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Abstract

Microsatellites, which are sequences of repetitive short nucleotides, are abundant in the
genome and have relatively many alleles at a locus. Hence, microsatellite markers are used in
various research areas such as medicine, agriculture, and biology. Thanks to recent advanced
techniques and databases associated with microsatellite marker development, foreign
research relying on microsatellite markers is increasing in various study areas. In this study, by
analyzing microsatellites-related articles published during 2000-2014 from eight Korean
national journals representing zoology, botany, genetics, ecology and environmental science,
breeding science, and forest science (‘Animal Cells and Systems’, ‘Journal of Plant Biology’,
‘Genes and Genomics’, ‘Korean Society of Environment and Ecology’, ‘Korean Journal of
Breeding Science’, ‘Journal of Agricultural Science, Chungnam National University', "Journal
of Korean Forest Society’ and ‘Forest Science and Technology’), we found that the number of
articles and diversity of study subjects and objects have increased considerably. However,
there are fewer applications of microsatellites in the national forest science area. During
2000-2014 in ‘Journal of Korean Forest Society’, the percentage of articles dealing with
microsatellite markers was found to be the lowest with 4.2% among articles focusing on
PCR-based markers including RAPD, AFLP, and ISSR. However, in ‘Canadian Journal of
Forest Research’ and ‘Forest Ecology and Management’, microsatellite marker articles were
represented at their highest with 69.2% and 76.2%, respectively. Given the advantages of
microsatellite markers, the publication of research papers using microsatellites should be
increased in Korean forest science journals to the level of studies published in prominent
international journals.
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Introduction

22} BAAE 2R §7 Hol
Cordes, 2004). 22} 2|20 R 2=
A7+ DNA 7148 AoIA 1%, 4

4 HtHLiu and Cordes, 2004). DNA EA|2}2] FFof =

£ 24 oA AEshr] flske] AMSRPTH(Liu and
ThalAl T 2|2 DNA EA|2F S50] 9J.o™, 0]% DNA &
o], AHA|o]| oJ5f] HHAsH= 8- Ho S 24}l Yo &
RFLP2} Z-2 DNA 243} 7|9t 222}

S} PCR 7|8t F2]2F7} Q1 eh(Williams et al., 1990). ©]% PCR 7|8t DNA E2| 2= 347} 55 ¢
oA 74 o] 54 G ol 2ot BAAE AHESH] dlwol ettt 7144 F9E
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Aeisto] Eajof ¥ 4= Qlrt. T2 B 2 o] 5o oJjt @ doliut M3} H DNA Al=of oA e B4 dFE0l 4
5] E7] ol Qe A EEoluh AR, Ao, 21, 2 S 22 HISA AR 2R E IS 4 e At <
9] DNA E4 0] 7155l th(Taberlet et al., 1999). ©]2{gHPCR 7|8t DNA HE ]2 2 = RAPD, AFLP, ISSR, microsatellites
ol

PCR 7|5 DNA ZA|2H5 5 5hR] microsatellites= 54| 4ol A 1-6 bp2] A= v o] HHE = o] et A
714 & o]th(Goldstein and Schistterer, 1999). SSR (Simple Sequence Repeat), STR (Short Tandem Repeat) ‘5 22 &
A%|7| & Sk microsatellitest= A Zdol| 331 15HA AFAste] ohp9] {2 2kz} 2470 &8 & 4= ATk (Selkoe
and Toonen, 2006). =3+ microsatellitest= & 7] 4 Aol Tt Wol&o] 1 T -FAZ =} tieh -5 2F thaFA
o] A45] 4.2 H(Queller et al., 1993; Schistterer, 2000; Kalinowski, 2002), 522 ch & -f-742k2] f-
4= QJ=RAPD, AFLP, ISSRYM= t 2 H th(Nybom, 2004). ©]2{3t EAE 2 213 microsatellitest= -+
S HAA EA Y, T e AT U HE FH 24, A A4S SR A A ' A T odR 8ol Vs
o} §FH o 2-2-9] microsatellite X AHE T S ZFAE2] RI9IE Hlold H-82Ql A-go] o

FAAE AEtsfof 1= EAF o] ltk(Selkoe and Toonen, 2006). AT & A 7141 F B4 0] /g 2
q

O

O.

microsatellite FZ| A} 7RErof| @ &= A7k} H]-8-0] 7] ZHASFAtHSquirrell et al., 2003; Pashley et al., 2006;
Santana et al., 2009; Parchman et al., 2010).

