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ABSTRACT

Random amplified polymorphic DNA (RAPD) technology, a recent approach in molecular
genetics, is much usable to select the elite trees and to maximize the genetic gain in forest tree
breeding program, providing a clue to determine the genetic marker-trait correlation. This review
intorduces research on bark thickness and breeding strategy in Pinus elliottii, Pinus caribaea and
their hybrid by Queensland Forest Service and ForBio Research Pty Ltd, University of Queensland,
which employ RAPD technology. Genetic linkage map of F, hybrids includes 186 RAPD markers
and 16 linkage groups (1641 cM long in total) and 6 quantitative trait loci are located putatively
for bark thickness. Following recent research results and experiences in pine breeding programs,
the forseeable stages in the application and development are proposed for marker assisted selectin;
stage 1 - determination of species specific markers for genes controlling traits of commercial
interest, and stage 2 - .determination of marker-allele association for specific allelic variants within
pure species. As pines inherit their megagametophytes from the seed parent and zygotic embryos
from both male and female parents, the determination of marker-trait correlation is possible even
in embryo stage, eventually making ways for the early selection of elite individuals.

Key words: RAPD marker, marker-itrait correlation, early selection, breeding strategy, genetic map,

quantitative trail locus, pines
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G713 QAR 7R 2E 2 FE
Aol HefA zpojoll o Wo] AF7t @Wel &
Y=lof gtovt, ol FAL g9 fAHA
of |3l z|uis|n =3t ﬂ’a‘—‘l ““3-% A3
Wowpg fdF 7o AHE FE& FUA %
%713 Aol WiledHE I3 ?%“r‘"& A
o] go] AA=lo] sict Ad mAg olglx3t
2 ol dFE olg HSA s 1 AH
o AF=E gojmex glch =, ol
£ gL &3 Ad FAHH A
w2z 47] o el A = foldA ¢t
ol2igt el A wo] A7 FAHE FTH3}
71 943 HIAA AYFRel A /A E
A (DNA) o HF AEd YA (L) 82
ATE T4 Ex: AFYe] F2 o]4H &
t} (Son et al., 1989; Kim et al., 1993)
of yhd @ FFel AL o,
o 74, 23} F9, AL wo| & °‘|€1 7—;1
#}g ded 714so g (AYala, 1983;
Hyun et al., 1987; Rajora, 1990).

DNA #3249 d7t& A ExE o4
g} restriction fragment length polymorphism
(RFLP) A= zAde] Azxo] AE FHA
S AL BAstedd oj45d $
t} (Beckman and Soller, 1986; Devey et
al., 1991; Lee et al., 1994). o] & w9
TEY zlo]es T4 EA BMye §4H A
9] AHEQl D AE o]83ch= Ao|x, RFLP
2 gdg gEE opJE ZIRAHI #A
2L o]gidE Zloih. F whde 93t o
T AF7t dAse A$E UX (Chase et
al., 1991; Messmer et al., 1991), 2%=#
%2 A$E 9k (Clegg, 1989).

& DNA¢Y 3% ulgpolymerase chain
reaction (PCR)el| 93}d 92 FZ5 = o
2] Hejo ddlde]’ (M= o F 'Y FF
th3 tiqlele] (RAPD)'sl %2712 §)& A
E2 o]gg wo] o&sT 9} (Williams
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et al., 1990,:
Furnier, 1993). oj&=

Taylor, 1991; Liu and
°f 10 7/ FEY wEHY
Lefoj=e] Leto]ln|2 PCRel| 23t <199
DNA7} 3% F 278 A79%3 s ¢
A Z2add st xAste wholct. @
A Agd Zetelno] 7] widd F3
template®] DNA A Fzel uig} Aot
DNA uilo] Abojgt A FFse], Az
Aoz AEe §AAH< DNA z{o] @A €
t}. o]2gt DNA A9 ¥ wo|7l &
A RIS Al EE 9 Add €45
o] A3 Qlt} (Adams and Demeke, 1993;
Marsolais, 1993).

