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什麼樣的基因改變使我們變成獨一無二的人類？
What Genetic Changes Made Us Uniquely Human
伊利莎白‧康勞達（ELIZABETH CULOTTA）
[image: image1.emf]世世代代的人類學者不斷探索人類的由來。一位著名的古人類學者，路易斯‧立奇（Louis Leakey），曾認為人類的特質表現在工具的使用。所以，在1960年代的坦尚尼亞地方，當他發掘到在石製工具旁邊有人類祖先遺骸的時候，他就認定這就是傳說中的工具製作者「能人」（Homo habilis），其屬於最早的人種。但是，靈長類動物學者珍‧古德（Jane Goodall）卻證實，黑猩猩也使用一種工具，所以，能人是否真正屬於人科（Homo），仍然備受現今研究者所爭議。後續的研究已經將注意力聚焦於特性上，例如雙足動物特性（bipedality）、文化、語言、氣質及大腦等，當然，大腦是我們人類特殊與生俱來的權利。然而，至少在某些程度上，這些特性中有許多也會發現於其他的生物，如：黑猩猩具有初步的文化、鸚鵡會說話及有些老鼠在被搔癢時似乎會嗤嗤地叫等。 
[image: image2.emf]Every generation of anthropologists sets out to explore what it is that makes us human. Famed paleoanthropologist Louis Leakey thought tools made the man, and so when he uncovered hominid bones near stone tools in Tanzania in the 1960s, he labeled the putative toolmaker Homo habilis, the earliest member of the human genus. But then primatologist Jane Goodall demonstrated that chimps also use tools of a sort, and today researchers debate whether H. habilis truly belongs in Homo. Later studies have honed in on traits such as bipedality, culture, language, humor, and, of course, a big brain as the unique birthright of our species. Yet many of these traits can also be found, at least to some degree, in other creatures: Chimps have rudimentary culture, parrots speak, and some rats seem to giggle when tickled.