Microsatellite EA|A} & =] 7= 1990 0]% x|<&2 0 7 Z71515 tH(Guichoux et al., 2011). “Molecular
Ecology‘ 4 285 microsatellite F2]2}F /i A+ Abefl= AR Ao} 917 S715he 210 2 UESTH(Zane et
al., 2002). T3+ =] FAAYH| St Fof i ehax|of| A Wl el A =22 AR 24, A A, 2
Al A 22 AT FAE HFQAL, o, 55w, FAFEE, AE 22 okt tidel tisl A7t o] Fof
Z Z 0 2 Z AR tH(Guichoux et al., 2011). 121} =W microsatellite EA| A} A& Al & EX45F 1ol =0
=2 A7 FS mefotr]of ofglzo] ik 2 Aol A= microsatellites YA =] A7 FS mpetstr] 6l
B2 AR §4, 5T, &4 AE, A 7 2ok dEoks 871 a5 IS = microsatellites T A =t
=2 Ao, Ak of W2 microsatellites 28 ¥ 912] HEHE mhotstr] 919l ™ microsatellites Tl A+
=29, A7 FA 2 AT ol e A = o S A4S Tt U9 bR pet Rofo| A o] 28
PCR 7|8t E2F F 2|2} &-§ Wl & B W 5}7] Q]off =iuj ] Abe et #of 37 <& SH&2 ol 4] RAPD, AFLP, ISSR,
microsatellites T A =2 ZAFE AAToFA T ohafet A W&ol 23 =i e] 4§ AF-S B4 oto] =i A
T}5} Zofof X 9] microsatellites 28 7Ha/d 1} Bl 3= A ESH 1A} 2t

Materials and Methods

Microsatellites ¥ st&=2| =& &

Microsatellite EA|AHE 21-8-3t =] A4 &S ot 7] 913t ZARE AAISHTE S5 A&7} 200058 20147}
2)of) ek T 8] B2 A 519,00, 4AE0] Aol Fuf A7 7|7 RO T AN WelE B
o} A 7] == ‘SSR’, ‘Simple Sequence Repeat’, ‘STR’, ‘Short Tandem Repeat’, ‘microsatellite’ 2 St T}, == 7
AL ZAE AT Rofoll whE AT thide] Hol & &ol7] floll &, As, 74, 55, 874 AH, At et RolE 7t
H E5H= < SH=-5-2813] Z](Animal Cells and Systems)’, ‘?F=-2]25}3] Z|(Journal of Plant Biology)’, *$t=r-7-75}3] ]
(Genes and Genomics)’, “$H=1-5-5513]%|(Korean Journal of Breeding Science)’, ‘?t=12Hd el e} 8] 2|(Korean Society
of Environment and Ecology)’, ‘?F= % 8}3] %] (Journal of Korean Forest Society)’, ‘%'g ™t et 5 A 2FetA - (Journal of

Agricultural Science, Chungnam National University), ‘Forest Science and Technology’ ]l thole] ZAMS AA|HATE.
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Microsatellites 2t& L A3t =F2| A, A ChY, A7 FA0f| T2 &M
=] microsatellites J&?ﬂ AT &= metstr] flel, T A = EH%} A FAof whet 555t
A Ao] wE AT FF A4S AAISHAT Microsatellite w4 EA|AF A8 A =70] A tlS BEEFT
of wrat <z E ”g(herbal plants)’, ‘& AlE(woody plants)’, ‘55 E(Vertebrates) , ‘2352 (invertebrates)’,
‘o ] JE(microorganism)’ &=0 2 L 2] AZo|u} B4 7|5 5o AE o] 9] AL A 7] El(the others) T2
ot A+ A= microsatellites T A =2-2] A5, A 54, 2§ 9 74 W o whet A5kt
/‘H_-F microsatellite 22} B2 2} 7 £ 2HZ2] microsatellite HAF EX| 2+ A AL cmA|2} A
(marker development)’, & W 77 o} 2 A+ A= AEH (population genetics)’, =&
F A3} microsatellites - @A 0] AT} AW A2} X & 2HF-L AW B 2 {742} 2] T (linkage map)’, DNA
v

-1 X
FBolx 57 e A9 7Iekthe

F o
mlo
r&
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profiling?} parentage A7+ -7 EA] E-4(genetic identification)’,

others) Y50 & FRSIFOH, F 7 o]Fe] A FAE 7H ¢ 7 &l TEEES ERoH3rh o A=

of wheh WP =i sl ERE FEO £t 4 FEoR ERE =20 £ T 0= YEHH = shannon
=1

FA| 9 AT ] TR A S 7
e AT, AT BEE 4, A5 AT wg’ AT A 2 5 B0 A B 4, cheEg
s

=
21 shannon index (HYE %45 B2 sto] 894 AAIsHc) B2 27)7H S5 50 24 100 o]4fe]
o

[e]
index (H) (Shannon, 1948; H=— Zpllog P, p;: AA| =2 4= M) i Fof| S ohs =1 5 H8)E S5t A+

ofof AR Al A= o s A= A2A 9lo(Austin and Steyerberg, 2015), ©]of] whet -t B
‘AT FA A4 FEE T AT =2 7108 o5l FE2 & Al A Al el st

