
                                     鑑於基因改造食物的安全問題備受關注，我們在前幾期的
                                        《基因改造食物多面睇》簡訊中探討了經基因工程製造的食物
                                                            可能帶來的風險和安全評估。今期，我們會介紹一
                                                                             些基因工程以外，有助於繁殖具有預期特性農作
                                                     物的方法。

In view of the safety concerns over genetically 
       modified (GM) food, we have discussed, in some previous issues, 
                             the potential risk and safety assessment of food 
                            derived from genetic engineering.  In this issue, we are
                 going to introduce some alternatives to genetic engineering 
              that can be used to facilitate breeding of crops with desired
         traits.

1.  人工傳授花粉：使美國栗子樹重生
      曾幾何時，美國栗子樹是美國常見的樹木。後來，由於受到
致命的真菌病侵襲，美國東部差不多所有美國栗子樹都死掉。
為了研發能夠抵禦這種真菌病的美國栗子樹，人們便想到利用
中國栗子樹的抗真菌特性，並透過人工傳授花粉法，把美國栗
子樹和中國栗子樹進行雜交，以取其抵抗力，促成「中美合
作」。

      為把父母雙方的預期特性傳給下一代，在進行人工傳授花粉
期間，人們會以人工方式把一種栗子樹的花粉轉移到另一
種栗子樹的雌性繁殖器官。在受精後，具抗真菌能力的後代便會被篩選出來。由於兩種植物
雜交無可避免會把一些沒有預期的特性傳給下一代，人們透過不斷將具有抵抗力的後代與美
國栗子樹雜交，便可除去一些不良特性，並培植出擁有美國栗子樹遺傳特質，但又具抵抗真
菌能力的栗子樹。

2. 誘發突變：太空育種
       使用人工傳授花粉的方法十分依賴野生物種或其他栽培品種的基因
可變性。為解決這個問題，我們可嘗試跳出地球的限制，利用太空育
種技術，人工地引起基因突變，以增加可用以改良農作物的基因數量。

                                  人們都希望吃到更優質和更美味的食物。基因工程是其中一個可
以達到這些目的的方法， 但一些育種技術亦可取得相同效果。我們以下介紹三個有助發展具
有優良特性植物栽培品種的育種方法。

1.  Controlled Pollination: Restoring the American
     Chestnut Tree
      American chestnut was once a common tree in the United States.
However, the arrival of a lethal fungal disease killed almost every
American chestnut tree throughout the eastern United States.  To 
develop chestnut trees that are resistant to the disease, the American 
chestnut sought the help of their Chinese counterpart.  It was 
crossed with the Chinese chestnut (the source of resistance) through 
controlled pollination – a kind of Sino-US collaboration.

During the process of controlled pollination, pollen from one 
chestnut tree is artificially transferred to the female reproductive 
organ of another tree to bring together desired traits from the two 
parents to the offspring.  After fertilisation, offspring resistant to the disease will be selected.  As crossing 
between two plants will inevitably transfer some undesired traits to the progenies, these unfavourable 
characteristics are removed by conducting repeated crossing between the resistant offspring and the American 
chestnut to produce trees that are genetically American chestnut except they are disease resistant.

2.  Mutation Induction: Space Breeding
      Use of controlled pollination relies very much on the genetic variability 
from the wild species or from other cultivars.  To expand the genetic pool for 
crop improvement, we can think beyond the constraints of Earth. Space 
breeding is one of the possible means that may be employed where 
mutation may be artificially introduced.

                                                     Humans love to try foods of better quality and taste. Genetic engineering is 
one way of achieving that, but there are other breeding techniques that may achieve the same purpose.  Here 
we present three breeding methods that can be used to develop plant cultivars with beneficial traits.
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                                                                Space breeding is the technique of sending seeds into the
                                                                space in a recoverable spacecraft or a high-altitude balloon.  
                                                                In the strong-radiation space environment, seeds may undergo
                                                                mutation.  Upon returning to the Earth, the seeds will be
                                                                planted to generate a large pool of mutated plants from which 
                                                                individuals with desired characteristic can be selected.  This 
                                                                technique has been adopted in the Mainland for more than
                                                                two decades.  Seeds of different varieties of crops, vegetables, 
                                                                fruits and some endangered forest trees were carried aboard
                                                                the Shenzhou spacecrafts into the space.  Rice and bell peppers 
                                                                grown from space seeds were reported to produce higher
                                                                yield after mutation induction.

