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壹、 摘要：

98年6月8日至15日到義大利波隆納大學研習，參加由國際種子檢驗協會所舉辦之「利用分子標誌進行品種鑑定與純度檢定」訓練班。透過DNA分子標誌的檢測分析，可以鑑定作物染色體序列的差異性，得到差異性條帶供我們區分品種差異性。因為是染色體序列分析，故不受環境影響，也不受鑑定時作物之發育期及肉眼觀察的有限解析度影響，較傳統之植物性狀鑑定方法更具客觀與準確性。在研習過程中，透過與其他學員的交流，彼此的實驗經驗分享，可以在往後操作上更加留意一些可以增加實驗準確度的地方。

貳、 前言：

台灣的農業科技研發居於領先地位，歷年來的育種研究，育出了許多優良作物品種。歷年來農業研究公機關以服務台灣農民為己任，所育成之新品種皆無償推廣於農民用以種植。另一方面在民間的育種者也未著重品種權。因此，許多優良品種因經濟活動而流通；在自由貿易的行為下流於海外，過往所損失的品種權利金無可計量。且因為無品種權的保護機制，國內外皆有不受限制自行進行繁殖的行為，使得銷售市場的競爭機制失衡而流於價格之爭。新品種不斷地推陳出新則為農業永續發展的基礎，植物新品種為智慧財產權的一種，對農業智財權的保護則可視為一個國家農業進步的指標。所以農業先進國家均立法實施植物新品種保護制度，以期藉由對新品種智慧財產權之保障，鼓勵育種者投入品種改良及相關技術之研發，進而帶動農業的發展。此外，台灣為WTO之會員國，據WTO之規範：各會員國應立法保護植物品種權。由上述兩點，我國已於2005年修正公告實施「植物品種及種苗法」，實施以來已開放有一百多種作物進行申請，申請案件也在主管機關的宣導下有逐年增加的趨勢。

叁、 目的：

目前品種檢定方法為外表性狀檢定方法，為利用形態觀察或測量外表性狀，例如花色、花形、株高、果實大小與形狀…等的差異作為區分依據。但作物品種、品系或營養系間的區別，有時受外在環境的影響，增加辨別的困難；或是在作物的某些生長期如苗期或種子等，並不容易以外在性狀來區分個別差異。分析DNA差異是現今作物遺傳研究的重點，在此領域中分子標誌（molecular marker）是非常有用的工具，用以分析作物的遺傳變異和遺傳組成，目前已經有多種分子標誌系統成功建立，包括RFLP（restriction fragment length polymorphism）、RAPD（random amplified polymorphic DNA）、AFLP（amplification fragment length polymorphism）以及SSR（simple sequence repeat）等。利用分子標誌技術可以直接鑑定植物基因型的遺傳歧異度(genetic diversity)，這樣的方法不會受環境影響，也不受鑑定時植物之發育期及人為因子影響，較傳統之植物性狀鑑定方法更具客觀、準確與快速性，可輔助現行的性狀檢定方法，以加強我國品種權保護及侵權鑑定技術。但目前我國並無利用分子標誌於品種權保護方面的案例，且作物品種在全世界的自由貿易市場流通，若欲開發的品種分子鑑定系統無法鑑別國外品種，則品種權保護的機制就有漏洞。因此，藉參加由國際種子檢驗協會所舉辦之「利用分子標誌進行品種鑑定與純度檢定」訓練班。目的除了交流相關技術，以幫助利用分子層次標誌進行品種鑑定的系統開發。也希望有了解其他單位對於品種權保護的相關做法、相關品種材料的交流等機會。
肆、 行程：
	起訖日期
	天數
	到達地點
	詳細工作內容

	98年6月8日

至

98年6月9日
	2
	義大利波隆納
	搭機赴義大利波隆納

	98年6月10日
	1
	波隆納大學農學院
	種子研究與檢定實驗室(LaRAS)研習分子標誌原理及種類，並進行實驗操作番茄、小麥之葉片與油菜種子的DNA萃取與純化

	98年6月11日
	1
	波隆納大學農學院
	到LaRAS研究室研習不同種類分子標誌之應用，並進行實驗操作聚合酶連鎖反應及膠片電泳分析

	98年6月12日
	1
	波隆納大學農學院
	到LaRAS研究室研習分子標誌所得之差異性條帶與遺傳歧異度分析，並進行實驗操作SSR、RFLP與AFLP分子標誌技術

	98年6月13日
	1
	波隆納大學農學院
	到LaRAS研究室研習ISTA如何應用分子標誌技術進行品種鑑定與純度檢定，並參觀GMO檢測實驗室與種子純度檢定實驗室

