單一體細胞如何變成整株植物？
How Does a Single Somatic Cell Become A Whole Plant
格麗卿‧沃葛爾 

（Gretchen Vogel）
植物的生存與生殖具有相當程度的適應性。它能夠將根伸展至有水源的地方，並將其葉子朝向陽光，但卻無法逃脫掠食者或擁有選擇伴侶繁衍的機會。為了彌補這些不便，許多植物演化出一些修復的機制與繁殖的策略，即使不需精卵交配也能產生後代。某些植物能夠透過莖、根、或是球莖進行出芽生殖；這些還不是最厲害的，有些還能夠以單一體細胞發育成胚。例如，大部分的柑橘類植物可以由未受精配子的周圍組織長成胚，這種力量是所有動物都望塵莫及的。如常見的盆栽--- 落地生根（Bryophyllum），就是直接從葉子的邊緣發芽，就好像是希臘神話裡的雅典娜，由宙斯的額頭生出一般。 
It takes a certain amount of flexibility for a plant to survive and reproduce. It can stretch its roots toward water and its leaves toward sunlight, but it has few options for escaping predators or finding mates. To compensate, many plants have evolved repair mechanisms and reproductive strategies that allow them to produce offspring even without the meeting of sperm and egg. Some can reproduce from outgrowths of stems, roots, and bulbs, but others are even more radical, able to create new embryos from single somatic cells. Most citrus trees, for example, can form embryos from the tissues surrounding the unfertilized gametes—a feat no animal can manage. The houseplant Bryophyllum can sprout embryos from the edges of its leaves, a bit like Athena springing from Zeus’s head. 

　　大約五十年前，科學家已經可以在實驗室裡進行胡蘿蔔的細胞胚胎發育（embryogenesis）。此後，人們利用所謂的「體細胞胚生成」（somatic embryogenesis）培育出許多的物種，包括咖啡、木蘭花、芒果及玫瑰等。一家加拿大公司已種植出整片由組織所培養的樅樹林。然而，植物學家對於真正的調控程序卻知之甚少，此情況就如同複製動物的研究者所面臨一樣的困惑（參閱第85頁）。如果能夠掌握到細胞，如在發育過程中是如何決定自己的命運，以及植物是如何保有這種適應性，或許能為答案的尋求帶來一線的曙光。 
　　Nearly 50 years ago, scientists learned that they could coax carrot cells to undergo such embryogenesis in the lab. Since then, people have used so-called somatic embryogenesis to propagate dozens of species, including coffee, magnolias, mangos, and roses. A Canadian company has planted entire forests of fir trees that started life in tissue culture. But like researchers who clone animals（see p.85）, plant scientists understand little about what actually controls the process. The search for answers might shed light on how cells’ fates become fixed during development, and how plants manage to retain such flexibility. 
科學家甚至還不確定哪些細胞能夠進行胚生成。雖然早期的研究認為，所有的植物細胞都是變化多端的，但近期的證據卻指出，只有一組細胞可以轉化成胚。而這些細胞在轉化之前生得如何仍然是個謎。研究人員曾將胚的發芽過程進行錄影，不過並未發現什麼特定的型態能夠暗示哪些細胞即將發芽；而在利用染色法來顯現基因表現的方面，同樣也未獲得具體的結論。 
Scientists aren’t even sure which cells are capable of embryogenesis.  Although earlier work assumed that all plant cells were equally labile, recent evidence suggests that only a subset of cells can transform into embryos. But what those cells look like before their transformation is a mystery. Researchers have videotaped cultures in which embryos develop but found no visual pattern that hints at which cells are about to sprout, and staining for certain patterns of gene expression has been inconclusive. 
然而，研究人員的確掌握了少數可能參與胚胎發育的分子。在實驗室中，除草劑---2, 4-二氯苯氧乙酸鈉（市售的除草劑被稱為 2, 4-D）可以促使培養的細胞延長、形成新的細胞壁以及開始分裂形成胚。這種除草劑其實就是一種植物激素，稱為茁長素，從植物對光線以及地心引力的反應乃至於果實的成熟，生長素幾乎都參與其中。在自然的體細胞胚生成的過程中，生長素也扮演著重要的角色：在落地生根接近葉緣的葉脈頂端胚芽處，生長素的濃度相當高。最近的實驗也發現在阿拉伯芥（Arabidopsis）的某些過度或抑制表現的基因，會促使看似正常的葉子細胞進行胚生成。 
Researchers do have a few clues about the molecules that might be involved. In the lab, the herbicide 2,4-dichlorophenoxyacetic acid (sold as weed killer and called 2,4-D) can prompt cells in culture to elongate, build a new cell wall, and start dividing to form embryos. The herbicide is a synthetic analog of the plant hormones called auxins, which control everything from the plant’s response to light and gravity to the ripening of fruit. Auxins might also be important in natural somatic embryogenesis: Embryos that sprout on top of veins near the leaf edge are exposed to relatively high levels of auxins. Recent work has also shown that over- or underexpression of certain genes in Arabidopsis plants can prompt embryogenesis in otherwise normal-looking leaf cells. 
釐清無性的植物胚生成，將有助於科學家瞭解植物究竟是以何種機制決定要繼續在控制下生長。發育生物學家正熱切於比較動、植物之間這些機制的不同。某些控制體細胞胚生成的程序與動物複製或肢體再生，確實可能有其相似性（參閱第八十四頁）。 
Sorting out sex-free embryogenesis might help scientists understand the cellular switches that plants use to stay flexible while still keeping growth under control. Developmental biologists are keen to learn how those mechanisms compare in plants and animals. Indeed, some of the processes that control somatic embryogenesis may be similar to those that occur during animal cloning or limb regeneration (see p. 84).  
在應用層面上，科學家希望能夠運用實驗室的繁殖技術培育目前仍需正常授粉的農作物，例如玉米。這不但可以加速新品種選育以及雜交苗生產的腳步，且技術上的彈性同時造福了農人以及消費者。 
     On a practical level, scientists would like to be able to use lab-propagation techniques on crop plants such as maize that still require normal pollination. That would speed up both breeding of new varieties and the production of hybrid seedlings—a flexibility that farmers and consumers could both appreciate.  
問題討論