M T3t RO 22 £3 BAR B A7 =2 ¥
= @] A s} Hofof| A 2] 3=g PCR 7|§F B2} E 2] Z}1 RAPD, AFLP, ISSR, microsatellite A Z 2| 2} 0]

>~l

A Lot 7] IRt AR AASHATE =Wl A et Fof M7 ShaA| & A eke| A& A4 skt =<
A sk Bof MB Sk&2|= Journal Citation Reports® (http://admin-apps.webofknowledge.com/JCR)2] JCR
Science Edition 201491 4] SF& 2] 4] ‘Forestry’ &5 W Q1-8 Bl &=(Total Cites)”} 7H -2 4H 1}sh Hofo] 37 A
& sk E AA skt AL A A 9kel Bof M2 k&) - ‘Forest Ecology and Management’ 7} &= 24,6823
2 7P =2 Q18 WIS YEH O™, ‘Agricultural and Forest Meteorology’”t & 12,4913, ‘Canadian Journal of
Forest Research’7} & 10,9233] <=0 2 =2 918 HIL & YelTE 7|Aksto g A W7}t HYH “Agricultural
and Forest Meteorology’ S A 2|5tal, Tttt AL HYE thF= Forest Ecology and Management’ 2} ‘Canadian
Journal of Forest Research’ & X540 2 AA5}3tt o] 5F=53] 2], ‘Canadian Journal of Forest Research’,
‘Forest Ecology and Management’ o[ 4 &% W5 20009-2014F 0. 2 $Hgsto] =2 HAMstoTh AM 7|19 =
= ‘RAPD’, ‘AFLP’, ‘ISSR’, °I-SSR*, ‘microsatellite’, ‘SSR’, ‘STR’ & 5o A} 0, o]% Z+ Sk HE 43

% 8 % o] PCR 7N B BARH B A7 =2 5 vl sk

rﬂ'

Results and Discussion

Microsatellites 2t&1 oL ¢t =2 HEE o

=i 870 A= 2ok sha]oll A 2000-2014E 713F 547t Pﬁg microsatellites ¢l A7 =22 F 17282
ettt <Sha-3-745H8] 2] (Genes and Genomlcs)’7]- gsHoz 7P Wokom 1 theogl GHteEshg]R]
(Korean Journal of Breeding Science)’ 60, 5=59] X](Ammal Cells and Systems)’ 14, ‘$h=-2]-55}3] ]

et

N

i
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(Journal of Plant Biology)’, 6%, ‘Z'2d st 5 xFelA(Journal of Agricultural Science, Chungnam National
University)’ 5H, ‘?F=2F3 A e} 813] | (Korean Society of Environment and Ecology)’ & ¥ 53] Z](Journal of
Korean Forest Society)’ 13 2] 420|212, ‘Forest Science and Technology’ |41+ T SHH O] =R ZALE]Z] ¢FSF
CHTable 1). Microsatellites T G- =5 5= A7t A uzto] what Z7FsHATh B =0.96, R*=0.47, p < 0.01; Fig. 1).

Table 1. The number of research articles classified as microsatellites-related by journals published during 2000-2014.

Journal Number of articles
Genes and Genomics (H=-7715}35]A]) 85
Korean Journal of Breeding Science (9h=-8-%35}3]]) 60
Animal Cells and Systems (3+=-%-=5+3]2]) 14
Journal of Plant Biology (3}%"‘”’3‘§11) 6
Journal of Agricultural Science, CNU (ZH sty s a}staAt) 5
Korean Society of Environment and Ecology (=73 A e 5k2] 7)) 1
Journal of Korean Forest Society (3+=+¢15}+3]#]) 1
Forest Science and Technology 0
Total 172
" [v=096x - 1923.9 %
R? =047 .
P <0.01 hd
z ]
X el
i‘:: ( e /'/'/’ *
; + 5 {/ - + *
y /;/’ ¢ L
EC‘L‘;C 2002 2004 .'-'C.C"B _'-'C"CE SC'.ZI: 2012 2014

Published vear

Fig. 1. Linear regression between published year and the number of articles published in Korean domestic
journals during 2000-2014.

