HRIZEZI 2018, 36(6); 775~783

Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2018. 60775
e, FEYY, MUK K. B EERE ( Macromitrium gymnostomum) YT 25 g £ 48 5 LR R Ap AT [ U] AR 2244, 2018, 36(6)
775-783

Li Y, Zhan L, Guo SL. Genetic and morphological variation patterns of Macromitrium gymnostomum and their geographical backgrounds
[J]. Plant Science Journal, 2018, 36(6) : 775-783

TR 15 = &E ( Macromitrium gymnostomum) B 2 75 %0
mETS R EMIBREEZE S

F#, B &, HAR’

(M A S IR R 2R 2% B, i 200234)

W E. §ukFEEE( Macromitrium gymnostomum Sull. & Lesq.) | i FREIARFMEER, SRR, HSiLgFht
FEUM ., b T IERSEE B AR A SO, DRIEAR | SRR R = SR, MG SRR 11 R
JEHE 106 MEEARBLFRR 13 MESMRIEAT TIE . SRER, MISESEIE T 106 MAEARRI N 8 MEX
A, F 13 XTISSR F1#akfd 1 150 i, Hh 148 IR Z BN, 2B EA %N 98.67%; Nei's HEH £
FEVEAERRRE N 7 62.22% , FEJEREM] 5 37.78%; EHEMIEEF G (N, )N 0.8235, ik bfii( G, )k 0.3778,
11 A BE IR AL FE R /E 0.0873 ~0.2363 Z[H], “F-#4J2 0.1508, H:T 148 A Z AN wi il 106 AR, 8
A isfedl, SN EHNIESER A —EMBESE s (r = 0159, n = 106, P <0.2), MEFEEMIEE(r =
0.309, n = 106, P < 0.01) figf&(r = 0.251, n = 106, P < 0.01) 4M b= T 540

KEIF . BRIGERE,; BALS, BEZRM,; BiEath; mEREE

HRESHES. Q949. 352 ERERIRAD . A XEHS . 2095-0837(2018)06-0775-09

Genetic and morphological variation patterns of Macromitrium
gymnostomum and their geographical backgrounds

Li Yan, Zhan Lin, Guo Shui-Liang*

( College of Life and Environmental Sciences, Shanghai Normal University, Shanghai 200234, China)

Abstract. Macromitrium gymnostomum Sull. & Lesq. is widely distributed in southeastern
China, with high morphological variation and confusion with allied species. To correctly define
the morphological variation range of M. gymnostomum and the relationship among
morphological patterns, genetics, and geographical factors, 13 morphological traits based on
106 samples from 11 populations of M. gymnostomum were determined. The 106 samples
were preliminarily clustered into eight groups based on the 13 morphological traits. Using 13
pairs of ISSR primers, 150 ISSR bands were amplified, of which 148 (98.67%) were
polymorphic. The intra-population genetic diversity accounted for 62.22%, whereas the inter-
population value accounted for 37.78%. Gene flow existed among populations, with a N, index
of 0.8235 and a G, of 0.3778. The genetic distance among the 11 geographical populations
varied from 0.0873 to 0.2363, with an average of 0.1508. Based on information from the
148 loci, the 106 samples were clustered into eight groups. The morphological variations
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of M. gymnostomum were genetically controlled to an extent (r = 0.159, n = 106, P < 0.2).
Distinctive geographical influences on morphological (r = 0.309, n = 106, P < 0.01) and genetic
differentiation (r = 0.251, n = 106, P < 0.01) were also found.

