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ABSTRACT: Sasa borealis (Hack.) Makino & Shibata is widely distributed in South Korea. With amplified fragment length
polymorphism (AFLP) markers, we analyzed the genetic diversity of S. borealis to predict and measure the phytogeograph-
ical factors of these populations. Relatively high levels of genetic diversity (PPL =37.2%, h=0.143, /=0.205) and genetic
differentiation (G, = 0.324, 8” = 0.395) were confirmed in populations of S. borealis. Moreover, an analysis of molecular vari-
ance (AMOVA) showed that the rate of differentiation among the populations was 47.7%. The results showed that genetic
diversity is inversely proportional to the latitude of the S. borealis populations, indicating that the distribution of S. borealis
may have extended from lower to higher latitudes. This method of investigating the correlation between genetic diversity and
latitude presents critical information for estimating changes in distributions and plant conservation due to climate change.
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Alotefl A S-8FTH(Clayton and Renvoize, 1986; Zhang and
Clark, 2000). $HIE2] ZSltf&ell= A97H4] & 55 19
o] B} vk, 23 tl[Sasa borealis (Hack.) Makino
& Shibata], AZ=Z N [S. kurilensis (Rupr.) Makino & Shibata],
AUN[S. borealis var. gracilis (Nakai) T.B.Lee], #5325t (S.
quelpaertensis Nakai), YTN[S. chiisanensis (Nakai) Y.N.Lee],

AlOTt)(S. coreana Nakai) (Nakai, 1952; Lee, 2003; Lee,
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2006). titF-obdts AEAAo R WA AE
T Ao, fEvkel HeA S AalelA
A WFA 9L Ak AR, T8 EEeke
TgHef o]2&= AoF Haw vl QIth(Kong, 1985; 2001).
T8y o= FE £ AR Wt B2 FARE Fet
of mpotgl zpgoel ZAgH Aolt}. = ke Ao
A oh dite] TR FxE HEROoRE HAk, WO
2 9t AR BExsls o2 4uA tH(Tsuyama
et al., 2011).

Aol mE AEthddel gk A= Tt Sebd
FE AEUIo] Ak AoF d#A )3l (Fischer,
1960), S5t AETHFY Y A F4 s et =
obxlel wet FFAshE A1s HolFTthHMartin and McKay,
2004; Falahati-Anbaran et al., 2007). )& $JE=7} sopda=
= fATeRde] sl A A A wHolg Ao
b, a2 Wake] Skl ot A& Ws)t 5o kol
02 A7tE| 31 Q)tMartin and McKay, 2004). 9152}
A vk AlE AE FEelA Rl Sk
, THAAE AMESE ulEk(Casuarina cunninghamiana)
et A2} microsatelliteE  ©]-8-3F %] # Al [house
sparrow (Passer domesticus)]S] 314 tjold 74 Ao
A st A4 e AaEAE UehdlE slos
A5 th(Moran et al., 1989; Schrey et al., 2011).

Amplified fragment length polymorphism (AFLP) "}A&
MAT BA A5 23 AT 722 §47 oA
WA ohekst ATt o] &H e siiE el 7] wiwl
MATE] 44 S-S & Wgehs A0= o484 itk
(Kim et al., 2011, 2012; Jung et al., 2014). Z=H o7} EZ3HH
tjubF-ol2ki= AFLP, inter-simple sequence repeats (ISSR),
random amplified polymorphic DNA (RAPD) £} -2 tafst
WAE o] &8t A4 A FA0] o] Fo] A th(Hsiao
and Lee, 1999; Suyama et al., 2000; Tian et al., 2012).

ZEs S =R olv] delA i s Akl
ZA B3 (Kong, 1985; 2001)3}aL = BFRTO|EZ 7]
Fwiskel 22 g aclof| ogt AlEx]E|ehE] Wlo] #4
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Fig. 1. Location of 12 populations of Sasa borealis in South Korea.
Abbreviations are same as in Table 1.

Table 1. Geographic information and sample size of Sasa borealis
populations in Korea.