A9 Mg viwsleq Ed, o7 gelA F4
Ea7t o) S wigAR AR Azsld 1E
24 olAlcodominant ¥ 3 =3}
, vy AEZ HA £33 Vie F
2 s el st ey AR
FHH BN st oA AE Z
2 9Jtl. RFLP= 394 43 dzle ¢4le
w25l it AZA welA ef9 Eefs
t}, RAPD+ RFLPEc} AL A7k k3o g
7}53hd, W2 RAPD X JE& 4 QziHy
Agetmz 41 3ue £40 & FE 9
% 22 olg FBY 4 & BEY 24
wlo] By v it} (Tulsieram et al.,
1992; Dale et al., 1993). 2UFF9} o]
Ase A zAo i HR7 A gle
%o deld= RAPD 74L& 7]&4 /A
HEE 4% & AUe S oJAAH wyelrt
t$7l, RAPD 7j¥2 4 %2 #4 AXE
M 2T AEg FE3 A 4 A
om, oy zA AE AFHIl HY
g 7]yelt} (Rafalski and Tingey, 1993).
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B4 AAS F DNAGG A% 79
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A3t Holel A9 F47HE DNA 2727}
359}

1) Zelo|vjprimer : & 107 A= 7

UNAMPLIFIED
DNA

STEP 1
DENATURATION
AT 947¢

7} A¥sd <4 DNA =7
2) dNTP (Deoxynucleotide triphosphate
mix) : DNA £z9] ZAHE o|F& i
9] <J7](Adenine, Thymine,
9 Cytosine), 5&tga} <4b7]e] A A
R
3) Taq polymerase : 24 % AF &
A2 F3¥ DNAd| Zglo|n|7} A=
Fofl BAAHOZ M2 DNA Ao
ANEEF 4] dNTPel| 2-§-ghct
oo fAA 27 355030 HA ubE
g ubge] od FE = dEEE 3
Fig. 1e14 B+ uiel o)

Guanine,

5 lllllllllllllllIllllllllllllHIIIl]llllllllllHlllllllllLlLS'

STEP 2
PRIMER
ANNEALING
AT 36T

STEP 3
STRAND

EXTENSION

o LTI L L L

AT 72T

Fig. 1. In the polymerase chain reaction, repeated thermal cycling through a process of
template DNA denaturation, primer annealing and strand extension will give rise
to detectable amplification of short DNA fragments between two closely jux-

tapositioned primer binding sites.

Above, the DNA template is denatured into

two strands in step 1, primers are indicated as the bold fragments in step 2,
and the enzyme Taq polymerase is indicated as the circle in step 3.
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o Age] gsl=e] 2709 <A DNA
£ ¥4

2) 37ColA Zelolnje} AY frx o] &%
A 7 Zabolsle 7 el EasEE
i DNAo| Ayt Az & FR
9 Zajoleizt sibe] RAPD w3l of
Ciie

3) 72CAA Zejolwjel A uhg :Taq
polymerase’} 1ol HgAL zZ= &
£2, Toolsjgol 2aH 7] wdd
A" RAMFE A st HJ2E 47
o] Al

st Zaolvizl DNA F¥9) 24 Wy

Abell 4 300-3000 471 4 A= oA e F
Fo| Agdctd, $Asl= 74 DNA Hde
o Flvich Zaboloie] H2e AL AT
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ot 7}8 50F7]el A PCR whgo] A=}
W, o|F}4e o DNA 24— 2'=1.1
X10°/H2 Foid Aeldh. z2d, @ +
29 3% 55 9 Ve olf So2 AAE

= dehA 4w, d7E A4 AEE AT
7)ol FEE WEol doldnt. Zejolwzt

A3 F e dHE AAH Fo skl
41 DNA ®id wistrl dojudd, e Zg
oo 7l Agste Ao WAl =Ho Ay T
F3 F77h A Ed (=507 A
DNA). o33t FEL2 HAA=A et

atzi4 RAPD 7|y 2 oe{7tx]e EdH
Hql =719) DNA7L FEso24 A 7t
DNA o dAs A 4 glen, Fdg
Z7 s A 2 AEY E 9445 FHA

4 9k, FZd DNAE A7 %e4 £
g, o|xfg HZulo]E=ethidium bromide
(DNAd| A¥3HE A3t UVFelA 7 Abs}
A " (Fig. 2).

