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Chapter One [

A Basic Primer on Biotechnology

Reading Material

1. Biotechnology Definition

Biotechnology can be broadly defined as “using living organisms or their products for
commercial purposes”. As such, biotechnology has been practiced by human society since the
beginning of recorded history in such activities as baking bread/brewing alcoholic beverages or
breeding food crops or domestic animals. A narrower and more specific definition of biotechnology
is “the commercial application of living organisms or their products, which involves the deliberate
manipulation of their DNA molecules”. This definition implies a set of laboratory techniques
developed within the last 20 years that have been responsible for the tremendous scientific and
commercial interest in biotechnology, the founding of many new companies and universities. These
laboratory techniques provide scientists with a spectacular vision of the design and function of
living organisms, and provide technologists in many fields with the tools to implement exciting
commercial applications.

(1) Genome

The complete set of genetic instructions for a living organism is contained in its genetic code,
referred to as its genome. The genome for each organism differs by the number and size of
chromosomes and the number of genes each contains. Each chromosome is composed of a single
strand of deoxyribonucleic acid (DNA) and specialized protein molecules. Coding regions called
genes are along the DNA strand of each chromosome. Only specific regions of each chromosome
code for genes. Alternate forms of genes in each organism account for the differences between
individuals. Each DNA strand is composed of similar repeating units called nucleotides. Four
different nucleotide bases are present in DNA. They are adenine(A), thymine (T), cytosine (C), and
guanine (G). The specific order of these bases in a gene coding region on the DNA strand specifies
exact genetic instructions.

Two DNA strands are held together by bonds between the bases; these constitute base pairs.
Often the size of a genome is referred to by its number of base pairs. Each time a cell divides, the
full genome is replicated and each daughter cell receives an exact copy of the genetic code. Each
strand of DNA directs the synthesis of a complementary strand with free nucleotides matching up
with their new complementary bases on each of the strands. Strict base pairing is adhered to; A will
only pair with T, and C will only pair with G. Each daughter cell receives one old and one new
DNA strand.
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(2) Genes

The genes on each DNA strand contain the basic physical and functional units of heredity. A gene
is a specific sequence of nucleotide bases, whose sequences carry the information required for
constructing proteins. In turn, proteins regulate the expression of the genes and provide structural
components and enzymes for biochemical reactions necessary for all living organisms. The
protein-coding instructions from genes are transmitted indirectly through messenger ribonucleic acid
(mRNA), a transient intermediary molecule similar to a single strand of DNA. For the information
within a gene to be expressed, a complementary RNA strand is produced (by a process called
transcription) from the DNA template in the nucleus. This mRNA is moved from the nucleus to the
cellular cytoplasm, where it serves as the template for protein synthesis. The cell’s
protein-synthesizing machinery then translates the genetic code, or condons, into a string of amino
acids that well constitute the protein molecule (by a process called translation) encoded by the gene.
Following modification, the resulting protein can begin its function either as an enzyme, structural or
regulatory protein.

Proteins are large, complex molecules made up of long chains of amino acid subunits. There
are 20 different amino acids. Within a gene, each specific sequence of three DNA bases (condons)
directs the cell’s protein-synthesizing machinery to add a specific amino acid. For example, the
base sequence ATG codes for the amino acid methionine (any biochemistry text will have a
complete list of amino acids and their corresponding condons). The genetic code is thus a series of
condons that specify which amino acids are required to make the specific protein a gene codes for.
The genetic code is the same for all living organisms.

Not all genes are expressed in all tissues. For example, the tassel and developing ears on a corn
plant (Zea mays) produce pollen and embryos that will develop into seed. The differences between
these two plant parts are ultimately controlled by gene expression. The differential expression of
genes is controlled by its promoter. The expression of a few genes in plants is controlled by
environmental factors such as sunlight, temperature, and day length. These three factors are
important in triggering flowering in many plant species.

2. Using of biotechnology

Biotechnology includes a vast array of tools used in research and modification of biological
systems. These include: genetic mapping, the process of identifying the location of a gene on a
chromosome and elucidating the gene sequence; molecular based disease diagnosis, identifying
specific alleles (alternate forms of a gene) of a gene which cause genetic diseases; gene therapy,
replacing an absent or defective gene with a working one enabling normal body function; forensic
science, solving crimes and identifying human remains not previously possible; and genetic
transformation, movement of a gene or group of genes from one organism to another. This process
is also called genetic engineering.