Population N Location

CBS 4 Songnisan (Boeun-gun , Chungcheongbuk-do)
JBJ 15 Jirisan (Gurye-gun, Jeollabuk-do)

INS 7  Sanghwangbong (Wando-gun , Jeollanam -do)
IND 7  Duryunsan (Haenam-gun. Jeollanam-do)

GBS 6  Sangyunsan (Cheongdo-gun , Gyeongsang-buk-do)
GBM 4 Mungyeong (Mungyeong-si , Gyeongsangbuk-do)
GGC 4 Chilhyeonsan ( Anseong-si, Gyeonggi-do)
GWT 5 Geomnyongso (Taebaek-si, Gangwon-do)
GWY 5 Yuilsa (Taebaek-si, Gangwon-do)

GWS 5  Seoraksan ( Inje-gun, Gangwon-do)
GWB 5  Seokbyeongsan (Jeongseon-gun, Gangwon-do)
GWG 5 Gyebangsan (Hongcheon-gun , Gangwon-do)
Total 72
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AFLP 4 A55 EUZ neighbor-joining TX L5 2Hd
gk 7)ol shte] =HE S AEE Hol= XE
(Sasa borealis) NAT-E7HE AEZ ARESHTE 7HAT
= tiEshks MAE tdes oS AF siglom,
] < ol AT aketa AEREAAIoU)ol Kty
o] it

DNA ==& 9 AFLP £

AR AEAY L2 70% oerE= AlF <« Azt A
2 7xste] DNA F=o ARESFlth DNA F5H 2
Dolye and Doyle (1987)°] 7]1%3t CTAB "% (Chen and
Ronald, 1999; Kim et al., 20112 AF-3131t) =% DNAT
Z}2]A #337](Genova, Genway, UK)°llA4] 260 nm$} 280 nm
oA FHEE SHsk] d=Feilon, 4%¥ DNA
= 100 ng/uL FE= A5t} ARGSISITE AFLP 412 5
A 8AE AEste] 1270¢] AFLP Zefo]w =
o Ea BAE A} Ao 2o wo|E Hol: 4
N Z3-& AHE-SFATHTable 2). AFLP 41> Vos et al.
(1995)] HHHS W g3y Zalo|H S ALE-35fo]
B8 I tHKim et al., 2008). AFLP A3} U2 wi=
A = FAlshd 0= ZPEHA0H, B A
7]‘ = TS MEg) 5% vRke] RIEE Hol= th

J M= Ao A A28 th(Keiper and McConchie,

frlrr

A=EA

A7 oS #3171 218 POPGENE 1.31 (Yeh et
al, 1997)= ©]&sto] @A =91 MEE(PPL
percentage of polymorphic loci), Nei (1973; 1978)] o184
3H=(h), Shannon and Weaver’s index ()& -51%1.2™, 7l
AR FRAA EIEG,), MATZ] FHA 55
(N,my& Asiaitt. wlolx F2E& ARS-3h= Hickory 1.1

Table 2. Polymorphic bands generated by amplified fragment
length polymorphism (AFLP) primer combinations in 12
populations of Sasa borealis.

. Polymorphic ~ Polymorphism

Primer Total bands bands %)
Eco-CAAC/
Mse-ACTG 39 22 56.4
Eco-CAAC/
Mse-ACTC 39 30 76.9
Eco-CACT/
Mse-ACTC 47 30 63.8
Eco-CACC/
Mse-ACGT 59 40 67.8

Total 184 122

Mean 46 30.5 66.3

< o] &8l AT B3 @®E A7 th(Holsinger and
Lewis, 2005). Deviance information criterion (DIC) 3k& AR
3 Al 714 22 (Full model, £= 0 model, f-free model) 5
A9 s A A4 29 H7lolli= Arlequin 3.5

o]l U AMOVA (Analysis of Molecular Variance)s A&
19 THExcoffier et al., 1992; Excoffier and Lischer, 2010). $]
S} AT T Atele] ARiAlE RolFe R
9} A8 AR Sigma Plot 10.0 (Systat, San Jose, CA,
USA)E ARSIt ZHAIT He] Trxm FAWAE Tot
3171 913k neighbor-joining A =+ -7 2 A 2] (Pairwise
sty E 7)1 %50 MEGA 5 T2 1383 E38) A9
(Tamura et al., 2011). 32 Az} #2148 Agle] Aa3t
AE HolF= Mantel testi= TFPGA 1.3 (Miller, 1997)= ©]
g3lo] S8l th(Mantel, 1967; Kim et al., 2011).