	98年6月14日至

98年6月15日
	2
	義大利羅馬達文西機場—台灣
	搭機返台(回程)


伍、 內容：

(一)背景資料

國際種子檢驗協會( International Seed Testing Association, ISTA )成立於1924年，為獨立自由具公正客觀的組織。目的是制定和公佈種子試驗的標準程序。希望在商業種子的取樣和檢測上訂定國際標準，成立認證實驗室，並提供國際種子分析證書。並且培訓和傳播相關種子科學知識與技術，促進研究與國際種子交易。協會的成員包括約210個個人會員和162個實驗室會員，其中有95個實驗室為ISTA認可實驗室。
本次的訓練課程在義大利波隆納大學農學院( Department of Agro-Environmental Sciences and Technologies, University of Bologna )的種子研究與檢定實驗室中舉行。此實驗室為ISTA認可實驗室之一，實驗室主持人Dr. Enrico Noli為本次課程的聯絡人，並與阿根廷國家種子協會之Dr. Ana Laura Vicario及加拿大穀物委員會之Dr. Daniel Perry，共同擔任本次訓練的講師，講授關於訓練主題相關之各課程。報名參與此次訓練的學員共有17人，除了本人之外，其他學員來自英國、荷蘭、烏克蘭、德國、奧地利、義大利等歐洲國家，其各任職於私人公司、學術機構及研究中心等，從事與種子品質檢驗、基因轉殖作物檢測等相關分析研究。

課程大致可分為上午的原理與技術講授課程，以及下午的實驗操作課程。講授課程包含了有DNA的萃取與純化( DNA extraction and quantification )、聚合酶連鎖反應 ( The polymerase chain reaction )、分子標誌用於變異性檢定( Molecular markers for variety ID )、多型性類別與利用PCR反應之分子標誌( PCR-based markers , Types of polymorphism )、基因型分析方法( genotyping )、利用PCR反應之分子標誌設計與分析、純度測定與實驗結果分析等。實驗操作的部分則有：番茄、小麥之葉片與油菜種子的DNA萃取與純化；聚合酶連鎖反應及電泳膠片分析與SSR、RFLP與AFLP分子標誌分析方法之實驗操作。

(二)上課內容

遺傳標誌大致可分為外表型、生化及DNA分子之標誌。1.外表型標誌可以是依形態學上、生理學上或物候學(Phenological)上所得差異，主要由肉眼觀察可得的現象；2.生化標誌有等電點、膠體電泳及異構酶等分析所得差異；3.DNA分子標誌有AFLP（amplification fragment length polymorphism）、RFLP（restriction fragment length polymorphism）、RAPD（random amplified polymorphic DNA）、SSR（simple sequence repeat）、SCAR(sequence characterized amplified region)、STS（sequence tagged site）和SNPs（single nucleotide polymorphism(s)）分析方法等。前兩類型標誌所得之差異性來自基因產物，而DNA分子標誌所得之差異性則來自DNA序列差異性。除了RFLP需透過限制酶截切與探針雜合反應；AFLP則需透過限制酶截切再進行PCR反應分析，其他大多數的DNA分子標誌藉由PCR方法分析，即可得到品種間的多型性。由多個面向如：共顯性、費用、獲得可利用之標誌數量等，分析了上述多種DNA分子標誌方法的差異性如下表一。
表一：分子標誌分析方法比較表