Microsatellites 2 L =& A CHLO]| T2 24

X*}Q 1724 2] microsatellites ¥& A1 =2-& A7 f o2 73 A3} <22 A E(herbal plants)’ = g2

St AG(92H) 7T 7P Hol o] FojF om, T th3 0 2 < F5-E(vertebrates) (53 H), ‘F-2 A E(woody plants)’
(13’5) B2 Z5-E(invertebrates)’(11H), ‘T]A-E(microorganism)’(2H), < 7| Ek(the others)’ (1) &0 2 BE 5] Oqﬂ'
(Fig. 2a). ol =5 <=7} 10 ©]5}2] “u]AE(microorganism)’ ¥}  7]Ek(the others)’ S A 2|gF AT A &5
ZH A E(herbal plants)’( 8 =0.39, R*=0.32, p < 0.05; Fig. 3a), ‘= 4] E(woody plants)’( § =0.19, R*=0.61,p <
0.001; Fig. 3b), 2 55-E(invertebrates)’( 5 =0.18, R*=0.39, p=0.01; Fig. 3d)2] 37§ A7 ]} P52 5= 57
20 7 FoJRt O] 71&7]E WEH, AlRte] ZAfgte] whet 2t g&of| s Sl =2 7 7ot A o & YER
o}, 23y <235 E(vertebrates)’( f = 0.20, R*=0.13, p=0.18; Fig. 3¢} A X0 2 =2 > ZIP EAH o g2
Frofst] et
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(a) Object of article

Oherbal plants
sywoody plants
Svertebrates
#invertebrate
Omicroorganism

®ihe others

Number of articles (2000-2014)

[
0 A= L

(h) Subject of article
120

Omarker development
100 - ®population genetics
; Slinkage map
= rgenetic identification
60 | @the others

Number of articles (2000-2014)

Fig. 2. The number of articles classified by object (a), and subject (b) in Korean domestic journals published

during 2000-2014.

(a) Herbal plants (b) Woody plants
1z —— 35 7
y= O.;':‘S‘x - <;:>.16 v=0.19x - 371.86
12 4 R* =032 . 34 R? =061 *
FP<0.05 . " F<0.001
% W
= £ 25
B S
= =
= o 24
c Evvn
Z 2 17
24 051
0 0% & +7+ * * '
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
Published vear Published vear
(c) Vertebrates (d) Invertebrates
8 4.9
v = (0.2x — 380.7 vy = 0.18x — 357.66
74 * R =0.13 * * 4 R* =0.29 *
P=0.18 5= P=0.01
%6 + B w9
= E 3 .
H 5
- S 25
z z |
1 .+ 0.5 1
0~ + » [ e e LR T e e . S !
2000 2002 2004 2008 2003 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
Published vear Published year

Fig. 3. Linear regression between published year and the number of articles published in Korean domestic
journals during 2000-2014 classified by herbal plants (a), woody plants (b), vertebrates (c), and invertebrates (d).

Microsatellites 2+ =L =& A7 FA|0f| 2 &4

A FAof| wheh 73 A, <F T3 B4 (population genetics)’(103H)0] 714 @o] o] FoiF 0w, 7 o}
L2072 A B4 9 54 A & 2 (linkage map)’(50H), < XA} 7R (marker development)’(26%), “F-7d EA4 &
2(genetic identification)’(26H), * 7| El(the others)’(9H) =0 2 7 =] I TH(Fig. 2b). 3T == 57} 104 ©o]5}2l 7]
El(the others)’ S A| 2]t < E A2} 7 (marker development)’( 5 = 0.34, R* = 0.36, p < 0.05; Fig. 4a), ‘HT-FH7Z

]
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_4

A (population genetics)’( 5 = 0.68, R*=0.39, p=10.01; Fig. 4b)2] 27| 917 FA| FE-2 SA 2 0 2§23t 9F2] 7
715 UEt, AlZte] Aol whet ZF 5ol sidohs = 7 57k A o2 UEbgTh ey dd 24

A2k A] X (linkage map)’( 5 = 0.15, R* = 0.13, p = 0.18; Fig. 4c)2} 77 EA £ (genetic identification)’( 5 =
1,R*=0.12, p=0.2; Fig. 4d)& Ao 2 =82 5 Z77 BA 2 0 2 §ol517] ot

>1'E o iz

S

(a) Marker development (b) Population genetics

135

Number of articles
L&) o
\

Number ol articles

. e . ¢
NDe o T . + . 04 - ’ B ’ ” .
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
Published vear Published year
(c) Linkage map (d) Genetic identification
“ Ty =0.15x% - 29035 *¥ Ty = 0.1x - 198.97
74 R* =0.13 + 4 R* =0.12 *
P=018 Erl

[
el

Number of articles
ok
*
*
+
Mumber of articles
b
= o
*
*
+*
+
-
+

] * +
2 . - + i 7
* 05
01— . ; ’ ; o+ — e .
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
Published vear Published vear

Fig. 4. Linear regression between published year and the number of articles published in domestic journals
during 2000-2014 classified by marker development (a), population genetics (b), linkage map (c), and genetic
identification (d).