2 o

AFLP SECIAN
o] JHAEE] 4709] AFLP Zefolw Z3hs F3
%M%“é AofA F 18479 =S EFRlEl o, o
= 12270(66.3%)2] WME= ThEA)-S HolF% tH(Table 2).
o WAL AT L] B wkS PPL=37.2%,
h=0.143, 712]3L [=0205°2% FA ¥k Table 3). 704
W fAgerde Agak AAEIBHAIA 7Y =2 WHo)
(PPL=80.3%; h=0269; I=0406)% HojF3lom, HFAk
NATFHGGC)ANA 7 & WHO(PPL=82%; h=0.032;

Table 3. Genetic diversity based on amplified fragment length
polymorphism (AFLP) markers within 12 populations of Sasa
borealis.

Population* PPL (%) h 1
CBS 28.7 0.118 0.172
IBJ 80.3 0.269 0.406
JNS 43.4 0.167 0.247
IND 64.8 0.236 0.356
GBS 41.8 0.148 0.224
GBM 41.0 0.172 0.250
GGC 8.2 0.032 0.047
GWT 32.8 0.135 0.120
GWY 34.4 0.138 0.202
GWS 23.0 0.091 0.135
GWB 24.6 0.108 0.154
GWG 23.8 0.097 0.142
Mean 37.2 0.143 0.205

Abbreviations are same as in Table 1.
PPL, percentage of polymorphic loci; /4, Nei’s (1978) unbiased
expected heterozygosity; /, Shannon and Weaver’s (1949) index.
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Fig. 2. Correlation between genetic diversity and latitude of Sasa borealis populations. A, Scatter diagram of percentage of polymorphic loci
(PPL) against latitude; B, Scatter diagram of Nei’s unbiased expected heterozygosity (/) against latitude; C, Scatter diagram of Shannon index

(/) against latitude.

1=0.047)2 HoJ5% tK(Table 3). Ae=2] 7WAE(INS,
IND)S] 5 TFFA (PPLYS 40% ©]4+e] ®olE vFeERigl
o} AAE0] AAATE(GBS, GBM)E VAR 40% ©]
4ol MolE HAFAUT AAE MATS(GWT, GWY,
GWS, GWB, GWG) 20% - 35%2] tloRdS wojFu], 7
715 MATHGGC)S <k 10%2] thaFdS ettt
(Table 3).

{=0il mE JHxEe| FHCHFA

H=el 3 Al 7] TR o] Al vl
A AE BAAFITHFig. 2). F-Atek] PPL 3 71&
7] <1149 3e e »=0.7312] 32 Bt
Aokl b ke 71871 @& -0.0363 23oH r=0.719
< YERRITE AT 19 A9 71E7] w2 -0.06,
r=0.0743%2 VEFITHFig. 2).

Zt 7N e| R 2l H £

Hlo] A~ (Bayesian approach)ell 2]+ AT 7+ H-3
A el (0%E Al 7HA Bl wet A Ay} 7R ok
2 DICES Hol:= full modelo] A&} 3lw ghe
0.395% UFERRTE o] gt A Eeel] v gl
Nei (1973)°]] &J3t 394 £3H2 (G, = 0.324)9} FAFSE 7
otk WA 3 AR SR W mR G ths S8l At
9lom 0.671% UERTE 23t HAES F 7He Al
TOF EEte] AMOVA w4 ¥ f4d ®lo] AdA 5
47.7%7F NATE 312 zpolell Al vEboH veA] 523%
= 7HAIE W AAIRES] Aolef|A] 71918k Z o = LRl