(1) Genetic Transformation (genetic engineering)

Genetic transformation is the area of biotechnology that has created the greatest amount of stir
and which will be the focus from this point on. Organisms with genetic material from another
organism are often referred to as genetically modified organisms or GMOs. Since all crop and
domesticated animal species have been genetically modified since the dawn of time, technically
they are also GMOs. When referring to organisms with a gene from another species, transgenic is a

2
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more accurate description.

Many of the processes of biotechnology have been used for many years. Insulin from pigs and
cows was historically used to treat diabetes and was beneficial to a many. However, there was not a
consistent supply and some individuals developed adverse reactions to this type of insulin because
their bodies recognized it as foreign and mounted an immune response. Human insulin produced
through cloning and inserting human genes in bacteria resulted in insulin that did not cause an
immune response. This was the first pharmaceutical produced through biotechnology and it has
insured a consistent reliable source of human insulin.

Before a gene is transferred to another organism it must be identified, isolated and cloned. In
the laboratory, the mRNA molecule from a gene being expressed can be isolated and used as a
template to synthesize a complementary DNA (cDNA) strand. This isolated cDNA strand can then
be cloned (duplicated) for transformation into another species. The ¢cDNA strand can be used to
locate the corresponding gene on a chromosome, or map it.

Transformation is typically accomplished by using either Agrobacterium tumefaciens or
particle acceleration and the gene gun. Agrobacterium tumefaciens is a bacteria that occurs in
nature. It contains a small circular piece of DNA called a Ti plasmid (Ti for tumor inducing). When
this bacterium infects certain woody plant species, the Ti plasmid enters cells of the host plant.
Certain regions of the Ti plasmid insert themselves into the host cell’s genome. This insertion occurs
in a region of the DNA strand with a specific sequence. The host cell then expresses the gene from the
bacteria, which induces massive cell growth and the resultant plant tumor the bacteria is named for.
Biotechnology utilizes this natural transformation process by removing the bacterial genes from the
region transferred to the host genome and substituting genes of interest. Agrobacterium use for
transformation is limited because it will only infect certain dicotyledonous species.

The other transformation process involves coating gold particles with genes of interest. The
gold particles are shot into single cells of the plant of interest with the gene gun. This is commonly
referred to as particle acceleration. In a process not fully understood, the transgene(s) are
incorporated into a DNA strand of the host genome. This process is inefficient but does not have the
host species limitation of Agrobacterium.

Both processes require the use of plant tissue culture. Individual cells of the plant to be
transformed are cultured. These are then subjected to the transformation process. Non-transformed
cells must be eliminated. This is done with selectable marker genes. In the case of the Roundup
Ready gene, Roundup (glyphosate) is used directly as the selectable marker, since Roundup will kill
non-transformed cells. When another trait of interest is being transformed in the crop, a selectable
marker like antibiotic or herbicide resistance is used. The cells in culture are treated with the
herbicide or an antibiotic. Only those cells that were transformed with the two genes will survive.
Whole plants are then regenerated from the single cells that survive.

Following transformation and plant regeneration, the transgenic plants must be tested in the
field to ensure that the transgene functions properly. Not all transgenic plants will express the trait
or gene product properly. Once a transgenic plant that expresses the trait has been identified and is
stable, then the trait can be bred using conventional plant breeding methods into cultivars with
adaptation to the environmental conditions where the crop is produced.

(2) Specific applications of genetic engineering
Specific applications of genetic engineering are abundant and increasing rapidly in number.

3
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Genetic engineering is being used in the production of pharmaceuticals, gene therapy, and the
development of transgenic plants and animals.

(1 Pharmaceuticals

Human drugs such as insulin for diabetics, growth hormone for individuals with pituitary
dwarfism, and tissue plasminogen activator for heart attack victims, as well as animal drugs like the
growth hormones, bovine or porcine somatotropin, are being produced by the fermentation of
transgenic bacteria that have received the appropriate human, cow, or pig gene.

@ Gene Therapy

The first clinical gene therapy is underway to correct an enzyme deficiency called ADA in
children. Bone marrow cells are removed, defective DNA in bone marrow cells is supplemented
with a copy of normal DNA, and the repaired cells are then returned to the patient’s body.