Microsatellites 2+ U =& A7 CHe L FA[Q] g &4

Shannon index(H)E &9l S4E A+t 2 4] thdA o] Ar ' Heks A Ao, A di/de] ot (8=
0.05,R*=0.62, p < 0.001; Fig. 5a)2 A+ FA| 9] the}d( 5 =0.03, R*=0.25, p < 0.1; Fig. 5b) B5F A[7to] A1}t
wha} Z7letenh AT tiA 2 9 A A =R 2 B Ao AE Ak o] T2 microsatellites T U] A =
=50 ST RE AT tidolu AT FA ZAH FUR o & dolu A= EUAIRHFig. 3, 4), AlKto] At
otoll what A th At 2 A 9] ’ 9= AR thFali A L Gl A 0 & W ETh(Fig. 5). o] 33t A= =9] A AR
A} L] 3kc}. ISI Web of Knowledge database®l| 4] A 7F5-8t microsatellites e 7= 1990 o= 2 1=
5| %7}o}cﬂ © ™(Guichoux et al., 2011), A+ A e} A sh&2¢] ‘Molecular Ecology’ ol 4] 20091d-20101 7]
&SR E 100 0] A =252 A AR 24, A4, T oA BT 22 A5 FA1E UE A,

5, 455 %, HF55, AET T2 et iAol tisl] A7t o] Fo1x] A0 2 FAFE I TH(Guichoux et al.,

TT, =1 HT o=, = =

OII

l

-

|

r

r
rlo I'L

2011).
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(a) Diversity of objects in articles (b) Diversity of subjects inarticles
16 18
¥y = 0.05x - 107.99
14 R? =0.62 + 1.4 .
P<0.001 & " z * B *
5‘: e * + g Le _'_l__“_‘_f—f”.
‘; 1 ; : /_ﬂ_‘
= - = *
2 A _— . .
= 08 | / = 08
< + . * * =
£ 06 061 e
= * = +
ZR P * * @ 04
v =0.03x - 55.44
0.2 0.2 R* =0.25
0+ 5 FP<0.1
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
Published year Published year

Fig. 5. Linear regression between published year and diversity of contents in articles published in Korean domestic
journals during 2000-2014: diversity of objects (a), and subjects (b) in articles.

=] 2] microsatellites Z-& A7 = 7 F7Het A7 i 2 A T4 M9l 2] Foi= Zefl ol S°1 microsatellite
B2 A AL S7T2 A-go] £Ea)|F 7] 722 AHZHE Tt ‘Molecular Ecology’ o141 1999E K€ 2001 7}4]
H 1% microsatellite TA] A} 7 A= A 7o) g4 75192 ™ (Zane et al., 2002), & - Ao A =+
Ul &7 2] 2000 F 75 2014 A 71| ©] microsatellite 2|2} 7 Ab|7F Al7o] A= ZS7FeE 21 0 = Vel
CHFig. 1). 27]2] =W €] microsatellite F A A} 7HEF Atg] 5-71+= enriched library 2! EST database 2] 52 & 7|& dF
ol b2 H-§ A7 ARIQI Ao = AAXIT AE9] 91990} & A-=<l4 genomic library screening © =
microsatellites 714 G o] G library= A libraryoll A 2 10%7H-S 92 4= A1 th(Billotte et al., 1999).

Z]2 50 4+=NGS 7|&, £3] pyrosequencing 7]%& 7HE 2 microsatellites library 752 ¢t G714 E EA4-2
T8 A&5ka A S At Santana et al. (2009)2] ALol| A= T $HH O] pyrosequencing= 53l Fusarium circinatum
O] F7A ol A & 23170 9] microsatellites - AHEHE €FQ15H HFH, sanger sequencing= Foll A= 100719 22 &
A5t F 8719] microsatellites - AT 215 T TS pyrosequencings 5-?F microsatellites library 705
H]-8-2 sanger sequencing= 59+ 7HE H|-GH T} F v o4 A== 7102 YebgdthSantana et al., 2009). The
National Human Genome Research Institute (NHGRI)©J| 4] NGS &4 H|-& ¥ 50| & FZ gt A1t 4= 20014 ]
T2 NGS 24 H|-go] HF5] At 9lom, 5] 2008 o] ¢2 74 Hl-8-2 T £ = A A 0 & eyt
(Sboner et al., 2011). NGS 24 H]-8-0] ZF4 2 A1 microsatellite EX] 2} 7|} Atell = 2|42 © 2 Z715F 7 o], o]
of| 2}t microsatellite EX|AHE &85 U &] AT AR = TS S71E Ao 2 A7t