	項目/方法
	RFLP
	RAPD
	AFLP
	SSR
	SNP

	Anonymous or specific
	Anonymous
	Anonymous
	Anonymous
	specific
	specific

	Technique
	RE+S+H*
	PCR
	RE+PCR
	PCR
	PCR

	DNA amount
	2-20ug
	20-25ng
	500ng
	30ng
	30ng

	Polymorphism base on
	D,I,R** 
	D,I
	D,I
	N° of repetitions
	PM***

	Co-dominants
	yes
	no
	no
	yes
	yes

	Cost
	high
	low
	medium
	medium
	high

	Reproducibility
	yes
	no
	no
	yes
	yes

	Knowledge of the genome
	not required
	no
	no
	yes
	yes

	Number of markers available
	high
	high
	high
	high
	high

	Level of polymorphism
	medium
	medium
	medium
	high
	high

	Possibility of automation
	no
	no
	semi
	semi
	yes

	Work load
	4-12 days
	1-2 days
	2-3 days
	1-2 days
	1-2 days

	Environmental influence
	no
	no
	no
	no
	no

	Multiplex
	low
	low
	high
	medium
	medium


                        資料來源：上課講義 by Dr. Ana Laura Vicario

註：(*)RE--限制酶, S--transfer, H--雜合反應

(**)D--刪除, I--插入, R--重新排列

(***)PM--點突變

由於DNA分子標誌所得之差異性來自DNA序列差異性，減少了外在環境因素所造成的差異。因此DNA分子標誌在分析作物的遺傳變異和遺傳組成上，成為非常有利的工具，而目前也已經有多種分子標誌系統被成功建立。我們利用DNA分子標誌進行作物樣品的多型性分析後，就所得之實驗結果可進行親源性等分析。「Numerical Taxonomy and Multivariate Analysis System形態學分類系統」這套軟體，可以協助我們進行後續的分析工作。利用NTSYS pc2.02h軟體中的相似矩陣，可對樣品的分子標誌實驗結果進行親緣關係分析，也可以利用此軟體分析不同系統之DNA分子標誌對同一樣品所得結果的關聯性。
分析種子純度與檢測數量、待測樣品族群數量及取樣數量等統計量有關，因此在分析上可利用SeedCalc此系列軟體。本軟體是由種子質量分析所發展出的統計軟體，以協助計算大量種子進行檢測後的純度/雜質比率。利用軟體分析的過程中可以設定不同的信任度進行分析，以得所需待測樣本數或取樣樣本數(隨機取樣)的估計量；也可在不同的採樣/測試計劃下計算風險數值。孟先都公司的研究報告中即有利用此軟體進行分析工作(Statistical considerations in seed purity testing in transgenic traits. Remund et al. Seed Science and Research(2001)11, 101-119. )，此SeedCalc系列軟體為一種Microsoft Excel程式，可在國際種子檢驗協會統計委員會網頁( http://www.seedtest.org/en/statistical_tools_for_seed_testing_content---1--1143--279.html )中獲得。

在實驗操作的過程中，除依訓練班所給的實驗步驟(如後附件)依序進行操作外，也和其他研究人員分享彼此的經驗。由於實驗步驟與材料多來自國際已發表期刊中，所以與我方所用方法差異不大。所用來進行實驗的藥品或儀器，也多是購自國際大廠，所以操作方法與條件也大多相同。但，一些在實驗操作的細節上，透過學員們彼此的實驗經驗分享，可以在往後操作上更加留意一些可以增加實驗準確度的地方。在經驗分享的過程中，實際操作種子純度的檢測人員說：「取樣的方式與取樣量，對於檢測結果影響最大，其他的部分有賴適當的儀器、工具與受過專業訓練的檢測人員。當然一個具有豐富經驗的專業人員，可以熟練地進行檢測流程及其細節，對於結果判讀也較一致性。但性狀檢定上，因為有些是由肉眼判讀的結果，對於種子商與農民彼此來說，有時候會有爭議的狀況。除了透過受認證的實驗室出示鑑驗報告增加公信力外，開發分子層次的檢驗方法也是必要的。」另外，從事DNA分子標誌的研究人員說到：「在開發DNA分子標誌的過程中，對目標作物DNA序列相關資料的了解，可以有助我們設定所要建立的DNA分子標誌系統。但，每一種DNA分子標誌系統都具有開發的價值，得依據目標作物、研究人員的能力、對各系統的了解度等，再設定開發的目標。很難說有哪一套系統最強而有力，因為也需考慮到開發過程中所花費的人力、物力與時間。」

(三)參觀種子檢測實驗室

波隆納大學是歐洲第一間大學，具有古老的歷史。然而農學院卻坐落在波隆納的郊區是新的校區，在這個校區內的教學大樓與其他建築與設施，無法窺見這所大學的歷史性。但是，在種子研究與檢定實驗室裡，有著百年歷史的種子標本儲藏櫃與許多種類的種子標本。透過種子檢定上擁有豐富經驗的專職人員示範，看到依據ISTA所公佈之種子檢定準則，所進行之種子檢定作業。除此，也由檢定人員介紹檢測作業的相關儀器，包括用來觀察種子外型特徵的顯微鏡與照相器具、種子生理測定之培養箱與溫室、過濾雜質之風鼓設施與適合不同種子孔徑的篩網等。另外，我們也參觀了基因轉殖作物分子檢測實驗室，此實驗室是用歐洲常見之廚房用調理機進行種子打碎過程，粉碎後所得粉末再進行後續核酸萃取與PCR偵測反應。雖然，在下提出粉末殘留與PCR偵測反應之靈敏度，可能造成實驗結果的誤差。但，對方檢定人員說明：「透過空氣噴槍與有效清潔劑的清洗下，可以有效排除DNA污染的疑慮。」這與我方積極建立的基因轉殖檢定實驗室所使用方法有很大差別，我方在排除污染問題的解決方法為：利用單次使用之容器與瓷珠，以適用的均質機進行種子打碎，所得種子粉末則進行核酸萃取再以特定引子進行PCR反應。接觸樣本之試驗耗材使用後以滅菌袋包裝，再以高壓滅菌鍋爐處理後丟棄，每個試管與瓷珠皆不回收單獨使用。因此，可以有效減低樣品間DNA污染的可能性。

