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「赴日本研習作物基因導入及標示基因轉殖之研究」報告書

1、 摘要：

以日本水稻品種(Kusahonami and Nipponbare)為材料，分別以standard method 及rapid method感染農桿菌，結果水稻的種子誘導癒合組織至進行第二次抗生素的選拔，rapid method 僅需37天而standard method需要70天，由此可知rapid method可縮短許多時間。而兩個品種利用rapid method 能夠獲得較多轉殖的癒合組織達3.5~6.8%，而standard method 所獲得的轉殖的癒合組織僅有0.3~1.6%。因為研習時間短促僅觀察到rapid method 有轉殖的再生株，且發現Nipponbare可獲得100%的再生株，而Kusahonami只獲得40%的轉殖植株，顯示不同品種之間的轉殖再生株的比率亦不同，並且利用PCR及Southern blot analysis證實目標基因有轉殖成功。
2、 目的：

為提高台灣水稻抗病抗蟲的選育效率及策略的建立，需加強雙方合作研究交流工作，期能育成適宜台灣地區種植的水稻新品種，提高稻作生產競爭力。因此針對水稻抗病、抗蟲基因的標識及選殖進行新技術的研習，並進一步探討抗病抗蟲基因的機制，以便提高育種效率。並將所學習的基因標識及選殖技術應用於其他作物上。
參、行程：

本次行程由農試所嘉義分所農藝系水稻育種專家陳一心研究員兼主任帶領本系同仁羅正宗及羅淑芳助理研究員，民國93年08月15日至日本Tsukuba市，由農業生物系特定產業技術研究機構作物研究所部長Dr. T. Imbe接機，詳細行程與工作內容如下：

08月15日

臺北搭乘華航班機飛至日本Tsukuba市。

08月16日

前往農業生物系特定產業技術研究機構作物研究所拜訪，並了解各單位的業務及研究的方向，而研習的部門為遺傳子技術研究室。

08月17日~08月22日

蒐集有關於基因導入及轉殖方法的資料，並且熟悉實驗室週遭的環境。

08月23日~09月28日

以日本水稻品種(Kusahonami and Nipponbare)的種子為材料，分別以rapid method及 standard method進行種子癒合組織的誘導、農桿菌的感染、除菌及抗生素的選拔等試驗。

09月29~10月11日

將抗抗生素的癒合組織進行GFP基因的測試及PCR的分析。

10月12日~11月9日

將轉殖成功的癒合組織進行再生植株的誘導。

11月10日

自日本成田機場搭華航班機返回台灣。

肆、內容及心得：

一、收集有關水稻轉殖方法及分析的報告

二、配置水稻種子誘導callus培養基(2N6 medium)

	步驟
	方法

	1
	0.8L distillate water 

	2
	30g/L sucrose

	3
	1g/L casamino acid

	4
	N6I x100stock solution take 10cc/L

	5
	N6II x50 take 20cc/L

	6
	EDTA take 10cc/L

	7
	N6III x1000 take 1cc/L

	8
	N6 Vitamin x1000 take 1cc/L

	9
	1mg/L 2,4-D take 2cc/L

	10
	Test pH 5.8

	11
	Finally fixed quantity 1 liter

	12
	Divide 2 bottle (total 1 liter)

1bottle (500cc medium)take 1g of gelrite

	13
	Autoclave 2 hrs

	14
	Divide 30cc for each dish


三、消毒水稻種子 (Seed sterilization)

1.Dehull 500 seeds manually and transfer to a 50ml tube.

2.Add 25ml of 70% EtOH and shake at 150 rpm for 30sec. Decant liquid(hand).

3.Add 40ml of 2% NaOCl and shake at 150 rpm for 20~30 min(hand).
4.Discard sup and replace with water. Shake to mix then decant liquid. Repeat(3X)

5.Transfer seeds to plate lined with sterile filter paper.