(3 Transgenic Plants

Transgenic plants that are more tolerant of herbicides, resistant to insect or viral pests, or
express modified versions of fruit or flowers have been grown and tested in outdoor test plots since
1987. The genes for these traits have been delivered to the plants from other unrelated plants,
bacteria, or viruses by genetic engineering techniques.

@ Transgenic Animals

Presently, most transgenic animals are designed to assist researchers in the diagnosis and
treatment of human diseases. Several companies have designed and are testing transgenic mammals
that produce important pharmaceuticals in the animal’s milk. Products such as insulin, growth
hormone, and tissue plasminogen activator that are currently produced by fermentation of
transgenic bacteria may soon be obtained by milking transgenic cows, sheep, or goats.

3. Using Biotechnology in Diagnostic Applications

Since each living creature is unique, each has a unique DNA recipe. Individuals within any
given species, breed, or hybrid line can usually be identified by minor differences in their DNA
sequences- as few as one difference in a million letters can be detected! Using the techniques of
DNA fingerprinting and PCR(polymerase chain reaction) scientists can diagnose viral, bacterial, or
fungal infections, distinguish between closely related individuals, or map the locations of specific
genes along the vast length of the DNA molecules in the cells.

(1) Identifying Organisms

By using RFLP technology (restriction fragment length polymorphism), DNA fingerprints can be
generated. Any individual organism can be uniquely identified by its DNA fingerprint. DNA
Consequently, this fingerprint can be used to determine family relationships in paternity litigation, match
organ donors with recipients in transplant programs, connect suspects with DNA evidence left at the
scene of a crime (in the form of hair or body fluids), or serve as a pedigree for seed or livestock breeds.

(2) Identifying Genes

One important aspect of genetic engineering projects is to identify the DNA gene that controls a
particular trait. In the same way that a visitor might use state, city, street, and house number to locate a
friend’s house, genetic engineers use genetic maps to locate genes. The genetic maps are generated by
statistical analyses, PCR, RFLP, DNA sequencing. Maps are being developed for humans, mice,
swine, cattle, corn, wheat, and other plants or animals with commercial or research importance.

4



§ Chapter One A Basic Primer on Biotechnology

(3) Diagnosing Infectious Diseases and Genetic Disorders

Diagnosis of infectious diseases is a profound application of new DNA technology.
Tuberculosis, AIDS, papilloma virus, and many other infectious diseases, addition to the inherited
disorders cystic fibrosis or sickle cell anemia, are diagnosed within hours by the PCR technique
rather days or weeks by traditional methods. The greatly increased sensitivity and speed of the PCR
technique, as compared with traditional methods, allows earlier intervention and treatment. PCR

assays will soon be available to diagnose diseases of crops and livestock.

Glossary

1. living organism G5k 7R

2. brewing n. FRiE

3. molecule n. ¥

4. genetically modified organisms ( GMOs ) AL AEY)

5. genome n FERA, REhA

6. chromosome n. [ G Ak

7. deoxyribonucleic acid It AEAZ BB A% PR

8. protein n. HAJR

9. nucleotide n. MHR

10. adenine(A) n. JRVER

11. thymine (T) n. JH R

12. cytosine (C) n. HURZWENE, A ENE

13. guanine (G) n. SRS (BRI R AR 47

14. daughter cell n. A

15. enzymes n Bk, WZ: M (enzyme KIEEO

16. messenger ribonucleic acid (mRNA) n. 5 EPELIR

17. intermediary n PEN; N BN

18. template n FERR; BEAR bRdE

19. the cellular cytoplasm 1 o Jot

20. condon T

21. amino acids HAEMK

22. methionine n. HEE, FER

23. tassel n t&, 4, Wik

24. pollen n. ek

25. embryo n. () B, BAR

26. mapping MRS, LRl BB, TR
B

27. alleles adj. B TEEER; EER

28. forensic n JREE

29. insulin no 1. (BE) BERRIN:; 2. ZIRIE

30. diabetes adj. HlZ500; B LM

31. pharmaceutical n. 24
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32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43,
44,
45.
46.
47,
48.
49.

50.
51
52.