3.   Marker Assisted Selection: Facilitate Breeding of
      Seedless Grapes
 Traditionally, breeders select plants based on their
visible or measurable traits.  However, this will be 
time-consuming if the traits are difficult to measure
and /or are evident only at late developmental stages.
For example, seedless grape cultivars can only be
selected when a grapevine produces bunches which
usually takes three to four years after planting.  Marker
assisted selection (MAS) can facilitate breeders to
produce seedless grapes without waiting years to see
the actual fruits on vines.

        To achieve this purpose, the magic is to use 
something called genetic marker.  Genetic markers 
are DNA sequences located near to the desired 
genes (gene coding for seedlessness).  Since the 
markers and the gene of interest are in close proximity, they tend to stay together as each generation of 
plants is produced.  This can help breeders to predict whether a grapevine will produce seedless fruits 
with basic molecular techniques.  If the marker for the gene encoding seedlessness can be found, it is 
very likely the grapevine seedling will produce seedless fruits.

Comparison with Genetic Engineering
    Because the above-mentioned breeding techniques make use of plants’ own DNA, not DNA from 
other species, they stand to be less controversial and well-accepted by the public.

However, there are limits to the use of these breeding methods.  For example, controlled pollination 
may not be suitable for breeding if a needed character is not available in the population.  Also, the 
successful rate of developing desired cultivars with the randomly induced mutation is rather low.  
Fortunately, these limitations may be complemented by other breeding techniques, such as genetic 
engineering which allows precise modification of genetic materials and introduction of specific 
characteristics from other species.

Above all, the greater understanding in agricultural biotechnology in recent years has led to new 
breeding methods with advantages over some traditional ones.  Instead of replacing the conventional 
methods, the newly developed techniques complement them to make plant breeding more efficient and 
cost effective. With all these techniques, we can look forward to seeing more varieties of food in future.

                                                                   太空育種技術是指以返回式太空船或高空氣球把種子
                                                             送往太空。在輻射強度高的太空環境，種子會發生突變。
                                                             種子回到地球後，人們可把種子種植以培育出大批經突
                                                             變的植物，再從這些植物中篩選個別具有預期特性的品
                                                  種。中國內地已經採用這項技術超過二十年。神舟太空
                                                             船亦曾載送不同種類的農作物、蔬菜、水果及一些瀕危
                                                             的樹木種子上太空。經過誘發突變的太空種子據報可種
                                                             植出產量更高的稻米和燈籠椒。

3.  標記輔助選擇：有助育種無核葡萄
       傳統以來，培育者都是憑植物的可見或可
量度的特性來甄選植物的。不過，要是有關特
性是難以量度及／或要待植物生長階段的後期
才顯露的話，甄選工作便費時失事了。舉個例
子，甄選無核的葡萄栽培品種需要在葡萄藤結
果成熟後方可進行，但葡萄藤種植後往往要待
三、四年時間才結出果實。標記輔助選擇法則
有助培育者無須等數年後葡萄結出果實，也可
以選出無核葡萄。  

      實踐起來，竅門就是採用“基因標記”。
基因標記是指位置接近特定基因（無核基因）
的DNA序列。由於標記與特定基因的位置相當接近，兩者在繁衍出的每一代都會靠在一起。
因此，培育者可憑着基本的分子技術，推測一株葡萄藤會否長出無核的果實。若能找到無核
因的標記，該株葡萄藤很可能長出無核葡萄。

與基因工程相比
      由於上述的育種技術採用了植物本身的DNA，而不是其他品種的DNA，所以引起的爭議較
小，也容易為大眾接受。

      可是，這些育種方法也有其限制。舉例說明，如果整個種羣裡也找不到所需的特徵，那就
不適合採用人工傳授花粉方法。此外，以隨機誘發突變培植特定的栽培品種的成功率相當低。
幸好這些限制可以由其他育種技術加以補足，例如運用基因工程使我們可以準確地改變生物的
遺傳物質和從其他品種引入特定的特徵。

       總括而言，隨著近年對農業生物技術認知的增加，科研人員研發出較部分傳統方法優勝的
新育種方法。新研發的技術並非要取代沿用的方法，而是與舊有的方法互相補足，使植物的育
種更具效能和符合成本效益。有了這些技術，我們期待將來會有更多不同種類的食物。

欲取得更多有關基因改造食物的資料，可瀏覽本署網頁

http://www.cfs.gov.hk/tc_chi/programme/programme_gmf/programme_gmf.html
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For more information on GM food, please visit our website

http://www.cfs.gov.hk/english/programme/programme_gmf/programme_gmf.html
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