	步驟
	方法

	1
	早上的水稻品種為ku sa ho na mi(代號K)

下午的水稻品種為日本晴(代號N)

	2
	用數米粒機算450粒種子

	3
	用手轉的籾摺器將水稻外殼去除，籾摺器用70%EtOH清洗

	4
	將種子放置在50CC無菌Falcon tube ，先用70%EtOH消毒30sec

	5
	2%NaOCl震盪10mins，抽真空10mins

	6
	Sterile water wash three times 

	7
	將種子倒在無菌的紙中，以吸收消毒液

	8
	將種子胚朝上稍微接觸2N6培養基

	9
	每一dish接種15粒種子

	10
	暗培養於28℃的環境中


2N6 medium：N6 salts, N6 vitamins, 30g sucrose, 1g casamino acid, 40mg Fe-EDTA, 2mg 2,4-D, 2g gelrite, adjust to pH5.8( stock不需冷凍，放在4℃)

四、癒合組織的誘導(Callus induction) 

1.Transfer 15 seeds for each plate containing 2N6. Seal dishes with parafilm.

2.incubate at 28℃ in dark condition for 3 weeks.

3.Excise scutellar calli and transfer to a new 2N6 plae. Seal with parafilm and incubate for another 7 days at 28℃.
五、農桿菌感染(Agrobacterium inoculation and co-cultivation)

1.Streak Agrobacterium from a glycerol stock onto LB medium containing 100ug/ml km(kanamycin) and 30 ug/ml Hygromycin and incubate at 30℃ for 3 days.
2.Scrape up some (about 1/10 tsp) of the Agrobacterium and transfer to a 50ml Falcon tube containing 30 ml of AA liquid medium. Add about 4~5g calli.

3.Invert gently and intermittently for 5 min.

4.Discard Agrobacterium via pipette connected to a suction pump and then transfer calli into a Pertri dish lined with sterile filter paper.

5.Transfer and spread the calli onto AA plates. Seal with parafilm and wrap in aluminum foil. Incubate for 3 days at 24℃.  

	步驟
	材料：漏斗裡放濾紙與篩子、杓子滅菌

	1
	將誘導四星期的calli(誘導三星期後再移植到新2N6medium)所有約15盤的calli放到50ml Falcon tube ，共有約20g重 。

	2
	接著自AA liquid medium(包鋁箔)取出2ml ，再加入1 杓 Agro.(培養於LBmedium)，震盪4mins or低於5mins 

	3
	取1cc Agro.(上述2)加入上述1中，再加入AA liquid medium淹蓋過calli

	4
	手轉動Falcon tube 約15mins

	5
	用濾紙將液體過濾後，再取出calli放置於含有AA medium及濾紙的petri dish中，將petri dish用parafilm封好後，全部的dish放在不銹鋼的盤中

	6
	放置於24℃incubate暗培養3天


六、農桿菌的移除(Elimination of Agrobacterium)

1.Transfer the calli into a 50ml tube containing 35ml sterile distilled water. Invert to mix and then suction out suspension. Repeat 5X.

2.Add 35ml of wash solution (containing carbenicillin at 500mg/l and cefotaxime at 500mg/l in sterile water). Invert to mix and then suction out suspension. Repeat 4 X.

3.To absorb excess surface moisture, transfer calli onto a plate lined with filter paper.

4.Transfer calli into N6SE plates and distribute at 1 cm apart. Group according to size to facilitate identification of surviving calli later. Seal plates with parafilm.

5.Incubate under low light intensity at 28℃ for 3 weeks.

6.Identify vigorously growing calli, break up into several clusters and transfer as group onto new N6SE plates. Delineate the group. Seal plates with parafilm.

7.Incubate under low light intensity at 28℃ for 3 weeks

七、植株的再生(Plantlet regeneration)

1.Transfer proliferating calli onto MSRE plates. Distribute 2m apart. Seal plates with parafilm.

2.Incubate under a light regime of 16h light/8h dark at 28℃ for 3 weeks

八、植株的選拔Plantlet selection

1.Transfer regenerating plantlets onto MSHF.

2.After 2 weeks, open the lid(of the Petri dish) and add water. After 5 days, transfer plantlets to pots filled with moist soil. 