F2 PROGENY (FROM SELFING OF THE F1)
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Fig. 2. Diagrammatic representation of RAPD markers separated by gel electrophoresis.
The presence of band indicates one DNA sequence form: its absence indicates
the alternative form. The 0.7 kb band is inherited in the F1 from P, caribaea

(PCH), while the 0.5kb band is inherited from P,
heterozygous for each of these markers,
neration (selifed progeny of the F1).

elliottii (PEE). As the F1 is
they both segregate in the F2 ge-

Both these markers thus provide reference

points in the genome of value for genetic mapping. The 1.6kb band ocurs in
both PCH and PEE, and must be homozygous in the F1 since it fails to segre-
gate in the F2 generation. This indicates no sequence difference between the

parents at this specific locus,
genetic mapping.

and as such, this marker is not informative for
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RAPD A FEHAA: F¥
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gYAPS B Zob ad, 2 AEE s
s "ol e AlE Ao 2 XY Ay o
2 AEse) FA dg HYRE AL F 9
ot ol @ o2 FU AAA A HAs}=
oz] AXEL P Fo& £ 1 FUA 7
AR A AxE AHIE FHH A=
z4jo] WasA o
FHA A= AL A A Zee
of AFY F P& A AP} o

o] MEFH dL Fig. 33 Fig. 4o ek A
o] FHH 2L 4 AEZo] HE dw}
v 7hrtel QlevbE dRiEch d3" ARE
Zte) ZRdE I 2% M54 AR 7
o Azt d4F FU10ch gy oW AR
Eol diA ZA el A Feze A5
7 god BE4E, 2152 5Y d4H Al
vl Zhzte] A& 7heAel ok AFE
3, 50%S z7be F A EJF "ox R o
T ¥A " A F AR Jdrels
Felg shsAel AoE Aoz, a3 AR
b A2 sl AR @ Aol FolHeor
95", 2152 AZ o gAY G4 &
o &g dehdch @2 9 zddl 9l
(2% 60-1008] w7t A= 2A o o] 4d)
ARES] £e FAS dopnzH, AXEY
A Fe £=v 2% dEd 7|2sd 15 7}
o AAA Ao A Ag H}L £4E A
3= Zlol 7hsdh

1.4, 7HAl M0l 28t 78 XES
UH I o3 H FE

HAA A A A AR ] AF A
= 5%Ed dodAde BE 3dd AA AT
o) HAE Pt 159 ¥AS 434
AAge. olEdt dAE Zdaw) =& 27t
THE Y8R 52, o= <l o] Fe3l
= F A AAY A TFA. 23
o3 odolal olFAHFAMY F12 A A,
F171g] aels|AY, dagsAd == 499
ol ez} o] FolA Ao Fede F2 A
o] AR o fAH Az A
Ao A3 [ o|AAHA A FHUS
AAEA Eag wp Qo
Neale, 1992).
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Fig. 3. The concept of marker segregation. Polymorphisms between parent IMdark
chromosomes) and parent 2(clear chromosomes) are identified by markers A, B,
C and D. A cross between parents 1 and 2 will produce an F1 hybrid
heterozygous for each of the markers. Through meiosis, recombination will
occur between homologous chromosomes. With increasing physical distance be-
tween markers, the probability of recombination between them will also in-
crease. Hence closely linked markers A and B remain together follwing meiosis,
while more distantly separated markers C and D have been separated by
recombination.

54 7S 54l the Aol 34 deh 7 Adsh e AW "8% el wFolch
e SAER 99 YRS olF A Jzel  WREY 9% £F A A9 ¥4
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HAPLOID INDIVIDUALS
1 2 3 4 5 6

' ! F

RS ~J

§.
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+ - + - + - + -
+ - - + + - - +
+ - - - + - + +
MARKER CO-SEGREGATION PATTERN RECOMBINATION
MARKER PAIR +/+ +/- -/+ -/~ FREQUENCY

A-B 4 0 0 4 0%

A-C 2 2 2 2 50%

c-D 3 1 1 3 ~ 25%

Fig. 4. Diagrammatic representation of the pattern of marker segregation in haploid

megagametophytes. The dark segments represent that part of the chromosome
inherited from one parent, and the clear segments, that part inherited from the
other parent. The junction between dark and light segments indicated the point
of meiotic recombination between the two parental chromosomes. Markers A and
B are physically located closer to each other than markers C and D. This is
reflected in the recombination frequencies(0% for A and B, 25% for C and D),
which provides a measure of the relative separation of these two marker pairs.
More precise measures of marker separation are provided by larger numbers of
individuals (typically 60 to 100). Markers A and C are physically unlinked,

residing on different chromosomes. Hence their chance of ocuring together in
the same individual is equal to them occurring individually. This is reflected by
a recombination frequency of 50% between these two markers.