六、 心得與建議：

自由貿易的經濟行為中，除了傳統的供需法則外，智慧財產權在現今社會中，也影響了市場的交易狀況與物品的價值，進一步影響生產者的生產利潤與消費者爲商品所需付出的價格。在傳統產業與科技產業中，智財權與專利權為兵家必爭之地，企業個體間也早就打起智財權的戰爭。農業因為與民生最基本問題緊密連結，早期在智財權或專利權上有諸多保留。但，為保護農業研發成果與農業研發人員的權利，農業智財權也逐漸被受重視。

植物新品種是智慧財產權的一種，對新品種智慧財產權之保障，藉由立法實施植物新品種保護制度，鼓勵育種者投入品種改良及相關技術之研發，進而可帶動農業的發展。在建立植物新品種品種權的同時，我們也需建立保護品種權的鑑定制度，做到後端的侵權鑑定服務。在侵權鑑定方面，DNA分子標誌可以輔助現行的性狀檢定方法，提供更有力的鑑定證據。因此，開發可利用之有效DNA分子標誌系統，有其必要性。而因應環境變化與人們的喜好，植物的新品種不斷在市場上推出，尤其是擁有多項變化種類繁多的經濟花卉。因此，在開發經濟花卉的有效DNA分子標誌鑑別系統上，如何投入有限人力物力在最短時間內建立有效分子鑑定系統，除了研究人員的能力培養外，透過與相關分子標誌研究人員的交流、收集目標作物的多樣品種與性狀檢定人員協助性狀的區別下，皆有助縮短開發時程盡早建立可用的系統。另外，因為經濟花卉在市場上的流通壽命較其他作物短，在針對經濟花卉開發分子層次鑑別系統時，對於適當的目標選定與有效分類，應可增加篩選的有效性。而統整不同系統的DNA分子標誌，找出系統間的關聯性，也可增加對品種的識別度。
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圖一、木造種子標本儲藏櫃              圖二、各種種子標本
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圖三、製作SSR分析方法用之丙烯醯胺膠片 圖四、設定儀器電腦操作
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圖五、實驗結果分析與討論                圖六、參與訓練之全體人員合照
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      圖七、利用Li-cor儀器系統所進行的丙烯醯胺膠片分析


[image: image8]
    圖八、利用SNP分子標誌針對特定對偶基因進行基因型分析之電泳膠片結果，除2B-5-2的B組引子結果可能因為人為操作有誤顯現不明顯外，其餘結果皆符合
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Plant Genomic DNA Extraction using CTAB method

Reagents

· CTAB 1% buffer (see buffer reagents below)

· Chloroform

· Isopropanol

· Ethanol 70% (v/v)

· Deionized distilled water
Disposables

· Pipette tips: 200μl and 1000μl

· Tubes (1.5-2.0 ml)
Equipment

· Automatic pipettes: 200μl and 1000μl 

· Oven or waterbath at 65°C

· Table-top centrifuge

· Fume hood 
CTAB 1 % buffer 100ml

1.0 g CTAB (Hexadecyl trimethyl-ammonium bromide)

10.0 ml 1 M Tris pH 8.0

2.0 ml 0.5 M EDTA pH 8.0 (EthylenediaminetetraAcetic acid Di-sodium salt)

14.0 ml 5 M NaCl

40.0 ml H2O
Procedure

1. Grind the plant tissue (i.e. leaf) to a fine paste with liquid nitrogen 

2. Add 600 μl of CTAB buffer.

3. Mix well  and incubate the CTAB/plant extract mixture for about 60 min at 65° C in a recirculating water bath.

4. (optional) After incubation, spin the CTAB/plant extract mixture at 12000 x g for 5 min to spin down cell debris. Transfer the supernatant to clean microfuge tubes.

5. To each tube add 600μl of Chloroform and mix the solution by inversion. After mixing, spin the tubes at 12000 x g for 15 min.

6. Transfer the upper aqueous phase only (contains the DNA) to a clean new 1.5 tube.

7. Add an equal volume of isopropanol.

8. Mix by inversion for 30 seconds. (optional: store the tubes at -20°C for 1 hour or O/N). Centrifuge for 10 min. at 11500 g. Discard the supernatant.