九、Total DNA extraction(small scale CTAB method)ertraction buffer for 1 liter

	CTAB(Sigma)  


	20g
	(Hexadecyltrimethyl-

ammonium bromide)

	2M Tris-HCl (pH8.0)
	50ml
	(100mM)

	0.5M EDTA (pH8.0)
	40ml
	(20mM)

	NaCl
	71.9g
	(1.4M)


After autoclaved and cooled down, add 700µl of 2-mercaptoethanol

(材料為葉片則加10g of PVP 40)

Protocol

	Step
	method

	1
	Collected a fresh callus(in vitro)分不同重量51.7mg, 26.1mg, 10.1mg

	2
	Transfer the callus into a 1.5ml tube

	3
	加入20µl of extraction buffer(用棒搗碎)

	4
	Homogenize them for 30 sec by compact homogenizer

	5
	加入180µl of extraction buffer

	6
	Incubate at 65℃ for 15 min and invert tube occasionally

	7
	加入200µl of chloroform

	8
	Mix gently for 5 min(振一下)

	9
	Centrifuge at 12,000rpm(or 15,000 rpm) for 5 min at 4℃

	10
	Take upper phase and transfer to a new tube

	11
	加入500µl of EtOH(99%)

	12
	Mix with gently(不要振)

	13
	Centrifuge at 12,00rpm(or 15,000 rpm) for 5 min at 4℃

	14
	Ppt(沉澱，上層液倒出，底層會見有白色DNA)

	15
	500µlof 70% ethanol

	16
	Mix gently

	17
	Centrifuge at 15,000 rpm for 2 min at 4℃

	18
	ppt(沉澱，上層液倒出，底層會見有白色DNA)

	19
	真空離心2min，使DNA再下沉

	20
	加入200µl of TE buffer(10, 1)(10mM Tris＋1mM EDTA)加入RNase(1µl RNase/ 1ml TE)

	21
	Resuspend the DNA pellet

	22
	37℃ 30 mins

	23
	測DNA含量(機器trospec 3300 UV/Visible spectrophotometer)  設λ為258，未加入DNA前先測

	24
	4.9µl H2O＋1µl DNA

	25
	測完後sample store at 4℃


十、PCR(快速的方法)
Quick & Easy DNA Preparation from Sample to PCR in Less Than 30 Minutes (Whatman)

	Step
	method

	1
	Spot：Apply sample and allow to completely dry. Store for future processing or purify as follows

	2
	Punch：Remove a disc from the center of the dried specimen

	3
	Reagent Washes：Place disc in PCR tube and wash 3 times with FTA(用parafilm蓋住tube口部，再去振盪1min，共3次) Purification Reagent. Discard Reagent after each wash

	4
	TE Rinses：Rinse 3 times with TE-1 (TE-1：10mM Tris-HCl, 

0.1 mM EDTA, PH8.0) 用parafilm蓋住tube口部，再去振盪1min，共3次Discard TE -1after each rinse

	5
	Dry：Allow the disc to completely dry for 3 hrs

	6
	PCR：Add PCR master mix directly to the disc in tube and PCR


開始作PCR，準備冰塊

	Step
	Method                             10 sample

	1
	H2O             7.45µl           74.5µl  

	2
	10X Ex Taq buffer    1µl            10µl

	3
	dNTP(mix)        0.8µl             8µl

	4
	Primer：5MT-1    0.1µl             1µl

       RAS4     0.1µl             1µl

	5
	Ex Taq HS       0.05µl            0.5µl

	6
	       Total      10µl           100µl

	7
	Each tube 9.5µl＋sample DNA 0.5µl


放入Gene Amplification PCR system 9700 machine 反應2 hrs
(30 cycle)

gel：1× TAE 50ml＋0.5 g agarose(1% agarose gel)

	Step
	10× Ex Taq buffer，dNTP，5MT-1(forward primer)，RAS4(reverse primer)，hygro.(OASA1D，轉基因callus)

	1
	loading dye 1 µl(about 1滴)，滴在parafilm

	2
	取sample 10 µl加loading dye，混合均勻注入gel 

	3
	Line 1 marker：Ф×174-HaeIII digest 1357bp

	4
	Line 2,3,4為用whitman method

	5
	Line5,6,7用CTAB method

	6
	Line8,9,10為原來total DNA

	7
	100V, 25mins泳動可完成

	8
	放在Ethidium bromide不銹鋼盒中20mins，取出gel，清洗幾次

	9
	照UV前先放保鮮膜，放上gel開100%，照相 


心得：

一、水稻種子以standard method(JT method) 及rapid method誘導癒合組織及基因的轉殖，主要的不同點為培養時間的長短，其方法分述如下