· 自然界中同手型起源為何？ 
· What is the origin of homochirality in nature? 
· 大部份的生物分子都有鏡像化合物。然而生物體中，氨基酸通常是左手型，醣類則是右手型，不過對於同手型的起源仍然未知。
· Most biomoleculescan be synthesized in mirror-image shapes. Yet in organisms, amino acids are always left-handed, and sugars are always right-handed. The origins of this preference remain a mystery. 
· 我們可以預測蛋白質的摺疊方式嗎？ 
· Can we predict how proteins will fold? 
· 在幾乎是無限種可能的摺疊方式中，蛋白質在幾十個微秒間選擇其一。電腦則得花上三十年才能夠完成同樣的工作。 
· Out of a near infinitude of possible ways to fold, a protein picks one in just tens of microseconds. The same task takes 30 years of computer time. 
· 人體內到底有多少蛋白質？
· How many proteins are there in humans? 

· 基因數目的計算一向困難重重。蛋白質可能以不同的方式剪輯、並且以各種功能基來修飾，這些使得目前基因數量的計算窒礙難行。 
· It has been hard enough counting genes. Proteins can be spliced in different ways and decorated with numerous functional groups, all of which makes counting their numbers impossible for now. 
· 蛋白質如何找到它們的夥伴？
· How do proteins find their partners? 

· 蛋白質間的交互作用是生命現象的核心。欲瞭解蛋白質如何準確迅速找到它們的夥伴，研究人員還必須對細胞的生物化學與結構組織多所了解。 
· Protein-protein interactions are at the heart of life. To understand how partners come together in precise orientations in seconds, researchers need to know more about the cell’s biochemistry and structural organization.

【圖文】生命力的展現：橙樹的胚胎可以從單一體細胞發育而成。


Power of one. Orange tree embryos can sprout from a single somatic cell.
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