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How Will Big Pictures Emerge

From a Sea of Biological Data

海量生物資料如何產製成生命圖像 
伊莉莎白‧潘尼西（ELIZABETH PENNISI）
Biology is rich in descriptive data— and getting richer all the time. Large-scale methods of probing samples, such as DNA sequencing, microarrays, and automated gene-function studies, are filling new databases to the brim. Many subfields from biomechanics to ecology have gone digital, and as a result, observations are more precise and more plentiful. A central question now confronting virtually all fields of biology is whether scientists can deduce from this torrent of molecular data how systems and whole organisms work. All this information needs to be sifted, organized, compiled, and—most importantly—connected in a way that enables researchers to make predictions based on general principles. 
生物領域擁有豐富的描述數據，資料量更與時並進不斷增加。需要大規模探尋方法的領域有，DNA測序，微陣列和自動化基因功能研究，皆在不斷填補領域邊緣的新數據庫。許多有關生態的生物力學次領域都已數位化，因此，帶來更準確及更豐富多元的觀察結果。然而，現在幾乎所有生物學領域所面臨的一個核心問題，是科學家們可否從這些爆炸式的分子數據中，推斷整個生物系統如何運作。這些資訊需要經過篩選、組織、編制，以及最重要的是，透過某種連接方式，讓研究人員能夠在通用原則的基礎下進行推演。 
Enter systems biology. Loosely defined and still struggling to find its way, this newly emerging approach aims to connect the dots that have emerged from decades of molecular, cellular, organism, and even environmental observations. Its proponents seek to make biology more quantitative by relying on mathematics, engineering, and computer science to build a more rigid framework for linking disparate findings. They argue that it is the only way the field can move forward. And they suggest that biomedicine, particularly deciphering risk factors for disease, will benefit greatly. The field got a big boost from the completion of the human genome sequence. The product of a massive, trip-to-the-moon logistical effort, the sequence is now a hard and fast fact. The biochemistry of human inheritance has been defined and measured. And that has inspired researchers to try to make other aspects of life equally knowable. 
進入系統生物學。由於其定義的鬆散，正致力於尋找出路，目前試圖連接已發現數十年的分子、細胞、有機體以及環境觀察。贊同此觀點的學者，設法透過數學，工程和電腦科學量化生物學，建立一個更加嚴謹的框架，用以連接不同的研究結果。他們認為，這是唯一可以讓系統生物學大步邁進的方法。他們指出，生物醫藥領域中，若能破解疾病構成危險因素，將使之大大受益。而人類基因組序列的完成，將視為此領域的一大建樹。此研究規模之大及繁雜，就如同到月球旅行前的準備工作一樣，目前的進度就是如此。人類遺傳的生化已經獲得界定和衡量。這同時激發了更多研究人員設法探詢其他生命面向的知識。 
Molecular geneticists dream of having a similarly comprehensive view of networks that control genes: For example, they would like to identify rules explaining how a single DNA sequence can express different proteins, or varying amounts of protein, in different circumstances (see p. 80). Cell biologists would like to reduce the complex communication patterns traced by molecules that regulate the health of the cell to a set of signaling rules. Developmental biologists would like a comprehensive picture of how the embryo manages to direct a handful of cells into a myriad of specialized functions in bone, blood, and skin tissue. These hard puzzles can only be solved by systems biology, proponents say. The same can be said for neuroscientists trying to work out the emergent properties—higher thought, for example—hidden in complex brain circuits. To understand ecosystem changes, including global warming, ecologists need ways to incorporate physical as well as biological data into their thinking. 
分子遺傳學家希望擁有一個全觀的網絡系統，用以操控基因：例如，他們想定義單個 DNA序列為何在不同情況下，得以代表不同的蛋白質，或不同數量的蛋白質（參見第80頁）。細胞生物學家想降低分子複雜的傳遞模式，追查細胞調節健康時產生的信號及規則。發育生物學家想全面了解胚胎如何直接管理細胞，讓其能夠進入了許許多多專門職能的骨骼、血液和皮膚組織中。認同此觀點的學者認為，唯有透過這方面的努力，才能解決系統生物學上的難題。同樣的，神經科學家試圖找出人類思考時，隱藏在複雜大腦電路中的關鍵性質。為了了解生態系統的變化，包括全球暖化議題，生態學家需要有效的方法，在他們的推演思維裡，能夠融入物理及生物學的數據。 
Today, systems biologists have only begun to tackle relatively simple networks. They have worked out the metabolic pathway in yeast for breaking down galactose, a carbohydrate. Others have tracked the first few hours of the embryonic development of sea urchins and other organisms with the goal of seeing how various transcription factors alter gene expression over time. Researchers are also developing rudimentary models of signaling networks in cells and simple brain circuits. 
目前，系統生物學家僅能著手處理相對簡單的網絡。他們針對了酵母的代謝途徑中，如何分解半乳糖和碳水化合物進行研究。其他學者則追究海膽胚胎前幾個小時的發育狀況，觀察各種轉錄因子隨著時間的推移而改變的表現。研究人員正努力開發細胞信號網絡和簡單的大腦迴路的初步模型。 
Progress is limited by the difficulty of translating biological patterns into computer models. Network computer programs themselves are relatively simple, and the methods of portraying the results in ways that researchers can understand and interpret need improving. New institutions around the world are gathering interdisciplinary teams of biologists, mathematicians, and computer specialists to help promote systems biology approaches. But it is still in its early days. 
然而，研究成果是有限的，困難點在於從生物模式轉化成電腦模型。電腦網絡程式系統本身是相對簡單的，但是電腦在描繪結果的方式上，卻不易讓研究人員理解，這方面則需要改善。世界各地的跨學科小組組成的研究中心，其中包括生物學家，數學家和電腦專家，期望改善系統生物學的使用方法，但一切仍處於起步階段。 
No one yet knows whether intensive interdisciplinary work and improved computational power will enable researchers to create a comprehensive, highly structured picture of how life works.

