DNA, even chemical and structural alterations　of the genome itself control how, where, and when genes are expressed. Figuring out how all these elements work together to choreograph gene expression is one of the central challenges facing biologists.　
　　過去這幾年，人們清楚認識到一種叫做「選擇性剪接」的現象，即人類基因組能夠以如此少量的基因創造出複雜現象的原因。人類基因同時包含了編碼DNA（外顯子）和非編碼DNA。在某些基因裡，外顯子不同的組合在特定的時空中會變得活躍，而每一種組合會生產出不同的蛋白質。「選擇性剪接」長久以來被視為一種在轉錄過程中的特殊中斷，但研究人員已經推論它也會發生在我們一半的基因之中，另一種說法則是它幾乎發生在我們所有的基因之中。這個發現耗費了很長一段時間解釋如此少量的基因是如何能夠製造成千上萬個不同的蛋白質。然而，關於轉錄器是如何在特定時間內讀取並決定基因依然是一個謎。
　　In the past few years, it has become clear that a phenomenon called alternative splicing is one reason human genomes can produce such complexity with so few genes. Human genes contain both coding DNA—exons—and noncoding DNA. In some genes, different combinations of exons can become active at different times, and each combination yields a different protein. Alternative splicing was long considered a rare hiccup during transcription, but researchers have concluded that it may occur in half—some say close to all—of our genes. That finding goes a long way toward explaining how so few genes can produce hundreds of thousands of different proteins. But how the transcription machinery decides which parts of a gene to read at any particular time is still largely a mystery.

　　關於哪些基因或基因組在特定的時空被開啟或關閉的機制也同樣是個謎。研究人員發現，每一個基因需要數百個配角來協助完成工作。這些配角包含了用來關閉或啟動基因的蛋白質，例如藉由將乙醯基群或甲基群加至DNA上的過程。其他稱為轉錄因子的蛋白質與基因的互動更為直接，他們緊臨位於由其所控制的基因附近的降落點。由於選擇性剪接，不同落點組合的啟動機制，使基因的表現有更能精密控制，但研究人員尚未理解究竟這些所有調節的要素是如何運作？又它們是如何配合選擇性剪接的呢？ 
　　The same could be said for the mechanisms that determine which genes or suites of genes are turned on or off at particular times and places. Researchers are discovering that each gene needs a supporting cast of hundreds to get its job done. They include proteins that shut down or activate a gene, for example by adding acetyl or methyl groups to the DNA. Other proteins, called transcription factors, interact with the genes more directly: They bind to landing sites situated near the gene under their control. As with alternative splicing, activation of different combinations of landing sites makes possible exquisite control of gene expression, but researchers have yet to figure out exactly how all these regulatory elements really work or how they f it in with alternative splicing. 
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※ 大約的基因數
【由上到下】黑腹果蠅（D. melanogaster）→秀麗隱桿線蟲（C. elegans）→智人（Homo saplens）→擬南芥（Arabidopsis thallana）→紅鰭多紀魨（Fugu rubripes）→水稻（Oryza sativa）

　　大約在過去的幾十年裡，研究人員也逐漸重視染色蛋白質以及RNA在調節基因表現中所扮演的角色。染色蛋白質基本上就是DNA的包裝，將染色體包裹在一個確切範圍的螺旋之中。經由外形的些微變換，染色質得以把不同的基因展示於轉錄器。 
In the past decade or so, researchers have also come to appreciate the key roles played by chromatin proteins and RNA in regulating gene expression. Chromatin proteins are essentially the packaging for DNA, holding chromosomes in well-defined spirals. By slightly changing shape, chromatin may expose different genes to the transcription machinery. 

　　基因也受RNA的調整所控制。其中有許多少於三十個鹼基的小型RNA分子，如今和其他基因調節要素一樣也受到了重視。過去五年許多曾專注於研究信使RNA和其他相對較大的RNA分子的研究人員，將他們的注意力轉至微型RNA和小核RNA等較小的研究對象。出乎意料的，多重面貌的RNA停擺了，要不然就是改變了基因表現，它們對發展器官組織的細胞分化而言也同樣重要，只不過這個機制尚未完全獲得釐清；研究人員已經對這些各式各樣的機制進行了大規模的分析並有所進展。透過比對系統演化樹上不同分支器官裡的基因組，基因學家找出了調節區域並深度理解如選擇性剪接這類機制的演化過程。這些研究回顧起來應有助於明瞭此區域是如何運作的。對於調節區域的增加或剔除以及控制RNA這個問題，老鼠實驗和電腦模型應是有所助益。然而，所有的這些作用是如何共同運作製造出一個完整的個體呢？這個核心問題，恐怕還有很長的一段時間無法解答。 
　　Genes also dance to the tune of RNA. Small RNA molecules, many less than 30 bases, now share the limelight with other gene regulators. Many researchers who once focused on messenger RNA and other relatively large RNA molecules have in the past 5 years turned their attention to these smaller cousins, including micro RNA and small nuclear RNA. Surprisingly, RNAs in these various guises shut down and otherwise alter gene expression. They also are key to cell differentiation in developing organisms, but the mechanisms are not fully understood. Researchers have made enormous strides in pinpointing these various mechanisms. By matching up genomes from organisms on different branches on the evolutionary tree, genomicists are locating regulatory regions and gaining insights into how mechanisms such as alternative splicing evolved. These studies, in turn, should shed light on how these regions work. Experiments in mice, such as the addition or deletion of regulatory regions and manipulating RNA, and computer models should also help. But the central question is likely to remain unsolved for a long time: How do all these features meld together to make us whole?  
問題討論

· 為什麼物質比反物質還來得多？ 
· Why is there more matter than antimatter? 
· 對一位粒子物理學家來說，物質和反物質幾乎是相同的，某些細微的差異可以解釋為什麼物質是常見的，而非物質是稀有的。 
· To a particle physicist, matter and antimatter are almost the same. Some subtle difference must explain why matter is common and antimatter rare. 

· 質子會衰變嗎？ 
· Does the proton decay?  
· 在萬有理論裡，夸克（組成質子的成份）應能夠被轉化為輕子（例如電子），所以如果發現質子衰變成別的東西，也許會因此揭示粒子物理學的新法則。 
· In a theory of everything, quarks (which make up protons) should somehow be convertible to leptons (such as electrons)—so catching a proton decaying into something else might reveal new laws of particle physics. 

· 重力的本質是什麼？  
· What is the nature of gravity?  
· 重力和量子力學是有衝突的，它不適用於標準模型理論，至今無人發現重力為何種物質。牛頓的蘋果可是蛀滿了一堆蟲呢。 
· It clashes with quantum theory. It doesn’t fit in the Standard Model. Nobody has spotted the particle that is responsible for it. Newton’s apple contained a whole can of worms. 
· 為什麼時間和其他維度不同？ 
· Why is time different from other dimensions? 
· 科學家們花了數千年才了解，時間和空間密不可分，就像三度空間一樣，是一種維度。方程式看起來合理，但是它們無法詮釋某些的問題，例如，為什麼我們能夠感受到「此時此刻」？又為什麼時間似乎會按照某種方式流逝呢？ 
· It took millennia for scientists to realize that time is a dimension, like the three spatial dimensions, and that time and space are inextricably linked. The equations make sense, but they don’t satisfy those who ask why we perceive a “now” or why time seems to flow the way it does. 
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