Key words: Macromitrium gymnostomum; Morphological variation; Genetic diversity; Genetic

differentiation; Geographical factors
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Fig. 1 Locations of 11 populations of Macromitrium
gymnostomum in southeastern China
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Table 1 Collection localities of 11 populations of M. gymnostomum
JE AT (RS) i) FEA
Population Locality (Code) Latitude & longitude Sample number

1 WK HEIL  Zhejiang, Tianmushan (T) 30.32°N, 119.51°E 12
2 W% Zhejiang, Shengsi Islands (SS) 30.72°N, 122.82°E 6
3 BEE2E  Taiwan, Yilan County (Y) 24.72°N, 121.68°E 10
4 Bl E Taiwan, Nantou County (NT) 24.12°N, 121.26°E 5
5 BN Taiwan, New Taipei City (XB) 24.67°N, 121.28°E 8
6 WYL KR4I Zhejiang, Dapanshan (DP) 28.98°N, 120.52°E 5
7 WL K#LSE  Zhejiang, Dashenxianju Reserve (DSJ) 28.71°N, 120.60°E 6
8 Wi HEZ L Zhejiang, Yandang Mts. Reserve (YD) 28.43°N, 121.61°E 12
9 W 5104 Zhejiang, Wuyanling Reserve (WYL) 27.35°N, 119.93°E 20
10 WL Zhejiang, Longwantan (LWT) 28.34°N, 120.89°E 12
11 WK H1IL Zhejiang, Tiantaishan (TT) 29.27°N, 121.08°E 10
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Table 2 Thirteen morphological traits of M. gymnostornum

i’ PEAR B A
Number Traits & assignment

C1 mAR(ER 2, i1, Wik 0)
Cc2 4 (mm)
C3 R B BE L (mm)
C4 R B L (mm)
C5 it AR S (mm)
C6 T EB A FE L (mm)
Cc7 TR AE OB 0, fYE 1. £¥E2)
cs R A OHE O, BE 1. 29 2)
C9 ERANMYE (BN O, R 1. £ 2)
C10 FIRAM OB 0, I, 29 2)
C11 B 1/3 AR KL (pm)
c12 P (LR 0, TR 1, Kk 2)
C13 B (BEEHTE O, BIRHEEDTE 1. #ELRBEETE 2)

1.3 DNAREX, PCR ¥ &4 S5 20

K FHAE %) DNA $2 B0 7 & (R MR, Cat.
DP305-2) 2 Bt 3 [F 20 DNA, M E A Fii By 100 &
ISSR & HI5 |9 v i BGR KGR 7R 50 ~55°CHI 514
(th B TERABRAR G B #1725 W51
ik, SLOH e SR TE MW, AR VEL | RUENELF
13 X159,

mmﬁ.%?*%%ﬁ“?ﬁ1%mmmuL
PRF 2 EEFEY Wk, Vs
EB #xMia s ﬂmz%m%ﬁ%&%m(ﬁrﬁ8ow
5, P4 E S BB AR 531 22 55 ( Tanon
2500) #EATWRES | AR,

Foe FEEE IS FL K S [R] — 7 B AT DNA 2% ek
1, FTich 0, g —4 0/1 ZJoEdEsE s,
1.4 HESH

PL 106 MFEA ) 13 MNMEEMER I Hghr, RA
Bray-Curtis 1 2§ Z %2 22 °F J7 Fn ik B 2R g,
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HEALAL S, WA DSE B S AR 484, a7 11
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I 1) 2 A e MR AE 106 (3 REAS (] 728 S 2285
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FET 148 NN A . ol o B
KM Jaccard F U 25 22 7 J7 Ik SR g, X 106
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F, 106 MHEA 6 4B R 0y 28 S5 0 L3R 3,
M 3 ATE W, BikReE 6 MR MRTEAR Y
FEABGFE —ENES, Z5REAE 18.01% ~
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A SE L, R TE LRI A 4
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Table 3 Descriptive statistics of morphological traits
of 106 M. gymnostomum specimens

LIEREZIN wRAME m/ME B Coefficient
Trait Maximum Minimum Average of variation
(%)
" Length(mm) 3.48 1.68 2.38 19.48

KT Length/
width at lower part

Kk Length/

width at middle lower

K SEE  Length/
width at upper part

TR TE L
Cell length/width at 4.00 1.29 2.30 24.02
lower part

rh LN

Costa thickness(pum)

3.00 1.04 1.70 18.96

5.54 2.10 3.76 18.90

4.28 1.45 2.63 20.88

56.83 2540 4113 18.01

2.1.2 FEEMRHBELH
BT 13 MBS B E I
AT 8 M (K 2, £4),

e, ¥ 106 ke
TSR, bR
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Code numbers in the figure represent 106 samples of 11 populations, with collection locations shown in
Table 4; Same background color represents a cluster group. Same below.