Ju
o|N

A

243 tst 20F PCR 7|4 22 BR|ZHE H & HE

# o} 2o 37 sk A" PCR 719 22F AR} -8 F =1 < dfH] ZF PCR 719 24 B2 4 7
g == g HES Tl = 9] A7 2okl A microsatellites T2 -8 W& H] w5 ATh(Fig. 6). SFe]AE &
PCR 7|9F 22} A2} &8 A7 = AARt A, = det2] 2 o A= & 24H, ‘Canadian Journal of Forest
Research’ ]| A<= % 523, ‘Forest Ecology and Management’ o] A= & 84 0] ==F5°] A &I}, 813] 2] PCR 7]
Y22} 2] 221 RAPD, AFLP, ISSR, microsatellites @} T FA] = ol A 22t BA| 2} F-7ol 2 A4 =8
0] Bl&-2, = A Aot 2ok AR sha A}l = etel A o A ISSR ¥ =2°] 70.9%, RAPD 12.5%, AFLP
12.5%, microsatellites 4.2%% WEFG T =29] A1 3pst Bof 217 5+42] Q] ‘Canadian Journal of Forest Research’©]|
1= microsatellites ¥HA +=1-°] 69.2%, RAPD 17.3%, AFLP 11.5%, ISSR 1.9%2 ZA}=] %] © ™, ‘Forest Ecology and

Management’ 9] 4] += microsatellites ¥+ +=12-0] 76.2%, RAPD 14.3%, AFLP 7.1%, ISSR 2.4%= WEFT}
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100

BJournal of Korean Forest Society

50 OCanadian Journal of Forest Research

80 BForest Ecology and Management
70
60
50
40
30

20

10

RAPD AFLP ISSR Micorsatellite
Type of PCR—based marker

Fig. 6. The percentage of articles classified by PCR-based markers among searched articles in Korean domestic
and foreign forest science journals.

Percentage of articles (2000—2014)

LY A2 apst E0F microsatellites &2 Y

= A o} Zof & ohE A = Aete] A o 4 ] microsatellites B8 A7 =2 = THE PCR 7]4F
DNA 24} X291 ISSR, AFLP, RAPDO| HI5} 2{Qit}. o] thE PCR 7]9E 24F HA|AF ¢ A =& FHt
microsatellites T A =7 7 955] B2 ‘Canadian Journal of Forest Research’?} ‘Forest Ecology and
Management’ 2] = 2] et&2] b= A4 ZAito]t}, [SSR, AFLP, RAPD= mcirosatellites®l] |3l 2-8-0] 411 A&
ohH, shuke] A2 Fofl tho] ARERE SR 4= Sl B4 wiiZoll Ul AF Tt Eofo A A E= Ao
& WhE Tk T18 U ISSR, AFLP, RAPD®F -2 94 A A= shuhe] -frazbate] dishAl 2] tif-f-a 2]
(presence = absence) = A|-5-51H, presence/presence ] A& presence/null 571 A@ 7 L RS 4= %’*,\E]-—
o] 917 wiZol & A x E ol A -2 -2t e] o Aokt 9 28-S B8R Sl He-Rd Aol
= AA5HA] -2 EAoth(Nybom, 2004).

HHH microsatellite F 2] A= 594 BAZAZHN T G-AZ 2 ]| et o] i3 5-A2F 24lo] 7HssHH, th
FH2 271E 1 bp size7tA] F&s5H| :lLv‘i‘ja = Q1= o] o] lth(Jarne and Lagoda, 1996). =3 microsatellites =
gk Aldiell 107-10°9] =2 Ed¥ol&S 27| wiiol shte] fAaxtstellA B2 4o g-fA2E vepdct
(Schlstterer, 2000). 53] Fc+2] 37]7]'7%}51 F| Lol BEA = 72 Foll lojA] 2 Holes 2 BAAEH T

-2 =2 77 thFAd S vreRfTH(Hedrick, 1999). Microsatellites 2] 2 Ho|-&-2 H| w4 X[ Lo 45 HHo] 7
AFZY FH 58 5& 2A4517] ol A5 (Selkoe and Toonen, 2006), -2 H -2 thof/d-2 S WA
A =4 F-25 7Fs5H fFeH(Queller et al., 1993). ©] 2] 9 microsatellites ©] 5732 HT-F-AFx 24 53] -8
g o7 Heltt

2000 2E] 2014 7HA] microsatellitesS -85t AH{A1LZ B4 S AL FAR SH==H
7+o] 7 3to} 94 Z7 Vo TH(Fig. 4b). E3E=19] AFe] pet Zof Ao A= 3 9 FAF o] Bl &J gt
SEolu o, A, 4HE Foll Rt 4t e ek 34 wet A ool 2 4he] Hehh 7‘4:%53-5—“
7} B A5 AP & 1 QI thRatnam et al., 2014). =2] A 715+ Bo microsatellites O 4 2] -8 A E ¢
™, Rajendra et al. (2014)7} Vranckx et al. (2014b)2 Q17tef| oJgt B 2] 3|} wtHSr} & dﬂE‘CSﬂ-—.—(Fagus
sylvatica)?t 2H-Z2ZE(Quercus robur) FE-FATEZ0] v]X JF2 4s]7] et A4S 719519 2™, Riba-
Hernandez et al. (2014)2 8] Bt @l &St Virola surinamensiset Virola koschnyi®] 57t A4S
ot T§h Wang et al. (2014)-2 Castanopsis chinensis FT2] A 2|4 2|9} F2F 2 SHE H]AF oF o] At #
of v x]= FFS EA5H9. 21, Vranckx et al. (2014a)= A2 28 23T Quercus robur) AT O 2HE H|Z