AT 7] 534 AR (pairwise @siyE T3 A3}
o] FEANIND)Y ST AFSHE(INS) Aol
0.059% Hagks Btk 47159 FAHGGC) ) 74
5 ARHGWS) AT 712 f£-47 Al 0.7330% &
ke UeRdth Mantel test 23 7NAE 5423 A
o} A& A rell= fFolehA & AHaAl(r=0.378,
P=0.006)% ol ASZ eI TthFig 3). 44 Az
£ o]&3 JHAEZF] neighbor-joining A =& A4S
A3 Adze oAl AT (GWT, GWY, GWS, GWB,
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Fig. 3. Scatterplot and correlation between genetic distances
(pairwise @st) and geographical distances based on amplified
fragment length polymorphism (AFLP) markers of Sasa borealis
populations (» = 0.378, P = 0.006).
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Fig. 4. Neighbor-joining dendrogram of Sasa borealis populations
based on genetic distance (pairwise @sf) using amplified fragment
length polymorphism (AFLP) markers. Abbreviations are same as
in Table 1.

GWG)T AaEE A4t AATHGBS)e] vz F-35]
o, A% AHIHGGO), THEE £8AHCBS), A
g A gahiBne MATER AAEE w4 AT
(GBM)°] 3= FAESTE & depds o] Ashs
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NATONS)S afide] F5AF /NAFOND) Y F5o] &
UTH(Fig. 4).

o F#

FrCik
AEEY 84 thelde AN 232, A &
A Fxet FRAAE Hole Zoz & 4R ot
(Fisher, 1960). =, ¥-3 W97} SAU, Hol9] 27]-57]
A Tela §AA §eo] Ak vk §314 oeds
Zsh, B HA7L
<

e

N

Jr

HE & A, Aol 71
a8 fAA Fgol s W e f34 vds dEr
H}(Loveless and Hamrick, 1984). Z3t)| 7|l ozt
B AR O HHE(PPL=372%; h=0.143)> tjuo}
We] FAERl W= H(Arundinaria)® VLS 75
E A0E YeETh &, Hojo x| Fxst
+ Aundinaria gigantea (h=0.055)F A. appalachiana (h=
0.052), 121, A. tecta (h=0.054)5T} & 2107 LpER)
Ch(Triplett et al., 2010). =3 ti= 2 Sollx] ujel] 71
AL sHA Faska 9o, Aol A, FH4 F
T a7t A9 o] Wil ooz =2 §1 ok
e Ak Qe A o= Az

8] MAREES] AT FE Aol wet b
A W H19e] wolE YEPHATHPPL =8.2% - 80.3%;
h=0.032-0.269). 7RAETFelA W TR e B
ol A% Arundinaria gigantea (h=0.055), A. appala-
chiana (h=0.052), A. tecta (h=0.054) 2} B|w3}H H7| %
AHHGGC)E Bt w2 3h(h=0.032)yS 7HI TH(Triplett
et al., 2010; Table 3). F7]1% #1912 /WAHGGC)} 7+
= 299 JHATFE(GWT, GWY, GWS, GWB, GWG)°] 3
H(h=0.143)8 0} W2 FHTE S BolFa Qe A
AR 28 JRA oA 7P HEell skl Q=
MATFES] FAAETRE Fd oz ol 27|t
o Sl Aoz FgEH(Loveless and Hamrick, 1984;
Nakajima et al., 1991). Wb Z2it)e] Hit S-ATRY 1
o} =2 FHTS 2Es 2R UND, INS, JB))9L 7%
(GBS, GBM)2] 3t /A g oz Hole] &
71A| 2 AZFer 4= 1tk (Loveless and Hamrick, 1984).

rlo

FEE 23 Y [foEA

AT 2F FA7 Behe AT LA weE
Soll 93-S W=tH(Loveless and Hamrick, 1984). 4dAY
AE F(Gy=0430) THAA A& F(Gg,=0.077-0.262)
B} 2 544 B E BRItk ApES AEshs
e F(Gy=0523) EPFRES AEsteE AE F
(Ge=0.118)5 T} H2 F17 F3es Holw Ap7hri
I BRE AIBR AE (Gg= 02432 T s
Zt=tH(Loveless and Hamrick, 1984). Z=3t)] 7l 1+ &

Table 4. Genetic differentiation (6%) calculated with three
different models by using the Bayesian approach.