228 FLAALA 482 2o Dt EF Aol Soldmz olf@ A BHYE o4
Ao ool 44 AL Ao Ay A & ol AJFRAAL Ak AR, ey
Tl EAgel olyAw, AGERY Fx 8 ojeAubRdq wuth sAE olgsad 2

‘
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Bl 5o @3 fAA A= Aol AYHL gl
E AEAETHATE A HgagReA
A 5d Aol da 3Hhe oA w7}
A ENE B 494 ARE YT Al
t}(Willams and Neale, 1992).

oE %2 4E % A visdq &4
av5-o glejulotat o] 1 HFE 2o #F
Z& 97kA ¥4 {4 A E FAAA
AT F2 ARE AFdT Uch °F FF
AHE 4ol Aol SolapA veht TE
Hgo) 1o HEAME oHYLAY gH=
dchzt 2o FAFelA o] el A Rl
Bolch wepd, e ZHAl E4el4 o3
Az fd4 AEge o] 7HE & 4
7hsAdel we Eow, Z iy AR E
14 He 7HA 2Ae L dlels
g #R Qi
B EA wjF ol d5H W
o] Relx A ¥HA fH sxe o
FAlo] b fazY AuE werhe ol
th. o]E A A7 ded dd §A 4
Aoz EgAHoz Heggct (Paterson et al.,
1988). olebzro]l kA AL dgg oA=
7 fAAES ¥H ¥4 A FHquantitative
trait locus (QTL)Z &4 9Jr}.

@ §AAe oy WA 2y, 3 el f
A Aol weh ok ke Wz e

o rlr ot
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N
-

2 oN Jlm
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T
A
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2
)

BHAQ JAES 3
4 k. wehd, ofd ¥4
of thal b4 wiztAlg FHY (o, Hze 2
A AE)E Bole A o FA Bste
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}._,‘ t}‘_‘?—-‘i‘-o] -'—"-Z-]Z" 033‘]:':’ F= )\Eo]
3 4= 9lt} (deVincente et al., 1993).
Aol vlE X FEo &g Awg shEsiA
l= Z1Eelch A Ao IAHHoE 2%
sl 7 FAAEY ™o d¢d AILE
o 24wl P HHA £=2 K
2 e & 7Hg wel 7hAl A E Addsie
o] 7h5sttte Zolth 2 FAAY o] uE
o224 2F AA= ¢+ ZPYPor Al
A 9As &

oo

o

I

ol
rlr PO th.,

o

o
=2
A
2
A

1. 95 83 SEXEQTL S o
R A MY (2R
o sajulotaLtRel 1) B
ol 2o £ Falel Af)

2.1, 1 &89 RiH

At

(54

az A=

24T sheulotavd R 9 FA
oa 9ol & A% Btk 10 FEL }A
37 A= FAE 2ol 20 AFel el
Ae Qe FeuE Bt gy £79 T
Ae Fd ¥4 999 4y gae 74
AAE vz Qe obF HAY EE PAR
ARt AE-FAe A@g HHs FHs
A RE 3ubAle Abglel Pastch (Williams
and Neale, 1992).

D) thd Ao o g FAH Al

34

2 AFQIL A % QIL §472e A%
o} 3

3) AEol 72T Agd slel Ay Wl
I3

)3 2)9 A o3 A¥A 3y d 23
7b & FAel AAE Aol 3)2 AF-QTL
AL FHHY] A FoHH AdE g8E
goh. dAE a9E Ade $AE & 9A
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g AE7A] @l AFHE AT AT o
g wete] A7 Fol U