B2 EFI3/MESHERIGHEEEE 106 MFEREK 8 A

Fig. 2 Clustering dendrogram of 106 samples based on 13 morphological features

R4 GMEEE 8 N RABHI MR SRIRFIMEKEFAE

Table 4 Morphological features and geographic localities of eight populations of M. gymnostomum

JE KA (FEAED)

Population Locality (Sample number)

Specimen

LR
Morphological description

1 WL RELL(5) DP42 ~DP46

IHL(12) 5 WRA() 3
AL

3 HESIL(3) ; BIEHILT (1)

2

AWRIRE(5) ; AWHIL(7);

4 s YD54 ~YD60, YD62~YD63;
MEZL(9) s HIBH=E(9) YL19~YL20, YL22~YL28
WL KA (6) DSJ47 ~DSJ52
WM (6) 5 WiVLPE R H1L(10) SS13~SS18; T10~T12, T2,
T4~T9
7 WL REW(10); PHEREW(1); TT97~TT106; T3; WYL79
WL 5104 (1)
8 WHiT 5105 (19) WYL65~WYL78, WYL80 ~WYL84

LWT85~LWT96; T1; YL21

YD53. YD61. YD64; XB34
NT29~NT33; XB35~XB41;

IR, i A A

SR, RS, T R AR d B, vh L R4 A
Per

LRI R P i o 41 07 B
W R BE M B AR, R 20 L B A ]
2, s

W, PR B, e R b R e S ik
USRS A B0 A Il 2, o R S R o S A
A AR IE , AR TR A AEA

RS, R B el B, o R A ik

BT B , T B TROC AT, i SE TR

HT A BE AN 12 A VAR B A AR 41 18] B R 3 22 5
(P <0.001), [F]i 553 BEAC YRR 5 am X i

Hi 4 ATE 1, BT 13 MR R 51
BRGFEGE 8 NIRRT PN KR AE, SR
EHR, DRER, Ao EEE AL, R
WP, B En s kBN, % REMAET T
K B B Rl g ge g A s Re B | JE kAl

MR E . R 7 8 R A5 T T R B R

(P <0.01),

2.2 fRi55%E ISSR-PCR i 84 R
FIHTRGE A 13 XF 514, XFHkvi R &E 11 4>

JERE 106 ke S EAT PCR §7 14, 3845 7 150 M

M, Hp 148 2N, 1A EREN 28400

SN 45.95% ~ 81.08%, Hirh iy iy & T
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ZHEN 0.3094, 8L L R E( G, ) b 0.3778,
W 37.78% st AL 28 S AFAE TR fElH] | 62.22%1Y
LR A T RN
2.4 BEEMNBEEEERERSN

VIREaE 11 OB R E Y 5 (5 25 7F 0.0873 ~
0.2363 Z i), F¥k 0.1508, Wil K H 1l JE B
W VLR M 2 250 Ja 35t A% BE 2 de /)y, W VLR )
SRR G S R B B E A R s e P B R K

FT 148 N2 BN X 106 1 FEAS 1Y) I 45
KR (K 3), 106 MREABR K 8 41, 43l i
LRGIERE, RIS ERE 20 5 X BB
TR CON= e = S o = 0| Y R A W WU D 2 N/ R
BRI SR L T HE 5 LU - 2 08 TR
VRFERE . R H LR AR - s BR R

2.5 i, EERESHERENXR

TR . BL FIHE 3 A B 2R KU 4 )
FRH G PE R B, Bty T 8 1) 8 8 S A — 8 11 3t
455 (r = 0.159, n = 106, P<0.2), HFEHZE
YHER M (r = 0.309, n = 106, P < 0.01) il
fE4346(r = 0.251, n = 106, P < 0.01) ¥/=4: T
ETES AN
3 itig
3.1 BREREHEMEST