目前還沒有人知道，能否透過密集的跨學科工作以及先進的計算能力，讓研究人員建立一個全面的、高度結構化的圖像以及獲悉其如何構成生命。 
問題討論
· What causes schizophrenia?　
· 什麼原因導致精神分裂症？ 
· Researchers are trying to track down genes involved in this disorder. Clues may also come from research on traits schizophrenics share with normal people. 
· 研究人員正試圖追查這一障礙所涉及的基因。線索也可能來自精神分裂症患者與正常人接觸時的特徵。 
· What causes autism? 
· 自閉症的起因為何？ 
· Many genes probably contribute to this baffling disorder, as well as unknown environmental factors. A biomarker for early diagnosis would help improve existing therapy, but a cure is a distant hope. 
· 這一疑難雜症可能涉及許多基因，以及未知的環境因素。任何的生物標誌，早期診斷只能有助於改善既有療法，根治仍屬遙遙無期。 
· To what extent can we stave off Alzheimer’s? 
· 在何種程度上，我們可以避開阿茨海默症？ 
· A 5- to 10-year delay in this late-onset disease would improve old age for millions. Researchers are determining whether treatments with hormones or antioxidants, or mental and physical exercise, will help.  
· 若在此慢性病上拖個5-10年不治療，將會演變成老人的主要疾病。研究專家試圖使用激素治療、抗氧化劑，或心智及物理治療訓練，希望能對疾病有所幫助。 
· What is the biological basis of addiction?　
· 成癮症的生理面向為何？ 
· Addiction involves the disruption of the brain’s reward circuitry. But personality traits such as impulsivity and sensation-seeking also play a part in this complex behavior. 
· 成癮症涉及了破壞大腦的正面迴路。同時，衝動或感知尋求等人格特質，也在這複雜行為關係中，扮演了重要角色。 
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