    無可置疑的是，如同其他物種，人類具有獨特的基因組，它是經由我們的進化史塑造而成的。現在，科學家首次能夠提出新層次的人類學基礎性問題：什麼樣的基因改變，使得我們具人性化？ 
What is beyond doubt is that humans, like every other species, have a unique genome shaped by our evolutionary history. Now, for the first time, scientists can address anthropology’s fundamental question at a new level: What are the genetic changes that make us human? 
    擁有在掌控中的人類基因組及開始大量投入的靈長類動物基因組資料，我們即將進入一個時代，屆時，精確的指出基因的改變將是可能的，這些改變將有助於區隔我們及最鄰近的種屬。黑猩猩序列的初步草圖已經公開了，並且在不久之將來，更詳細的譯本也有期可待。獼猴（macaque）的基因組已幾近完成，猩猩（orangutan）的部份正在進行中，而狨猴（marmoset）的部份已經在最近被證實了。這些所有的資料，將會成為靈長類動物世系圖（primate tree）的關鍵，協助揭示祖先的基因型。 
With the human genome in hand and primate genome data beginning to pour in, we are entering an era in which it may become possible to pinpoint the genetic changes that help separate us from our closest relatives. A rough draft of the chimp sequence has already been released, and a more detailed version is expected soon. The genome of the macaque is nearly complete, the orangutan is under way, and the marmoset was recently approved. All these will help reveal the ancestral genotype at key places on the primate tree. 
    縱使經常重覆的統計顯示，人類與黑猩猩僅只存在1.2 %的DNA差異，但是，這些已顯示出來的基因差異可能是影響深遠的。在每第100個鹼基的單一改變，可能會影響到數以千計的基因，而且如果把置入（insertions）及刪除（deletions）的部份也計算進去的話，這樣的百分比差異會變得更大。即使我們用充分證據證明所有介於人類與黑猩猩間的序列差異，這些或許有四千萬個，它們的意義是什麼呢？許多差異或許僅僅是六百萬年基因趨勢的結果，對於身體及行為的影響非常小，然而，或許在調節性的（regulatory）、非編碼的（noncoding）序列上，其他的微小改變卻可能產生戲劇性的影響力。 
     The genetic differences revealed between humans and chimps are likely to be profound, despite the oft-repeated statistic that only about 1.2% of our DNA differs from that of chimps. A change in every 100th base could affect thousands of genes, and the percentage difference becomes much larger if you count insertions and deletions. Even if we document all of the perhaps 40 million sequence differences between humans and chimps, what do they mean? Many are probably simply the consequence of 6 million years of genetic drift, with little effect on body or behavior, whereas other small changes—perhaps in regulatory, noncoding sequences—may have dramatic consequences. 
    半數的差異就可能會決定成為黑猩猩而不是人類。我們又如何能夠把它們全數篩選出來呢？ 
     Half of the differences might define a chimp rather than a human. How can we sort them all out? 
    其中一種篩選的方式，即針對已經過自然選擇之後有利的人類基因，藉由找尋人類與靈長類動物在DNA選擇上的少許訊息，許多的研究已經確認出成打的基因，特別是那些牽涉到寄主與病原體（host-pathogen）交互作用、複製及感覺中樞系統，例如嗅覺、味覺及更多其他知覺等。 
    One way is to zero in on the genes that have been favored by natural selection in humans. Studies seeking subtle signs of selection in the DNA of humans and other primates have identified dozens of genes, in particular those involved in host-pathogen interactions, reproduction, sensory systems such as olfaction and taste, and more. 
    但是，並非所有的這些基因，都能夠從根源處協助我們區隔人類與黑猩猩遠親。人類的基因組顯示，我們已經進化到能夠對瘧疾產生反應，但是，對於瘧疾的防禦並沒有使我們更加人性。所以，有些研究人員由會傷害到關鍵基因的臨床突變開始著手，然後，追蹤這些基因的演化，以這種方法已經證實了少數誘人（tantalizing）的基因。例如，當基因突變時會引起畸形小頭症（microcephaly）的MCPH1及ASPM（abnormal spindle protein homolog，異常蛋白同源主軸），引起語言缺陷的FOXP2（Forkhead box protein P2，叉頭框蛋白），這三者在人類進化的過程中顯現出訊息選擇的壓力，但是，這種情形並不存在於黑猩猩。因此，在人類大腦及語言能力的進化上，它們可說是扮演了相當重要的角色。 
     But not all of these genes helped set us apart from our ape cousins originally. Our genomes reveal that we have evolved in response to malaria, but malaria defense didn’t make us human. So some researchers have started with clinical mutations that impair key traits, then traced the genes’ evolution, an approach that has identified a handful of tantalizing genes. For example, MCPH1and ASPM cause microcephaly when mutated, FOXP2 causes speech defects, and all three show signs of selection pressure during human, but not chimp, evolution. Thus they may have played roles in the evolution of humans’ large brains and speech.  
    然而，即便擁有如此的基因，要完全了解它們的作為，通常是很困難的。基因剔除實驗（knockout experiments）是一種典型的方式，可以顯示基因的功能，由道德的觀點來看，對人類及猩猩卻是不可行的。因此，許多工作將需要大量人類及猩猩，以進行基因組（genomes）與表現顯性特徵（phenotypes）的比較性分析。部份研究人員目前已在推動一種「大猩猩『表現型組』計畫」，以使即將湧入的黑猩猩之基因組資料與更多的表現型資訊，進行相互配對。其他的研究人員則認為，為了收集這些起作用的線索，最好的方法可藉由採集人類的自然差異性，將人類的突變（mutations）與生物和行為上的些微差異進行配對。雖然這兩種策略都同時面臨了邏輯以及道德方面的問題，但仍有某些進展似乎可行。 
     But even with genes like these, it is often difficult to be completely sure of what they do. Knockout experiments, the classic way to reveal function, can’t be done in humans and apes for ethical reasons. Much of the work will therefore demand comparative analyses of the genomes and phenotypes of large numbers of humans and apes. Already, some researchers are pushing for a “great ape ‘phenome’ project” to match the incoming tide of genomic data with more phenotypic information on apes. Other researchers argue that clues to function can best be gleaned by mining natural human variability, matching mutations in living people to subtle differences in biology and behavior. Both strategies face logistical and ethical problems, but some progress seems likely. 
    然而，要全盤的了解人類獨特的特性，絕非僅止於DNA。科學家可能最終需要繞回到那些長久以來即備受爭議的特性，即複雜的語言、文化與科技等，環境與遺傳的因素在此扮演了同樣重要的角色。雖然我們處於基因組的年代，但我們仍然需要承認，絕非只有基因就可以構成人類的。
     A complete understanding of uniquely human traits will, however, include more than DNA. Scientists may eventually circle back to those long-debated traits of sophisticated language, culture, and technology, in which nurture as well as nature plays a leading role. We’re in the age of the genome, but we can still recognize that it takes much more than genes to make the human. 
問題討論
· 發炎是所有慢性病的元兇嗎？　
· Is inflammation a major factor in all chronic diseases?　
· 它是關節炎的驅使者，然而，對於癌症與心臟疾病呢？答案愈來愈傾向於肯定，但疑問仍然停留在為什麼以及如何引起的。　
· It’s a driver of arthritis, but cancer and heart disease? More and more, the answer seems to be yes, and the question remains why and how.

· 傳染性蛋白（prion）疾病是如何起作用的？　
· How do prion diseases work?

· 縱使我們接受，傳染性蛋白（prion）只是個錯誤摺疊的蛋白質，許多謎團依然存在著。例如，它們是如何從腸子穿越至大腦，以及如何在那裡一次殺死細胞。
· Even if one accepts that prions are just misfolded proteins, many mysteries remain. How can they go from the gut to the brain, and how do they kill cells once there, for example.　
· 脊椎動物有多麼依賴與生俱來的免疫系統去對抗感染呢？ 
· How much do vertebrates depend on the innate immune system to fight infection?　
· 這系統是早於脊椎動物的適應性免疫反應。雖然它的相對重要性並不清楚，但免疫學家正努力尋找。 
· This system predates the vertebrate adaptive immune response. Its relative importance is unclear, but immunologists are working to find out. 
· 免疫反應之記憶性需要長期暴露於抗原嗎？ 
· Does immunologic memory require chronic exposure to antigens?　
· 卓越的思想者會給予肯定的答覆，但目前老鼠的實驗正挑戰著這個理論。如果要使這些爭議重新調整，就必須去證明有些事情是不存在的，因此，這個問題可能繼續存在。　
· Yes, say a few prominent thinkers, but experiments with mice now challenge the theory. Putting the debate to rest would require proving that something is not there, so the question likely will not go away.　
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