9. Add 300 ml of 70% (v/v) ethanol. Discard the supernatant, dry the pellet and resuspend it in 100μl of deionized distilled water or TE buffer. 

DNA EXTRACTION USING ABI PRISM 6100 Nucleic Acid PrepStation

1. Add 0.5 ml 1X Lysis Buffer, 0.5 ml PBS (phosphatase buffer saline), and 4µl proteinase K to about 100 mg flour sample or fresh tissue in a 2 ml tube
2. Vortex the tube and incubate for 1 h and 30 min at 65°C
3. Centrifuge for 20 min at 12000 g (if supernatant is not clear, repeat centrifugation).
4. Prepare 400µl of Precipitation Buffer in a 2 ml tube by mixing 100µl of Precipitation Solution 1 and 300µl of Precipitation Solution 2
5. Recover 200 µl of supernatant from the centrifuged sample and add to the Precipitation Buffer. Mix by pipetting.
6. PREP STATION:  
· place the waste plate in the WASTE POSITION and the collection plate in the COLLECTION POSITION

· place the purification tray on the movable carriage

· set TRANSPREP program
7. Remove the seal from the wells to be used and place the carriage in the WASTE POSITION
8. Load the precipitation reaction (600 µl) in a well and apply vacuum for 2 min.  F1 (vacuum, Step1)
9. Add 600 µl of Wash Solution1 in the well and apply vacuum for 90 sec. 

 F1 (vacuum, Step2)
10. Add 600 µl of Wash Solution2 in the well and apply vacuum for 90 sec. 

 F1 (vacuum, Step3)
 11. Dry the membrane by apply vacuum for 30 sec.  F1 (vacuum, Step4)
 12. Shake plate to release remaining droplets of Wash Solution
      (manual movement of the carriage, Step5)
 13. Move the carriage to the COLLECTION POSITION
 14. Add 150 µl of Elution Solution in the well and incubate for 2 min 
     F1 (incubation, Step6) 
 15. Elute by applying vacuum for 2 min.  F1 (vacuum, Step7)
   16. Shake plate to release remaining droplets of Elution Solution  (Step8)
   17. Remove the collection plate with the eluted DNA.

DNA Extraction from Single Kernels 

Reagents

· SDS 0,5 % buffer

· Isopropanol

· Deionized distilled water

Disposables

10. Pipette tips: 200 and 1000 µl

11. Tubes (1.5 and 2.0 ml)

12. Beads

Equipment

· Automatic pipettes: 200 and 1000 µl 

· Table-top centrifuge

· Tissue lyser

Extraction Buffer:

Component



Amount

Final Concentration

Tris-HCl (pH 7.5), 1 M stock
200 ml

200 mM

NaCl




    16.83 g

288 mM

EDTA (pH 8.0), 0.5 M stock
50 ml

25 mM

SDS




    5g

 
0.5 %

Add water to one liter.

Procedure

· Crush individual kernels with needle-nose pliers while placing them in microfuge tubes.

· Place four beads in each 2 ml round-bottom microfuge tube (one tube for each kernel to be extracted – up to 48 at one time) 

· Pulverize samples at 30 Hz in mixer mill for 10 min.  Rotate blocks in mixer mill and pulverize for an additional 10 min.

· Tap down tube contents and add 1.25 ml of extraction buffer to each tube.

· Homogenize by shaking at 30 Hz in mixer mill for an additional 30 sec.

· Centrifuge at 8000 rpm (6200 x g)  for 5 min.

· Distribute 750 μl of isopropanol to empty 1.5 ml microfuge tubes (one per kernel).

· For each extract, transfer 750 μl of supernatant to a 1.5 ml tube containing isopropanol.  Mix by rocking.  

· Centrifuge at 7500 rpm (4500 x g) for 2 min.

· Pour off supernatant.

· Briefly centrifuge (just bring up to 7500 rpm) to collect remaining liquid at bottom of tube.

· Remove remaining liquid with a P200 pipette.

· Allow pellets to air dry for about 15 min. (drying too long can 
make pellets difficult to resuspend).

· Add 200 μl of ultrapure water to each.

· Resuspend pellets by shaking at 30 Hz in mixer mill for 15 sec. If necessary, rotate blocks and repeat for an additional 15 sec.

· Pellet solids by centrifuging at maximum rpm in a microcentrifuge for at least 5 min. immediately prior to use. 

GENOMIC DNA QUANTIFICATION
DNA quantification using BioPhotometer 
Background: The BioPhotometer is used for measurements of DNA absorbance at 260 nm, which is converted into DNA concentration by the formula (Lambert-Beer absorption Law):
	DNA concentration (ng/µl)=A260nm 
	x
	50 ng/µl
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	x
	dil.