flo -

i
A
)
_O'L
2
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O

g 3] HATd e SYcte A5 sk = 9] A7 28 A9 o], 7
Al
=

S =) At kst Hopof| A
AlE HAE5H-E A A microsatellites7F 773 £4 EW_L?JH A 714 = A

Ao gt

Microsatellites &8 A| F2|ALgt
Microsatellite 2|2} &80 Qloj Al A5 data set =&} o} 42 T atr] Qo] F2Jsljof & AFgto] ot &

microsatellite 22 B4 {20218t QAR G4 B2l o & ATt o] A, 4 A A 75
0 2 ATS YEMY linkage disequilibrium FAHE ©F7| & 4= Q1 th(Selkoe and Toonen, 2006). PCR I ol 4] t&
A2 F RO HeF SE 0 Z partial nulle] YEY FFHAES Ffl S% o= null alleleo] AT = St
(Yun et al., 2011). T3}, microsatellites Az o= @714 E Do ST O 2 AT 5= Gl= i g-7-3A Hol7t

U 4= UTH Anmarkrud et al., 2008). ©] g EAI T2 Y5 Aol A Uehv= 3lAe BAIEolH, 71 AT 2
A& 55| sl 2 4= ) th(Selkoe and Toonen, 2006; Yun et al., 2011 &%), 5FX| 9 microsatellite FEA| A} 28 7154
Tefotal o]t FAIEE FAIITE AR H 425 EE5Y 4 o B E HIEA] Fo|gfjof & o]},

H
T
S

3
S|
o

O =
=
juj R
U=

Conclusion

N,

Microsatellites £A] 25 &-83F A= 2 AT o} fofe] thefsiA| 7| oS 4= 1

o] A= st& Aol A microsatellites= 352 Rl 2 F-8-5]11 et 7HAl-o] 74 thdd B 1?}%
T2 A A A, FEIHAT w2 B PO A EAS sk s 1Rt | ?
Z3} QA2 S 5H15}H7] Qg -G BA Aate} | o]5h2] AL Sof microsatellites” E-8%] 17 Q).
B AE ERE QIZE A B Al E, oY %‘@,%, gre 2o} 2l -7 o= wl-e- FR $lstet 6}11“& =
St Eotol| A microsatellitesE E-&5H 7 At oRRIZIAE wf$ Aot oigh I A TSt
microsatellites ©]2]°]] ISSR, AFLP, RAPDSE} 72 PCR 7|5t DNA E2]2H5 &89t A7} 24524 0
£ A0 & Hol, 5o 4te] 7}s} Holof| A DNA BA|2F 5731 24 A7 5] g2 Ao
b= = At vl ool M e theFet 2 7HA] AL QA= microsatellites S A A E S}, 75
st 5o wofof] =20 & E-goflof & Zo|rt.

x&
O
il
51
o,
i

Fﬂr}i
M-
ﬂd{ﬁwi
& mH g
O*EJ

i o,
rek

4&
ECRE

R
2
s

)
B
o
i)

O
Bl
[¢]

F

alt) >~
-~ i

R T

lIr W 30 x

rEl
@F%rtn;
I
I

O
2

Acknowledgements

References

Anmarkrud JA, Kleven O, Bachmann L, Lifield JT. 2008. Microsatellite evolution: Mutations, sequence variation, and homoplasy in
the hypervariable avian microsatellite locus HrU10. BMC Evolutionary Biology 8:138.

Austin PC, Steyerberg EW. 2015. The number of subjects per variable required in linear regression analyses. Journal of Clinical
Epidemiology 68:627-636.

Billotte N, Lagoda P, Risterucci A, Baurens F. 1999. Microsatellite-enriched libraries: applied methodology for the development of
SSR markers in tropical crops. Fruits 54:277-288.

Goldstein DB, Schlotterer C. 1999. Microsatellites: evolution and applications. p. 368. Oxford University Press. Oxford, U.K.

Guichoux E, Lagache L, Wagner S, Chaumeil P, Léger P, Lepais O, Lepoittevin C, Malausa T, Revardel E, Salin F, Petit RJ. 2011.

Korean Journal of Agricultural Science 43(2) June 2016 229



Current trends in forest science research using microsatellite markers in Korean national journals

Current trends in microsatellite genotyping. Molecular Ecology Resources 11:591-611.