SEMBARSE X ol 1 FE AE R T A F AR S, 1.3~
2.0mm, % 0.2~0.3 mm, JeEIk, SR,
e EERA IR NS B, ST AN, FRATT
BT 11 ERE 106 MRS KB, Bk
FEEEA T G R BET R | BB B AR BT E,
£1.68~3.48 mm, i 0.2~0.5 mm; M F Jcumsl
g3, BiR . WREBPENTS; WAEE T EEE A A
PR E BAABEE iy, A0 A RRED; b
RIS AR AR s | R O, A
THE (RIS B Jm e ) o AR AS R I & 3, SR B
PRE AT A R AT AR Z A 2

3 ET ISSR B A Jaccard REFNE T ik KM 106 BEEAKRER
Fig. 3 Clustering dendrogram of 106 samples based on ISSR data using Jaccard coefficient and UPGMA
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HH AP DML SR FRE, HKR
42090 J T RAPD $0di 451t 1 iR 4B 8% ( Macromitrium
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bryum ontariense) ( H,=0.2184, H_ =0.1529)'®
R W RPEE ( Racomitrium canescens) ( H, =0.2510,
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()ist i Z R
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Supplementary Table: Morphological traits of 106 M. gymnostomum specimens
FEAR C1 c2 C3 C4 c5 C6 c7 Cs8 C9 C10 C11 c12 C13
T1 0 0 2175 1571 3655 1571  3.560 2 2 0 1 38.046 2
T2 1 2 1800 1620 3.455 1985 2500 2 2 0 1 36.593 2
T3 0 2 1.808 1.825 3500 2.010 3.670 2 2 0 1 37.494 2
T4 1 2 1.841 1507 3550 1.467  1.660 2 2 0 1 25.390 2
T5 1 2 1789 1942 3671 1653 1.750 2 2 0 1 37.502 2
T6 1 2 1785 1959 3714 3955  2.000 2 2 0 1 32.479 2
T7 1 2 1.845 1402 3420 2440 3.670 2 2 0 1 31.850 2
T8 1 2 1792 1912 3615 2.000 2500 2 2 0 1 32.504 2
T9 1 2 1808 1820 3.695 2.100 2.330 2 2 0 1 31.637 2
T10 1 2 1850 1411 3520 3.330 2.000 2 2 0 1 35.828 2
T11 1 2 1845 1438 3555 2280 1500 2 2 0 1 32,513 2
T12 1 2 1.867 1409 3500 2.817 1.520 2 2 0 1 30.838 2
SS13 1 2 1958 1135 2223 2200 2.010 2 2 1 1 31.263 2
SS14 1 2 1900 1.071 2498 1.448 2260 2 2 1 1 37.502 2
SS15 1 2 1989 1167 2420 2280 2.120 2 2 1 1 31.629 2
SS16 0 2 2000 1221 2602 2633 2.220 2 2 1 1 30.821 2
SS17 1 2 1959 1185 2330 2.020 2.110 2 2 1 1 32.487 2
SS18 1 2 1.875 1.044 3.000 1576  1.400 2 2 1 1 32.496 2
YL19 0 2 2608 2067 4497 2681 2.980 2 2 1 0 42.500 0
YL20 0 1 2.125 1.667 3.688 2.833 1.940 2 2 0 0 40.001 0
YL21 0 0 2250 1.787 3.487 2.788 1.770 2 1 0 1 49.997 2
YL22 0 2 2.082 1791 4198 2.616 2556 2 1 0 1 35.751 2
YL23 0 2 2092 2067 4694 2978 1.680 2 1 0 0 43.257 2
YL24 0 2 2375 1677 3567 2.677 2230 2 1 0 1 49.997 2