	
	
	1 absorbance unit
	


A260nm = absorbance value at 260 nm (wavelength absorbed by nucleic acid)
50 ng/µl = concentration of a DNA sample with absorbance at 260 nm = 1 
dil = dilution factor of the measurement solution (µl final solution /µl sample solution)
Impurities in the sample can be detected from the ratios of various absorption values. Since proteins absorb at 280 nm, the purity of a nucleic acid solution can be estimated from the A260nm/ A280nm  ratio.

Pure DNA should give a value of 1.8. Protein contamination decreases these values. Absorption at 230 nm reflects impurities of e.g. carbohydrates, peptides, phenols or aromatic compounds. The A260nm/ A230nm ratio should be greater than 2.0 for pure samples.

Procedure:

· Insert the cuvette into the cuvette chamber 
· Set the instrument on dsDNA method 
· Set parameters:
programmed factor 50

corr. with E320 on (for turbid solutions)

unit ng/µl

mol. unit pmol/ml

cuvette 10 mm

Set sample: sample 2 µl + diluent 98 µl
Measure blank with 98 µl H2O

Add 2 µl DNA sample and resuspend by pipetting

Measure sample DNA concentration 

Remove and clean the cuvette with H2O

Quantification and quality control of DNA using 0.8% agarose gel

DNA concentration can be approximately estimated by loading and comparing sample dilutions and high molecular weight standard DNA (HMWSD - phage DNA or calf thymus DNA) dilutions on a 0.8% agarose gel. 
Solutions:
1) TBE 0.5X:

Tris-borate 

0.045 M

Boric acid 

0.045 M

EDTA 

    0.001 M
or 1:10 dilution of TBE 5X stock (Tris-borate 0.45 M, boric acid 0.45 M, EDTA 0.01 M)
2) Loading buffer (LB):

bromophenol blue 

0.125%

Xylene cyanol 


0.125%

Ficoll 




15%

Procedures:
1. Prepare a 0.8% agarose gel (0.8 g agarose + 100 ml 0.5X TBE buffer. See the protocol “Visualization of PCR products, Visualization in agarose gel”, for details of gel preparation. 

2. Prepare a dilution in water (or TE) + LB of high molecular weight standard DNA (final concentration 25 ng/µl)

3. For each sample prepare a 1/5 dilution in water (or TE)

4. Take 1-2 µl of diluted and undiluted samples, add a few µl water or TE and add 1/5 volume of LB

5. Load DNA samples in 0.8% gel together with increasing amounts of HMWSD (1, 2, 4 and 8 µl to have 25, 50, 100 and 200 ng DNA in wells)

6. Run electrophoresis, stain and de-stain gel.  Take a picture.

Interpretation of results:
· Good quality DNA is not sheared and shows as a single intense band in the same position as HMWSD. If only a smear appears, the DNA is poor quality.

· If a lower (anodal) smear appears, that is RNA 

· To quantify your samples, compare the band intensities with those of the HMWSD. When a similar band is identified, divide the amount (ng) of HMWSD loaded by the volume loaded (µl) of the individual sample to obtain a DNA concentration in ng/µl.
Visualization of PCR products

Visualization in agarose gel 


Equipment

· Horizontal gel electrophoresis chamber

· Power supply (at least up to 150 V)

· Microwave

· Shaker

· UV Transilluminator (312 nm)

· Photographic camera
Reagents

· Agarose (molecular biology quality, DNAse, RNAse free)

· TBE buffer 0.5 X: 5,4g/L Tris base, 2,75 g/L boric acid, 2 ml/L EDTA 0,5M 
pH: 8 (from a stock 5X)

· Loading buffer: 15% Ficoll, 0.25% bromophenol blue, 50mM EDTA)

· DNA marker (100bp ladder)

· Ethidium bromide solution (0.5mg/ml) 

Gel preparation

· Prepare electrophoresis tray and position the comb. 

· Calculate the volume of the gel to prepare considering the volume of the 
gel tray, so to get a gel of 0.5cm thick. 

· Weigh the necessary amount of agarose and pour it into a flask 
containing the electrophoresis buffer. Mix by swirling. 

· Cover flask with plastic to avoid excessive evaporation. 

· Bring the mix to boiling in a microwave, take it out and gently swirl, boil 
again for 15-20 seconds until agarose has dissolved. 