Hedrick PW. 1999. Perspective: Highly Variable Loci and Their Interpretation in Evolution and Conservation. Evolution 53:313-318.

Jarne P, Lagoda PJL. 1996. Microsatellites, from molecules to populations and back. Trends in Ecology & Evolution 11:424-429.

Kalinowski ST. 2002. How many alleles per locus should be used to estimate genetic distances? Heredity 88:62-65.

Liu ZJ, Cordes JF. 2004. DNA marker technologies and their applications in aquaculture genetics. Aquaculture 238:1-37.

Nybom H. 2004. Comparison of different nuclear DNA markers for estimating intraspecific genetic diversity in plants. Molecular
Ecology 13:1143-1155.

Parchman TL, Geist KS, Grahnen JA, Benkman CW, Buerkle CA. 2010. Transcriptome sequencing in an ecologically important tree
species: assembly, annotation, and marker discovery. BMC Genomics 11:1-16.

Pashley CH, Ellis JR, McCauley DE, Burke JM. 2006. EST Databases as a Source for Molecular Markers: Lessons from Helianthus.
Journal of Heredity 97:381-388.

Queller DC, Strassmann JE, Hughes CR. 1993. Microsatellites and kinship. Trends in Ecology & Evolution 8:285-288.

Rajendra KC, Seifert S, Prinz K, Gailing O, Finkeldey R. 2014. Subtle human impacts on neutral genetic diversity and spatial patterns
of genetic variation in European beech (Fagus sylvatica). Forest Ecology and Management 319:138-149.

Ratnam W, Rajora OP, Finkeldey R, Aravanopoulos F, Bouvet J, Vaillancourt RE, Kanashiro M, Fady B, Tomita M, Vinson C. 2014.
Genetic effects of forest management practices: global synthesis and perspectives. Forest Ecology and Management
333:52-65.

Riba-Hernandez P, Segura JL, Fuchs EJ, Moreira J. 2014. Population and genetic structure of two dioecious timber species Virola
surinamensis and Virola koschnyi (Myristicaceae) in southwestern Costa Rica. Forest Ecology and Management 323;168-176.

Santana QC, Coetzee MP, Steenkamp ET, Mionyeni OX, Hammond GN, Wingfield MJ, Wingfield BD. 2009. Microsatellite discovery
by deep sequencing of enriched genomic libraries. Biotechniques 46:217.

Shoner A, Mu XJ, Greenbaum D, Auerbach RK, Gerstein MB. 2011. The real cost of sequencing: higher than you think! Genome
Biology 12:125.

Schidtterer C. 2000. Evolutionary dynamics of microsatellite DNA. Chromosoma 109:571-572.

Selkoe KA, Toonen RJ. 2006. Microsatellites for ecologists: a practical guide to using and evaluating microsatellite markers. Ecology
Letters 9:615-629.

Shannon CE. 1948. A Mathematical Theory of Communication. Bell System Technical Journal 27:379-423.

Squirrell J, Hollingsworth PM, Woodhead M, Russell J, Lowe AJ, Gibby M, Powell W. 2003. How much effort is required to isolate
nuclear microsatellites from plants? Molecular Ecology 12:1339-1348.

Taberlet P, Waits LP, Luikart G. 1999. Noninvasive genetic sampling: look before you leap. Trends in Ecology & Evolution
14:323-327.

Vranckx G, Mergeay J, Cox K, Muys B, Jacquemyn H, Honnay O. 2014a. Tree density and population size affect pollen flow and
mating patterns in small fragmented forest stands of pedunculate oak (Quercus robur L.). Forest Ecology and Management
328:254-261.

Vranckx G, Jacquemyn H, Mergeay J, Cox K, Kint V, Muys B, Honnay O. 2014b. Transmission of genetic variation from the adult
generation to naturally established seedling cohorts in small forest stands of pedunculate oak (Quercus robur L.). Forest Ecology
and Management 312:19-27.

Wang Z, Lian J, Ye W, Cao H, Wang Z. 2014. The spatial genetic pattern of Castanopsis chinensis in a large forest plot with complex
topography. Forest Ecology and Management 318:318-325.

Williams JG, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV. 1990. DNA polymorphisms amplified by arbitrary primers are useful as

Korean Journal of Agricultural Science 43(2) June 2016 230



Current trends in forest science research using microsatellite markers in Korean national journals

genetic markers. Nucleic Acids Research 18:6531-6535.

YunY, Yu J, Lee B, Kwak M. 2011. An introduction to microsatellite development and analysis. Korean Journal of Plant Taxonomy
41:299-314,

Zane L, Bargelloni L, Patarnello T. 2002. Strategies for microsatellite isolation: a review. Molecular Ecology 11:1-16.

Korean Journal of Agricultural Science 43(2) June 2016 231