53. sickle cell SO PANIZAR U]
54. assays 5, e, il
FExercises

1. Matching

@ living organism (a) any of a large group of nitrogenous organic compounds that are
essential constituents of living cells; consist of polymers of amino acids,
essential in the diet of animals for growth and for repair of tissues

@ enzyme (b) using living organisms or their products for commercial purposes

@ genome (c) a living thing that has (or can develop) the ability to act or function
independently

@ protein (d) the ordering of genes in a haploid set of chromosomes of a particular
organism; the full DNA sequence of an organism

® brewing (e) any of several complex proteins that are produced by cells and act as
catalysts in specific biochemical reactions

® Biotechnology (f) making (beer) by soaking, boiling, and fermentation

6

Agrobacterium tumefaciens
plasmid

plant tumor

dicotyledonous

glyphosate

antibiotic or herbicide
cultivar

pituitary dwarfism
plasminogen

bovine

porcine somatotropin
marrow

mammals

hybrid

fungal
polymorphism
paternity litigation
pedigree

tuberculosis
papilloma virus
cystic fibrosis

g AT
n. JiRL, JRAA
Db
adj. ]
n. Bk
LA R BER H 5
n. FHG i
ﬁﬁifﬂiﬁiﬁﬁ
n. I £T 4 5 ¥ I i il I
adj. 101, RTAH, BHIK, FHK
n Fy BRI
RGN ST S
n HHE: A A
n. WiFLshY
n. ZREAERAEDE, RV (EBY);
adj. FEK, HERETHEH
n. gﬁ;ﬂh% %uﬁ
RTHEE
n R, i, Rik
adj. AiFH
g5, Gk
FURMIEINEE, RN R
PEVELT YAl (R AE LB RIR)

S
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2. Fill in the blanks with the words or expressions given below, and change the
form where necessary.

genome genetic engineering DNA fingerprinting
DNA gene brewing gene

(D Biotechnology has been practiced by human society since the beginning of recorded
history in such activities as baking bread/ alcoholic beverages or breeding food crops
or domestic animals.

@ The complete set of genetic instructions for a living organism is contained in its genetic
code, referred to as its .

® A is a specific sequence of nucleotide bases, whose sequences carry the
information required for constructing proteins.

@ is being used in the production of pharmaceuticals, gene therapy, and the
development of transgenic plants and animals.

® Using the techniques of and PCR(polymerase chain reaction) scientists can
diagnose viral, bacterial, or fungal infections, distinguish between closely related individuals, or
map the locations of specific genes along the vast length of the DNA molecules in the cells.

® One important aspect of genetic engineering projects is to identify the that
controls a particular trait.

Translation

EMFEARBRIA

1. EPERANENX

M SCEBE, AR A LAse X “h 1 b B st APk R L= fhadt AT R 047 A s T
B WIX—& XRE, alUAUA I SR B bR, AFAESmrEsCBagshh N T ASECR,
R, AR, MREERSAF R &, WLV, S EYBARERI AR E SO« Y
ALK DNA 2 FREATHRAE A SR LN A B RRAT AERTFB. X X ABL T i
20 FRBERE—RIILEEHA, REBARAOSEWHE ARG ERIIRH L RLA 2,
WXSVFE B 2 7] BRSO T B R XS0 3 BRSO RIE AT AL T HIbT A
PIERIIEAN DY REFFRARLEF, ARV 2 WU BARN SRR AL T SRS B

(1) 2EE4

EVBRBERIE P RE T - BENEAER, RIEERRNY. SEMERNERARRE
BEH . KADAULREREAPTEERRNB AR AR . A5 O4ZH N PaE A mE
%R (DNA) 70 FAECAMR AR R0 4% . B3k DNA fIZfdX, FryHHE .
BpoR gt i B R AR 2 DA g e D o AN [R) A=) 4 oA S R R AN IR e it 1 A A2 i) ) 22
5o 57 DNA 2 AR ERZE R UL 5 507 41 B, DNA 38 4 Db AN ) (1A% IR B
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EATLZEES (A, MARMERE (T). EEEE (C) KSR (G). XK DNA
W ERERgS X LT TR & TR s e 215 B

B 2 ) 3 i B s P 4 DNA BE4E Gt ok, MIRmAE X o 5 BRI 4 1) K /N 38 o 4 Bk i ot
IR . SRR M5 R, BEANFER A AT EH, AT 40 i 2 5030 38 4% AR 1) RS 7
P Ol, R4 %5 DNA B 5 S RE S, 5156 B0 i0 B AN 38 <7 P 4% 1R e xef 2 )
FRZE 0 B 5 i i i e, e U SR AL o RS T 40 MUk A3 4% IH DNA #EF1—
431 DNA %% .