The used varieties for agrobacterium-mediated transformation 
 were Kusahonami and Nipponbare


Rice hulls of 450 seeds


They were sterilized with 70% ethanol for 30sec , 
20%(v/v) sodium hypochlorite for 20 min, 

then rinsed three times with sterile distilled water


Plated on the N6 medium supplement with 2 mg/l 2,4-D, 1g/l casamino acid 

and 0.2% gelrite for callus induction (2N6 medium)
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Rapid method                                            JT method

Induced calli on 2N6 medium for 9 days            induced calli on 2N6 medium for 3 weeks     

    

Agrobacterium inoculation                        subcultured to 2N6 medium for 1 week


Co-cultivation for 3 days                           Agrobacterium inoculation


Elimination of Agrobacterium and                  Co-cultivation for 3 days
 first selection on N6SE medium                      

    2 weeks

Transferred to N6SE medium                    Elimination of Agrobacterium and
for second selection            
            first selection on N6SE medium

   2 weeks                                                 3 weeks

Use LAS 3000 machine to detect GFP           Transferred to N6SE medium for second fluorescence and PCR analysis                  selection medium

                                                            3 weeks

Transferred to MSRE medium for regeneration       Use LAS 3000 machine to detect GFP fluorescence and PCR analysis(Table 2)

    2 weeks

Transferred to grow out medium (Table 1)     Transferred to MSRE medium for regeneration 

    2 weeks                                                 2 weeks

Transferred the plantlet to greenhouse        Transferred to grow out medium (MS medium)

                                                             2 weeks

Transferred the plantlet to greenhouse

二、水稻的種子自培養誘導癒合組織到進行第二次抗生素的選拔, Rapid method 只需要37天而JT method需要70天，可見Rapid method可縮短許多時間。

三、Kusahonami and Nipponbare這兩個品種利用Rapid method 能夠獲得較多的frequency of transformed calli 較高有3.5~6.8%，而JT method 所獲得的frequency of transformed calli只有0.3~1.6%。

四、因為時間的關係所有只有獲得Rapid method 轉殖株的資料，結果發現Nipponbare可獲得100%的再生株，而Kusahonami只獲得40%的轉殖株。

五、Rapid method 因為時間短所以transposone 短時間不會有遺傳子破壞(gene break)的現象。

六、Rapid method不能獲得更多的transformed calli。

表一、不同品種以rapid method進行農桿菌感染所獲得轉殖植株的比率

Table 1. Effect of different varieties and Agrobacterium strains for rapid method on transformation frequency and plant regeneration

	Varieties
	Agrobacterium strains
	No. of inoculated calli on the 1st selection medium 
	No. of calli transferred to 2nd selection medium and frequency(%)
	No. of transformed calli and frequency(%)
	No. of calli regeneration plants(%)

	Kusahonami
	GFP-Hm
	74
	6(8.1)
	5(6.8)
	2( 40.0)

	Nipponbare
	GFP-Hm
	85
	10(11.8)
	3(3.5)
	3(100.0)


表二、不同品種以standard method進行農桿菌感染所獲得轉殖植株的比率
Table 2. Effect of different varieties and Agrobacterium strains for standard method (JT method) on transformation frequency and plant regeneration

	Varieties
	Agrobacterium strains
	No. of inoculated calli on the 
1st selection medium 
	No. of calli transferred to 2nd selection medium and frequency(%)
	No. of transformed calli and frequency(%)

	Kusahonami
	GFP-Hm
	864
	7(0.8)
	3(0.3)

	Nipponbare
	GFP-Hm
	1658
	96(5.8)
	26(1.6)
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first selection medium

Fig2. The calli from rapid method cultured on second
selection medium




[image: image3.jpg]Fig 3. The calli use LAS 3000 machine to detect
GFP fluorescence after 2nd selection

Figd. The calli had detect GFP fluorescence and
PCR analysis
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