Model f o° DIC
Full 0.093 0.395 2849.39
=0 0 0.384 2859.29
Free 0.501 0.426 2882.21

f, inbreeding index within populations; 6*, genetic differentiation;
DIC, deviance information criterion

Table 5. Summary of the analysis of molecular variance
(AMOVA) within/among 12 populations based on amplified
fragment length polymorphism (AFLP) markers.

Variance component

Source of variation Df %) P
Among populations 11 11.01(47.73) <0.001
Within populations 71 12.06(52.27) <0.001
Total 67 23.07(100)
Fy, 0.477

A4 HIE (G 0324, 6°=0.395)= A A& F Hr}
o A EIE g T, AR e
k= Ae T AR kS ZHETH AMOVAREA ol
o)t AT Wl AATES] Wl 523%E HoloH,
47.7%= WA 4] 2ol 2 UERGTH(Table 5). 239
MARERS] F424 F37) 58 ol MAIEe] /-4
AL olFo]l A7] WiEo® FAeh 4 qlrk o ATellA
A 232 A FAA SENm=0.671)> B
< #oE o]y gt dllalS A X8t Neighbor-joining W
Hell oJgh AIPRTe] FA% FAWAE A At 7
A=) o8l AWATHGWT, GWY, GWS, GWB, GWG)¥} 73
AR A ANATHGBS)O] FUE FREeH, A3
7% NATHGGO), THES /NATHCBS), A2t AT
(BN 5T 77 NAHGBM)O] s 15 8
dskeint, 18l dEbds 3Hs AT ONS) T FEA
AAEAIND)] 3 5] = A Th(Fig. 4). F-83 FE&A
< AlQst O MArE] AYA dAE F-HOoE A
X JoH(Fig. 1), 1w Hlolxe #7304 FAu)
7F A R T th(Fig. 4). ool 2ARE 23T ZiA)
TE ToA AgA R AMEAR FAR o ZE ATt
A JfAEEe] EASCE A A2lA Exet f414
FATAS UERE Mantel test A3, Thh w2 AdaA
(r=378, P=0.006)5 Holi= A o|8fst /MAFES +4
2 B4 A9k Aol 71Q1sks o= Rt

ZEithe| 2ot AlEX|2|5HE 0| 4t

frAageddol 71deln doldss Fadves 2
2 obelA] Qlth(Hamrick et al., 1992). 3 ¢1ollr Z3it)
Ao FATFdS Amrt T g mEk fhashd,

N
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olof uwp2 2| AFIHA(PPL, r=0.731, P=0.007; h,
r=0.719, P=0.009; I, »=0.743, P=0.006)= X.o]5CKFig.
2). o]dd Aaf= Al 2891 23 d7F B2 A
H =& JE® Fx7F EdEe] Ao vkl s e 4
Aok At} BT ATES o =2 fT
Atk Hol Fa1 qlal, o]of] Hlate] HEel o= A7
S} AR AT ES Ao R vk AT @
}x]L A= Aoz YERGTHTable 3). 2o AAA
715Hgle] oslo] EY o] FxUF HEOR HTE

of AAl B TS 2t FHA AT

Ok

|

i o mlo
10 oX o

O
7o
ATk HEol QA8 MAlT= Bk A4
oA A & Aoletar l%—z —’F AT}
91 =T A TS T 9] g} 7159
uEt AH = o= QME]'(Yim and Kira,
1977; Lee and Yim, 1978). & OL A3} /WATS] AFLP &
AE Sok fFATeRd g H of wpE #A2 7]}
s AEsl] F3EA
Ags A= v 2
*ﬁﬂﬂf/} ole} M T, A
T 2ALS 2 A
7?6}741 ok Z301E AA Q] Fotrlord] A=A st
A A 7HEE T S Aol

o
kel
= ;1:‘4 HH‘ :10 ﬂlk‘l
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ofi 12
M
1z
i
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S
Q
<
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(¢}
S
i
o

AL AL

T AR TR AAELS) Y R

o] wgiek. fAlckery Aol fole ol
S sfo] # ZHATISHLY) QAitEbabe) ofe] ARt A
Helol W £ F olFUshL ABABRR AT
4] AL AR D g ek o 2

2o A3E WAste] F W T AT A}
o e, AT R A Sl
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