(2) 2R

% DNA B L3R BAL LA B R DhRE A7 . FE R AR 5
FRINZE, P A REARMFENGER. ik, EAFEEERERE, REFTE4EY
PR A A B N Hh BT R B 4 M R4y R . R B DRI B T G R 4R 4 TR B 08 I 1 1 A B % R
(mRNA, —FELIT 48 DNA KD fRid. P FRRENERENG R, EZN 2R
DNA HifR A sl B AR RNA B OX—id BN F5%) . mRNA WAz N, 164
WA AR 40 ML () R A AL SE A RS (SRS B8 A N B LR 751,
AT A g 8 oy R R 4 A ) B 1 0 1 X — I R PR S ) o Tk AB e, AR i R s B
CABE . 45408 A ali i & A h e SRR I g

WA R TR KR KT, BAERIFREE 20 B 7E—NIEEN,
=/~ DNA BHE CET) Fri s R4 & 7510 a] LS | S540 M i 8 5B ReHL IS AR .
MR E R IR . BN, BREEITH) ATG a2 B ([T AP A oh #E & R S I AH N &
FsEESNR). ik, BHEAIEERE —RYEWLF, eHRE T 7 EWRE s IR R R —1
PR AL R g B (R s B (0. BB ARRSEAT G AE iR P AR 2 B T 1)

HAEFT A R IR EA L P RIE. i, Tk (EHERRBE) HEk LR 5
A KA ARG, BEm A A T o B2t A R R IA RIS HIIX AN B o 1 25 5. 3k
DRIZE AN [RIZH 2R A (R AN [R) 3Rk 2 52 A s 3 il i) R (AN ) DR 3Rk th 32 IR R 35 (b
Ja WBEFHAK) Frishl. X =ANEEEL AR YL T A EEMER.

2. SRR

VBRI EY RGNS BOE IR b T K BEART Bl KRR R EI L i
(R Gtk FRATER A B I HEEEFSD . 2 FHRisHr CEE 5 REEHM IR E %
FrEEBD . BRRGTT HIER DIRERIFE R B ACH SRR SBR G IR RD . VABEBIR (M 2 A A
A AL (AN ER— AR — N EVRFALE S — NP ER, hARVERER T

(1) %BEA (BEIR)

PR A AE ARSI R T RIS, A e e RSO i #ud. #EH K B 7
—EY AL B AR W AR R R R (GMO). A BLR, ITARE. K& X&
fEB S L O R4 T, FrUAEOR Enf ROV R A . ANk, HiEdk a5
— YRR ) AR R RRAE B B R AR A S R D)

EYRARNNHACEHFZERNT L. B, EAKEM™. FRBRSRGITHERBMIEL
BB R, KRB RO R BN NA, B LA B R 2K X e ) %
WP A RPN, TP IE R . A B 32 0 5e R B AR F A A 8 P i A A 3
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R A= aE R NVESE., XERTEMEREFRE —FY, FRIET
e, RoE A ok

SEEL %E. . WA REAE S MWD R ET, AU EE
FIEMH R mRNA 407, FRILAES R E* DNA 8 (cDNA) [Fit. 73 hH
#h DNA #EnT LUs Rt sa b (RHD, HWES — b, LU A DNA Bk e A7 3 44
AN R, R 2 A N R B4 P

PR S A5 P ARIRT - SBAT 1 B E I R kBRI R SE AL o ARSRT T IBAT B B AR T )
— AN A NERR A RIE SRL (T kD) (IFRIR/N DNA. 24iXFhai g g A A )
B, Ti FORDSREEATE EAAM . Ti FORIAEr & X IRA ABITE L0k dl -, Xk
ANRAALE DNA B e FPalX . KRG, 16 EMSRlok AMEKRE, 5 Sa0M R AN &
PR AR . YRR — BRI RS, 7ERE e IR LR A BTG RN, M
ANBIEERE . FFHR I WA T AR RR I, A e R e s & X FH A

P Ak R R SR AR R B SRR 2 1 SR ORI N B (1) 4 1 B 40 e
o, KR BT ULIRRL T I . AL SR NTE R R4 — DNA #, AR
PR AT 2 X AR FE BRI AN 5835, (HBA RSB AT s 18 = It = PR