YL25 0 2 2600 1.722 3500 2500 2.445 2 1 0 0 42.500 0
YL26 0 2 2150 1.687 4215 2725  1.987 2 1 0 0 42.500 2
YL27 0 2 2400 1570 3625 2550 2.887 2 1 0 1 41.013 2
YL28 0 2 2533 1560 3586 2.186  2.460 2 1 0 0 51.672 2
NT29 0 2 2375 2197 3947 2725 2282 2 1 0 0 35.003 2
NT30 0 2 2250 2185 4224 2420 2.267 2 1 1 0 37.502 2
NT31 0 2 2383 2213 4491 3250 2.276 2 1 0 0 38.327 2
NT32 0 2 2125 2089 4450 3.067 2.167 2 2 0 0 38.327 2
NT33 0 1 2142 1906 3.946 2.406 2167 2 1 0 0 39.177 2
XB34 2 1 1817 1632 2962 1.767 1.290 2 1 0 0 55.752 0
XB35 0 2 2208 1917 4115 2667 1573 2 0 0 1 44175 2
XB36 0 2 2379 1923 3955 2750 1.470 2 0 0 1 55.250 0
XB37 0 2 2438 1930 3890 2.667 1.310 2 1 0 1 53.550 2
XB38 0 2 2542 1923 4082 2978 1.310 2 1 0 0 55.004 2
XB39 0 2 2248 1900 4.000 2.950 1.367 2 1 0 1 55.250 2
XB40 0 2 2175 1850 3.920 2.500 1.445 2 1 0 0 46.750 2
XB41 0 2 2513 2000 4010 3.000 1.500 2 1 0 1 44.999 2
DP42 1 0 2133 1575 3807 2442 2.260 2 2 0 0 43.325 2
DP43 1 0 2250 2215 3080 2750 2.160 2 2 0 0 42.500 2
DP44 1 0 2150 1538 2923 2000 2.220 2 2 0 0 42.687 2
DP45 1 0 3.000 1.571 3.830 2.200 2.330 2 2 0 0 43.350 2
DP46 1 0 3.125 2458 4284 2694 2130 2 2 0 0 44175 2
DSJ47 0 2 1883 1.331 2297 2500 2.160 2 2 0 0 32.122 2
DSJ48 0 2 1.875 1200 2.390 2.399  2.000 2 2 0 0 31.272 2
DSJ49 0 2 1958 1221 2420 2633 2220 2 2 0 0 31.629 2
DSJ50 0 2 1.950 1299 2400 2430 2190 2 2 0 0 31.153 2
DSJ51 0 2 1873 1201 2398 2240 2.200 2 2 0 0 31.408 2
DSJ52 0 2 1919 1198 2,100 2330 2.230 2 2 0 0 30.575 2
YD53 2 1 1875 1650 3.670 1.970 2.200 0 0 0 0 44175 2
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FEAR C1 c2 C3 Cc4 C5 cé c7 cs C9 C10 ci1 c12 C13
YD54 0 2 1788 1670 4320 1.870 2.190 2 1 0 0 37502 2
YD55 0 2 2.042 1740 4550 2.010 2.290 2 1 0 0 30.821 2
YD56 0 2 1.875 1650 3.975 1972  2.090 2 1 0 0 38250 2
YD57 0 2 2750 1610 3200 1.960 2.290 2 1 0 0 39.177 2
YD58 0 2 2550 1500 3.395 2.000 2.390 2 1 0 0 51.000 2
YD59 0 2 2503 1.470 3.670 2.000 2.230 2 1 0 0 48833 2
YD60 0 2 2.454 1520 3.850 1.980  2.330 2 1 0 0 48170 2
YD61 2 2 2438 1.397 2790 2.000 1.970 2 1 0 0 50.150 2
YD62 0 2 3475 1.830 4.480 3.200 2.330 2 1 0 0 43.325 2
YD63 0 2 2575 1580 3.420 2320 2.410 2 1 0 0 48323 2
YD64 2 2 2450 1.490 2780 2.070 2.110 2 2 0 0 55.828 2
WYL65 0 2 2.850 2.369 5.040 3.527  3.330 2 2 0 1 40.826 2