211, NMEet 4y
AEe HAA] A} 79 A7 ¥ dAF
Az AL 8 A" JHe edALYT
E1-233} 7}lgju]elavtf-o) CHE-290|ch &2
FE dojzl 1 FF AHAF sl EH4=
ZHA e ot 2t FAEE AT 1 F
Beerwahol] 237]A) 2} Tuane)] 32704 & 557)
AL 198736l zEslelcl. EH4oA i
slo] AA 927) Fbe] wbeAl A S-A 7}
ohd xFE9 ®e AFE A AEE ol4F
o o|2HE] o] A W {FHAH A=}t 2
A= oo

E1-23, CH629 % EH49] Aozt
DNA7Z} w3 2} ]34 F%3 DNA:
520712] RAPD ZzbolviE A4t DNA t}
o] o} Ag AAsled o] 4dd oy ¥
AE F4% e 19 ASAAE el
F3 Fo st Agt Yefub= RAPD
Weoleh ¢ WHEEL I FFolA oY
HgAA FAzFd £, Aot =
2 S - o B2 o T o o Y = B
bAoA e 1019 v EE EEda, |
) AES] At ojste dojzl 2w A
el A 3:19 w2 2 Aok t©l$7)
2 =5 9 YA od F
(F)o2RE 10 AFol HesdeA AR
£ ATt F AHolth

EH4Z 88 zdid & Aol 24 F
k9] e A= AR F2 AHRE Role
987§ RAPD Zelo]wjo] ¢]3le] EHdoll4] o2
Hulg Fedle AR HAE AY ARE
g9t oA & 9016749 RAPD 3XA4&
ofugtct, ZA7be] oy e WlEs aRE A
g Zejoln], 2ol oiefe W=

N
)

H

Mackintosh Mapmaker A Ax TZ 17
(Proctor et al., 1992)¢ <8 7rebgh 23 *
Adlo] WA H4slo oejsfe A XEo] A
ToE F9Ac me @3] 4R Azt
o ARUE o4 78 A AEE A
A AAsteEd 7 AEELS 9T dBT
AN wdEA "o Bo 32 Az
AL g0l Fue} 7|E T2 LFAAT 15
of fHQ FEdM FHA Az FH4&
TsA ¥de HeAd #4384 F aF
7HA Rl wpge 9dte AR AFEF
Mzgss FelAd 44t Mapmakers A

2 ul$3lA] 9= o FAFrepulsion linkage <ot

oo w

o ANEZEL £434 RYch gEE IS
of F® FHol wEAYE, oY £4
o HAF EAle 2 AT 2FsAYG AR
= g 2L PRIEE A9

2
|r
L

W Ase] g oL
AnHog A4 14 LA, 7 AE)
AygHor AN FAL A4H wyez 3
A% 713% yoqatainh.

2.1.2. &%

AHEE 98709 TElo]w2EE 3 366709
¥ RAPD &7} #<lsgich. df o] o
&332 HE8F FH FAE Rd a8y,
517 AEE 71" AEE U £ 4
th. o= <fAe] EF oA )AY wE
g 22 ogHPA )L g ZL2 THHPA
o]7] @222 Az} 137 xE& RAPD
Wezh 1 FFelAd el vk 2
$ANA Fastg o, 4 ox Zax
ehdx] @steh ol Aol WE=rt A
4 A= FIZEe AE 9sisle RAPD b
ol Ao A A o2 Yoz} (Scott
et al., 1992). % 100742 AXE7} 1:1 7I)
v &g Hojve oy £9E Hddd. oF
de Fe] AS$ FA zhel £93I d¥ @4
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& ol Iof AZel fAFlAY (2™ W
=t ol¥AHYYAE A, 20 FAFelA HH
FEstAl ¢demEN 9279 & AAJul$-A
ol 4 YetAY E=e ofd Aoz HFH el
A g MESE sk A 4o 7}
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Fig. 5. Schematic illustration of Quantitative Trait Leci(QTL) influencing bark thickness

under high and low site quality conditions.
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GROWTH UNDER WATERLOGGED CONDITIONS
Fig. 6. Concept behind relatively coarse level selection for species specific genes. Al-

though variation may exist within P, elliottii for waterlogging tolerance, virtually
any P, elliottii gene controlling this trait will be superior to any P, caribaea gene
for the same trait. This concept may allow exploitation of linkage disequilibrium
between the two species to allow marker—trait correlations identified in one
pedigree to be rapidly applied to unrelated families. The long term aim of MAS
would, however, remain the identification of superior allelic variants within each

family of interest.
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