· Pour the gel and let it solidify. 
Gel loading

1. Put the gel into the electroforetic chamber and add electrophoresis 
buffer until wells are completely covered (about 2mm above the surface of gel)

2. Add loading buffer (LB) in a proportion of 1/5 (1μl of loading buffer per 
5μl of PCR product). It is also possible to place a drop on parafilm and add the same ratio of LB. For a final volume of 25μl of PCR product, add 5μl of LB. 

3. Spin the tubes briefly. 

4. Load a sample volume that can fit in the gel wells. As DNA is negatively 
charged, the samples must be on the cathode side, and will run to the  
anode. 

5. For each gel, load a DNA size standard. The size standard must 
be 
appropriate for the size of the amplified product (fragments must be of 
comparable size). PCR products will be compared with 100-base pair 
ladder. 

6. The bromophenol blue dye will start to move toward the anode and 
bubbles will rise from the electrodes. 


Electroforesis run

· Apply voltage. The higher the voltage the faster the run. Do not exceed 
a voltage of 5 V/cm of distance between electrodes.

· Run the gel until the blue dye has run 2/3 of the length of the gel. Stop 
the current.
Gel staining and visualisation

Submerge gel in a tray containing ethidium bromide (EtBr) solution (0.5µg/ml), cover the tray and place on a shaker for 10-20 min. Shake gently. 

EtBr is a mutagen: wear gloves and handle with care. 

After staining, to decrease background, de-staining in water may be necessary. Shake gel in water tray for 5 min. 

Place gel on UV transilluminator. UV is harmful to eyes and skin. Wear gloves and mask. Take a photograph the gel. Note: Fluorescence intensity will decrease with exposure to UV light, so limit the exposure prior to taking the photograph.

Visualization in acrylamide gel with “silver staining”

Equipment

· Vertical gel electrophoresis chamber

· Power supply (at least up to 100 W)

· Shaker

· Trays

· Fume hood

· Camera
Reagents

· 40% w/v liquid acrylamide (19 acrylamide:1 bisacrylamide) 

· Urea

· TBE buffer 1 X (from a stock 5X)

· Sodium acetate

· Loading buffer: 98% Formamide, 10 mM EDTA pH 8.0, 0.01% of bromphenol blue (w/v), 0.01% xylene cianol (w/v)

· DNA marker (100 bp + 1 bp ladder)

· Ethanol

· Repel-silane

· Bind-silane (3-propyl-Trimethoxysiyl-methanylate)

· Acetic acid

· Ammonium persulphate

· TEMED

· Silver nitrate

· Formaldehyde

· Sodium carbonate

· Sodium thiosulfate.

Acrylamide is neurotoxic: wear gloves and handle with care. 
Preparation of the glass plates
The two glass plates have dimensions of 42 x 32 cm. The top plate must have an notch of 2 cm to allow the insertion of the shark tooth comb. 

1. Wash plates with sodium soap. After cleaning one plate it is important to change gloves and use different sponges for cleaning the second plate to prevent cross-contamination. For both plates, the surfaces that will face inwards must be rinsed, first with 40% ethanol (v/v) and than with 100% ethanol. 

2. Treat the short plate with 0.5mL of repel-silane and the long plate with 1mL of solution prepared by adding 3µl of Bind-silane to 1mL of 95% (v/v) ethanol  and 0.5% (v/v) acetic acid. Gently remove the excess silane from each plate with 100% ethanol. 

Silane solutions are toxic: wear gloves and handle them under fume hood

3. The two plates are then placed one over the other separated by 0,4 mm spacers, and locked together by four clamps. It is very important that the inward facing surfaces of the glass plates never contact each other or the bind silane will contaminate the short glass.

4. Prepare the acrylamide solution. A final volume 60mL contains: 12mL of 5X TBE, 5% (w/v) acrylamide, 25.2g of urea. Immediately prior to casting the gel, add 300µl of 10% ammonium persulphate (w/v) and 30 µl of TEMED.

5. Put the clamped plates on an sloped work surface and pour the acrylamide slowly avoiding the creation of bubbles. When the lower edge of the acrylamide has reached the end of the plates, put the gel in a flat working surface, insert the sharkstooth comb with the teeth pointing to the top of the gel. Let the gel polymerize. Polymerization occurs in about 45 minutes at room temperature. 

Electrophoresis

1. Put the gel in the electrophoretic chamber and pour the electrophoresis buffers: TBE 1X on the cathode and TBE 1X with 34g/L of sodium acetate on the anode.

2. Mix amplicons with an equal volume of a loading buffer. 

3. Prior to loading samples the gel is prerun at 50W for 30 min. Invert the sharkstooth comb, so that the teeth point towards the gel. 