AR PR AL FE AR T A R R R . B B AL R A AT R R, RE
BT RN B4 . RN MO0 bR 20 X IE R e B bR R SR SE Al . DA B H
ERE DR A, K B H B E R VR B AR IO, A ESRIEARECAM. WRAE H R
FEREACEED P, e PTAE FRPIR R 2 BRERFARC R . BRI it b &
FISHTAE R G, REREA T X PR R 40 A vT DAAATS, SR BN R) A7 FR B0 40 ffa oh
AR HERR

FERE AL SRR B AEZ S5, w5 BT R R DR AR AT T TR0 6 Rl s e 2 R R R JF
AT I e B DR R AR A 8 IE A b A SE R HE B =) . — L 1) HH R S R A R KT e [
FRE, BURHAESIME P L, R IR RS I7 BOE NS A A KRB IR R R i &R

(2) BEETEMAGKA

R TEMUNAERE, B¥ES AN, RETREEMEAYE . ERGT I
W P AEA N .

© &%)

NER Y T BN R S 3R . VRIT EAYEAR R M AE KR . Ta T OB AL
LT VR IO 7R AR B R 2 (BB, A BRAE KRS, BB CaEANK.
A BB U ) S R TR ) R R R R A7

@ HR T

S AR RIS AT (B BT IERRIEAIE, SFRAE ) LR R IR AR R = A . 19T TP oERe
B e BEA, EREA T GRS DNA FIIES DNA 35 DURRN 78, K5 FRsan A% (e At A .

© HAENHEY)

H 1987 ELR, AMIJFAETE RS SEH wUFlRURN SC R0 T B 205 it B2 R B 23 2 UK %
HNEY), LRSS R ARSI EEHEERNTREEAR, WS ETLREXR MY .
21 81 S BRI R D AL B

@ HHENzhY)

HAl, KZEEENZPA T SIE AT NSRBI K 5T . —SARCA
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§ £opREVEE

R MR S R FLK 3, DMER S PR 258, B iR AR AL T
R RREA T B, WS R, EKEEMALEIERIREER, S E% SRR
4oy HRE BRI R YR IR IX ™ fh o

3. EYEAREZHPRRA

A EYARE R LN, B SAEMERTAK DNA 2B Gt AMHE. —4
Prfh. EFPER AR RS R P AR ANMA RS RT LLE TS DNA RN ER SR TF R, A=
T 100 AAFER A 1 ASFRERFE B AERE R R . T DNA FREUHTHAR KR &
¥ (PCR), BHAFKATRERSHTHHRREIE. ME TSRS, XKoBRRFERME, oAt
21 T A DNA 737 51 o iff e e s TR (AL

(1) EREYS

A BRI B EE 2 SRR (RFLP), W LLIEAT DNA $8900 7. FREU T AT LUK
HERERT LD R Kb, RGO BRI T#5E % FRAFIRHIIRERR, ILACH
PR E SR ESE, RIEREELTEIZ N DNA I CRARBUMBD e k5L,
REAE AP E & H R EE T,

(2) £3EH

WAL TREM— N EE N R % A3 Hlr e FFIE Y DNA K. tetn, —fskiiEa M.
Wl HTIE AN SRR e AL A A AR Rk, RIRE, DR TR AT LA F 3544 PR i s 7 4% s 1K)
R, L ERE RS HT. PCR. RFLP Fil DNA R . HAT AN S E T
A B ¥ B Bk AAERIE BA Rk AR E R sh i) i .

(3) igHRERMERBHIBIE LR

WL G AOR & DNA BORKIBGER AN - R PCR 50K, BN A AT 2 Wit 4544 -
SEPE S FLSRRIR B 2 A R, BRANE AT BEPE LT A A8 A M s BB R 4 P 1 22 1
W, ARG AN A B A B . SAEGETVEMLE, PCR BOR AR R 538 A
$eiwg, wLASE R SCREAR T S 1RYT . PCR R EAR A AR BN T ShAE P B 2 I -

BABHER (Reference answers of exercises)

1. ZZX] (Matching)
®© —(c); @—(e); @—(d); @—(a); &—(f); ©—(b)

2. Higati7iE1EsS, RIEEZLTHI (Fill in the blanks with the words or
expressions given below, and change the form where necessary)

@ brewing @ genome ® gene

@ Genetic engineering B DNA fingerprinting ® DNA gene
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