WYL66 0 2 2750  3.000 4.920 3.205  4.000 2 2 0 1 37.400 2
WYL67 0 2 2775 2308 4.310 3.280  3.000 2 2 0 1 42500 2
WYL68 0 2 2.813 2220 3.800 3.099  3.000 2 2 0 1 42500 2
WYL69 0 2 2725 2000 5.000 3.467 3.330 2 2 0 1 42500 2
WYL70 0 2 2792 1937 4770 3367 2.204 2 2 0 2 40826 2
WYL71 0 2 2625 2000 4500 3.450 1.789 2 2 0 1 39670 2
WYL72 0 2 2650 1967 4.667 3.278  1.667 2 2 0 1 38250 2
WYL73 0 2 2750 1.867 4310 3.350  1.889 2 2 0 1 40.001 2
WYL74 0 2 2.825 1.867 4.889 3.250 1.755 2 2 0 1 40.800 2
WYL75 0 2 2583 1857 5545 3250 1.778 2 2 0 1 40.001 2
WYL76 0 2 2600 1.875 5.150 3.205  1.650 2 2 0 1 37502 2
WYL77 0 2 2725 1937 4000 2.690 3.170 2 2 0 1 41829 2
WYL78 0 2 2675 1667 3770 2910  3.500 2 2 0 1 42245 2
WYL79 0 2 2650 1.875 3.710 2.890  2.000 2 2 0 1 41.251 2
WYL80 0 2 2750 1.667 3.697 2750  3.000 2 2 0 1 42203 2
WYL81 0 2 2825 1500 3724 2710 3.220 2 2 0 1 42500 2
WYL82 0 2 2550 1662 3770 2.875  3.000 2 2 0 1 40.001 2
WYL83 0 2 2600 1.470 3.710 2.800  3.330 2 2 0 1 42500 2
WYL84 0 2 2583 1490 3710 2725 3.170 2 2 0 1 41676 2
LWT85 1 0 2583 2035 5.020 4.000 2500 2 2 0 1 39.177 2
LWT86 1 0 3125 1665 4.110 4.280 2.330 2 2 0 1 54.995 2
LWT87 1 0 3.050 1.417 3.890 4.140 2.330 2 2 0 1 52496 2
LWT88 1 0 3.025 1760 3.410 2.460  2.000 2 2 0 1 49.997 2
LWT89 1 0 3.000 1.148 2.860 2430 2.670 2 2 0 1 51230 2
LWT90 1 0 3.100 1.288 2980 2.830  2.000 2 2 0 1 52.496 2
LWTO1 1 0 3125 1.833  4.182 2921 2500 2 2 0 1 52233 2
LWT92 1 0 3.050 1.455 4600 2.910 2.350 2 2 0 1 52700 2
LWT93 1 0 3.000 1.420 4500 2.890  2.600 2 2 0 1 52420 2
LWT94 1 0 3.250 1.760 4.670 2.790  2.000 2 2 0 1 50.958 2
LWT95 1 0 3.025 1665 4.250 3.000 2.833 2 2 0 1 51.000 2
LWT96 1 0 3.408 1648 4360 3.060 2.815 2 2 0 1 53329 2
TT97 0 2 1.832 1967 4510 2591 2343 2 2 0 1 35828 2
TT98 0 2 1.874 1.600 4.000 2,500 2556 2 2 0 1 33329 2
TT99 0 2 2.000 1.800 3.645 2610 2.556 2 2 0 1 34.995 2
TT100 0 2 2250 1600 3720 2500  2.490 2 2 0 1 36.678 2
TT101 0 2 1.800 1.727 3.812 2490 2.470 2 2 0 1 37502 2
TT102 0 2 2317 1935 3.640 2482 2.259 2 2 0 1 38318 2
TT103 0 2 1.800 1.714 3200 2.667  2.500 2 2 0 1 35828 2
TT104 0 2 1750 1600 3.670 2.667 2.343 2 2 0 1 34.995 2
TT105 0 2 1.763 1636 3.710 2.667 2.350 2 2 0 1 37494 2
TT106 0 2 1.683 1563 3.660 2.706 2573 2 2 0 1 28322 2
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