4. Denature samples for 5 minutes at 95°C and cool them on ice. Load samples and a size standard on the top of the gel.

5. Connect the gel apparatus to the power supply and turn it on. Adjust setting to constant power of 80W. The run takes about two hours.  

After the run separate the two glass plates; the gel will remain attached to the bind silane treated plate.
“Silver staining” procedure 

Prepare 2 litres of each of these solutions:

Fixing solution: 10% (v/v) acetic acid 

Staining solution: 1.5 g/L Ag(NO3)2  and formaldehyde 0.056% (v/v) 

Developing solution: 30 g/L Na2CO3, 0.056% formaldehyde and 20 mg/L sodium thiosulfate. The developing solution must be cooled to about 10° C. 

Formamide and formaldehyde are toxic: wear gloves and handle them under fume hood. 

Background:The silver staining colouration of the gels takes place because in alkaline conditions the Ag2+ ions (which are linked to DNA during the staining phase) are reduced and precipitate as silver metal, allowing the identification of bands. For this reason the purity of the bidistilled water used in each solution must be very high or the silver ions will precipitate on any kind of impurity present in the solutions and the gel will be coloured with a grey background.

1. Place the gel in the fixing solution for half an hour or O/N to fix the DNA to the gel.

2. Wash the gel in bidistilled water (three rinses of 5 minutes each) and transfer to the staining solution and let it remain for 50 minutes with gentle shaking. 

3. After a very brief rinse in water to remove excess silver from the surface, place the gel in 1L of chilled developing solution and shake it more vigorously. When the first bands are just visible, transfer the plate to the second 1L portion of chilled developing solution and shake again until the visualization is completed. 

4. The reaction of silver precipitation is stopped by adding 1L of fixing solution. Leave the gel to react for 10 minutes and then rinse it in deionized water.

Visualization in acrylamide gel with Li-Cor 4300 DNA analyzer

Equipment

· Licor 4300 DNA analyzer

· Fume hood

Reagents

· Acrylamide: Long Ranger gel solution (50% w/v)

· Urea

· Isopropanol 100%

· TBE buffer 1 X (from a stock 5X)

· Loading buffer: 98% Formamide, 10 mM EDTA pH 8.0, 0.01% of bromphenol blue (w / v).

· DNA marker (50 – 350 bp)

· Bind-silane (3-propyl-Trimethoxysiyl-methanylate)

· Acetic acid

· Ammonium persulfate (APS)

· TEMED

Acrylamide is neurotoxic: wear gloves and handle with care. 

Preparation of the glass plates

The two glass plates are 41cm in length. The top plate must have a notch of 2cm to allow the insertion of the comb. 

13. Wash plates with neutral soap (Alconox) using a sponge or a scrub if it is necessary. Remove any dried-on polyacrylamide. Rinse well with distilled water. For both plates, the surfaces must be rinsed with 100% isopropanol.

14. Combine 60μl of stock bind silane solution (50μl of bind silane in 10ml of 100% ethanol) and 60μl of 10% acetic acid in a 1.5ml microcentrifuge tube.

15. Use a cotton swab to apply the solution on the inside of the short plate over the area below the edge of the notch were the comb will be inserted. Use the front plate as a guide to determine where to place the bind silane on the rear plate.

Silane solutions are toxic: wear gloves and handle them under fume hood

16. Place the short, notched plate over the rear plate, separated by 0,25 mm spacers, and lock together with two side rails. Make sure that the plates are aligned evenly at the bottom.

17. A final volume of 20 mL of acrylamide contains 4 mL of 5X TBE, 5% (w/v)  acrylamide (2 mL Long Ranger gel solution), 7.2 g of urea. Immediately prior to casting the gel, add 170 ul of 10% APS (w/v) and 17 ul of TEMED. 

18. Draw the gel solution into a 60 cc syringe and inject the gel. 

19. Insert the comb, place the casting plate and tighten the two tank clamp knobs until finger tight.

20. Polymerization occurs in about 45 minutes at room temperature. 

Electrophoresis

· Remove the casting plates and add a small volume of water to the notched area to the front of the plate when the comb is inserted. 

· Remove the comb and mount the gel apparatus on the instrument, with the bottom of the gel inside the lower buffer tank. Fill the upper and lower buffer tanks with TBE 1X buffer. Insert the power cable in the upper buffer tank and connect it to the hight voltage connector on the instrument chassis.

· Prior to loading samples, the gel is pre-run at 40W for 10 min.

· Mix PCR products with an equal volume of a loading buffer and denature samples for 5 minutes at 95 °C.  Cool samples on ice and then load them on the top of the gel. Load a DNA size standard.

The run takes about 45 minutes at constant power of 40 W.
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